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ABSTRACT 
Biogas is a gas produced from plant and animal wastes. It involves anaerobic digestion, a 
microbial process that occurs in the absence of oxygen. The amount of solid wastes generated in 
developing countries such as Nigeria has steadily increased over the last two decades as a result 
of population explosion and continuous growth of industries and agricultural practices. In 
agriculture, particularly cattle rearing, large quantities of cow wastes’ are generated, which 
could be used as biogas inputs to compliment fuel usage alternative. Poultry farming is the 
largest and fastest growing subsidiary within the agricultural sector in Nigeria, consequently, 
generating large volumes of waste which could be used to get more renewable energy. In this 
work, a comparative study of biogas production from cattle dung and poultry droppings was 
conducted. Biogas production was measured for a period of 40 days and an average temperature 
of 30.50C. The average biogas production from poultry droppings and cow dung was 
0.0318dm3/day and 0.0230dm3/day respectively. It is concluded that the poultry droppings and 
cow dung can be managed through conversion into biogas, which is safe, cheap, and reliable 
source of energy with endless uses. 
 
INTRODUCTION 
Biogas is a gas produced from plant and animal wastes. It involves anaerobic digestion, a 
microbial process that occurs in the absence of oxygen (Akwagiobe, 2011). In oxygen depleted 
zone, bacteria are employed to decompose the proteinaceous and carbonaceous materials 
producing biogas and sludge (Moetley, 1989). 
Methane is the main component of biogas (50-70%). Other components include CO2 (30-40%) 
and traces of hydrogen sulphide(H2S) and water vapour (Odeyemi,2001). The process of 
methanogenesis include hydrolysis, acidogenesis/acetogenesis and methanogenesis (Ainswort et 
al., 2001; Odeyemi, 2001; Charles et al., 2003). Factors affecting biogas production include C: N 
ratio, temperature, retention time, pH, concentration of slurry, stirring/mixing rate and the 
feeding of bacteria (starter) (Oyeleke et al., 2003). 
During the past two decades, developing countries and particularly Nigeria has witnessed 
increased level of waste generation due to population explosion, agricultural activities and the 
growth of industries. Consequently, there is intense scrutiny of possible alternative of solid waste 



Book of Proceedings: the 6th Academic Conference of Hummingbird Publications and Research International on Paving Way for Africa Unique Opportunities for Sustainable Development in the 21st Century Vol.6 No.2 on 30th September, 2015- University of Ibadan Conference Centre,U.I, Ibadan, Oyo State, Nigeria 
 

 

utilization through biogas production using organic residues, which includes poultry droppings, 
cattle dung and kitchen wastes. Government and industries are constantly on the lookout for 
technologies that will allow for more efficient and cost-effective waste treatment (Guruswamy et 
al., 2003; Alvarez et al., 2006). One technology that can successfully treat the organic fraction of 
wastes is anaerobic digestion (Hill, 1983; Verma, 2002). It has the advantage of producing 
energy, yielding high quality fertilizer and also preventing transmission of disease (Koberle, 
1995). Anaerobic digestion is the controlled degradation of organic waste in the absence of 
oxygen and the presence of anaerobic microorganisms. 
The digestion process is carried out using an airtight reactor tank and other equipment used for 
waste pretreatment and gas retrieval. The process generates a product (which can be used for 
cooking), carbon dioxide (which can be used for fire extinguishers) and compost products 
suitable as soil conditioners on farmlands (Ojolo and Bamgboye, 2005). The final effluent can be 
used as fertilizer on farmlands and sometimes as animal additives. Harnessed biogas can either 
be processed and sold directly or used to generate energy, which can then be sold. Anaerobic 
digestion also produces savings by avoiding costs of synthetic fertilizers, soil conditioners and 
energy from other sources (Ojolo et al., 2007). 
Exploitation of animal dung for production of biogas in Nigeria is in its infancy. The pioneer 
biogas plants are a 10m3 biogas plant constructed in 1995 by the Sokoto Energy Research Centre 
(SERC) in Zaria and an 18m3 biogas plant constructed in 1996 at Ojokoro Ifelodum piggery 
farm, Lagos by the Federal Institute of Industrial Research Oshodi (FIIRO), Lagos (Zuru et al., 
1998). Approximately 70% of Nigeria`s 130 million people live in areas where no formal waste 
management systems are in place. A study assessed Nigeria`s biogas potentials (minimum value) 
from solid waste and livestock excrements. It revealed that in 1999, Nigeria`s biogas potential 
represents a total of 1.382x109m3 of biogas /year or an annual equivalent of 4.81 million barrel of 
crude oil (Ojolo et al., 2007). This work is a comparative study on the quantity and energy 
production of two different types of wastes, cow dung and poultry droppings. It is a test for 
optimization of an anaerobic digestion process, which depends on the waste producing the 
highest quantity of biogas. 
 
MATERIALS AND METHODS 
 
Material Preparation 
The experimental wastes were collected from various parts of Bauchi metropolis. Cow dung was 
collected freshly from a cattle farm at Gwallameji area. P0ultry droppings were also collected 
from a poultry farm at Fadamar mada in Bauchi metropolis. The waste samples were stored in 
clean polythene bags to conserve the moisture. 
 
Reactor Setup 
Each reactor tank was connected via its gas outlet to a 5L plastic gas collecting apparatus using 
12.7mm plastic flexible connectors. The fabricated gas collecting apparatus had a tap, which was 



Book of Proceedings: the 6th Academic Conference of Hummingbird Publications and Research International on Paving Way for Africa Unique Opportunities for Sustainable Development in the 21st Century Vol.6 No.2 on 30th September, 2015- University of Ibadan Conference Centre,U.I, Ibadan, Oyo State, Nigeria 
 

 

used to run-off and measure water displaced by the collected gas. The gas was collected by water 
displacement method. This was carried out by measuring and recording the quantity of water 
displaced daily using a 100mL measuring cylinder. The experimental setup was as reported by 
Ojolo and Bamgboye(2005). 
 
Experimental Procedure 
About 3kg from each waste was weighed and mixed with about 9kg of water for optimum gas 
production. This was then loaded to about ¾ of the digester volume. The reactor inlet openings 
were tightly sealed to exclude oxygen. The reactor tanks containing substrates of cow dung and 
poultry droppings were labeled as reactor 1 and 2 respectively. The tanks were subjected to 
periodic shaking to                                  ensure thorough mixing of the digester content while 
maintaining intimate contact between the microorganisms and substrate and to enhance complete 
digestion of substrate. The volume of biogas yield was measured and recorded on a daily basis. 
The experiment was monitored for 40 days and was repeated for three consecutive times for each 
substrate. During this period, daily ambient temperature varied from 270C to 320C. 
 
RESULTS 
Table 1 shows the total biogas produced, biogas yield per day and the biogas yield per slurry 
from each reactor. The quantity of biogas produced from the cow dung and poultry droppings 
over a period of 40 days and an average temperature of 30.50C is shown in Figure 1. The 
experimental setup for the pilot study is shown in Figure 2 
Table 1: Total biogas produced from cow dung and poultry droppings x10-3dm3 
 
 
 

REACTOR 1 (cow dung) REACTOR 2 (poultry 
droppings) 

Total biogas produced 
 
 

690 955 

Average yield per day 
 

23 31.8 
Biogas yield/kg slurry 
 

57.5 79.6 
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Fig. 1: Biogas Production from Cow and Poultry Wastes 
Retention Time (Day)
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Discussion  
Referring to Figure 1, biogas production started in the two reactors 1 and 2 on the 8th day (day 2, 
retention time axis of Fig. 1) after loading. The Figure also shows the total biogas production 
from each of the reactors and suggests that reactor 2 produced the highest quantity of biogas 
(0.955dm3) in 40 days while reactor 1 produced the least (0.690dm3). These yields were higher 
than that obtained by Mahnert et al. (2005) for three grass species. This can be traced back to the 
presence of more cellulose materials in grass than in the wastes considered in this work. 
Figure 1 also shows the biogas yield from the reactors over retention period. It can be seen that 
biogas production started in trace quantities on the 7th day (day 1, retention time axis of Fig. 1), 
increased gradually on subsequent days then suddenly attained maximum value on the 14th day 
for reactor 1. Production then dropped drastically and further production after the 25th day was in 
little quantities. Production reached its peak on the 14th day with 85x10-3dm3 of gas produced in 
reactor 2. There was no production from the 25th day until the 29th. The lag period of 7-8 days 
observed in this work for cow and poultry waste is higher than 3-4 days reported by Zuru et al., 
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(1998) and lower than 15 days reported by Lucas and Bamgboye (1998) probably due to the fact 
that the wastes were not well pre-treated. 
Reactor 2 had more stable and consistent biogas production over the retention period. Biogas 
production started on the 8th day, increased gradually and peaked on the 14th day. On the 25th 
day, there was no production until the 29th day when there was unexpected biogas production. 
Average biogas production from poultry droppings was 0.796kg/dm3 and 0.575kg/dm3 for cow 
dung. This result is higher than that obtained by Monnet`s (2003) where biogas production from 
chicken droppings was 0.60dm3/kg and biogas production from cattle waste was 0.30dm3/kg. 
The current study shows a similar order to Srinivasan`s (2005) work. 
It was observed that daily biogas production from poultry droppings (0.0318dm3) was higher 
than that of cow dung (0.0230dm3) as according to Budibadibu(2010) main differences of 
chicken droppings from other biogas raw materials are high protein content, which is nitrogen 
source and biomass humidity. That is why special technology for chicken droppings should be 
used to be compared to cattle manure. 
From the gas production analysis, the average methane content was maximum in poultry 
droppings producing 0.069m3/kg slurry and cattle dung  producing  0.037m3/kg slurry. This may 
be due to higher nitrogen content (5.9%) and favorable pH of 7.01 in poultry droppings as 
compared to cow dung. The higher biogas production from poultry droppings could also be 
attributed to available nutrient in the droppings. Substrates should contain adequate amount of 
carbon, oxygen, hydrogen, nitrogen, sulfur, phosphorus, calcium, magnesium, and a number of 
trace elements for bio-digestion (Kanwar and Kalia, 1992). 
From Table 1, reactor 2 had higher biogas yield per day producing 31.8x10-3dm3 per day while 
reactor 1 had the least biogas yield per day producing 23x10-3dm3. Reactor 2 also had higher 
biogas yield per kg slurry producing 79.58x10-3dm3 per kg slurry while reactor 1 had the least 
biogas yield per kg slurry producing 57.5x10-3dm3 per kg slurry. To conclude, the cumulative 
biogas yield from 12kg (1:3 waste to water ratio) slurry of poultry droppings and cattle dung 
digested over a period of 40 days and average ambient temperature of 30.5 C was found to be 
955x10-3dm3 and 690x10-3dm3 respectively. This shows that poultry droppings produced higher 
amount of biogas than cattle dung. 
Poultry droppings produced more biogas because it contains more nutrients and nitrogen 
compared with cow dung. The higher biogas production from poultry droppings could be 
attributed to the available nutrient in the droppings (Hill, 1984). 
Biogas production from poultry manure of large farms is an ecologically and economically 
effective technology. Greater  percentage  of COD reduction can take place with the larger 
biogas volume produced for every proportion of degraded organic matter with 15-40 days 
retention time. Aggressive odour could be removed , a greater number of pathogens could be 
reduced, and organic nitrogen could be converted to ammonia, thereby reducing environmental 
hazards (Gunaseelan, 1987). The main disadvantage of chicken manure is that it produces a 
proportion of hydrogen sulphide, which even when present in only small proportions, corrodes 
metal fittings. But according to Lawal et al. (2001), the hydrogen sulphide can be removed by 
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passing the gas into copper sulphate, Iron sulphate, lead nitrate, Iron chloride, or water. Cow 
dung produces almost no hydrogen sulphide but needs larger quantities than chicken to produce 
the same amount of gas. 
 
Conclusion and Recommendation 
From the result of this work, it can be concluded that the wastes generated from agricultural 
activities could be converted into useful products (methane and bio-fertilizer).  
With some modifications to the engine, biogas can be used to run vehicle, as a clean burning and 
quiet source of fuel. It can also be used to run electrical appliances and virtually any application. 
Conclusively, biogas is safe, cheap and reliable source of energy with endless uses.  
More attention should be given to poultry droppings as feedstock for anaerobic digestion plants. 
Digestion plants that use poultry droppings as feedstock should be situated in areas where there 
are many poultry farms. A poultry farm could also be situated within the digestion plant to 
compensate for shortcomings of the external farms and to make the plant an independent system. 
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