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Abstract 

The rising cost of conventional fuel in urban areas have necessitates the exploration of other cheap, renewable 
and sustainable alternative energy sources.  This study investigates the potential of plant and animal wastes for 
biogas production at laboratory scales. The study was carried out through anaerobic fermentation using poultry 
droppings as main substrate and corn-cob and waste papers as co-substrate. The fermentation was carried out at 
temperatures between 27 – 35 °C and pH range of 4.2 – 8.0 for a period of 30 days. The results showed that 
poultry droppings alone in bio-digester A gave a cumulative average biogas volume of 3452 cm3 (115 cm3 day-

1) and poultry droppings plus untreated co-substrates in bio-digester B gave a cumulative average biogas volume 
of 4811 cm3 (160.3 cm3 day-1) while poultry droppings plus treated co-substrates in bio-digesters C gave a 
cumulative average biogas volume of 6454 cm3 (215.1 cm3 day-1).  
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1. Introduction 

Energy is one of the most important factors to global prosperity.  In today’s energy demanding lifestyle, the 
need for exploring and exploiting new sources of energy which are renewable, sustainable as well as eco-
friendly is inevitable. The overdependence on fossil fuels as primary energy source has led to global climate 
change, environmental pollution and degradation, thus leading to human health problems. In the year 2040, the 
world as predicted will have 9 – 10 billion people and must be provided with energy and materials [Nabuuna 
and Okure, 2005]. The majority of people in developing countries do not easily and steadily have access to 
advanced forms of energy such as electricity; therefore, they entirely depend on solid forms of fuels like 
firewood to meet their basic energy needs such as cooking and lighting. According to [GTZ, 2000], cooking 
accounts for about 90% of all household energy consumption in developing countries. At the same time, over 
60% of the total wood in developing countries is used as wood fuel in form of either charcoal, especially in the 
urban areas or as firewood mostly in the rural areas. This has resulted in depleting forests at a faster rate than 
they can be replaced.  

Biogas is a well-established fuel that can supplement or even replace wood as an energy source for cooking and 
lighting in developing countries.  Currently, as the fossil-based fuels become scarce and more expensive, the 
economics of biogas production is turning out to be more favorable.  Biogas is a readily available energy 
resource that significantly reduces greenhouse-gas emission compared to the emission of landfill gas to the 
atmosphere [Nabuuna and Okure, 2005]. Moreover, with the increasing size and regional concentrations of 
confined animal feeding operations (CAFOs), there is growing public concern over potential impact on 
environmental quality caused by CAFO-generated wastes [Fulford, 1998]. In response to this, regulatory 
agencies are scrutinizing animal waste management practices and revising regulations to reduce its 
environmental impact. Handling these wastes in compliance with stricter environmental regulations can have a 
significant economic impact on CAFOs. As a result, CAFO operators are evaluating waste management 
practices that convert wastes into higher value products. One approach to increasing the value of waste is to use 
it as an energy resource. Moreover, [Pound et al., 1981] observed that biogas production units provide a 
decentralized fuel supply and waste management system both of which are very attractive particularly in rural 
areas of developing countries.   
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Anaerobic digestion, a biological conversion process that occurs in the absence of oxygen, has a number of 
advantages for waste conversion and ultimately producing methane and carbon [Garba and Sambo, 1995]. The 
use of agricultural wastes for biogas generation offers several benefits such as the production of safe, clean 
energy resource that can be stored and used more efficiently, the production of stabilized residue that retains the 
fertilizer value of original material which has superior nutrient qualities over the usual organic fertilizer.  
Indirect benefits of biogas generation include the potential for partial sterilization of waste with consequent 
reduction of the public health hazard of faecal pathogens and reduction of fungal and other plant pathogens from 
crop residue. 

Co-digestion of one or more substrates has been reported to increase biogas production [Miisi and Forster, 2001 
; Nabuuna and Okure, 2005]. Powdered leaves of some plants and legumes have been found to stimulate biogas 
production between 18% and 40% [Chowdhry et al., 1994]. The additives also help to maintain favorable 
conditions for rapid gas production in the reactor such as increased pH, inhibition/promotion of acetogenesis 
and methanogenesis for the best yield. Crop residues like maize stalks, rice straw, cotton stalks, wheat straw and 
water hyacinth each enriched gas production of partially digested cattle dung in the range of 10 – 80% 
[Shinnawi et al., 1989; Shomayaji and Khanna, 1994]. This study therefore investigate the optimization of 
biogas production from poultry waste using corn cob and waste papers as co-substrate with a view to generating 
cheap, clean, renewable energy as well as solving waste disposal problem. 

2. Methodology 

2.1   Bio-digester Design: The bio-digester vessels were made of three 25 liters transparent plastic container of 
diameter 40cm and 30cm length each labeled A, B and C. The lid of the vessels were drilled in two places with 
a hot soldering iron, one at the middle for a 0.9 cm diameter rubber hose and another at the side for a 2 cm 
diameter rubber hose to serve as an inlet for the substrates. The 0.9 cm hose of length 70 cm leads into a 5 liters 
mayonnaise bottle through a hole drilled in the lid of the bottle while another hose also of the same diameter but 
of 20 cm length passes out of the bottle through the same lid into another bottle of the same size. On the side of 
the container at 2 cm to the base of the vessel, a perforation for a rubber hose of 0.5 cm diameter and length 10 
cm was made. This hose was fixed with a clip on the outside to prevent loss of the medium. All perforations 
were properly sealed with rubber tubes and adhesives to make the whole bio-digester system airtight. The bio-
digester was shown in Figure1 below. 

 
Fig.1: Newly Constructed Plastic Bio-digesters 

2.2 Materials: The following materials were used for the purpose of this research work: Plastic bio-digester, 
Mercury-in-glass Thermometer, Weighing balance, pH meter, Connecting tubes, Mortar and pestle, Heater, 
Bunsen burner, Measuring Cylinders, Beakers, Funnel, Polythene Bag, Poultry droppings, Corn-cob, Waste 
papers and Water. 

2.3 Substrates Collection: The substrates used were collected from different sites in Ogbomoso, Nigeria. Corn 
cobs were collected from maize processing mill on the school farm of Faculty of Agriculture, Ladoke Akintola 
University, Ogbomoso, Nigeria. Old newspapers were collected from newspaper vendor, and waste papers were 
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collected from some business centers in the school premises. Poultry droppings were collected from the poultry 
battery caging system of Faculty of Agriculture, Ladoke Akintola University, Ogbomoso, Nigeria. Fresh rumen 
content of a freshly killed cow was obtained from an abattoir at Oke-Anu area of Ogbomoso, Nigeria. The 
poultry droppings collected was pretreated separately by sun drying and thereafter crushed mechanically using 
mortar and pestle to ensure homogeneity of the dung. 

2.4 Substrates Pretreatment: All the substrates gathered except poultry droppings needed pretreatment because 
they are lignocellulosic materials. Physical pretreatment methods by milling to reduce the particle size and 
thermal hydrolysis were employed. 

Corncobs were grinded in a mill and mixed with water to make slurry. The mixture was boiled at 100oC for one 
hour, allowed to cool, filtered and dried to remove the water content. 

Papers were torn into pieces and soaked in water for 3 days after which it was pounded with mortar and pestle, 
boiled at 100oC for an hour, allowed to cool, filtered and dried to remove the water content. The two pretreated 
co-substrates were sieved and kept aside. 

 2.4.1 Un-Pretreated Substrates: Un-pretreated co-substrate (Corncobs and waste papers) were also grinded and 
kept aside. 

2.5 Fermentation Design: The slurry combinations were formulated to contain 8% solid content and each of the 
bio-digesters was filled with slurry to 70% of the digester volume. 1.08 kg of dried poultry droppings was 
weighed into the bio-digester A and mixed properly with water up to the 17 litres mark.  

0.36 kg each of grounded untreated corn cob and grounded untreated waste paper and poultry droppings were 
weighed into bio-digester B and mixed properly with water up to the 17 liters mark.  

0.36 kg each of pre-treated corn cob, pre-treated waste papers and poultry droppings were weighed into bio-
digester C and mixed properly with water up to 17 liters mark. 

 0.32 kg of fresh rumen content of freshly killed cattle was used as inoculants to inoculate each of the prepared 
substrate in order to start up the various fermentation processes in each of the bio-digesters.  Fermentation was 
allowed for a period of 30 days under mesophilic condition (temperature between 27 and 35°C). The pH of the 
medium was measured and found to be between 4.8 and 8.0 which is within the pH range required for biogas 
production. During this period the digesters were agitated twice a day (morning and evening) to enable digestion 
take place in the entire medium. The bio-digesters were covered with black polythene sheets to prevent 
penetration of light which can stimulate algae growth and also to trap the heat that has been absorbed in the day. 

2.6 Data collection: To quantify the amount of biogas produced, water displacement method was used.  Volume 
of gas produced was measured by the volume of water displaced from the first bottle into the second bottle as a 
result of gas pressure built up inside the vessels. Temperature, pH and volume of gas produced were measured 
and recorded at intervals of 2-days throughout the fermentation period.  

3.  Results 

Table 1: Volume of Biogas produced (cm3) within 30 days Retention Time 

Day Bio-digester A 
Poultry Droppings Only 
Vol. of Biogas (cm3) 
 

Cumulative 
Volume 
Produced 
(cm3) 
Bio-
digester 
A 

Bio-digester B 
Poultry Droppings + 
Untreated  Co-substrates 
Vol. of Biogas (cm3) 

Cumulative 
Volume 
Produced 
(cm3) 
Bio-
digester 
B 

Bio-digester C 
Poultry Droppings + 
Treated   Co -substrates 
Vol. of Biogas (cm3) 

Cumulative 
Volume 
Produced 
(cm3) 
Bio-digester 
C 

0 0 0 0 0 0 0 

2 0 0 0 0 0 0 

4 0 0 120 120 210 210 
6 95 95 146 266 280 490 
8 120 215 220 486 320 810 
10 130 345 244 730 340 1150 
12 210 555 260 990 394 1544 
14 280 835 320 1310 412 1956 
16 300 1135 340 1650 478 2434 
18 320 1455 402 2052 540 3274 
20 340 1795 486 2538 560 3834 
22 362 2157 510 3048 640 4474 
24 395 2552 493 3541 546 5020 
26 350 2902 450 3991 526 5546 

28 310 3212 440 4431 478 6024 

30 240 3452 380 4811 430 6454 
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Table 2: Recorded Values of Temperatures and pH in each of the Bio-digesters. 

        

                        DIGESTER A        DIGESTER B                                      DIGESTER C  

DAY   T(oC) pH  T(oC)         pH  T(oC) pH 

0   28.5 7.2 28.2         6.8  28.4 7.5 

3   34.1 6.3 34.2          6.5  34.3 7.5 

6   32.1 6.1 32              6.3       32 7.5 

         

9   30.5 5.9 31.4           6.2  31 7.9 

         

12   29.2 5.8 30.2            6.1  28.3 7.8 

         

15   33 5.9 32               6.0  33.5 8.0 

18   28 5.9 29              5.9    27.5 7.9 

         

21   27.8 5.7 28              5.9  28 7.8 

         

24   27.3 5.6 27.5            5.7  27.1 7.5 

         

27   34.3 5.1   31             5.5   33.9 7.1 

         

30   32.1 4.8    31.5          4.9  31.9 6.9 

 

 

Fig.2: Volume of Biogas produced in each of the Bio-digester Against Retention Time 
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Fig.3:  Cumulative Volume of Biogas produced in each of the Bio-digester Against the Retention Time. 

 

 

Fig.4: Total Cumulative Volume of Biogas produced in each of the Bio-digester 

4.  Discussion of Result 

The amount of biogas produced as a result of anaerobic fermentation of the substrate, measured by the volume 
of water displaced from each bio-digester is shown in Table 1. The temperature and pH of the medium were also 
recorded. The biogas took some days before it started production. This may be as a result of the lag phase of the 
inoculums which often results from changes in environment or richness of the medium. During this period, the 
inoculums is trying to adapt to their new environment or  probably due to the methanogens undergoing a 
metamorphic growth process by consuming methane precursors produced from the initial activity as suggested 
by [Lalitha et al., 1994;Bal and Dhagat, 2001] . Table 2 shows the Temperature and pH readings against 
retention time for digester A, B and C respectively. The readings show that the temperature reading was 
fluctuating between 28 – 35 oC and the pH readings was decreasing continuously throughout the experimental 
period. This is in agreement with the findings of previous researchers in biogas production in which it is 
generally agreed that at the initial stages of the overall process of biogas production, acid forming bacteria 
produce Volatile Fatty Acids (VFA) resulting in declining pH and diminishing growth of methanogenic bacteria  
[Vicenta et al., 1984 ;Cuzin et al., 1992]. It was stated that a successful pH range for anaerobic digestion is 6.0 - 
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8.0; efficient digestion occurs at a pH near neutrality. Also, [Garba and Sambo, 1995] reported a pH of 6 - 7 as 
necessary for biogas production while [Maramba, 1978] observed that at pH below 5, significant inhibition of 
methanogenic bacteria occurred and that acidic condition proved toxic for the bacteria leading to eventual 
stoppage of biogas production at a pH of 4.  

From Table 1 above, it was shown that digester C started producing biogas from the 4th day, while digester A 
started production from the 6th day. The early production experienced in digester C could be as a result of the 
co-substrate pretreatment, as this pretreatment process will remove the lignin content of the wood, thereby 
making the cellulosic materials available for digestion. Paper is noted to be a wood processed product and it 
enhances increase in pH of the substrate.  From Table 1, the production rate increases with high pH until the 24th 
day when the substrate experienced a downfall in its pH value. This is in agreement with the work of [Itodo et 
al., 1992] who observed that the use of wood waste in digestion media has good effect in accelerating biogas 
yield. [Attar et al., 1998] also evaluated the effect of corn-cob in biogas production with other substrate and 
found that one of the most highly producing substrate is corn-cob. Although, digester B also started biogas 
production from the 4th day, the volume of biogas produced was lower compared to that of bio-digester C. This 
could be due to non- pretreatment of its co-substrates.   It was noted that the co-digestion fermentation processes 
(B &C) has higher volume of biogas produced compare to that of poultry droppings alone in bio-digester A.  
The reason for this is as a result of the presence of co-substrates that are capable of producing biogas 
independently on their own in bio-digester B & C.  Also, the use of co-substrates have been noted to improve 
the biogas yields in anaerobic digester due to positive synergisms established in the digestion medium and the 
supply of missing nutrients by the co-substrates [Alvarez, 2000]. From figures 3 & 4, it was observed that the 
cumulative volume of biogas produced from co-digestion in Bio-digester C with pretreated co-substrate has the 
highest value (6454 cm3), followed by Bio-digester B with un-pretreated co-substrate (4811 cm3) and lastly Bio-
digester C with poultry droppings alone without co-substrate (3452 cm3). 

4.1    Flame Test: The flame test was performed for the biogas produced in each of the bio-digester by 
connecting the small hose of 0.9cm diameter to Bunsen burner. The hose was cut from the first mayonnaise 
bottle and connected to the Bunsen burner. The connected Bunsen burner with the digester was placed in dark 
and air free room in order to have uninterrupted clear flame.  The biogas in each of the bottle was found to light 
the burner and produced flame. The diagram for this test was shown in figure 5 below, 

 

Fig.5: Flame test of biogas produced 

5. Conclusion 

The results of this study clearly showed that poultry droppings could serve as a suitable substrate for biogas 
production. The utilization of this substrate for biogas production could eliminate its disposal problems and 
create another abundant source of sustainable energy. The result also reveals the applicability of the locally 
made bio-digesters as a biogas production model. The remaining slurry in the bio-digester after biogas 
production was also found to be enriched compost which can be used to improve agricultural soil nutrient and 
productivity. Animal and plant wastes are abundant especially in rural areas. The biogas generated from poultry 
droppings produces an energy resource that can be purified and stored in gas cylinders and used efficiently for 

Aremu, M .O. et al. / International Journal of Engineering Science and Technology (IJEST)

ISSN : 0975-5462 Vol. 5 No.02 February 2013 252



direct heat conversion. The process also creates an excellent residue that retains the fertilizer value of the 
original waste products. Moreover, the search for alternative energy sources such as biogas should be intensified 
so that ecological disasters like deforestation, desertification, and erosion can be arrested in our rural areas. 
Finally, the performance of the plastic synthetic bio-digester employed in this study was found to be very 
satisfactory in the provision of clean fuel and good quality fertilizer.  

References 
[1] Alvarez, M. (2000). Anaerobic digestion of organic solid wastes. An overview of research achievements and perspectives. Bioresource 

Technology, 74(1):3-16.  
[2] Attar, Y.; Mhetre,  S.T. and Shawale, M.D.(1998). Biogas production enhancement by cellulytic strains of Actinomycetes. Biogas 

Forum, 1(72):11-15. 
[3] Bal, A.S. and Dhagat N.N. (2001). Upflow anaerobic sludge blanket reactor - a review. India J. Environ. Health, 43:1-82. 
[4] Chowdhry, et al., (1994). Evaluation of the potentiality of tree leaves for biogas     production. India Forester, 120(8): 720-728. 
[5] Cuzin, N. et al.,(1992). Methanogenic fermentation of cassava peel using a pilot plug flow digester, Bioresource Technology. 41: 259-

264. 
[6] Fulford, D. (1998). Running a Biogas Programme: A handbook. The Biogas Technology in China. I T Publications No 52. 
[7] Garba, B. and Sambo, A.S.(1995). Effect of some operating parameters on Biogas production Rate. Nigerian Journal of Renewable 

Energy, 3: 36-44. 
[8] GTZ, (2007). Insight into fuel efficiency and the dissemination of mud and ceramic stoves in Southern Africa. 
[9] Itodo, I. N.; Lucas, E.B. and Kucha, E.I.(1992) The effect of Media materials and its Quality on Biogas yield. Nig. J. Renewable 

Energy, 3:1-2.  
[10] Lalitha, K.; Swaminathan, K.R and Bai, R.P.(1994)  Kinetics of biomethanation of solid tannery waste and the concept of interactive 

metabolic control. Applied Biochemical Biotechnology.  47: 73-87. 
[11] Maramba, F.D.(1978) Compost fertilizer and biogas production from human and farm wastes in the People’s Republic of China, Maya 

Farms Division, Liberty Flour Mills, 230 pages. 
[12] Misi, N.S. and Forster, C.F.(2001). Batch co-digestion of multi-component agro waste. Bioresource Technology. 80: 19-28.  
[13] Nabuuna, B. and Okure, M.A.E.(2005). Field-Based Assessment of Biogas Technology: The case of Uganda. In Advances in 

Engineering and Technology, ed. Jackson A. Mwakali and Gyavira Taban-Wani. Oxford, UK: Elsevier Ltd., pp. 481-487. 
[14] Pound, B.; Done, F. and Preston, T.B.(1981). Biogas production from mixtures of cattle slurry and pressed sugar cane stalk with and 

without urea. Tropical Animal Production, 6(1): 11-21.  
[15] El-Shinnawi, M.M. et al., (1989). Changes of organic constituents of crop residues and poultry wastes during fermentation for biogas 

production. MIRCEN J. Applied Microbiol. Biotechnol. 5(4): 475-486. 
[16] Somayaji, D. and Khanna, S. (1994). Biomethanation of rice and wheat straw. World J. Microbiol. Biotechnol. 10(5): 521-523. 
[17] M. Vicenta, et al.(1984). A study of some factors affecting biogas production from pineapple peelings. In: Bidin R, Chong CN, Wang 

CW (Eds.) Proceedings of the second ASEAN Workshop on biogas production applied to the management and utilization of food 
waste materials. Kaula Terengganu, Malaysia, pp.189-202. 

Aremu, M .O. et al. / International Journal of Engineering Science and Technology (IJEST)

ISSN : 0975-5462 Vol. 5 No.02 February 2013 253




