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ABSTRACT

This study was carried out to assess and deterntieebiogas yield from cow and goat dung. Biogasdyiel
assessment was carried out at room temperature®-{28.0 °C) for a period of 20 days from a solithd mixture
of 1000 g in each sample (fermentation slurry) tefferment over 35 days. The objectives were teragne cow
and goat dung ratio that give optimal output andntodel the relationship between cow:goat dung ratid the
output which can be used to predict gas yield aious ratios. Three samples composed of a ratioosf to goat
dung were prepared to make sample D1 (100:0), (22&) and D3 (50:50). Fermentation occurred in atera
dispenser container of 20 litre capacity used as tmprovised digester and the temperature of thgesting
chamber noted over the fermentation period of 2sdA constructed metallic prototype digester wsedufor the
collection of biogas produced. Preliminary studi#mwed that biogas release started to decline eténth day of
the fermentation period for almost all samples. f@nD2 (75 % by weight cow dung and 25 % by wegg#t
dung) showed the highest biogas production (36im00at the end of fermentation. A portion of sampk was
transferred into the constructed prototype digested the gas produced was collected into the géiadsyr for
determination of volume collected. A mathematicatieh derived using regression analysis on MATLABsoe
indicates that biogas production can be predictaddal on a dung concentrate.
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INTRODUCTION
Energy sources are broadly classifies into two nyairups: Renewable and Non-renewable.

Renewable energy is energy, which is generated frataral sources that is sun, wind, rain, tides eand be
generated repeatedly as and when required. Thegvaitable in plenty and by far the cleanest sai@feenergy
available on this planet. Energy that we receivenfthe sun can be used to generate electricitysamithrly, energy
from wind, geothermal, biomass from plants andsticen be used this form of energy to another form.

Non-Renewable energy is energy, which is taken filoensources that are available on the earth indthquantity
and will vanish with time. Non-renewable sources ot environmental friendly and can have seridfecton our
health. They are called non-renewable because ¢hapot be re-generated within a short span of tiken-
renewable sources exist in the form of fossil fustural gas, oil and coal [14].
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About one third of the world's population still sseiomass products for their cooking and heatingddveloping
countries, the need for biomass energy is not sechiomass-based technologies can entirely resiodienation's
difficulties with escalating petroleum prices, gtcause of the urgency of their energy need. Forutal and urban
poor areas, properly designed biomass convers@gmtdogies could reduce the economic and enviroteheonst

for cooking and heating and in some cases proygerunities for economic growth and employment [9]

Biogas is a by-product of the breakdown process) fbiodegradable waste such as waste food, cow adasgava
peels, pigs and poultry waste, a renewable enenggice [1]. This research project intends to additessssue of the
production of biogas from cow and goat dung, whielm produce biogas through the process called rahime
digestion’. Recently, developed countries have bewking increasing use of biogas treatment systéns
municipal waste. The project has as its main tbrtist design a process of converting cow and goag dnto
biogas; study the process of converting cow and goag to biogas using water displacement method; a
determine if methane could be produced/constitagas produced under retention period of 20 days.

The digestion process produces the principal aeitiich were processed by methanogenicy bacterigrdaduce

methane. Conditions necessary for the optimum ptimtu of biogas are: pH value and temperature db agea

continuous feed digester. The biogas productiont@amprises of- the digester, the scrubber, tisbgder; the gas
mains. Biogas containing methane could be effiGfeptoduced from food waste and cow dung slurryain
continuous feeding process digester [1].

Biogas as an alternative source of energy is rebew8ut petroleum is non renewable and it has lwesfirmed
that non renewable source of energy could onlyfasbver a given period of time. [6]. This uncémtg has created
a lot of anxiety for industrialized and developmations and they are now looking back to the pashods of using
biomass as one of the most viable remedy with mepd improving it and eventually making it an aedtive to
the current methods.

In the production of biogas, the biomass (cow aodtglung) are allowed to decompose anaerobicallp@n
temperature, producing a gaseous product whichaowimethane, carbon dioxide and hydrogen sulphities
biogas, which comprises mainly of methane, hasteefined of CQand HS in other to improve its efficiency and
thermal content, which can be used for cooking gederating power. At present, countries like Indiajted
States, Pakistan and China have actualized thésdadd are still thriving well. The merit of turnihgthis alternative
source of energy especially for those countrieedisabove are labour intensive, low cost and itsed&alized
source for supplying energy in rural householdca@nmunities. It is easily controlled and reducesssion of
gases into environment since there is no smokingsbrfrom the stock. Agricultural and other orgamastes are
mostly the raw materials for biogas generation.

However, biogas production involves three basigstehydrolysis, acid formation and methane fornmatio
Depending on the type of raw material, biogas doatan average of 50.0-70.0 % methane, 30.0-40dafd4on
dioxide, 1.0-2.0 % nitrogen, 5.0-10.0 % hydrogerd rtace amount of hydrogen sulphide and water waj&).

MATERIALSAND METHODS

Design Method
The flow chart below describes the experimentaigesi for the work.

The study was carried out by varying the proportdiiomass while the amount of total solid andedébn time
were constant. Also, the ratio of amount of totdicsto water in each of the fermentation digestas the same.

Sample Collection

Cow and goat dung were obtained from the farm efkpartment of Agricultural Technology, FederdlyRahnic
Mubi, Adamawa State, Nigeria. Approximately 10 Kgcow dung was collected for the purpose of thiseesch.
The cow and goat dung were collected was sun a@medhas been crushed manually to ensure homogédoedye
mixing with water to produce biogas by anaerobicoseposition. The most prominent breeds of cowsgoats in
the livestock farm of Federal Polytechnic Mubi &aw (90 % white Fulani and 10 % sokoto gudali) &uhts (94
% west African duaf and 6 % red sokoto).
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Fig: 1. The key process of anaerobic digestion

Experimental M ethod and Procedures
The set up for the experiment is shown below

— Tube . .
— Inverted measuring cylinder

Through of water

Digester H,S absorber CO, absorber

(A) (8 © ©)

Fig. 2: Experimental M odel Setup

Production commenced in the fermentation chambevas delivered to the second chamber which coadalead
acetate solution and then passed unto the thirthisbacontaining potassium hydroxide solution whigds then
measured at the last chamber by inverting a meagswylinder over a through of water. Since the b®gs
insoluble in water, a pressure build-up providee ¢hiving force for displacement of the water ie tmeasuring
cylinder. The displaced water was measured to sepitehe amount of biogas produced [5].

For the set up, a hole was bored on top of theadost (A) which was used as the digester and th€ RNde was
inserted into the hole and glued. The output ofttiie from (A) was channel into (B) and glued op. tbhe outlet
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from (B) was also channeled into (C) and glued leaws in fig.2 above. The last end of PVC from (Casw
channeled into an inverted cylinder over a troufvater.

The weighing balance was used to determine the ofassw dung and goat dung that made up the tola for
particular fermentation slurry. The digester wagraped at ambient temperatures. A thermometer sed to
determine the daily temperature and the averagedmture was calculated and assumed to be the timgera
temperature. A digital pH meter was used to deteertiie pH of the fermentation slurry (sample) anfirst day of
the experiment.

Data Collection
The method of data collection that was used isdeatribed by [4], after absorption of$and CQ the remaining
gas is methane which was recorded by downwardatispient of water in the measuring cylinder.

Data Analysis

This was carried out using a special computer progfMATLAB and EXCEL). Regression analysis was used
determine the fitting coefficient and also to detigre the yield versus dung ratio based on theviotig regression
equation,

Gy = kgt Kot ket Ky (1)

Where:
G, = Gas yield (ml)
t = Time (days)

ki, ko, ks, al, a2, a3, a4 = Constant
The regression constants were determined leadiag tampirical equation relating the yield and thagiratio.

Total Solid Content

For the purpose of this research, there were thrgeproportions aimed at investigating the effiag of mixing
cow and goat dung in biogas production (Table 3).@mount of dung combined for the volume of slunrgach
digester is as follows.

D1 - 1000g of cow dung, no goat dung

D2 — 7509 of cow dung and 2509 of goat dung

D3 — 5009 of cow dung and 5009 of goat dung

Preparation of slurry using the variation of rggow and goat dung) described by [13].

Table: 3. The variation of theratio of Cow to Goat dung is shown below

Digester | Ratio of cow to goat dung(x:y)
D1 100:0
D2 75:2E
D3 50:50
Procedurefor the collection of Biogas
The general fermentation formula is
(Cs Hio Os )n + HO --------- > 3nCH, + 3nCQ[11].

The method of gas collection that was used isdbatribed by [4], in their kinetic study of methamal biogas. The
unattached end of the PVC tube from the digester ati@anneled through the container of 30 % acetdtdien to
absorb hydrogen sulphide. Below is the equatiath@fabsorption of hydrogen sulphide.

(CH:COO), Phiag) + HoSg ——» 2CH;COOH,) + PbS

The outlet of the container containing lead acetatiel was attached to another container of 10%spatm
hydroxide solution to absorb G@ccording to the equation.
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ZKOH(aq)+ COz(g) - > K,CO; +H,O

The remaining gas after absorption ofSHand CQ is methane which was recorded by downward disptece of
water in the measuring cylinder.

Procedurefor determining the Biogas yield of the sample dung

The setup was maintained at a retention time ofi&gs for the assessment and 35 days for the dolecthe

biogas generated was measured and recorded orbdail; And also the ambient temperature was &lserved.
RESULTSAND DISCUSSION

The results of this study are discussed using #ni@ton of ratio of cow and goat dung.
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Fig. 3: Combined graph of the general variation of cow to goat dung

According to the graph, the ratio of 75:25 (D2) gdke optimal yield compared with the other ratibss implies
that the concept of animal (cow and goat) wastebioation for the ratio of 75:25 (D2) for this padlar specie is
the viable alternative source of energy. Accordimghe graph, there was no production within thst fday of the
experiment, because the methanogenic bacteria velsichpon the organic material were inactive withiis period
due to the formation of organic acid which decredbke pH value to below 5.
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For theratio of 100:0

Linear model polynomial 2:

Gy = k1t2+k2t+k3

Coefficients (with 95% confidence bounds)
ki=-2.744 (-3.314, -2.174)

k,=59.71 (47.38, 72.04)

ks=-104.9 (-161.1, -48.67)

Goodness of fit:

SSE=2.18x1%"

R?=0.861
Adjusted B = 0.8447
RSME=35.81ml

The equation 3= -2.7441+59.71t-104.9, can be used for the prediction of yjald at various digestion time with
86.1% accuracy.

For theratio of 75:25

Linear model polynomial 2:

Gy = k1t2+k2t+k3

Coefficients (with 95% confidence bounds)
k;=-3.592 (-4.155, -3.029)

k, = 76.56 (64.39, 88.73)

ks =-92.43 (-147.9, -36.95)

Goodness of fit:
SSE=2.124x18*
R?=0.9146

The R assumes that every independent variables in tliehfielp to explain the variation in the deviati@u, its
tells the percentage of explained variation adl ihdependent variables in the model affect theiatéon (as if each
independent variable passes the t-test).

Adjusted B= 0.9045

While, the adj. Rtells the percentage of variation explained by dhbse independent variables that truly affect the
deviation (only those independent variables thasea the t-test).

The value of the adj. Rwill be < value of R.
RMSE=35.35ml
/= -3.892t+76.56-92.43

This equation can be used for the prediction ofyiglsl at various digestion times with 91% accuracy

For theratio of 50:50

Linear model polynomial 3:

Gy = kyt*+kot*+kst+ky

Coefficients (with 95% confidence bounds)
k= 0.06429 (-0.02243, 0.151)

ko= -4.549 (-7.316, -1.783)

ks = 71.92 (46.6, 97.24)

k,=-116.8 (-179.7, -53.88)

Goodness of fit:
SSE= 1.182x1%*

R? = 0.9069
Adjusted R = 0.8895
RMSE= 27.18ml
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The equation (5= 0.06429t4.549¢t+ 71.92t -116.8, can be used for the predictiogasf yield for the ratio of 50:50
at various digestion times with 90.7% accuracy.

Collection of biogas

Since the ratio of 75:25 (D2) produces the higlyedtd compared with the other ratios in the assessrof the gas,
then the same ratio was transferred into the coctgll metal prototype digester of 25 litres capyeaitd the gas was
compressed into the gas cylinder by the use ohgcessor.

Flammability Test
After the gas has been collected into the gas dglinit was tested by using a gas burner to chsckammability
and it has been confirmed that the gas was flamenabl

DISCUSSION

The experiment was conducted within the pH range dptimum methane production and there was little
temperature variation throughout the experimentoidingly, there was a negligible temperature \‘emeeffect on
biogas production. The results in (fig. 3) showat tithere was no methane production in the firgtfdathe D2 and
D3 ratios, this may be the methanogenic bacteriechwhct upon the organic material within the digesvere
inactive within this period due to the formationasfianic acid which decreases the pH value belddd,

On the other hand methane production started begendnd day for D1 ratio, this reaches its optimatrthe §'

day, because the carbon nitrogen (C/N) ratio ifiwithe optimum value of 20-30.Methane productioopg from
the 10" day gradually down to the #@lay for D1 ratio and for the D2 and D3 ratiostétred dropping from the 11
day, this is because the C/N ratio being high dusohsumption of nitrogen by the methanogenic bicte

Also the total methane vyield for 1kg of cow dungnir this research is found to be 2567ml.This vakidigh
compared to the value obtained by [13], for samantjty of cow dung. This is possible due to thessaaat which
the experiment was carried out and also dependseotype of breed that is being used. The expetimves carried
out between January to May 2013, where the ambéenperature is between 24-29. This temperature range is
low compared to the optimum temperature of @5t which the methanogenic bacteria are inackieace the low
temperatures adversely affect the methane yield. well known that the composition of biogas adl e biogas
yields depend on the substrates owing to differemeenaterial characterization in each feed mdtgia[3]; [7];
[15]; [12].
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