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ABSTRACT

The potentials of biogas generation from mixturéshoee substrates, water hyacinth, cassava peelscew
dung was evaluated using standard microbiologaahriques. The results revealed that the combmatidhe
three substrates without starter culture recoreed milliliter biogas production in the first 5 dawith optimum
yield of 300mls, 600mlis and 715mls for 1kg, 2kg @kg) weight of the mixture respectively within 2&yd
while the digester with starter culture yielded iopim biogas production of 475mls, 650mis and 820mls
respectively in 1kg, 2kg and 3kg weight within 28yd. The total viable bacterial and fungal countsnfthe
substrate slurry of the WH + CP + CD was 7.55 %" and 2.35 x 1ftfug® before digestion respectively
and 4.10 x 1&fug® and 1.20 x1dcfug’ after digestion respectively without starter ctdtuThe digester with
starter culture gave 7.68 x®fug* and 3.35 x 1&fug® for bacteria and fungi respectively before digesténd
5.25 x 105cfug-1 and 2.20 x 102cfug-1 respectifetybacteria and fungi after digestion. Optimum aothl
biogas produced from the treatments
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INTRODUCTION

Cross River State, Nigeria and indeed Africa aes$#d with abundant, diverse renewable energy nesmthat
are yet to be exploited for providing clean fueh&lp end the energy crisis and poverty in Nig@tiado et al.,
2007; Mashandete and Parawira, 2009; Igbmil., 2008). Guruswamgt al., (2003) and Alvareet al., (2008)
identified two significant and important challenggghe millennium and the twenty first centuryinalude; the
development and use of renewable energy to decresendence on fossil fuel and management of tlstewa
generated by human activities as a result of aljui@l activities, industrial growth and populatiexplosion
which are associated with waste generation. Achgethe Millennium Development Goals (MDGSs) in Afic
also requires a significant expansion of accessddern and alternative renewable energy such @abiehich
is of growing interest for the sustainable managemé our waste and a major breakthrough in thecéetor a
renewable energy for the reduction in over-depeogl@m non-renewable fossil fuel (Nagamani and Ramgs
2003 and Adeyanju, 2008). Biogas is the produairghnic matters decomposition under oxygen-frealitiom
with microbial participation especially MethanogeBsogas formation can occur naturally in swampsayine
sediments, and water logged soils, rice fieldspdeadies of water, sanitary landfills and evenhia tigestive
system of ruminants; and termites. It can alsoelsevered from lagoons used for waste treatmengaids also
called; swamp gas, sewer gas, marsh gas, gobangadigester gas ‘will O the wisp gas, natural dasdfill
gas and sewage gas. Biogas, a mixture of gassasstcoh50 — 70%, methane 30 — 40%, carbon diokide
10%, Hydrogen 1 — 2%, Nitrogen 0 — 3% , water vapoul traces of Hydrogen sulphide, carbon monoaitk
oxygen. Generally, four different stages have besmwmgnized in the production of biogas with severthler
intermediate products. These include; hydrolysisid@yenesis, acetogenesis and methanogenesis. The
efficiency, effectiveness and stability of anaecobligestion and consequently biogas generation veam
significantly based on various operational factush as; type of waste streams, digester desigmperature,
moisture content, retention time, pH, agitatiomoxing, bacterial species and organic loading rRtesence of
toxicants can also influence biogas production.itResimplications of biogas include; the reductiam
environmental pollution, odour (Long 1992, Luegal., 1996), and in the destruction of most pathogenic
organisms, worms, ova, etc. Biogas can also sen@@ean alternative to fuel energy source toebdctricity
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and wood. This research is aimed at determiningptiientials of biogas energy generation from a Goatlon
of water hyacinth, (which is a nuisance in aquatiwironment), cassava peels and cow dung (whicHuyme
foul odour due to uncontrolled fermentation andsthanstitute nuisance in our surroundings).

MATERIALSAND METHODS
Sample collection; Water hyacinth, cassava peels and cow dung

Ten kilogram (10kg) weight each of water hyacirfEtichhornia crassipes), cassavaNanihot esculentum) peels
and cow dung were obtained from locations, 083 04 N 00800 54 E, 008 53 00N 008 01’ 16 E, and 00%

53 00N 008 01’ 16 E respectively in Cross River State, NigeBamples were placed in sterile polythene bags
and transported to the laboratory for analysisiwig# hours.

Preparation of substrates (Water hyacinth, cassava pedls and cow dung) for biogas production

A modification of the methods of Sriramajayainal., (2007) and Chaet al., (2007) where used. Leaves of
water hyacinth were pounded in a mortar into piefesbout 2 — 5mm size. The cow dung and the cassaels
were screened to exclude other extranamaterials and well pulverized. The three substratespectively as
above were mixed in the ratio of 0.33:0.33:0.386(.66:0.66 and 1:1:1 weights to yield total wesghf about
1kg, 2kg and 3kg. Respective weights were mixedh wiater at the ratio of 1:3 and placed in the diyss
Duplicate of each weight were prepared, one witlstautter culture and the other with starter culfoven an old
digester slurry mixed with charcoal. The digesigese tightly corked with rubber stopper to creat@erobic
condition and connected to a gasometrical chaniiegas was monitored and measured daily over agefi
45 days using the gasometrical chamber with thelatiement of paraffin wax.

Preparation of starter culture

The methods of Gelukt al., (1992), were employed. The support activated calocbarcoal) was washed 5
times with acetate buffer pH (4-5) and finally respended in the buffer overnight. Twenty kilogramights
were placed in storage containers and kept &€ if a refrigerator. Twenty kilogram weight of tis&urry
(residue w/v) of an old but active cow dung digestas mixed with 20kg weight of the pre -treatetivated
carbon and incubated at room temperature in angecobdition for 40 days. The adsorbed cells weseduas
crude starter culture for all digesting combinasiolihe advantage of using the activated carbomupgysost for
the immobilization was that it was relatively cheaql affordable, readily available, mild and posseproblem
of cell and enzyme inactivation.

Innovation in digester design with gasometrical chamber

Biogas yield was measured daily using the gasooatchamber which was an innovation, specially gieesil

for this research. The chamber consisted of a gesmal assembly which comprised of a graduatecttberr
which was connected to the locally designed anaerdigester through a rubber tube. The burette alas

connected to a funnel with paraffin oil throughyatbetic rubber tube (which could be transpareritge burette
was linked to the tube from the anaerobic digestea glass connector with two taps; the inlet drel dutlet

taps. The outlet tap was sealed with a flexibletaiaube with a strong clip (to avoid leakage)eTbtal biogas
yields were determined by opening the outlet tajhef anaerobic digester and the inlet tap to tlaelgated
burette. The biogas generated was released thrthegltube which then displaced the paraffin oil e t
graduated burette downward. The volume of gas yield determined by the volume of paraffin oil désyad,

i.e. gas yield was directly proportional to panmaffil displaced (Figures ).
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RESULTSAND DISCUSSION

Potentials of biogas generation by mixture of three substrates;, water hyacinth, cassava peels and poultry
dropping-WH+CP+PD.

The combination of three substrates; water hyact#hsava peels and cow dung without starter eultur
recorded zero biogas in the first 5days with optimyield of 300mls, 600mls and 715mls from the 12kg and
3kg weights respectively within 25days while thgediters with starter culture yielded optimum biogéas
475mls, 650mls and 820mls respectively in 1kg, 2kd 3kg weights within 25 days as shown in tablé®al
yield obtained from the different treatment weigbtslkg, 2kg and 3kg was 948mls, 2690mls and 368%md
2065mls,3335mls and 4394mls respectively withogt with starter culture as shown in Table 2. Tdbshows
the total viable bacterial and fungal counts frarbstrates slurry before and after anaerobic digestiith and
without starter culture. The production of biogesni water hyacinth, cassava peels and cow dung (VP +
CD) treatment combinations within intervals of B5days were summarized in analysis of variance (XKD
Table 3. Figure 3 shows that there was negativeeletion at early stage of the biogas generatibilenthere
was positive relation later in the digestion intbdigesters with and without starter culture.

Combination of water hyacinth, cassava peels and cow dung

The optimal and total biogas yield was higher imb@ation of the three substrates than the singie a
double combinations. There was also reduction @ dbration for optimal biogas yield than the resipec
individuals. Variations in biogas volume generafemin WH + CP + CD treatment combinations showed
significant difference without starter culture [E, (16) = 20.86, P < 0.001], but no significant elifince with
inclusion of starter culture [F (2, 16) = 1.187.3314], (Table 3). There was also negative caicgldetween
biogas production with and without starter cultimeculation. Thus, the volume of biogas from thenab
treatment combinations could be facilitated withimastculums while the presence of starter culture wapable
of retarding the generation of biogas in the expent. This is probably due to excessive produabibacid by
the cassava peels or experimental error in theseoaf mixing the substates. Ofoefule and Uzoding@9)
observed that combination of cassava peels anddoogy did not improve the biogas yield but only eféel the
on set of gas flammability. They concluded thateéheas low synergy existing between cow dung asdaa
peels when compared to other wastes. Unfavouraiaeitation environment for the methane bacteriddco
also result in low biogas and methane yield. Thisbécause the bacteria that ferment organic matter
flammable biogas are highly pH sensitive and s@vbptimally within pH range of 6.6-7.6 and in some
instances 8.5. Leakage could result in poor bigigld.

Combination of water hyacinth, cassava peels and cow dung

From the ANOVA results, optimal and total biogasduced from the treatments showed significant
difference without starter culture [F (2, 16) - B2. P < 0.001] and with starter culture [F (2, £6%8.03, P <
0.001] at the 1% level of significance (Table 3awsult of the difference in weights and combaratSimilar
trend occurred for the duration of the experimeithiw intervals of 5 — 45 days with [F (2, 16) =.83, P <
0.001] or without starter culture [F (2, 16) - 53.% < 0.001]. Based on the results, volume ofdsogroduced
varied widely with or without the inclusion of st@ar culture in the study. This implies that prodaictof biogas
from the prescribed treatment combinations carab#ithted with or without the use of starter cudtuThus, the
cost of developing starter culture could be saVé: significant increase in biogas yield obtainedld be due
to synergy between the cassava peels, the watemitlyand cow dung. The acidic effects of cassaesgpmay
have been neutralized by the water hyacinth anddwavg.

Combination of water hyacinth, cassava peels and cow dung

The optimal, total and percentage biogas yield higher in combination of the three substrates than
the single and double combinations. There was r@daction in the duration for optimal biogas yiéfén the
respective individuals. Variations in biogas volugenerated from WH + CP + CD treatment combinations
showed significant difference without starter crdt{iF (2, 16) = 20.86, P < 0.001], but no signifitdifference
with inclusion of starter culture [F (2, 16) - 1,18= 0.3314], (Table 3). There was also negative cdicgia
between biogas production with and without biogesdpction (Fig.3). Thus, the volume of biogas frtime
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above treatment combinations could be facilitatéthout inoculums while the presence of starterureltwas
capable of retarding the generation of biogas énetkperiment. This is probably due to excessivelyction of
acid by the cassava peels or experimental errérarcourse of mixing the substrates. Ofoefule amddihma
(2009) observed that combination of cassava pewlscaw dung did not improve the biogas yield bulyon
affected the on set of gas flammability. They caded that there was low synergy existing between adong
and cassava peels when compared to other wastésvdunable fermentation environment for the methane
bacteria could also result in low biogas and methgield. This is because the bacteria that fernoegénic
matter into flammable biogas are highly pH sensiwnd survive optimally within pH range of 6.6 -a6d in
some instances 8.5. Leakage could result in pamgdsiyield.

Combination of water hyacinth, cassava peels and cow dung

From the ANOVA results, optimal, total and percgetdiogas produced from the treatments showed

significant difference without starter culture [E, (L6) - 52.16, P < 0.001] and with starter cultifg2, 16)=
58.03, P < 0.001] at the 1% level of significandalfle 3) as a result of the difference in weightsl a
combination. Similar trend occurred for the dumatad the experiment within intervals of 5 - 45dayish [F (2,
16) = 82.43, P < 0.001] or without starter cult[Fg?2, 16) - 54.59, P < 0.001]. Based on the reswiblume of
biogas produced varied widely with or without tmelusion of starter culture in the study. This ifaplthat
production of biogas from the prescribed treatm@mhbinations can be facilitated with or without tirge of
starter culture. Thus, the cost of developing staculture could be saved. The significant increiasbiogas
yield obtained could be due to synergy betweerctssava peels, the water hyacinth and cow dunga@idéc
effects of cassava peels may have been neutrddizéte water hyacinth and cow dung.

CONCLUSION

One of the major challenges of anaerobic digessahe use of local technology to design a digester
which will be sufficiently air tight to prevent lkage or introduction of air into it. This is becaudethanogenic
bacteria are highly sensitive to oxygen or air leetiee entire system is destabilized and it takiesiger time to
recover if ever it does. It is also obvious thagh@r temperature supports biogas generation atréeshetention
time than ambient temperature used in this studerf is the need to further research on a digestiodel
which will support biogas generation at ambient gemature since this conserves energy and can dasily
applied by the rural dwellers. Methanogens natylbw very slowly and this increases retentioretitthere is
therefore the need for further study to screen hbaeteria and fungi which can grow faster withreased
biogas generation. There is a further need to designore effective way of storing the biogas geteerdor
further use, especially by rural dwellers. Finalhere is the challenge for sustainable researctbiogas
technology for it to create the expected impach asurce of renewable energy and a reliable aligento the
non renewable fossil fuel energy.
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TABLE 1

Total viable bacterial and fungal counts from sraiss slurry before and after anaerobic digestion

Culture Raw substrates

mode () ﬂ o 2 s
5 5 S 3 S 9
825 < 8385~ 8 gX 85~
0= 0~ =00~ B oS0 8o Q2 4
E‘E'@m“‘m TEY< D o5 Yo o, < o
c5%053 85502 cg 50 S0 3
m 8528 885828 ZosLl~ IRL &
Without WH 5.46 x 10 3.55x 10 1.46x 16 1.20x 16
Starter
culture
PD 8.63x 10 5.54 x 10 3.42 x 16 2.26x 16
CD 8.65 x 10 6.45 x 19 3.55x 16 2.25x 16
WH+PD+CD 7.55 x18 4.10x 10 2.35x 16 1.20 x 18
With PD 8.60 x 0 6.54 x 10 4.42 x 16 3.26 x 18
Starter
culture
CD 8.45x 1H 7.35x 18 455 x 16 3.25x 16
WH+PD+CD 7.65 x1b 5.25 x 18 3.35x 16 2.20 x 16
Control 5.54 x18 4.40x 16 4.40 x 16 3.15x 16

(Water Only)
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FIGURE 2: Optimum biogas yield from combination whter hyacinth, cassava peels and cow dung-
WH+CP+CD with and without starter culture



Chemical and Process Engineering Research Www.iiste.org
ISSN 2224-7467 (Paper) ISSN 2225-0913 (Online) JLELE
Vol.17, 2013 ||S E

TABLE 2

Total biogas yield from combination of water hyahincassava peels and cow dung- WH+CP+CD, with and
without starter culture (milliliters).

Digestion time Volume of biogas (lifiters/5days)
(Days)

substrate weight substrate weight

without starter culture with starter culture

1kg 2kg 3kg 1kg 2kg 3kg
5 0.0 0.0 0.0 0.0 0.0 0.0
10 10 15 110 90 135 249
15 184 220 295 210 280 405
20 205 435 545 440 515 630
25 300 600 715 475 650 820
30 91 495 635 375 585 710
35 70 385 570 230 480 630
40 54 330 465 150 395 540
45 34 210 350 95 295 410
Total 948 2690 3685 2065 3335 4394

TABLE 3

Analysis of variance (ANOVA) summary results shogvivariations in volume of biogas produced from wate
hyacinth, cassava peels and cow dung with/withtautes culture

Starter
culture
SOURCES OF DF SIGNIFICANCE MSS F-CAL P-VALUE F-CRITICAL
VARIATION
Without 2 426509.60 213254.80  20.86*** 3.49E-05 3.63
With 2 2999338 1499669 1.18 0.3314 3.63
Weight
Periods Without 8 725299.30 90662.42 8.87*** 0.000127 2.59
With 8 14549487 1818686 1.%4 0.2554 2.59
(Days)
Error Without 16 163589.80 10224.36
With 16 20262463 1266404
(Without)
Without 26 1315399
With 26 37811288
TOTAL
ns = not significant
rxx = Significant at 1% level
Source = Derived from Author’s experimental data0@)
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PLATE 1: Experimental Set-up used for biogas getimrdrom combination of water hyacinth,
cassava peels and cow dung- WH+CP+CD
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