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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Abstract: Human activities generates waste both at subsistence, commercial and industrial level; some of these wastes poses threat to the air, land and water bodies necessary for normal life. The main objective of this study was to develop a floating drum biodigester for biogas generation from organic wastes. The biodigester was constructed using locally available materials like plastic Keg and drum, gas hose, Gas valve, Gas pressure gauge, Tee gas connector, Gas needle nut, PVC tube pipe, PVC elbow pipe, back nut, nipple and reducer, PVC gum, Flexi tape. Ruler, funnel, oven dryer, digital vernier caliper, digital K type thermometer, digital weighing balance, hygrometer and pan were used for evaluating the digester. Wastes used for evaluation include spinach sticks (S), plantain peel (P) and poultry manure (PM); they were also mixed in equal proportion; parameters evaluated for include moisture content, carbon and nitrogen content. Data collected was subjected to analysis of variance (ANOVA) test to determine the effects of the digester temperature, ambient temperature and pH on biogas generated of the various levels of treatments. Duncan’s multiple range tests was used to establish the differences among treatments using Statistical Analysis System software. The quantity of gas produced from S, P and PM vary tremendously in volume. The mix of S+ P + PM had the highest gas production of 613.2cm3 as against those from S + P and P + PM with 437.71cm3 and 292.14cm3 respectively at early digestion of 14 days; while P+PM had the highest gas production of 254.76cm3 as against those of S + P and S +P+PM with 58.33cm3 and 40.37cm3 respectively at 28 days. The gas production on the 56th day stands at 150.39cm3 and 96.96cm3 for S +P+PM and S+P, respectively, with P+PM having the least production after the 28th day. The biodigester is safe to operate, versatile in operation and can operate as batch or continuos flow process. About 80-90% of the gas was produced within 30-35 days.
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1. Introduction
Energy plays a vital role in our day-to-day activities either in domestic or industrial applications. The current use of fossil fuels is rapidly depleting the natural reserves. The natural formation of coal and oil however is a very slow process which takes ages. The dependence on oil has necessitated a search for alternative and renewable sources of energy, such as hydro-power, wind and solar energy and biogas. Biogas unit is the use of biological process, in the absence of oxygen, for the breakdown of organic matter into biogas and high quality fertilizer. Biogas as an alternative source of energy is renewable and considered one of the cheapest renewable energies in rural areas in developing countries. It is a combustible mixture of methane, carbondioxide and traces of water, hydrogen sulfide and halogens. And the process eliminates disease-causing organisms that cause disease in humans and animals. Any organic matter with the exception of mineral oil can be used as feedstock for anaerobic digestion to produce biogas (Ilori et al., 2007). In many countries various cellulosic biomass (animals dung and crop residues) are available in large quantity which have a very good potential to cater to the energy demand and fertilizer, especially in the domestic applications. But, the high installation and maintenance costs (Moutik and Srinivasta 1975; Sathianathan 1975; Moutik, 1982), lack of technical base for maintenance and repair (Roy, 1981) and organizational difficulties (Fulford, 1988) has hindered its wide spread. However, in recent years a low-cost digester, made from polyethylene tubular film, has been promoted and used in many developing countries aimed at reducing the cost of making a digester by using local materials, simplifying installation, operation and maintenance (Preston 1995; Chater 1986; Botero and Preston 1987; Hieu et al 1994; Sarwatt 1995; Soeurn 1994; Solarte 1995; Khan 1996).
Since ancient times, biogas is produced by the decay of vegetable and animal waste, and was early identified as a combustible “swamp gas” (Ronald et al., 1982, Bailey and Ollis, 1977). The highly desirable fuel was obtained by fermentation of sewage as early as 1934 and was used for heating and initial combustion engine for pumping according to White et al., 1981. Attention is currently focused on biogas generation from organic waste i.e. animal manure and plant residues. Several large demonstration plants are functioning well and many small units are in daily use (Malcolm and Chris, 1979). Presently, countries like China, India, Germany, Sweden, UK, Nepal, Pakistan, Switzerland etc have actualized this idea and doing well. As at 2005, more than 17 million family-sized low-technology digesters were used in China (Persson et al., 2006) to provide biogas for cooking and lighting and well over 15 millions in India. Germany at as 2006 had about 3 500 biogas plants. The use of biogas as vehicle fuel in Sweden started way back in the 1990s and has since led the world in biogas use for buses and other vehicles by 1996. More than 2000 high-rate anaerobic digesters are operated world-wide to treat organic polluted process waste water from beverage, food, meat, pulp and paper and milk industries (Persson et al., 2006). In Africa, there are hundreds of biogas digesters installed already in countries like South Africa, Kenya, Tanzania, Rwandan, and Nigeria among others. Nigeria produces about 227,500 tons of fresh animal waste daily and since 1 kg of fresh animal waste produces about 0.03 m3 biogas, a potential of about 6.8 million m3 of biogas everyday from animal waste only is possible (Anthony and Wilson, 2009). Also other raw materials available in Nigeria have been critically assessed for their possible use in biogas production by Odeyemi, 1983. Vegetables and plantain constitute a major food crops in Nigeria and as a result, large amount of wastes are generated from the uneaten parts (sticks and peels). Biogas plants have huge potential to manage, produce a clean fuel and manure from these wastes.
Human activities results in waste, either at subsistence level (household) or commercial level such as industries, agriculture, hotels, institutions, this has become a global problem that requires urgent solution. Wastes are now seen as a means of solving social and economic problems. This work was aimed at reducing and eliminating the menace and nuisance of these wastes by producing an alternative energy source (cooking gas) which will help in reducing environmental pollution produce high grade fertilizer for crop production. Thus, the main objective of this study was to develop a floating drum biodigester for biogas generation from organic wastes.

2. Material and Methods
Materials: Materials used for this study were locally acquired, they include: spinach sticks and plantain waste peels; poultry manure; 10 and 4 liters plastic Kegs, 100 and 70 liters plastic drum, 5mm gas hose, Gas valve, Gas pressure gauge, Tee gas connector, Gas needle nut, PVC tube pipe, PVC elbow pipe, back nut, nipple and reducer, PVC gum, Flexi tape, Ruler, Funnel, oven dryer, Digital vernier caliper, Digital K type thermometer, Digital weighing balance, Hygrometer, Pan
Inoculum: The poultry manure acts as the inoculums seed because of its bacteria content which is needed in anaerobic digestion process. This was analyzed, mixed with each crop residue and diluted with calculated clean water to turn it to pastry and make it easy to mix faster with the substrate.
Preparation of the substrate: Substrates used included: Plantain peel waste, Spinach stick waste and a mix ratio of 50-50 of both wastes. Each waste was weighed accordingly and divided into 3 parts making a triplicate sample of each substrate at 3 levels making it 27 samples (3 x 3 x 3). These substrates were then cut into 2-3cm to increase its surface area and mixed with clean water.
Moisture Content Determination: The moisture content of the wastes was determined using oven drying method. The samples collected were weighed and dried in oven at 1050C for 24 hours. Dried samples were allowed to cool in desiccators and weighed using digital weighing balance. Difference in weight to the intial weight was recorded as the moisture content of the samples.
Carbon and Nitrogen Content Determination: initial carbon concentration of the samples were determined using ash method for determining for crop residues (Eqn 1 and 2) and chronic acid method for the poultry manure while initial nitrogen content was determined using the Kjeldahl laboratory method (Sosulki et al., 1976).
The carbon content was estimated using the equation.
		(1)
				(2)
Where: Wr is the weight of residue (g) and Wb is the weight before burning.
Anaerobic Digestion Process: batch digestion process was used, known quantities of the crop residues and poultry manure were measured into a mixing tank and the known quantity of the water was added. Mixture was thoroughly mixed using a stirrer (stick) and substrates were fed into the biogas digester and agitated manually at interval every day. The gas produced by the substrate inside the digester was channeled to the gas collector chamber which was filled with water. And the weight of channeled gas produced was equivalent to the amount water displaced in the gas collector chamber. The displaced water was collected in the water collector chamber. The volume of water displaced equal the volume of gas produced. The water displaced was weighed and recorded daily. The digesters were incorporated with thermometers to monitor the daily temperature of the system. The pH of samples was monitored weekly for 60 days duration. The external temperature and humidity of the digesters were monitored and recorded daily using a hygrometer. The data were analyzed using descriptive and inferential statistics to determine the rate of production and the substrate that produced most.
Construction of a Mini Biodigester: factors considered include: economics, simplicity, optimum usage of waste and water, utilization of local materials, ease of maintenance, maintenance of temperature, operational cleanliness, durability and safety, user friendliness and versatility. The major components parts of the digester include: digester unit/fermentation unit and the gas holder.
Anaerobic digestion takes place in the digester unit is where the anaerobic digestion process takes place. 100 litres cylindrical plastic drum was cut open at the top of one side of the drum while inlet and outlet pipes were properly fixed (Plate 1).
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Plate 1: Constructed Bio-digester

Statistical Analysis: The data collected was subjected to a one – way analysis of variance (ANOVA) to determine the effects of the digester temperature, ambient temperature and pH on biogas generated of the various levels of treatments. Where significance was indicated, Duncan’s multiple range tests was used to establish the differences among treatments. The statistical analysis was performed using the Statistical Analysis System (SAS, 2002) software.

3. Results and Discussion
Effect of waste materials and total solid on gas production: quantity of gas produced from spinach stalk (S), plantain peel (P) and poultry manure (PM) vary tremendously in volume. The mix of spinach stalk + plantain peel + poultry manure (S+P+PM) had the highest gas production of 613.2cm3 as against those from spinach stalk + poultry (S+P) and plantain peel + poultry manure (P+PM) with 437.71cm3 and 292.14cm3, respectively at early digestion of 14th day; while P+PM had the highest gas production of 254.76cm3 as against those of S+P and S+P+PM with 58.33cm3 and 40.37cm3 respectively at 28th day. The gas production on the 56th day stands at 150.39cm3 and 96.96cm3 for S+P+PM and S+P, respectively, with P+PM having the least production after the 28th day. The effect of total solid on the quantity of gas produced from each waste combination is presented in Figures 1-3.
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Figure 1: Volume of gas produced from Spinach Peel (S)
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Figure 2: Volume of gas produced from Plantain Peel (P)
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Figure 3: Volume of gas produced from Spinach + Plantain Peel (S+P)

Table 1: Mean effect of material types on Gas production
	Week
	Materials
	Gas production (cm3)

	2
	SPP
	225.67a

	
	SP
	154.80b

	
	PP
	130.83c

	4
	PP
	74.70a

	
	SPP
	12.17b*

	
	SP
	9.72b

	8
	SPP
	12.53a

	
	SP
	8.08b

	
	PP
	0.00c


* Value with similar letter is not significantly different

Effect of waste materials on temperature of the bio-digester: temperature of the waste materials in the bio-digester increases from the second week and reaches the highest at the fourth week before fluctuations at the eight week; the temperature profile of spinach peel, plantain peel and the combination of both wastes at different solid ratio is presented in Figures 4 - 6.
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Figure 4: Temperature Profile of Spinach Waste in the Bio-digester
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Figure 5: Temperature Profile of Plantain Peel in the Bio-digester
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Figure 6: Temperature Profile of Spinach + Plantain Peel in the Bio-digester

Table 2: Mean effect of waste material on temperature
	
	Materials
	Temperature (oC)

	WK2
	S+P+PM
	28.43a

	
	S+PM
	28.03b

	
	P+PM
	27.75c

	WK4
	P+PM
	28.23a

	
	S+P+PM
	27.99b

	
	S+PM
	27.15c

	WK8
	S+PM
	26.22a*

	
	P+PM
	25.96ab

	
	S+P+PM
	25.73b


* Value with similar letter is not significantly different

S+P had the highest temperature value of 29.20oC at 14th day, then S+P+PM, P+PM with 29.12 and 28.19oC, respectively. However, at 28th day, P+PM recorded the highest of 29.37 oC as against those of SPP and SP with 29.33 and 29.31oC, while the lowest temperature at 56th was S+P with 24.88oC, P+PM and S+P+PM which has 24.97 and 25.14oC. Gas production was however increased within the first 4 weeks of digestion as the temperature inside the biodigester increase caused by the material decomposition process, as reported by Kosobucki et al. 2007 on the influence of temperature on the process of dynamic methane fermentation of sewage sludge. The Duncan grouping, Table 2 showed that the effect of S+P, P+PM and S+P+PM materials at 14th, 28th and 56th day are significantly different. The mean values of temperature are; 28.03, 27.75, 28.43, 27.15, 28.23, 27.99 and 26.22, 25.96 and 25.73 oC respectively. The difference between the mean temperatures at 28th day was the highest with a value of 1.08oc compared with the difference mean temperature at 14th and 56th day which was 0.68oc 0.49oc. The implication of this is that the temperature of the materials increase by the day as digestion takes place before reducing at the level of methane forming stage, as reported by David, 2010.
pH of the Waste Materials as affected by Storage period in the bio-digester: initial pH of all the samples was in the range of 6.1 to 7.3. The result of the ANOVA showed that pH was dependent (P < 0.05) on the waste material type (Figures 7 – 9).
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Figure 7: pH Profile of Spinach Peel in the Digester
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Figure 8: pH Profile of Plantain Peel in the Digester
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Figure 9: pH Profile of Spinach + Plantain Peel in the Digester

At the second week, the rise in the pH recorded explains the first- second stages of anaerobic digestion; hydrolysis and acidification (FAO/CMS, 1996). Acidification involves the conversion of volatile fatty acids present in the substrate into simpler organic acids including acetic acid, propionic acid, butyric acid and ethanol. This acidic intermediates naturally causes a drop in the hydrogen ion concentration of the slurry in the biodigester which was observed to fall as low as 5.0 after the first two weeks of digestion. The pH slowly began to rise as the acetic acid was converted into biogas.

Table 3: Mean effect of material types on pH
	
	Materials
	Temperature (oC)

	WK2
	S+P+PM
	6.93a

	
	P+PM
	6.52b

	
	S+P
	6.12c

	WK4
	S+P+PM
	6.6a

	
	P+PM
	6.22b

	
	S+P
	6.20b

	WK8
	S+P
	6.84a

	
	S+P+PM
	6.33b

	
	P+PM
	5.78c


* Value with similar letter is not significantly different

It was observed that SPP had the highest pH with a mean value of 6.93 while SP had the value of 6.12. The difference in the mean effect of SPP and SP on pH was 0.81; this value is greater than the between SPP and PP, which is 0.41 and that of PP and SP with value of 0.4 at the 14th day. While at 56th day, the SP and SPP had the highest mean pH values of 6.84 and 6.33. The PP had a mean value of 5.78, meaning the material is more acidic than the rest materials. However, the Duncan grouping showed that the degree of significant effect of PP and SP on pH is not different on the 28th day (Table 3). The mean value of pH for SPP, PP and SP are 6.60, 6.22 and 6.20, respectively. The difference between the effect of SPP and SP is the smallest (0.40) compare with PP and SP and PP and SPP which are 0.02 and 0.38, respectively.

4.	Conclusion
Experiments were conducted to know the biogas potential from domestic wastes (plantain and spinach peels) and the effect of its effluent on growth and yield of tomato. The highest number of substrate mixtures recorded the highest gas production and methane content. The biodigester is safe to operate, versatile in operation and can operate as batch or continuos flow process. About 80-90% of the gas was produced within 30-35 days.
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