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ABSTRACT

A 45 Litres capacity metallic prototype biogas plaonstructed at the National centre for Energy é2esh and
Development, University of Nigeria, Nsukka was usethvestigate the anaerobic digestion in genegtbiogas
from three types of wastes: Cow dung, Cowpea as$&Vva peeling. The experiment was batch operatdaiaily
gas yield from the plant was monitored for 30 dajse ambient and slurry temperature, pH, and Pressvere
also monitored and presented. The digester wasgeladifferently with these wastes in the ratidldf, 1:5 and
1:5 of waste to water respectively. The mesophifibient temperatures range attained within theingsperiod
were 20- 32 C and a slurry temperature range of 22 -° 8 The result obtained from the gas productiormséth
that cowpea produced the highest methane conteii6@%, followed by cow dung with 67.9% contemd a
cassava peeling has the least methane content.4%61IThe cow dung had the highest cumulative bigigld of
124.3 L/total mass of slurry (TMS) while cow peal l87.5 L/TMS and cassava peeling with lowest cutivela
biogas yield of 87.1 L/ITMS within this retentioaripd. During the digestion period, the volumehbidgas
production and the changes in pH indicate that eitmal pH, the highest peak of gas production wiaaised and
that at slightly acidic pH range, there was no gmeduction. In terms of flammability, they becaraenimable at
different period during the digestion. Cow pea Viagoured in terms of volume of flammable gas petida of
biogas and flamed on thé"®ay. These results showed that these wastes beultl source of renewable gas if
managed properly since each of the waste sluggasiiyinued gas production after the 30 days retentime.

Keywords: Cow dung, Cowpea, Cassava peeling, Biogas prmaydkenewable natural Gas.

INTRODUCTION

In evaluating national development and the standéiiving of any nation, the supply and consumptaf energy
are very important. Human energy consumption has bbeoderate before the industrial revolution in 1890s.
Man has mostly relied on the energy from brute afisrstrength to do work. Recently, man acquiredtiad over

coal, electricity, crude oil, natural gas, etc. t8imable resource management of waste and the afgweht of
alternative energy source are the present chaketige to economic growth. The history of wastkzation shows
independent developments in various developing iaddstrialized countries. Anaerobic digestion camvert
energy stored in organic matter present in manate biogas. Energy supplied from fossil fuels id easily

recycled and takes a long time to form, hence ligastible and not renewable. Renewable energyemaained one
of the best alternatives for sustainable energyeldgwnent since the grid electricity has become dapensive.
Sources of renewable energy are wind, hydro, ogeares, geothermal energy resources and solar enehggh

can be applied as solar thermal and solar elestr{ghotovoltaic). Heat-based technologies devedofr the

utilization of heat energy from the sun (solar thals).They are applied in water heaters, dryingzkehrooding,

cooking, manure dryers, biogas and thermal refaiges. With the advent of industrialization and rgyebased
intensive agriculture, chemical pathways for rawtemials conversion became predominant with extensise of
petrochemical based feedstock. The damaging lang ¢éavironmental impacts and resource depletioicétd un-
sustainability of the current methods.[12].
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Biogas is another source of renewable energy, présluced when biomass is subjected to biologiealfigation
and a methane-rich gas is produced from the anmedipestion of organic materials. Achieving sabus to
possible shortage in fossil fuels and environmeptablems that the world is facing today requiresgtterm
potential actions for sustainable development.hia tegard, renewable energy resources appear tmdof the
most efficient and effective solutions [10]. Bioraas the biological organic materials that are veaide and can be
recycled to produce biogas. A huge amount of wastgenerated daily from the various processingisiries in
Nigeria. The wastes that are usually disposectitifer into the sea, river, or on the land as lal somnendment
materials, which causes support for breeding esfland constitute health hazards to people ligihogind the area
are converted into biogas by anaerobic fermentdfbriNVhat is considered as waste many years age imarecent
time become useful that it can be inferred thdifén nothing is a ‘waste’. They are only waste whbey lack the
useful technology for their transformation and &galon. The biomass wastes are held in a digestezactor. The
gas is produced from a three-phase process namgyolysis, acid-forming and methane-forming phases a
biological engineering process in which a complexaf environmentally sensitive micro-organisms iaelved.
The gas is typically composed of 50-70% Methane4@® Carbon dioxide, 1-10% Hydrogen, 1-3% Nitrogen,
0.1% Oxygen and Carbon monoxide and trace of Hyahrogulphide [6], [1].Biogas is also a waste managgm
technique because the anaerobic treatment protigsaates the harmful micro-organisms. It is a hesaprce of
energy due to the feed stock is usually waste nadgeiThe technology ensures energy independeneeuag can
meet the need of a family or community. The digestarry is a good fertilizer. It is claimed thds ivalue as
fertilizer could double crop yield. Biogas whenther refined burns as well as liquefied gas, bugsdoot add to
global warming like liquefied natural gas [1].Cowrdy has high nitrogen content and due to pre-fetatien in the
stomach of ruminant, and has been observed to Isé sndable material for high yield of biogas thgbuhe study
made over the years [4]. Thermal decomposition h& ligand and synthesized complexes were studied by
thermogravimetric analyses (TG) in order to evauheir thermal stability and thermal decomposipathway [2].
Plant materials such as crop residues are morguiffo digest than animal wastes (manures) becaidsthe
difficulty in achieving hydrolysis of cellulosic dnlignin constituents with attendant acidity in thiegas systems
leading to reduction and sometimes cessation oflgasmability / gas production [11], etc. Flammalias which
helps in reducing forestation and desert encroanhiiseproduced through the conversion of this oigamnatter
such as animal and plant wastes into biogas [8. dijective of this study was to investigate theghs production
potentials of Cow dung, Cowpea, Cassava Peelingaaodmpare them.

MATERIALSAND METHODS

The biodigester used for this research is a 45lacipmetallic prototype digester (Fig 1) and thedy was carried
out between August and September 2011 at Eborg Ehaiversity Abakaliki. Cow dung, Cowpea and Gass
peeling were the three wastes used for this stubsesh cow dung was collected from the slaughtersépin
Abakaliki, Ebonyi state whereas cowpea waste weveured from local akara processor in Abakalikitcand the
cassava peelings where collected from one of tbel Igarri processors at Abakaliki Ebonyi state.dDtimaterials
such as Top loading balance (50kg “Five goat” mad@$51599), 13L calibrated plastic transparent btjcaad
Digital pH meter and thermometer were used. A mimimand maximum ambient temperature of@nd 32C
respectively and a minimum and maximum slurry terapee of 23C and 36C respectively were recorded at the
pH range of 5.57 - 8.07.

Table 1: Mix Masses of Charge Stock and Water

WASTES MASS OF WASTE (kg) MASS OF WATER (kg) MRatio

Cow dung 17 34 1.2

Cow Pea 6 30 1:5
Cassava Peelin 6 30 1.5

Experimental Procedure

17kg of cow dung was charged into the digester ®ithg of water in the ratio of 1:2 of waste to waded the
slurry was properly stirred. Also 6kg of cowpea teasnd 30kg of water was mixed into the digestehératio of
1:5 of waste and water. For the cassava peelibggaf waste was charged into the digester withg3®kwater in
the ratio of 1:5, of waste to water respectiveljhe mixing ratio was determined by the moisturetennof the
different wastes. The daily ambient and slurry terafures were measured using thermometer (-10QC),1The
pH Values were monitored on 3 days interval to aeitee the action of methanogens, which utilize #uwids,
carbon dioxide and hydrogen produced by non-metipaoducing bacterial using a digital pH meter (PB{SpH
meter). The volume biogas produced was measurea dgwnward displacement method using a transpa@nt
calibrated plastic bucket as used by [7]. The casitjpm of the flammable biogas produced from eakcthe waste
was determined through the use of Orsat apparhtushecking the flammability of the gas, a local@pricated
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biogas burner was used. A top loading balance (%@gacity, “five goat models no Z051599) was usedhe
measurement of the water and waste volumes.

The plant consists of the fermentation chamberjrtet and outlet pipe, the gas pipe and the stiffbe digester
was charged and its performance monitored for 3®.dahe organic wastes were allowed to stabilisaegeobic
fermentation involving the degrading of the waskss the action of various microbes of different sizend
functions, leading to the production of biogastia absence of oxygen was achieved [9]. The maictifurs of this
plant are:

i To collect the gas for processing and storage

i To regularly stir and mix the charge.

lii To accept new quantities of charge

iv To keep the charge at operating temperature

v To provide a means to discharge the sperteats

vi To allow access for repairs and maintenance

Figure 1: Experimental biogas plant set up

RESULTSAND DISCUSSION

Table 1 shows the mixed mass of charge stock amer watio for the different wastes. A close exartioraof table
2, (Biogas composition by % volume) shows that ceavpas the highest carbon dioxide content of 33f@léwed
by cassava peelings with 32.2% of carbon dioxid# lastly cow dung has 27.2% content of carbon diexCow
dung yield the highest biogas with methane conté€lf7.9%. Cow pea yielded 56.2% methane conterd.|dWest
methane content was produced by cassava peelitigd Wi %.

Table 3 shows the summary of the result for thedlwastes for the 30 days retention period. Frantdhle, cow
dung generated the highest total gas volume of3litdes, followed by Cow pea with 97.5 litres aiggand lastly
cassava peelings produced 87.1 litres of gas.

Table 4 shows the 30 days daily and volume of liqgaduction for the three wastes. A close obsemvathows
that cow dung started daily production on the sdatay, reaching peak on the™@ay and yielding 8.2 litres of
biogas. A cumulative of 124.3 litres of biogas wasduced at the end of the 30 days retention pédrard the cow
dung waste. Cow pea gas production started at'thea§ after the charging of the digester, the gasiyction
ranges from 4.8-7.3 litres and a cumulative of 9ifr&s was produced. Also from table 4, cassawdipgs were the
lowest in terms of gas production, started dailg geoduction on the™5day. The maximum volume of biogas
generated from cassava peelings was 6.3 litregdothl volume of 87.1 litres of biogas was prodlaethe end of
the 30 days. From this table, it shows that tlogds production varied from the three wastes aswl ialthe days.
Cowpea yielded higher methane gas than cow dungcasghva peeling waste. The digester containingdiowg
was favoured in terms of volume of flammable gasipction.

1866
Pelagia Research Library



Ukpai, P.

A. eta

Adv. Appl. Sci. Res., 2012, 3(3): 1864-1869

Table 2: Biogas Composition by % Volume

WASTE STOCK

CARBONDIOXIDE

HYDROGEN SULPHIDE

CARBONONOXIDE

METHANE

Cow dung
Cowpea

Cassava peeling

27.2
33.2
32.2

0.1
0.5

3.1

4.7
10.1
13.3

67.9
56.2
51.4

Table 3: Summary of Resultsfor the three wastes

Items Cow Dung | Cowpea | Cassava Pedling
Mass of Waste Used(kg) 17 6 6
Mass of Water Used (kg) 34 30 30
Total Mass of slurry(kg) 51 36 36
No of Days of Digestion 30 30 30
Total Volume of Gas Generated (L) 124.3 97.4 87.1
Maximum Ambient Temp.°C) 32 32 32
Maximum Slurry Temp.°C) 36 38 35
Peak volume of Gas (L) 8.2 7.3 6.3

Table4: 30 daysof Daily / Volume of Biogas products (Litres) for the three Wastes

Pelagia Research Library

Waste Cow Dung Cowpea Cassava Peeling

No of Daily Volume | Cumulative Volume| Daily Volume | Cumulative Volume| Daily Volume | Cumulative Volume

Days of gas (L) of gas (L) of gas (L) of gas (L) of gas (L) of gas (L)
1 0.0 0.0 0.0 0.0 0.0 0.0
2 4.9 4.9 0.0 0.0 0.0 0.0
3 6.2 111 0.0 0.0 0.0 0.0
4 7.7 18.8 0.0 0.0 0.0 0.0
5 3.2 22.0 0.0 0.0 15 15
6 3.9 25.9 4.0 4.0 2.6 4.1
7 45 30.4 3.4 7.4 2.8 6.9
8 2.9 33.3 13 8.7 11 8.0
9 2.9 36.2 3.3 12.0 2.6 10.6
10 8.2 44.4 6.6 18.6 5.5 16.1
11 7.9 52.3 5.8 24.4 6.4 225
12 7.2 59.5 6.2 30.6 6.3 30.8
13 5.4 64.9 43 34.9 5.8 36.6
14 45 69.4 6.8 41.7 31 39.7
15 25 71.9 43 46.0 35 43.2
16 2.8 74.7 35 49.5 1.9 45.1
17 5.2 79.9 7.3 56.8 5.0 50.1
18 5.6 85.5 6.9 63.7 5.3 55.4
19 4.2 89.7 5.2 68.9 5.7 61.1
20 3.9 93.6 2.4 71.3 2.2 63.3
21 3.0 96.6 13 72.6 24 65.7
22 3.2 99.8 23 74.9 3.0 68.7
23 3.0 102.8 1.6 76.5 15 70.2
24 2.0 104.8 14 77.9 11 713
25 33 108.1 2.7 80.6 18 73.1
26 2.7 110.8 35 84.1 21 75.2
27 3.2 114.0 21 86.2 2.3 775
28 3.0 117.0 3.3 89.5 2.7 80.2
29 3.0 120.0 3.2 92.7 3.0 83.2
30 4.3 124.3 4.8 97.5 3.9 87.1
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Figure 3: Biogas Volume Vs Time (Days)

The results show that factors like temperature, pdhcentration of total solids, etc affect the patibn of the
biogas. The ambient and slurry temperature valuese monitored in determining the rate of digesterd
retention of the process, since temperature is wepprtant. The ambient temperature affects the oatdigestion
due to the outside walls of the digester surfackentirect contact with the atmosphere, hence thestier walls
absorb or loose heat depending on the temperatariegt between the digester and its immediatér@mwent.
This implies that seasons affect the rate of hesd br gain from the digester which in turn affetis microbial
activities in the slurry at each stage. The baaténivolved may not play its role completely. Amfigemperature
fluctuated due to climatic conditions. The mesdphR20°C - 45C) is the temperature range that was identified for
the slurry temperature (Ts). In the mesophilic temafure, the reaction of the slurry is slower, loatgntion time
and moderate gas production. With experiment chmigt during the season showed that slurry temperatp to
32°C can at times be recorded whereas ambient teropernadried between 20 and 32C. A pH of 7 was found to
be the most favourable at the mesophilic tempegatange, as the organic acids were always forthoeihg the
anaerobic decomposition process
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In general, as gas produced by the microbial is@at@d from the top of slurry, it is automaticaiyplaced by new
gas molecules formed in the slurry. It was obsérivethe three test carried out with cow dung, ceavand the
cassava peelings, that the more the gas was renfimredhe system the more it is replaced.

An Orsat apparatus was used for volume analysibeobiogas yields. The experiment was carrietdduring
rainy season which affected greatly the productibibiogas, increase in temperature increases tieeofabiogas
production. The results of the evaluation of thedoiction of biogas from the organic waste are preskin the
tables and figures.

CONCLUSION

The result of this research on the production ofjas from cow dung, cowpea and cassava peelinghuasn that
flammable biogas can be produced from these wadbtesigh anaerobic digestion for biogas generafidrese
wastes are always available in our environmentcamdbe used as a source of fuel if managed propHErly study
revealed further that cow dung as animal wasteghaat potentials for generation of biogas and s should be
encourage due to its early retention time and kighme of biogas yields. Also in this study, it Heeen found that
temperature variation, PH and Concentration of Tetdid etc, are some of the factors that affedtesl volume
yield of biogas production.
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