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ABSTRACT: The effect of waste paper on biogas production from the co-digestion of fixed amount of cow 
dung and water hyacinth was studied at room temperature in five batch reactor for over 60 days. Waste paper 
addition was varied for a fixed amount of cow dung and water hyacinth until maximum biogas production was 
achieved. Biogas production was measured indirectly by water displacement method. The production of biogas 
showed a parabolic relationship as the amount of waste paper (g) increased with a goodness of fit of 0.982. 
Maximum biogas volume of 1.11liters was observed at a waste paper amount of 17.5g which corresponded to 
10.0% total solids of the biomass in 250ml solution. Thus, an optimum waste paper amount of 17.5g needs to 
combine with 5g of cow dung and 5g of water hyacinth in 250ml of water for maximum biogas production. 
Similar equivalents in kilograms and tonnes can be utilized in large-scale production of biogas which can provide 
decentralized source of fuel for university laboratories and also local supply of energy for electricity production. 
Also, the air pollution problems associated with open burning of waste papers can be eliminated. The biogas 
process has established to be cheap and practically feasible. @ JASEM 

 
The anaerobic digestion of organic materials has 
long been used to generate useful resources, which 
have been harnessed for the use of mankind. 
Biogas, which is one of the byproducts of 
anaerobic digestion, comprises about 60% methane 
and 40% carbon dioxide. It has been used as a 
source of fuel in countries like India, China, 
Sweden, Bangladesh etc. for lighting and cooking 
purposes. In addition co-digestion of organic waste 
with sludge or cow dung has been mentioned in the 
works of Anhuradha et al (2007) and Godliving 
(2007) with improvements in biogas production. 
Apart from biogas, useful soil conditioner and 
manure have been obtained from the slurry residual 
after anaerobic digestion. Organic sources of 
biogas generation abound in the environment and 
these are well documented in literature. Works of 
authors like Jain et al (1981), Dunlop (1978) and 
Jash and Basu (1999) have studied biogas 
generation from animal and agricultural wastes. 
Biogas, being a renewable source of energy has the 
potential of supplementing other available energy 
sources in a bid to encouraging the principles of 
sustainable development, and reduces the practice 
of total dependence on fossil oil that are finite. 
This research work explores a suitable way to use 
organic waste in the environment - cow dung, 
which constitutes a serious problem in abattoirs, 
served as useful raw material for this research, 
because it contains the necessary micro-organism 
(acid formers and the methane formers) for biogas 
production. Waste paper at dumpsites from 
administrative offices, educational institutions etc, 
was another raw material. Finally, water hyacinth, 
which is rich in nitrogen and other essential 
nutrients (Mark and Ken, 2006) usually responsible 
for clogging water ways, affecting navigation, 
fishing and recreational activities (Mark and Ken, 
2006) was also another raw material for the 
research work. 

MATERIALS AND METHOD  
Cow dung from abattoirs situated in Choba 
community, waste paper was collected from 
dumpsites situated at the University of Port 
Harcourt premises and water hyacinth harvested 
from water ways situated in Ahoada community all 
in Rivers State. 
 
Materials 
The materials used for this experiment were cow 
dung, waste paper, and water hyacinth. Pre-
treatment operations involved weighing about 500g 
of freshly harvested water hyacinth and allowing it 
to sun dry for a period of 30 days, after which they 
were dried in an oven at 600C for 5hours.  This 
oven-dried water hyacinth was then ground to fine 
particles using a grinding mill.  Similar operations 
were applied to the waste paper. However, the cow 
dung was sun dried for a period of 20 days to 
preserve its microbial population and then crushed 
mechanically using a mortar and pestle. The dry 
weights of these biomasses were weighed with a 
weighing balance (Mettler PN 163) into digesters. 
 
Experimental 
A set of five batch reactors were used as digesters. 
Each digester contained fixed amount of cow dung 
and water hyacinth, but an increasing amount of 
waste paper. These digesters were labeled A, B, C, 
D, and E, respectively. The digester labeled A, had 
no waste paper, 5g of cow dung and 5g of water 
hyacinth. This digester acted as the control. 
Compositions of other batch reactor digesters B to 
E are as follows: 
(i)  Digester -B consisted of 4g of waste paper, 5g 

of cow dung and 5g of water hyacinth. 
(ii)  Digester-C consisted of 8g of waste paper, 5g 

of cow dung and 5g of water hyacinth. 
(iii) Digester-D consisted of 12g of waste paper, 5g 

of cow dung and i5g of water hyacinth.  
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(iv) Digester-E consisted of 20g of waste paper, 5g 
of cow dung and 5g of water hyacinth. 

 
These biomasses were mixed with 250ml of water 
and then corked to exclude air. The experimental 
set-up is depicted in the Figure 1. The contents of 
digesters were allowed to ferment for a period of 
62 days and agitated twice daily, the morning and 

evening hours, respectively. Biogas measurement 
was carried out using water displacement method 
(Itodo et al, 1992) 
Ambient temperature measurements were 
determined using a thermometer. The average pH 
of the digester mixtures were determined before 
and after experiment with a pH meter (PN 209).  

 

 

 

 

 

 

 

 

 

 
Figure1.  Biogas production set-up 

RESULTS AND DISCUSSION 
 The average pH values of batch reactors as 
determined before and after experiment are shown 
in Table 1 Also the total solids composition in each 
digester are presented in Table 2.  It was observed 
that the pH before experiment was within the 
optimum range for biogas production that is 6.6-
7.6. After the experiment, pH values were 
observed to increase slightly which is consistent 
with work of Shoeb and Singh (2000). The slight 
increase in pH after anaerobic digestion can be 
explained based on the fact that organic nitrogen 
were readily reduced to ammonium ion (NH4), pH 
values observed were between 7.35 - 7.96 after 

digestion. The temperature variation for the period 
under study had a 2- day minimum of 23°C and a 
2-day maximum of 290C. The average temperature 
for the period of study was 26°C. 
 
Table 1: pH values of Digesters A-E before and after digestion 

 
Table 2:    Solids composition 

 
Waste paper  

composition 

Digester 
 
 
(1) 

Cow 
dung 
(g) 
(2) 

Water 
hyacinth 
(g) 

(3) 

Waste  
paper(g) 

 
(4) 

Total  solids 
(g) in 250ml of 
water 
(5) 

% composition of 
solids in 250ml of 
water 
(6)* (as % of  total solids) 

(7)** 
A 5 5 0 10 3.846 0 
B 5 5 4 14 5.303 28.57 
C 5 5 8 18 6.716 44.44 
D 5 5 12 22 8.088 54.54 
E 5 5 20 30 10.70 66.67 

*
 

 

 
 

Note: density of water is 1g/ml 
 
The relationship between the total biogas produced 
and the amount of waste paper (g) fed into the 
digesters is shown to follow a parabolic 
relationship as depicted by Fig. 2 defined by 
equation 1 with a goodness of fit of 0.982. 

y = -0.002x2 + 0.088x + 0.343………………..(1) 
Where y represents total biogas production and x 
represents amount of waste paper (g). A maximum 
biogas production of 1.11 liters was observed at a 
waste paper amount of 17.5g which lies 

pH- values of biomass mixture Digester 
Before digestion After digestion 

 A      7.18 7.96 
 B      6.81 7.57 
 C  6.71 7.35 
 D  6.69 7.40 
 E  6.41 7.35 
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somewhere between digester D and E. Above this 
value biogas production begins to decline. In 
essence increasing amount of waste paper does not 
lead to an indefinite increase in biogas production. 
Many reasons have been proposed for this 
phenomenon like reduced mass transfer rate of 
substrates to bacteria or accumulation of inhibitory 
substances (Vandervivere et al, 2002). 
However, the relationship between and the percent 
(%) total solid concentration in 250ml of water 

(column (6)) and amount of waste paper (g) 
(column(4)) in Table 2 for the five digesters A-E, 
showed a linear curve fit represented by Equation 
(2) depicted in Fig. 2 with a goodness of fit equal 
to 0.999 
y = 0.342x +3.918……………………………(2) 
Where x represents waste paper concentration (g) 
and y represents percent (%) of total solids in 
250ml of water. 

 

 
 
This equation can be use as a regression model to 
deduce percent (%) total solids concentration 
equivalent to producing maximum biogas volume. 
Hence, upon substituting 17.5g of waste paper for 
(x) yield a (y) value of 10%. This percent of total 
solids is what is needed for maximum biogas 
production. Vandervivere et al (2002), suggested 
10-15% total solids for a one stage anaerobic wet 
system digestion of municipal solid wastes. In 
essence 17.5g of waste paper needs to combine 
with 5g of cow dung and 5g of water hyacinth in 
250ml of water for maximum biogas production.   
 
Conclusion and Recommendation:  The anaerobic 
digestion of cow dung, water hyacinth and waste 
paper is feasible at room temperature. However the 
effect of waste paper on fixed amount of cow dung 
and water hyacinth was found to increase biogas 
production in a parabolic manner. In this research, 
it was observed that a waste paper concentration of 
17.5g is the maximum amount of waste paper 
needed to combine with 5g of cow dung and 5g of 
water hyacinth for maximum production of biogas. 
This can be translated to kilograms or tonnes for 
large scale production of biogas. 
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