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ABSTRACT 
Wmle manQgement is a very big chuIlenge in Nigeria faday. With incremd p ~ n r l t t y -  

f&&ing' btd animal husbandty, a lot of droppings is generated which i i  ~rmekt& 
cti~slirutiyg a nu ism^ in mgy  neighbpbhomk One simple, eflective md bw c ~ t  

. , ie tbd qfn&nugeperpt, whichhnr not be& o firnu& utilized. Lr the ano$~obie digestion' (9 17rd rihiiib-bfiitiiva .of thLr prc$ecf iq to' qertp ~4 fabricare , o simple, low imt. d: . . 
acgptaHd hbbehqld bio@$mrl, wh;$ c d $ e h e  ar wasre mfiagemenr d&e mtd. 
also as 'rt 'sburce'of energv fbr coaking. R' 00 'Ifire gaIvan&ed plate biodigesrer was 
JesSgngd, jabriwted and wed lo obtain bioga~ figp these wash. The digesie~ w& 

+ chmgrad~iiYdk cow Qung sluh-j, which hixi Be ib&osition: (1.47). phkPk'drw 
'rP,6D), Nib~gen (3,IP]'md Orgaiiic-Carbon (68.41.I~o 300 lip@ of the feed (dm@, an 
"qwd wl&~ of* water w&' dded &n2 made into' 600 litres slurry. An average of 
031 lid qf metkana gas wps generated dgiij : a quantity of gm cqable Pfswfdirting 

fm'2.6403 .hs.'.'On the 44rh'dny fi0h the :day the first charging b e p ,  the 
atrainea staBIb ste&Y~tute with $3 lipex ~JsZwnyfed into !he digester &dy 

- .m.,qual rhme @spent .sIwdge d i s c m d  On jhe average, the gas g n e r a ~ d  was - 
enough to provide mr average of Ihr, 35mins cooking daib. 
Keywords: Biodigder, Anaerobk Digesrer, Bwgm. 

~ 0 X ) U C T ~ O N  
Pressure on the environment, escalating costs of fossil fuels, and the decreasing avaiIabi1ity of nar: 
commercial sources, e.g. firewood, in recent years have forced many developing countries to look more 
closely at renewabie energy technologies. One of the best-established technologies available is anaerobic 
digester, where organic materials, t.g. animaI manure, nightsoit, agriculture residues and industrial effluents, 
are biologically fermented in the absence of oxygen to produce flammable gas consisting predominantly of 
methane (C&) and carbon dioxide (COG. The technology is popularly referred to as "biogas" (Stuckey, 
1983). Also the growth and concentration of the livestock industry in most counuiw of the world e.g. the 
United States of America created opportunities for the proper disposal of the large quantiticof manures 
generated at dairy and pwl tq  farms. The major pollution problems &ociated with these wastes are surface 
and groundwater contamination and surface air pollution caused by odours and dust, Energy-deficient age in 
which we live today demands, tbat new and renewable sources of energy be fully exploited. BioIogically 
produced energy has been identified as attractive alternative to increasingly scme fossil-fuel supplies in the 
world. Unfoftunaely , biogas technology 'has. not been optimally used' on large scale in Nigeria compared 
with the level obtained b m  reports in some countries like China, Korea and Philippines. According to 
Ezeokoye et a1 (2006) there is need to pnpularixe biogas technology in Nigeria in view of large numbers of 
brewery and agricultural wastes. In particular, little has been done or. waste management and energy 
generation, using biogas techno1ogy. Therefore this work is meant to explore this method of waste 
managem tnt and energy generation. The objective of this project is to design and Fabricate a medium size 
househoid biogas plant, which will operate on animal waste, household waste and any other decomposable 
waste as feeds. Biogas technology in the form of two designs, the fixed dome (used in China) and floating 
dome (used in India) have been used in a number of developing countries for many ye&. However, very 
little effort has been made to rationally optimize these designs to reduce the capital cost and increase their 
volumetric gas yield. This is due primarily to lack of sound technical data, and weak indigenous Research 
and Development capacity. ..... . ,,Also there. hhas..been very little attempt to "unpack" new techniques from 
developed couifiies (Stuckey, 1983). India launched the National Project for Biogas Development (NPBD) 
to give a renewed thrust to biomethanation in the country. Department of Non-conventional Energy Sources 
(DNES) under the ministry of Energy was in September 1982 assigned the task of pursuing the NPBD 
({Ch'enogappa, 1985). The DNES also initiated several meashes for the success of NPBD which coverer1 
upward revisio~~ of the Central Government siibsidy for plant construction, availability of more effective 
post-installation follow-up services, creation of large cadre of trained manpower in the field, and supply of 
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raw niaierials (The Hindu, 1990, 1991). During the seventh plan 1985-90, it was planned to set up several 
biogas plants (Economic Times, 1985). 

The History of Anaerobic Digester (AD) 
In 1 808, Sir Humphry Davy determined that methane was present in the gases produced during the AD of 
cattle manure (Dodson, et a!, ,198 1). The first digaim ptaht was built at a leper colony in Bombay, India in+ 
1859 (Meyhell, ,1976). AD ma&& England in I 8% arhm biogas was recovered from a "carqfujly designed-" 
semge Mtment facile atld used to fuel '&re& Jaq~ps i&-Exeter. (TulcCabe lind .6ckenfeldr;L957). Tlleh 
dwdqrnenta-of microbiolegji as '.a s ~ i e n c e ~ l e d ~ ~ . ~ @ i c h ~ b ~   usw well (Buswell+. awl. Haaeld, 193 6) aqd. 
.o&tws'~ .the. 1930s t~ identifjl h~erobie- ba- .an& h conditions hat promote :methane.. produatioa. 

it% Bi6&i3 as 8~!-~~vdratte~~ri@'$redm~-W~id War. French.@ent&stqb poutictllar, 
int- in admming bibgas% technolagy'in hthd f ~ i 6  k d  -installed large number of plants in ,F&sh coloniq 
in Africa, During this period fuel-starved French and Germans used biogas as fuel for vehicles and farm 
tractm. Flitfb;jping the wgr, seved n&ms such: 'as. Englmd, USA, Canada, Russia, China, India, etc, 
'sbked .in&& in biomehnation but thd Iatw wed as a result-.of cheap fossil fuel .that W ~vailabte for 
&a following three deca&s. HWever, series defier@ shocks, ~ h i c h  rocked thawo~M from 19,73 onwards 
along with concern for environmental protection, revived interest in bicmethanation. In view of its potential, 
-I&ge! number of community a d  fhf Iy-size plantfhas been set up in recent years in cpu,ntrie+ like Chjna,. 
India, Philippines and Nepal (Leach, 1987). During'&@ khergfcrises of the mid- and late 1-970s; the search 
for dtemative energy sources I& to investigaM~.ofmal..- and medium-scale anaembia digesters developedb 
in India and China to determine whether tEi& technologies were directly transferable to h s  in the United 
States. Unfortunately, although these technologies were useful in providing fuel for cooking and lighting in 
developing economies, most are much too small to be useful to most American farmers. For example, the 
typicaI small-scale digester daily produced about the same amount of energy as contained in 1 gal of 
propane (Volunteers in Technical Assistance (19791, Raniw and VITA, 1979). The greater energy 
requirements of the larger American livestock operations led to the design and installation of several 
demonstration projects that transferred state-of-the-& sewage treatment plant technology to the farm. 
(Coppinger et al, 1980). 

MATERIALS AND METHODS 
The university of Ibadan dairy farm was cbosa as the sampling site even though several other sites were 
visited in Ibadan metropolis. 30kg of the cow dung, was added to an equal weight of water, (ratio of 1: I ) .  
The resulting mixture (slurry) was properly mixed together and fed into the digester through the inlet pipe. 
This was left for several days before the daily addition of 151ib-e~ of slurry (7.5kg of cowdung and 7.5kg 
weighed water) to fill about % of the volume of digester. The digester was agitated once in a day, through 
the used of inbuilt stirrer. The inlet and the outlet of the digester were made drtight. Attached to the digester 
was a gas outlet valve through which gas was released into the storage container. The temperature of the . 
environment bf the digester was recorded nsing a thermometer, and the volume of gas produced calculated. 
n e  pressure in the system was also rnonitow-using the installed pressure gauge. 

Experimental Procedure of Feedstock and Spent Slurry (Emuenf) 
Both the feedstock and the effluent were analyzed for the percentage of P, K, C and N. The pH o f  the two 
samples were also determined. The standard procedum for the analysis of these elements were foliowed. 

Test Running of the Digester 
The digester was charged with cow dung slurry, which has a pH of 7. To 3 00 litres of the feed (dung), equal 
volume of water was added and made into 6001itras slurry. This was followed by proper stirring and removal 
of inert materials. The resulting mixture was then fed into the digester under anaerobic dicomposition. After 
a period of six days the pressure in the digester rose indicating gas production in the digeskr. However, the 
gas so produced did not ignite and when tested contained essentially hydrogen sulfide which was then 
expelled. Until the fourth week from the day of the first charging, the gas was not combustible. At the end of 
4ih week, the use of the gas for cooking began and sl daily r&o.rd, of the quatity 6f gas generated and used 
was recorded. On the 44th day, the process attained stable steady state with 1 5 litres of fceds (Cow dung) fed 
into the digester daily and equal volume of spent sludge collected. 
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Experimental Analysis of the Feedstock and the Spent Slurry @fluent) 
Separate chemical analysis of the feedstock and the plant effluent were carried out using the method earlier 
described and the results obtained are shown in Tables 1 and 2 below 

Table 1: The Com~o$ition of-Feedstock 
1 Element I ~mdel  I Sam~le2 1 S m ~ l e 3  '1 Mean I SD. 1 

- . ,  . . 

Phosphorus (P) A 4.47 5.OT 4.3 1 .4.60 0.30 
P~tassium@)_._ 1.42 1 153r41. . 1.47 -1.47 0.04 
CgrbonlCI : 67.57 '. 69.20' -1 69.03 '68.6 0.73 

Xg_b)e.%.:, .The .Comp~sition .of SpentSlpny 
EIeye~g, , . Sample I Sample 2 Sample 3, ' SD 
NltrogtnIN) 
1- 

1.2! 0.92 mi-1 - 0.15 
P ~ ~ r u s  (P) 4.38 - 4.56 461 '4.52. 0.10 

0.43 
' 

0.35 Q;34 0,08 

Figure I: Percentage Composition of various Elements in the Feedstock 

Figure 2: The pH Value of the Feedstock and Spent Slurjl UNIV
ERSITY
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[ Day I Qty of feed I Tube OM I Length I Volume 1 Volume I Cooking I 

1 1.0988 j 3:2654 j 0.3151 j 313.98 j 2.64 1 
Table,%. Daily Gas & w a t i ~ n  fdr a Given Daily Feedstock 

Using equation (201. 
Gives, 

Figure 3: Daily Feed of 15 L i k  and Corresponding 
Cumulative Gas Generation 

Table 4: Cumuhthe Daily Feedstock, Gas Yield and Conking T i e  
Days 1 2 3 4 5 6 7 8 9 10 11 12 
Feedstocks 15 
Gas 
generated 
(m3) 
Cooking 
Time (hr) 

Based on the results of Table 4, various charts showing tile correlation between differen: parmeters were 
generated as shown h Figures 3-6 below: 

0.3735 

2.000 

0.7211 

4.500 

1.0924 

7.1667 

1,3604 

9.6167 

1.6878 

13.000 

2.0192 

16.667 

2.3553 

20.000 

2.6269 

21.7333 

2.9221 3.1752 

24.1500 26.650 1 
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m. 4; Cw+fafiVe D d y  ~ e a d m d  Gorrespondihg-Cumulative G& Yield 

Figure 5: Cumulative Gas Generated and Corresponding Period 
the Gtts can sustain cooking 

35 

'.! 

Fwd Requirement (fitms) 

Figure 6: Cumulative Cooking Time and Quantity 
of Feed Required to generate the Required B iogas 
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hmteafifibws ae average temperatun 
and ptessare change during the fermentation process, 

I WukW 7- 0- I 

~ & l e  5: Average Weekly Temperature & Change ii~ Pressure 

1 3  5 7 9 1 1  

wwb 

Fig. 7 Average weekly Temperature 

N 

Weeks 
-. ' 

' - ' T ~ . ( o C )  

.i'&$k) :, 

F$.' 8 Average wddy pressure 

The above table shows the time spent by family of size ten on cooking for seven days. This was used as a 
basis to deternine the volume of gas that will sustain the family for cooking. 

DXSCUSSION 
Feeaing and Gas Yield 
From Table 4, it was observed that the digester efficiency is such that each 1 Slitre5 feed (slurry) produces an 
average of 03151m3 of biagas which susdns cooking for an average of 2.6403hrs daily. However, the 
finding shows that the family of ten spent an average 'of lhr,,34min on wokifg daily. This means, that gas 
which will last f i r  I .64hrs is  required daily, It therefore follows that with the daily gas yidd of 0.3151m3, 
which can last for 2.M03hrs, an excess gas that will last for h u t  an hour will be available afier cooking 
everyday. Also from Table 5,  it can be seen that cumulative feed of $80 fitres for 12 days produced 3.7112 . 
m3 of gas that can sustain cooking for 3 1.6833 hn, This gas when stored can sustained the cooking activities 
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of the family for approximately 20days, since their average daily cooking time was 1.64hrs. Figure 6, 
shows that when the plant is operating steadily (undisturbed) the cumulative gas generation is directly 
,proportional to the cumulative daily feed that is fed iritc3,the digester. That implies a positive relationship. 
This is up to a maximum daily feed of 15 lbs. This is~also'corrobratkd in figures 4,s  and 6.  

ChemimI Analysis of the Feed and Effluent 
Chemical mdylsis of b.@tb thqjnput' and output of the Biobs plant to ascertain its performance was carried 
put and the f9111t of the1&hysk hob-(tables 6 'a&:?) that C, N, K and pH for the feed were C ( 6 8 4 ,  N 
(319), P (4.60), K (1.4 for the effluent mpktively. The 
reduction of 94% design expectation of .producing bbgas (CW) 
and manure of higb of nitrogen in the effluent: . 

CONCLUSION 
Anaerobic digester (AD) 'has been found to be m effectively wastes management and chap energy 
generation device. This is b d  on the findings  fro^ 'the study of digester that was designed and fabricated. 
It was observed that tRjs digester is  iibeguate for a family of ten p p i e  in terns of energy needs and waste 
management capacity. 
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