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CHARACTERIZATION AND PERFORMANCE EVALUATION OF 11MBIOGAS PLANT
CONSTRUCTED AT NATIONAL CENTER FOR ENERGY RESEARCKND DEVELOPMENT,
UNIVERSITY OF NIGERIA, NSUKKA.

Eze I.S, A.U. Ofoefule, E.O.U Uzodinma, E.C. Okgwee, N.F. Oparaku, J.l. Eze, O.U. Oparaku.
National Center for Energy Research and Developnimitversity Of Nigeria, Nsukka.

ABSTRACT

An 11M? Chinese- type fixed dome biogas plant, designedcamdtructed at the National Center for
Energy Research and Development, University Of hNigeNsukka was characterized through
measurement of its actual volume and intensiveet{i8® weeks kitchen performance tests. Results of
the measurement of the plant showed that its azalaime is 11.0M Anaerobic digestion of cow dung
using the plant was carried out. The plant was dotmutilize 2000kg of the waste with 4000kg of
water giving a waste to water ratio of 1:2. The @ipent under semi-continuous batch process was
carried out within a retention period of 90 daysl anesophilic temperature range of @éand 38C.

The volume of gas production at full capacity of tant was found to be 1.13 L / kg. TS with pressu
of 0.147 bar. Food items commonly consumed in thdrenment such as eggs, rice and stew, yam,
normal and hard beans (“fio-fio”), soup flavourimgent (“Okpei”) were utilized for the cooking
performance tests at full production capacity andaaious volumes of gas in the biogas plant. Olera
results showed that at full capacity, cooking caltetplace for 5hr at a stretch no matter the foeah i
being cooked. The plant also has the capabiligetee a family of 8 persons averagely on a daisjsha

KEYWORDS: Biogas plant, biogas production, biogasddy cooking test, fixed dome digester.

INTRODUCTION

The rising cost of petroleum products is a seripusblem facing most developing countries of the ldior
including Nigeria. Again, excessive energy demafiden both rural and urban dwellers imply that athe
natural sources of energy have to be explored.céletonversion of agricultural wastes into biogagla be a
leeway to solving some of these energy problemthdrdeveloping countries, majority of the populace rural
and sub-urban dwellers without access to gas foking and electricity (Matthew, 1982). This has trifnuted
immensely to the rapid rate of deforestation ansedeencroachment. The establishment of biogagpian
these communities is expected to greatly amelidiese problems and help preserve the environnBemt ét
al., 2007). Biogas is a mixture of gases consistiainly of methane (50 — 70%), G0 — 40%) and traces of
other gases like CO, 8, NH;, O,, H,, N, and water vapour etc. (Edelmann et al., 1999). dffiaent of this
process is a residue rich in essential inorga@mehts like nitrogen and phosphorus needed fotHyeplant
growth known as biofertilizer which when applied ttee soil enriches it with no detrimental effeatsthe
environment (Bhat et al., 2001). A biogas plardgnsairtight container where biogenic wastes whéurteati with
water are fermented by bacteria in the absencexpgen (Richie, 1983). The plants could be made ajut
concrete, steel, brick or plastic. They could &soin shape like silos, troughs, basins or pondsraay be
placed underground (pit) or on the surface. Manyntides such as India, China, Taiwan, and Nigenmrzgy
others have built biogas plants (biodigesters) dase cow dung (Chonkar, 1983, Van Buren, 1979, Brya
1979, Energy Commission, 1997). However, the sigkapes, constructional materials etc vary. Heheretis
need to characterize the different biodigestersce&ithe main objectives of biogas technology igeaerate
energy and provide rich- nutrients manure, cookiegt is highly imperative, as fossil- based fuetedme
scarce and more expensive. This research was damuieto characterize the underground fixed doingés
plant constructed at the National Center for End®ggearch and Development, UNN in terms of actakime
(at full capacity and on a daily basis) and itskiog ability. The common food items consumed in 8wuth
Eastern Zone of Nigeria ranging from the easilykembones (such as eggs, rice, stew and yam) toatuer to
cook ones (like normal and hard beans- “fio fisgup flavouring agent- “Okpei”) were utilized faonet
cooking. Also tests were carried out at full capaof the gas and at various volumes of the gahenbiogas
plant. Cow dung was used to evaluate the biogas plader semi-continuous batch process for a pexfdiD
days.
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MATERIALS AND METHODS

Fresh cow dung was procured from the abattoiréndlaal market in Nsukka town. The food items sashice,
beans, flavouring agent- seed and white yam werehpsed from the local market while eggs were bbugh
from the poultry house at the National Centre foefgy Research & Development. University of Nigeria
Nsukka. Other materials utilized were pressure gahgsepipes, thermometer (-10-11)Q digital pH meter
(Jenway3510), measuring tape, wooden ladder, fieglium sized “Tower branded” pots, biogas burners
constructed locally.

Measurement of the fixed dome biogas plant.

Using the wooden ladder, the insides of the plaas whoroughly cleaned with water and measuremest wa
taken with a standard measuring tape. The sketdheoplant with simple formula for the calculatiookits
volume is shown in the figure below:

ground lewel inle
} i

el oulic

qus
chamber

Cha tlaet

fermentotion

chonmber

FRONT WIEW

Fig 1: 11M Chinese Fixed Dome Biogas Plant.
On the sketch above f0.65m H; = 1.01m and ,f20.36m.

The equations used in deriving the volume of tlyeslier are given as;
V|
Vi =— f1(3r “+ flz)
6
V, = 2Hl

vy =— 1,3+ 1,7

ol §

Volume of Digester =V, +V, +V,

Where;

v; = volume of upper arc (gas chamber)

v, = volume of fermentation chamber

vz = volume of lower arc

r = radius of cylinder, H= height of fermentation chamberaiid $ = height of upper and lower arc.

Analyses of Wastes

Physicochemical Analysis

Ash, moisture and fiber contents of the undigestg-industrial wastes were determined using AOAZ9(0)
method. Fat, crude protein and nitrogen content® wletermined using soxhlet extraction and Micreejal
method described in Pearson (1976). Energy coataalysis was carried out using AOAC method desdribe
Onwuka (2005). Total and volatile solids were deieed using Renewable Technologies (2005).
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Charging Of the Biogas Plant and Cooking Tests.

This followed immediately after the measuremergriable cooking tests to be carried out. A 2000kin@fcow
dung was mixed with 4000kg of water (giving a wastevater ratio of 1:2). The waste slurry was ckdrgp to

¥ of the digester leaving % head space for gasggoand collection. The digester content was dtirre
adequately and on a daily basis throughout thentiete period to ensure homogenous blend of theensistry
and dispersion of the microbes in the entire mixt@as production measured in“tkg. TS was obtained by
the displacement of water by the gas. The foodstarmre cooked on a daily basis for at least onek\aéter
which each cooking was repeated for the next twoemaeks.

RESULTS AND DISCUSSION
Table 1: Results of volume of gas and pressurallatdpacity

Volume (L/kg.TS) Pressure(bar)
2250 110mmHg=> 0.147

Table 1 shows the actual volume of gas producddllatapacity of the digester with its pressureddt47 bar
(0.145 atm). This indicates that the pressure ojds is very low (below 1 atmosphere). This cowalkcbant for

the difficulty encountered when trying to compréiss gas for storage even when the volume of gagiite

high, hence the current trend of using biogastimn-3ihe plant or digester performance is usualpyesented by
the volume of gas production from the organic was@ow dung was chosen for the evaluation of thastp
because various research findings have affirmedtiperiority of cow dung in quality biogas prodoctiover

other wastes (Odeyemi, 1987, Fulford 1998, Ofoeéil@l., 2010). Adequate physicochemical propedies
known to favour biogas production. The result & fhysicochemical composition of the cow dung a«ili for

the study showed that the nutrients (fat and pmdteiolatile solids (which is the biodegradabletwor of the

waste), energy content and C/N ratio where adedoateffective biogas production (Table 2). Theiopim

range for C/N ratio has been given to be in thgeaof 20-30:1 (Dennis and Burke, 2001). This isaose the
microbes that convert wastes to biogas take upocadb times faster than nitrogen.

Table 2: Physicochemical Properties Of Undigested Dang.

Parameters Cow dung
Moisture (%) 15.70
Ash (%) 20.10
Fibre (%) 19.50
Fat (%) 11.00
Crude nitrogen (%) 1.40
Crude protein (%) 8.75
Total solids (%) 77.38
Volatile solids (%) 27.01
Energy content (%) 3.76
Carbon content(K/g) 32.92
Carbon: nitrogen ratio(C/N ratio) 23.51

The gas commenced flammable biogas production erdthday after charging the digester, while cooking
performance tests started the following day fromd¢bmmencement of flammable gas production.

Table 3 and Fig. 2 shows the results of the cookipgrformance tests and the volume of the gaigediffor the
different food items. Various food items rangingrfr those that cook over a short period of timehtzsé that
take longer time to cook were utilized. It was alied that the various food items took shorter gktm cook
when compared with the conventional cooking stqkesosene, charcoal and firewood) (Table 3). Fstaince,
the cooking of “fio fio” (pigeon pea) and (“okpeityhich normally takes 6 to 7hr to cook (using 3nsto
firewood), took 5 hours to cook with biogas. Thiayrbe as a result of concentration of the flame lzeat to
the pot leading to less heat losses which is nahatly seen in the conventional cook stoves (Ofteeé al,
2006, Uzodinmaet al, 2006).
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Table 3: Volume of gas consumed at the cooking tiaity

Food item Quantity Time (hr) Volume of gas utilized
(L/kg. TS)
Eggs, 53
Local rice and 20 cigarette cups
Stew (5kg) 3hr 22mins=3.37 | 1067.48=0.53
% med. Pot stew
Cowpea beans | 10 cigarette
White yam cups(2kg) 2.00 812.22 =0.41
1 tuber (2kg)
Pigeon pea (“fio| 18 milk cups (3kg)
fio”) 2 tubers (5kg) 3.00 1171.90=0.56
White yam
Local rice and 12 cigarette cups
(3kg)
Cowpea(Jellof) | 4 cigarette cups 3hr.40min=3.67 | 1113.90=0.56
(0.80kg)
Pigeon pea (“fio| 9 milk cups (1.5kg)
fio")
2 tubers (3kg) 3hr.49min=3.82 | 1160.31=0.58
White yam
Local rice 10 cigarette cups 2hrs
(2.5Kg)
Stew omed. pot stew 50mins=2.83 1067.48=0.53
Cow pea 10 cigarette cups 2hrs
Beans (2kg) 50mins=2.83 1392.37=0.70
(Portiscum)
Local rice
Jellof 10 cups 2.00 928.25=0.46
Flavouring
Agent (“Okpei”) | 8 cups (milk cup) | 5.00 2088.56=1.04
1.4
1.2 A
1 *
é 0.8 .
0.6 R4 ¢ Seriesl
0.4 7 —— Linear (Series1)
0.2
o T T T 1
(0] 2 4 6 8

time

Fig 2. plot of vol against time

Figure 2 shows the quantity of biogas utilizeddach cooking day. The quantities of food cookedeskmore
than ten (10) persons at the Research Institute.figlare indicates that the cooking time increasitk higher
volume of gas generated over a period of time. dfcates that at full capacity, it is estimatbdttthe plant
will serve the cooking needs of a family of eigB} persons for a long time up to a maximum coolkiagod of
5hr at a stretch and 8hr intermittently dependinghe waste type used for the anaerobic digestion.
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CONCLUSION

From the investigation carried out, it can be siwan the 11m3 biogas plant is in a good workingditton and
can produce biogas optimally depending on the wiggie. It can serve the cooking needs of a familgight
persons on the average. The technology should Ide®danstitutions and communities that can afftind cost
of labour (which involves charging and dischargafigvastes including digester maintenance). The eoatjve
study of the performance characteristics betweegdas produced from the plant and conventional ctokes
(kerosene, firewood, charcoal and saw dust) witistibute a separate report.
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