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Abstract—This paper reports the research work carried out
on the study of anaerobic co-digestion of non-uniform multiple
feed stock availability and composition in Nigeria. Organic
municipal solid wastes comprises of the composition of corn
cobs, potato peels, pineapple peels, rice waste, yam peels,
cassava peels, orange peels, garri leftover and banana peels,
was digested separately and the same time co-digested with
wastewater collected from septic tanks, abattoir, and cold room
in Benin City, Nigeria. The results obtained shows that the co-
digestion of organic municipal solid wastes and wastewater had
better average biogas yields (0.625), shorter retention period of
29 days, frequent number of evacuation and average rate of
biogas yield of 0.0217 when compared to anaerobic digestion of
organic municipal solid wastes only with an average biogas
yield of 0.4025, longer retention period of 38 days and average
rate of biogas yield of 0.0106. Therefore, anaerobic co-digestion
of organic municipal solid wastes and wastewater enhances
better biogas yields.

Index Terms— Organic municipal solid wastes, wastewater,
biogas yields, Benin City, Nigeria

I. INTRODUCTION

Nigeria is the most populated country in Africa with an
estimated population of 170,123,749 and a reported annual
growth rate of 2.55% [1]. Biomass feed stocks can be
obtained mainly from two principal different categories viz
conventional agricultural products such as sugar or starch-
rich crops, and oilseeds; and lignocellulosic products and
residues [2]. In Nigeria, agricultural land covers
approximately 74,500,000 ha of the total land area of
91,077,000 ha for the country and about 41.2% of the
agricultural land is arable land, 11.3% forest area and 3.3%
permanently cropped area [3]. About 50% of Nigerian
population is involved in agricultural production with more
than 70% of the farming population practicing subsistence
agricultural farming. An estimate of 48% of the country's
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population lives in the rural area with more than

70% of the country's population living below poverty level,
and the means of energy is through wood fuel and charcoal
which has contributed immensely to desertification,
deforestation and erosion in the country [1, 4].

Anaerobic digestion (AD) process has become an
increasingly important industrial process. The production of
biogas from AD process is of growing interest to many
developed countries like Sweden, Germany, USA, Canadan,
China, etc. and developing countries like Nigeria, Sudan,
Ethiopia, Ghana and other Africa countries, as fossil-fuel
resources decline [4-9]. The increasing world-wide
awareness and concern about the environmental impacts of
fossil fuels, nuclear power especially the danger involved in
it such as the tsunami in Japan, which resulted in the
meltdown of a nuclear reactor at Fukushima has made the
world to shift their attention to renewable energy [10-12].
Research has shown that the area of renewable energy have
proven to be a very powerful instrument and the
development of highly efficient renewable energy processes
and their optimization moves at an unprecedented pace
across the world especially from the year 2000 to 2015 as
shown in Table 1[13,14]. There was an increase in the share
of renewable energy in gross final energy consumption in
Europe. For instance there is an increase by more than 50%
between 2004 and 2010 and from 8.1% to 12.5% with
renewable energy from biomass being the main contributor
[15, 16] though developing countries like Nigeria and other
Africa countries are still lagging behind [4, 17-19].

TABLE I: FINAL ENERGY CONSUMPTION OF ENERGY SOURCE
GLOBALLY (in EJ)

Year Total Coal Oil Natural Nuclear Renewable Renewable
gas (%)

2000 270 444 115 55.5 7.64 47.8 17.7

2005 301 549 125 60.7 8.23 52.1 17.3

010 332 64.8 130 68.9 8.26 60.0 18.1

2011 338 676 131 69.9 7.74 61.4 18.2

2012 342 68.7 132 70.3 7.39 63.0 18.4

Source: IEA, WBA 2015

Waste is defined as left over, or already used items
waiting for reuse or disposal [20]. Waste water is any water
that has been adversely affected in quality due to human
activities. Waste water includes domestic liquid waste from
residences and industries [21]. Wastes from most towns in
Nigeria are often poorly managed and sometimes discharge
into adjoining streams due to poor implementation of
standards, thus causing environmental and public health
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hazards [22-23]. These wastes are also associated with
potential transferable antimicrobial resistance patterns, and
decrease in air quality leading to communicable and
zoonotic diseases such as tuberculosis, cysticercosis and
trichinoses [24].

Nigeria generates 6.034% of total world biomass. Nigeria
biogas potential is estimated at 25.53 billion m® per year
[25]. Also, Nigeria streets and homes are dumping grounds
for municipal solid wastes, wastewater etc. of which organic
municipal solid wastes constitute the highest percentages of
these solid municipal solid wastes dumps across various
cities in Nigeria [26, 27]. Nigeria major sources of energy
for heating and lighting is from fossil fuels and the high cost
and unavailability has frustrated the majority of the Nigeria
citizens who are in the low income group. Therefore, it
became necessary to look into other sources of energy
supply that are renewable and sustainable. Thus,
exploitation of these wastes could provide alternative energy
for the entire populace. This research work is aimed at the
study of the anaerobic co-digestion of the available non-
uniform multiple feed stocks such as organic municipal
solid wastes and wastewater in Nigeria.

Il. MATERIALS AND METHODS

Wastewater was collected from septic tanks, abattoir, and
cold room in Benin City, Nigeria. Also, organic municipal
solid wastes were collected from households and restaurants
in Benin City, Nigeria. The composition of organic
municipal solid wastes used comprises of corn cobs, potato
peels, pineapple peels, rice wastes, yam peels, cassava peels,
orange peels, garri left over and banana peels. The
wastewater is sieved and then thickened to dry solids of
reasonable content in order to avoid too high energy
consumption for heating due to excessive water content. The
carbon-nitrogen ratio, total solids (TS) and volatile solids
(VS) of wastewater and organic municipal solid wastes used
were determined as shown in Table I1.

TABLE Il: CHARACTERISTICS OF WASTEWATER AND NON-UNIFORM
MULTIPLE FEED STOCKS USED

Organic
Parameter Wastewater — municipal solid Inoculums
wastes
Volatile solid (%) 2.95 19.02 16.03
Total solid (%) 4.09 26.07 20.01
Total Nitrogen 451 3.21 2.01
Total Carbon 39.04 69.07 29.05
CIN ratio 8.66:1 21.52:1° 14.45

A weighing balance was used to measure both 50kg of
organic municipal solid wastes and wastewater respectively.
The collected organic municipal solid wastes were cut into
pieces with knife to increase its surface area, mixed with
water in ratio of 1:2 and were charged into 100L each in the
following order; organic municipal solid wastes and co-
digestion of wastewater and organic municipal solid wastes.
This was made airtight for digestion to take place and the
operation/process parameter was properly monitored. The
digester content was stirred several times per day with the
aim of mixing the substrates inside the digester for efficient
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biogas yields.
The rate of biogas yield, frequency of evacuation and
flow rate were calculated as follow.

Rgy = % D
N
FE, = ﬁ )
v
Q=7 ®)

Where,
BY= Biogas Yield
HRT= Hydraulic Retention Time
Ne= Number of Evacuation
Rey= Rate of Biogas Yield
FEr = Frequency of evacuation rate
Q= Flow Rate
V = Working Volume of the Digester
The total and average biogas yield, rate of biogas
production, hydraulic retention time, frequency of
evacuation and cumulative frequency of evacuation was
calculated as shown.

_ =X

i

A (4)

Where,
A= Average of each process
¥X= Sum of each process

n= Number of each process

I1l. RERESULTS AND DISCUSSION

The results obtained with anaerobic digestion of organic
municipal solid wastes and co-digestion of wastewater with
organic municipal solid wastes is shown in Table I11- IV.

TABLE I1l: RESULTS OF ANAEROBIC DIGESTION OF ORGANIC
MUNICIPAL SOLID WASTES

SN Organic Municipal Solid Wastes

BY HRT  Rev NE FEr
1 0.12 38 0.0032 12 0.3158
2 0.19 38 0.0050 4 0.1053
3 0.40 38 0.0105 4 0.1053
4 0.35 38 0.0092 3 0.0789
5 0.89 38 0.0234 3 0.0789
6 0.69 38 0.0182 4 0.1053
7 0.38 38 0.0100 4 0.1053
8 0.20 38 0.0053 4 0.1053
sy TBY= THRT = SRgy= IN=  SFEg=

3.22 =304  0.0848 28 1.0001
A=l A=04025 A=3g AT00106  A=3S 91250
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TABLE IV: SOLID WASTES AND WASTEWATER LID WASTES

Organic Municipal Solid Wastes

SN BY HRT Rey NE FERr
1 0.30 29 0.0103 8 0.2759
2 0.35 29 00121 3 0.1034
3 0.49 29 0.0169 3 0.1034
4 0.85 29 0.0293 2 0.0690
5 1.05 29 0.0362 1 0.0345
6 0.96 29 00331 1 0.0345
7 1.00 29 0.0345 2 0.0690
8 0.91 29 0.0314 2 0.0690
9 0.19 29 0.0066 3 0.1034
10 0.18 29 0.0062 4 0.1379
n=10 $BY=6.28  XHR= *Rgy=  IN=  XFEg=1.
290 0.2166 29 000
=1 A=0.625 A=29 A=0.02 =2.  A=0.100
17 9

From Table IlI- IV the anaerobic co-digestion of organic

municipal solid wastes and wastewater had better average
biogas yields (0.625) when compared to anaerobic digestion
of organic municipal solid wastes only with an average
biogas yield of 0.4025. This means that the wastewater
enhanced biogas yields. Also, because of better biogas build
up in the co-digestion of organic municipal solid wastes
with waste water, the number and the frequency of
evacuation of biogas yields was better in comparison to
digestion of organic municipal solid wastes (Fig.1)
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0.15 wastewater

== Orpanic municipal solid
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Rate of frequency of Evacuation

Number of Evacuation

Fig. 1. Plot of Rate of Frequency of Evacuation

The rate of biogas yields is shown in Fig. 2, with the co-
digestion of organic municipal solid wastes and wastewater
having the best rate of biogas yields. Thus, the anaerobic
digestion stages (i.e. hydrolysis, acidogenesis, acetogenesis
and methanogenesis) in the co-digestion of organic
municipal organic municipal solid wastes and wastewater
were completed in a shorter time. The faster the digestion of
the substrates, the shorter the hydraulic retention time hence
twenty nine (29) days for the co-digestion of organic
municipal solid wastes and wastewater and thirty eight (38)
days for the digestion of organic municipal solid wastes
only.
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Fig.2. Plot of Rate of Biogas Yields

Fig.3 shows the plot of biogas yields, with the co-
digestion of organic municipal solid wastes and wastewater
with better biogas yields and the optimum biogas yields
(1.05) obtained on the fifth evacuation within a yielding
period of one (1) day.
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Fig. 3. Plot of Biogas Yeilds

IV. CONCLUSION

In this research work which has to do with the study of
anaerobic co-digestion of non-uniform multiple feed stock
availability and composition in Nigeria, improvement of
biogas yields was achieved with the co-digestion of organic
municipal solid wastes with wastewater. The process is cost
effectiveness and is a means of reducing organic municipal
solid wastes and wastewater in a recycling manner. Hence,
for optimum biogas yields, co-digestion of substrates with
wastewater is recommended.
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