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ABSTRACT

Nigeria has been facing the fuel energy problems in all parts of the country, especially in rural  
areas.  In  order  to  reduce  dependence  on  generator  sets  and  the  so  called  power  holding  
company of Nigeria (PHCN) energy, steps have to be taken to develop an alternative source,  
such  as  biofuel.  The  main  constraints  for  installing  a  bioreacter,  however,  are  the  initial  
investment cost, the limited research and the poor policy implementation in the country. In this  
paper, the application of an anaerobic process for biofuel production from cattle solid waste and  
brewery  waste  effluent  are  explained. The  biofuel  production  potential  of  animal  waste  at  
different retention time was investigated and the anaerobic digestion parameters associated with  
the  production  as  well  as  the  pH of  the  slurry  before  and after  the  biogas  production  was  
determined with a view to solving industrial as well as animal waste disposal problems and to  
create  riches  from  rubbish. Batch  anaerobic  digestion  of  cow  dung  was  studied  in  a  10L 
bioreactor between 30oC to 48oC and no controlled of PH. Brewery waste effluent at ratio of 1 to  
4 was used as co-substrate. The biogas produced is 207 L/kg volatile solids (VS) at hydraulic  
retention time of 17 days with ultimate methane yield of 184 L/kg VS. The biogas production  
dipped slightly on day 10 due to the availability of nutrient that has decreased tremendously.  
Methane content obtained is between 58-83% throughout the culture. 

Keywords: Biofuel,  Methane,  Batch  anaerobic  bioreacter,  Brewery  waste effluent  and Cattle  
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INTRODUCTION



Biofuel is produced when bacteria degrade biological materials in the absence of oxygen, in a 
process known as anaerobic bioreaction (Umar et al., 2012;  Garba & Atiku, 1992). Anaerobic 
treatment is the use of biological processes, in the absence of oxygen, for the breakdown of  
organic matter and the stabilization of these materials  by conversion to  methane and carbon 
dioxide gases and a nearly stable residue (Umar et al., 2012; Cassidy et al., 2008). Animal wastes 
and brewery can be use as sources of nutrient, feed ingredients to microorganisms and as fuel 
energy source, they contain high level of organic matter that could be converted into energy as 
supplement for fossils.

The  socio-economic  development  of  a  country  largely  depends  on  the  availability  and 
consumption of energy. The available sources of energy can be classified into two categories, 
renewable and non-renewable energy sources. The non-renewable energy sources which are also 
called fossil fuels are finite deposits of coal, natural gas, uranium and deuterium. The renewable 
sources of energy are photosynthetic materials, solar, hydroelectric and tidal energies. Renewable 
energy is  deposited  every  day,  whereas  the  non-renewable  is  continuously  depleted  by  our 
withdrawals  resulting  from continual  depletion  in  the  natural  resources  and by an  increased 
consumption  of the  energy  alternatives  of  fossil  fuels  has  to  be  searched  out.  Therefore, 
bioenergy could be the only alternative and cheap sources of energy which can be made available 
to  the  rural  areas.  (Umar  et  al.,  2012;  Shoeb  and  Singh,  2000)The  term biogas  system  is  
somewhat of a misnomer though biogas system is often viewed as an energy supply technology. 
Chinese regard their systems primarily a means to provide fertilizer and the sanitary disposal of 
organic  residue,  gas  is  considered as  useful  by-product  (Richard,  1994).  In  India  interest  in 
biogas is due to its potential as fuel substitute for firewood, dung, kerosene, agricultural residues, 
diesel, and petroleum and electricity, depending on the particular task to be performed and on 
local supply and price constraints. Therefore biogas typically refers to biofuel. 

The gas  is  produced by anaerobic  bioreaction  or  fermentation  of  organic  matter,  as  well  as 
manure, industrial/sewage sludge, municipal solid waste, or any other biodegradable feed stock 
under anaerobic condition (Umar et al., 2012; Richard, 1994). (The use of biological processes, 
in the absence of oxygen, for the breakdown of organic matter and the stabilization of these 
materials by conversion to methane and carbon dioxide gases) Biogas comprised primarily of 
methane (60-70%) and carbondioxide (30-40%) depending on the material used. Biogas can also 
be called swamp gas, marsh gas, landfill gas; bioreactor gas (Shoeb and Singh, 2000).Biogas is a 
naturally occurring emission of bacteria that thrive without oxygen that occurs in three steps. 
First is the decomposition or hydrolysis of biodegradable material into molecules such as sugars. 
Next  these  molecules  are  converted  into  acid.  Lastly  the  acids  are  converted  into  biogas. 
Anaerobic bioreactor harnesses the bacteria in its natural processing order to capture and utilize 
the biogas,  all in a safer controlled environment. Biogas produced in anaerobic bioreactor is 
burned  to  generate  clean  renewable  energy.  Released  incombustible  form is  harmful  to  the 
environment (Umar et al., 2012; Prasad, 1974). Biogas system provides three products; energy, 
fertilizer and waste residue, the term biogas system in this study will refer to the technology of 
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digesting organic waste anaerobically to produce an excellent fertilizer and combustible gas and 
to disposing agricultural residues, aquatic weeds, animal and human excrement and other organic 
matter (Prasad, 1974).This research is aimed at maximizing yield of biogas at optimal conditions. 
The objective of the research is  to  guarantee that  the biogas  can be reasonably produced at 
reproducible rate and also at a profitable and efficient rate using cow dung and brewery waste 
effluent.

Anaerobic Bioreactor (AB) Technology

The application of (AB) technology to livestock treatment has received considerable attention 
because it can be used to produce valuable by-products such as biogas. The technology of biogas 
has been developed due to the advantage of producing energy as well as generating odor free 
residues  rich  nutrients,  which  can  be  used  as  fertilizers  (Karim  et  al.,  2005).  This  would 
encourage sustainable agricultural  practices in mitigating possible dung’s pollution problems, 
thereby  sustaining  development  while  maintaining  environmental  quality.  Moreover,  rural 
economic  development  would  benefit  from the  implicit  multiplier  effect  resulting  from jobs 
created by implementing digester systems. Therefore, promising future waste-to-profit may add 
economic performance of an (AB).

Although large scale production and advanced (AB) systems are well developed and in operation 
in  countries  like  Europe,  United  States,  Japan,  China  and  Taiwan  (Rodriguez  and  An, 
1997).However, this system is not favored by small farmers due to high capital cost and lack of 
environmental consciousness. An estimation of the potential to produce methane of animal dung 
is  essential.  Parameters  such  as  nutrients  content,  pH,  temperature,  organic  loadings,  solid 
content, mixture ratio and hydraulic retention time (HRT) are detrimental to biogas quality and 
quantity.  These  parameters  would  also  determine  the  size  of  digester,  auxiliary  equipment 
needed, as well as the sizes and specifications of biogas treatment facilities. Maximum methane 
yield  requires  adequate  and  efficient  nutrient  supply  for  micro-organisms  in  the  digester. 
Methane production from organic substrates mainly depends on their content of substances that 
can be degraded to  CH4 and CO2.  Composition and biodegradability are  key factors for the 
methane yield from energy crops and animal manures (Umar et al., 2012; Balsari et al., 1983).

In well-established bioreactors, pH of the fermenting mass are buffered between 6.8 and 7.4. 
Bacteria have limited range of temperature, in which they are active. Methanogens, in particular, 
are  very  sensitive  to  temperature  changes.  In  general,  mesophilic  anaerobic  bioreaction  of 
organic sludge is more widely used compared to thermophilic bioreaction, mainly because of the 
lower  energy  requirements  and  higher  stability  of  the  process.  Thermophilic  bioreaction, 
however, is more efficient in terms of organic matter removal and methane production (Buhr and 
Andrews, 1977) and (Ahring, 2001). Moreover, it enhances the destruction of pathogens, weed 



seeds and insect eggs; thus enabling effluent hygienization (Zábranská et al, 2000) which might 
be required in the short term for land application. During fermentation of organic wastes, acetic 
acid is usually the main product. The excess production of volatile fatty acids (VFA) may result 
in an inhibitory effect on the fermentation of organic wastes (Noike  et al.,  2002). The most 
potential  biochemical  methane production  yield  from animal  waste  and water  can  be as  0.2 
m3/kg of VS added (Chynoweth and Owen, 1993). Furthermore, the contents of nitrogen and 
phosphorus in the animal waste are sufficient to satisfy the cell growth requirements during the 
biogas production. The others elements, such as sodium, potassium, calcium, magnesium and 
iron are present in low concentrations. However, they may exhibit inhibitory effects at higher 
concentrations (Shyam and Sharma, 1994). On the contrary, there was insignificant effect of the 
retention time on biogas production. (Van Der Vlugt and Rulkens, 1985) performed the biogas 
production in 20 liter laboratory bioreactors and found that the biogas produced was not affected 
when reducing the hydraulic retention time (HRT) from 40 to 20 days. In contrast, in a 200 L 
farm scale bioreacter, (Kiely, 1985) found that cattle slurry of higher volatile solids (vs) produced 
higher amount of biofuel over the total bioreaction period of 66 days.

Bioconversion of  animal  waste  is  a  non-polluting and environmentally feasible  process.  The 
main aim of this present study is to evaluate the potential biogas production from cattle dung and 
industrial  waste  effluent.  The  influence  of  anaerobic  bioreaction  parameters  on  the  dung 
treatment and methane yield from cattle dung was investigated.

Locally Made Anaerobic Bioreactors

The bioreacter was made of concrete wall with working volume of 3.5 m3. The gas holder, placed 
on top of the bioreacter, was made of a metal plate provided with a stirrer. The digester was fed 
every day with 20 kg of fresh manure and diluted with brewery waste effluent at the ratio of 1 to  
1. The temperatures inside the bioreacter ranged from 30.0 to 48.0 oC. A total number of 5 head 
mature cattle or 50 mature ram are needed for the reacter to produce biogas of 1400 liters daily. 
This amount of fuel gas appeared to be enough for the fuel energy needed by a family of 6 
persons. The biogas produced has been used for various domestic activities.
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Fig 1: Simple sketch of household biogas plant. Source: Wikipedia, the free encyclopedia.htm

MATERIALS AND METHOD

Cattle dung was collected from the largest cattle market in West Africa at Mubi North local  
government,  Adamawa state  Nigeria.  The samples were kept  in tightly closed polycarbonate 
bottle and stored at 4oC until further use. Seed sludge was obtained from the brewery waste, both 
from the local brew (Burkutu) and the industrial  brewery waste effluent at  Kaduna Nigerian 
brewery. Aerobic effluent sludge and used without further purification.

Microbial analysis and Operation

A 5 liter volume of dilute cow dung (1:1) was mixed with 1 L of brewery waste sludge and 
bioreacted in a 10 L jacketed fermenter. The sample in the bioreactor was flushed with N2 gas for 
10 minutes at the beginning of experiment to ensure anaerobic condition. The temperature of the 
experiment was recorded between 30oC to 40oC and homogenous mixing was aided by a stirrer. 
Hydraulic retention time of 17 days was used in this study. The produced biogas was collected 
using gas sampling bag.

Serial dilution of the fresh sample and the bioreacted slurry sample were carried out up to 10 
tubes. 0.5ml was obtained using sterile syringe from the 10 tube and inoculated onto already 
prepared nutrient agar plates by spread plate method of inoculation. The plates were replicated 
three times. Modified Mackintosh and Fildes pattern of anaerobic jar was used to incubate the 
plates. The residual oxygen (O) in the anaerobic jar was evacuated by placing a kindled match 
stick, which quenched immediately the left-over oxygen was exhausted. The jar was incubated 
for a period of 72 hours at 37 oC.

Bacterial colonies that emerge on the plates were counted and recorded as colony forming units 
per  milliliter  of  the sample.  The colonies  were also subculture repeatedly on fresh plates to 
obtain pure isolates.  The pure bacterial  isolates were gram-stained and subjected to different 
biochemical tests which included production of cogulase, catalase, urease, oxidase, methyl red, 
Voges-Proskaeur, citrate utilization test.

Analytical methods

Total solid, volatile solid, total nitrogen, chemical oxygen demand (COD) and elements such as 
carbon, oxygen, hydrogen and nitrogen of the substrates were measured before the experiment 
by following the procedures listed in Standard Methods (APHA, 1998). Methane and carbon 



dioxide concentrations in the biogas were determined with a gas chromatograph equipped with a 
thermal  conductivity detector  and Carboxen-1010 plot  column 30m x 0:53mm ID (Supelco, 
USA).  The injector,  detector  and oven temperatures  were  150,  200 and 120oC, respectively. 
Argon served as the carrier gas.

RESULTS AND DISCUSSION

Characteristics of feedstock the fresh cow dung was analyzed with respect to total solids and 
volatile solid content, total nitrogen and pH. The results are tabulated in Table 1. The total solid 
content was not very high therefore minor dilution is needed as most existing on farm digesters 
are operating at total solid between 8 and 12% (Lo et al., 1983). Furthermore, the addition of 
seed sludge increases the solid content at the start of fermentation. Theoretically, high volatile 
solid will produce high yield of biogas, given that optimum condition applies in the digester. 
Caution must be taken when digesting high nitrogen containing biomass because its conversion 
to free ammonia might cause toxicity to the bacteria. Free ammonia is known to be able to pass 
through the microbes’ cell membrane, causing proton imbalance and potassium deficiency (Chen 
et al.,2008).

Table 1: Composition of fresh undiluted dung

Types of Analysis Values

Total Solids (% wet) 17.8

Volatile Solids (mg/L) 1278.5

Total Nitrogen (mg/L) 8372

Elemental (wt %, dry basis)

Carbon, C

Hydrogen, H

Nitrogen, N

Oxygen, O

48.6

5.52

1.65

47.5

Ph 6.12

Source: Wikipedia, the free encyclopedia.htm
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Biofuel and Methane Production

The cumulative biogas production and its respective methane content are shown in Table 2. The 
first three days of the bioreaction indicates slow production of biofuel concurring with the first 
phase of biomass decomposition via acetogenesis process. The production thereafter rises rapidly 
for 2 days and then less rapidly up to day 12. This rapid increment of biogas production is as a  
result  of  acclimatized  methane  forming bacteria  activities  and  high temperature  used  in  the 
experiment.  Only small  increment  was  observed after  day 12 until  finishing run at  day 17. 
However, the methane content varied between 58 and 68% but exceptionally high on the final 
day at 83%. The average methane content is calculated to be 64% which is pretty decent when 
optimization of the parameters is yet to be attempted. 

Table 2: Cumulative biogas production and percentage methane composition for 17 days of 
cattle dung treatment

Days Biofuel (L) Methane (%) COD  (mg/L) 
Removal

1 5 68 43000

2 7 59 40000

3 10 62 38000

4 20 65 37000

5 28 60 35000

6 32 67 33000

7 35 66 30000

8 38 59 29000

9 39 63 27000

10 46 67 25000

11 48 60 23000

12 52 64 21000

13 55 63 20000



14 57 59 18000

15 59 58 15000

16 59.5 58 14000

17 60 83 12000

Table 3: Typical composition of biogas

Compound Molecular 
formula  %

Methane CH4 50–
75

Carbon dioxide CO2 25–
50

Nitrogen N2 0–
10

Hydrogen H2 0–1

Hydrogen 
sulphide H2S 0–3

Oxygen O2 0–0

Sources: Basic Information on Biogas, www.kolumbus.fi. Retrieved 2.11.07.

CONCLUSIONS AND RECOMMENDATIONS

There  is  no  doubt  that  methane  and  power  produced  in  anaerobic  bioreaction  facilities  are 
becoming  favorably  utilized  to  replace  energy  derived  from  fossil  fuels,  and  hence  reduce 
emissions  of  greenhouse  gases.  In  this  study,  biogas  methane  was  produced  via  anaerobic 
bioreaction  of  cattle  dung  in  a  10  L stirred  bioreactor.  The  bioreaction  was  carried  out  at 
mesophilic temperature between 30oC to 40ºC. The COD was removed by 51% from 42.5 g/L to 
21 g/L, indicating no further treatment of the waste took place due to minimal bacterial activity. 
However,  the average biogas methane produced is  about 65%. This would give a promising 
evidence of the anaerobic bioreaction as a viable and feasible treatment technology of organic 
waste,  in  particular,  the animal  dung and brewery waste  effluent,  simultaneously,  generating 
biofuel as the renewable energy. 

http://www.kolumbus.fi/suomen.biokaasukeskus/en/enperus.html
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Animal wastes and brewery waste effluent can be use as sources of nutrient, feed ingredients to  
microorganisms and as fuel energy source, they contain high level of organic matter that could be 
converted into energy as supplement for fossils. These biodegradable wastes are abundant all 
over  the  world  with  Nigeria  producing  about  227,500  tons  of  fresh  cattle  waste  each  day, 
(Oyeleke et al., 2003) that 1kg of fresh animal waste produce about 0.03m3 of gas per day. The 
Nigerian  brewery  also  discharged  huge  amount  of  waste  effluent  into  the  surrounding 
environment, this study and its kind can be used to reduce environmental pollution as well as 
biofuel production. This shows theoretically that Nigeria can produce 6.8 million M3 of biogas 
daily, which in terms of energy is equivalent to about 3.9 million liters of petroleum. The use of 
biogas is capable of providing a special impetus in both rural and urban areas. Biogas plant can 
be built by using materials which are locally available in most developing countries (Baki, 2004). 
The anaerobic bioreaction of municipal waste can have positive environmental value since it can 
combine waste removal and stabilization with net fuel (Biogas) production. The solid or liquid 
residue can further be used as feed or as biomass briquette for cooking (Baki, 2004). 
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