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ABSTRACT

Energy plays very important roles on the national security of any country; it has become a basic
need for modern society to strive. In recent times, the cost of energy has increased significantly,
due to a growing global demand for energy and the decreasing availability of fossil fuel sources.
Many countries are adopting environmental policies promoting the production and
consumption of alternative, sustainable and renewable energy sources. This thesis analyzed the
biogas production from anaerobic co-digestion of Cow Dung and Sugarcane Bagasse; the
experiment was conducted under a batch process at thirty (30) days retention time. Eight (8)
number of 10 litres digesters are fed with Cow dung, Bagasse and inoculum of Rumen fluid at
various mixtures for Digester 1: 0%SG:100% CD+ Inoculum. For Digester 2: 30%SG: 70%CD
+Inoculum. For Digester 3: 70%SG:30%CD + Inoculum and Digester 4 100%SG:0% CD.
Digester 5:0%CD:100% SG, Digester 6: 30%CD: 70%SG, Digester 7:70%CD:30%SG and
Digester 8:0%SG:100% CD. The digestion process took place at room temperature for thirty
(30) days under mesophilic (28 and 450C) conditions. The proximate composition of the
substrates before anaerobic digestion revealed D 1 had the highest Moisture content and Ash
content (83.83), (12.83), D4 had highest Total Solid (51.22), D5 had highest Volatile Solid,
Carbon content, and BOD of (10.83), (4.32), (2.40) respectively, D7 had the highest Nitrogen
(2.93). After the anaerobic digestion D7 had the highest moisture content (89.42), D4 had the
highest Total solid (31.8), D2 had the highest Volatile solid and Ash content of (9.63), (11.63)
respectively. D5 had the highest Carbon content, Nitrogen, and BOD of (4.21), (3.11) and
(200). From the analysis of the result after fermentation, anaerobic co- digestion of the Reactor
2 or Digester with the combination of 30%SG: 70%CD +Inoculum produces more volume of
biogas. These values were either reduced or increased as a result of the breakdown of molecules
during fermentation the substrate where subjected to ignition and where volatilized as when
compared to before the broken down by microorganisms because the digestion is a microbial
enhanced process.
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1.0 Introduction

Energy is a fundamental requirement for man’s comfort and basic needs of everyday life. A
vast majority of countries especially developing countries have energy crises with over reliance
on fossil fuels (Mohammed ef al. 2021). The national energy drivers of all countries globally
are energy security, environmental protection, and economic growth. It is predicted that fossil
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fuel sources like coal, gas, and oil are headed for depletion within the next 10 decades, hence
the need for alternative sources of energy (Giirsan and Gooyert, 2021). Biogas has proved to
have significant potential as a renewable energy source for industrial as well as domestic
applications and an efficient solution to the global energy crisis (Kumar ef al. 2018).

Co-digestion has been defined as the anaerobic treatment of a mixture at least two different
substrates with the aim of improving the efficiency of the anaerobic digestion process (Neczaj
et al. 2012). The composition of biogas largely depends on the type of substrate used for its
formation. Biogas is about 20 percent lighter than air. It burns without smoke and is non-toxic.
It is also an odorless and colorless gas that burns with clear blue flame similar to liquefied
petroleum gas (LPG) (Karki et al. 2005). Additionally, international treaties like Agenda 21
and Kyoto Protocol advocate for a transition to renewable and low carbon sources of energy
due to high greenhouse gas emissions associated with fossil fuels and the related climate
change caused (Sahota et al. 2022). The increasing use of fossil fuels and environmental
concerns over greenhouse gas emissions and climate change has generated interest in biogas
as an alternative renewable energy resource (Pasternak, 2021).

2.0 Materials and Methods

The agricultural waste materials used for this study were, fresh cow dung collected from Minna
abattoirs and the Rumen fluid (Inoculum), Sugar cane bagasse which was sourced from golden
sugar Estate located in Sunti, a village in Mokwa Local Government Area of Niger State,
Nigeria. Bagasse was sack bag and transported to the laboratory for processing. The Cow dung
and inoculum where collected in a polythene bag, the bagasse was sorted out to remove
unwanted materials which was sun dried for about five days in order to reduce the moisture
content, bagasse was further crushed mechanically to smaller sizes using pestle and mortar.

2.1 Characterization of Substrates

The raw material characteristics are important factors that affect the start-up of Anaerobic
digestion (AD), process stability, and methane production (Gaballa et al.2020). Tests for Total
solids (TS), volatile solids (VS), Biological Oxygen Demand (BOD) Moisture content (MC),
Carbon content, Total nitrogen and Ash content, were carried out using the standard methods
(APHA, 2005).

2.2 Digester Composition

Digester 1: Cow dung + inoculum (100%)

Digester 2: Cow dung + bagasse + inoculum (30% and 70%)

Digester 3: Cow dung + bagasse + inoculum (70% and 30%)

Digester 4: Bagasse + inoculum (100%)

Digester 5: Bagasse (100%)

Digester 6: Cow dung + bagasse (70% and 30%)

Digester 7: Cow dung + bagasse (30% and 70%) and Digester 8: Cow dung (100%)

Anaerobic digestion batch tests were conducted to assess the effect of the Sugar cane Bagasse
and cow dung in a semi solid state co- digestion process in a batch system using jerry cans of
10 litres sealed fully airtight with effective working volumes as shown in the composition of
substrates in reactors.

2.3 Apparatus and Equipment

The following equipment's were used in the study.

”- £

\{ :ﬁ 4" to 7" March 2024

- :r,_, Science and Humanities: Bridging the Divide for Human Development




Proceedings of the 3" FULAFIA International Annual Conference 116
https://lafiascijournals.org.ng/index.php/iacproceedings

p-ISBN: 978-978-774-670-7
I. Eight 10L digester Jerry cans.1000ml, 500ml and 200ml measuring cylinders.
II. Digital weighing balance: to determine the weight of the samples.
III. pH meter: to measure the pH of the digested materials before and after retention period.
IV. Mixing tank: a big plastic container for mixing the substrate.
V. Thermometer: for measuring the temperature.
VI. Mortar and pestle: for size reduction.
VII. Funnel: for feeding the slurry into the digester so as to minimize spillage.
VIII. Shovels: for ensuring proper mixing and packing of the substrates.
IX. Nose mask: for prevention of inhalation of particulate and odor.
X. Protective gloves: worn to protect the hands from contamination

XI. Autoclave for steam explosion.

Plate 2 (a) and (b): Sugarcane bagasse used as substrate
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3.0 Results and Discussion

Table 1 shows the physiochemical parameters of bagasse and cow dung before fermentation.
After fermentation, the moisture content of D1 had the superior value of (83.41%) and varies
significantly p<0.05 when compared with rest treatments. While for total solid, there was a
significant difference between D4 when compared with the remaining treatments. However for
the volatile solid, Ash and Carbon, a different pattern was observed with D 5 showing a
significant difference p<0.05 when compared with the rest treatment before fermentation. The
nitrogen on the other hand shows D7 to be significantly different <0.05 when compared to the
remaining treatments and has retained the least value of (0.91% and 1.06%) respectively.
Biological oxygen demand of the treatments before fermentation shows D5 to be significantly
P<0.05 different when compared with the rest treatments. This result is in line with Latinwo
and Agarry (2014), Muzenda (2014) and Yavini et al (2014) The results of the physical
parameters of bagasse and cow dung that went through digestion process before and after is
express as; there is an increase in the moisture content of the digested substrate this increase
could be as a result of fermentation and breakdown of fibers and. Reversal was observed for
total solid due to increase in the moisture content as the digestion process continue to the last
stage after digestion. Volatile solid decreases in concentration of the digested bagasse and cow
dung, these could also attributed to breakdown of the molecules their by increases the surface
area which was subjected to ignition since the process went through a lot where substrates were
volatilized as compared to when it was not yet breakdown or digested by microorganism
because the process is microbial enhance process. There were decrease in carbon content of the
substrate after digestion have taken place because of the minerals that was presents in the
substrates that was use before since carbon and ash have similarities in respect to utilization.
Nitrogen content increases in the digestion time because the fermentation that took place,
during fermentation a lot of microbial metabolite where produce which cause breakdown hence
there was increase of nitrogen. Most microbial metabolites are protein in nature.

Table 1: Proximate analysis of the Substrate before the Anaerobic Co-digestion

Volatile Carbon

S/NO Digester Mo:;ture T?ta(} solid AOS H content Nltl;ogen BOD
o solid % % Yo % Yo

1 Dl 83.83 16.17 0.84 2.84 4.21 0.92 209
2 D2 68.75 31.25 10.64 12.63 1.68 1.94 129
3 D3 71.27 28.73 1.00 3.00 2.62 2.72 106
4 D4 48.73 51.22 0.74 2.74 1.04 1.96 62
5 D5 78.55 21.45 10.83  12.83 432 2.93 240
6 D6 79.48 20.52 9.84 11.84  3.28 2.00 214
7 D7 78.22 21.78 4.88 6.88 2.11 2.98 189
8 D8 57.16 42.84 AQJ| 4.37 1.63 1.06 109

The physiochemical parameters of bagasse and cow dung after fermentation is shown in Table
2. The moisture content of the fermenting substrates material shows no significant difference
p>0.05 between D1 and D7 but the vary significantly p<0.05 when compared with the rest
treatment. The total solid of the treatments also shows D4 to have a superior value (31.13%)
and varies significantly p<0.05 when compare with remaining treatment after fermentation.
While for the volatile solids and ash content of the treatments shows a significant difference
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p<0.05 between D2 when compared with the remaining treatments. While for the Carbon,
Nitrogen and Biological oxygen demand shows D5 to vary significantly p<0.05 when
compared to the rest treatment after fermentation period having a higher value (4.17, 3.344 and
240) respectively.

Table 2: Proximate analysis of the Substrate after the Anaerobic Co-digestion

. Volatile Carbon ..
S/NO Digester Mo:)sture T?taol solid A()S H content Nltl(;Ogell BOD
Yo solid % % Z) % Yo
1 Dl 89.41 10.59 0.92 2.92 3.24 1.04 190
2 D2 73.88 26.12 9.63 11.63 1.08 2.34 115
3 D3 83.41 16.59 0.18 2.18 1.84 2.98 90
4 D4 68.92 31.08 1.00 3.00 0.98 1.98 50
5 D5 88.44 11.56 9.21 11.21 4.21 3.11 200
6 D6 88.31 11.69 7.48 9.48 3.06 2.72 192
7 D7 89.42 10.58 2.72 4.72 2.00 3.04 186
8 DS 74.16 25.84 2.32 4.32 1.14 1.11 70

he highest methane generation crests that appeared in the eight experimental series are on the
twenty second day 22. The Means were significantly different (p<0.05). The methane content
was tested every day, as shown in Figure 4. At day 1 to day two 2, no gas was produced across
all the treatments., while days 3, 4, 5, 6, 7, 8, 9, 10, 11 up to day 30 demonstrated a similar
trend in methane content, where it increased rapidly to a stable level and then gradually
decreased as the substrate degraded. Overall, D2 was observed to vary significant when
compared with the rest treatment throughout the fermentation periods and produces highest
methane content.
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Figure 1: Gas Yield ml/g treatments.
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Table 3: Gas production yield of Bagasse and Cow dung mixture during fermentation

HRT Gas Production (grams) in the Gas Bag
(Days) D1 D2 D3I D4 D5 D6 D7 D8
1 0.0 0.0 00 00 00 00 00 0.0
0.0 0.0 00 00 00 00 00 0.0
1.6 24 24 00 00 14 0.0 038
1.6 3.2 28 08 00 24 04 12
2.0 3.8 2.8 12 00 24 16 1.6
24 4.0 24 1.6 04 24 20 20
3.0 4.2 30 20 04 26 20 20
3.0 4.2 30 26 06 24 24 24
3.0 4.2 30 30 06 26 28 24
10 3.4 4.6 34 30 06 30 28 28
11 4.0 46 42 30 06 30 28 28
12 5.0 60 44 30 10 3.0 32 28
13 5.4 76 44 32 10 24 36 3.0
14 54 7.6 52 .32 1.0 32 36 30
15 5.6 8.8 56 32 12 36 36 3.0
16 5.8 9.2 68 36 12 34 36 32
17 6.2 9.4 68 32 12 38 40 32
18 6.2 9.6 74 28 1.6 38 40 32
19 68 102 76 24 16 44 48 3.6
20 68 108 80 24 20 40 46 32
21 68 108 76 20 20 40 44 28
22 60 112 7.0 20 12 32 44 24
23 58 112 64 20 28 30 40 1.6
24 32 8.0 6.0 1.6 30 26 34 1.6
25 3.0 96 438 1.6 28 18 30 12
26 2.0 7.2 2.6 16 28 08 24 10
27 1.4 6.0 2.6 1.0 20 06 24 038
28 1.0 5.6 24 06 20 02 20 0.0
29 0.6 3.2 24 00 20 02 20 0.0
30 0.4 24 22 00 20 02 20 0.0

O 0 2O\ LN B W

It was obvious that the peak time of methane production in anaerobic co-digestion digesters
was obviously shorter than that in D1. This was possibly due to the anaerobic co-digestion
stimulating the growth of methanogen microorganisms. As reported by Mu et al (2020), a
higher methane content in biogas with the optimization of the anaerobic co-digestion using
various types of organic solid wastes. This was possibly due to the Anaerobic co - digestion
stimulating the growth of methanogenic microorganisms (Murto et al., 2004; Muzenda, 2014).

4.0 Conclusion

A laboratory batch anaerobic digester has been used to evaluate biogas yields Bagasse and Cow
dung at different ratio in the mixtures using mesophilic temperature. At the different ratios of
the yield, it was observed that there exit significant methane yields of the selected substrates.
Both Bagasse and Cow dung have good proximate composition that support biogas production.
Also, the results showed that co-digestion of Bagasse and Cow dung plus Inoculum have higher
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yields when compared with mono substrate. The study is in agreement with the previous similar
studies of various researchers on the effect of co-digestion on biogas yields.
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