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Abstract

Yusuf M.O.L., Debora A., Ogheneruona D.E., 2011. Ambient temperature kinetic assessment of biogas  
production from co-digestion of horse and cow dung. Res. Agr. Eng., 57: 97–104.

Biogas production from 5 batch digesters containing varying ratio of mix of horse and cow dung was studied for a period 
of 30 days at ambient temperature. It was observed that biogas production was optimized when horse and cow dung 
were mixed in a ratio of 3:1. The modified Gompertz equation was used to adequately describe the cumulative biogas 
production from these digesters. In addition, a modified first order model was developed to assess the kinetics of the 
biodegradation process. It was observed that the rates of substrate biodegradability and of removal of the biodegradable 
fractions of the substrate could be obtained by plotting 1/t (ln(dyt/dt)) against the inverse of time of digestion. This 
modified first order model also showed that the digester containing horse dung and cow dung in the ratio of 3:1 had 
the highest short term anaerobic biodegradability index (STABI) of 3.96 at room temperature. 
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The need for alternative sources of energy for 
both decentralized and centralized power genera-
tion has led to the proliferation of research into 
alternative energy sources. Anaerobic digestion 
(AD) received considerable interest as one of such 
means of meeting both decentralized and central-
ized power sources in recent years (Sixt, Sahm 
1987). The process of anaerobic digestion has the 
potential of converting biodegradable organics into 
biogas which comprises methane (55–75%) and 
carbon dioxide (25–45%) (Steffens et al. 2000) 
with calorific value of 20 MJ/m3 (Myles 1985). Bi-
ogas can therefore be a source of decentralized en-
ergy source for developing countries especially in 
this era of insecurity and unpredictability in fossil 
fuel supply.

The study of biogas production from biodegrad-
able substrates is essential for an efficient selection 
of suitable substrate in anaerobic digestion. The 
presence of recalcitrant fractions in substrate uti-
lized in biogas production in the form of cellulose 
and lignin may make most of these biodegradable 
volatile matter not to become available for bio-
degradation especially, when anaerobic digestion 
is carried out at suboptimum conditions (such as 
room temperature conditions). Numerous sources 
of biodegradable organic waste exist in nature and 
any technology that utilizes organic waste of high 
nuisance value, such as animal wastes from cattle, 
horses, pigs, poultry etc., in anaerobic digestion, 
may just provide suitable means of not only man-
aging these wastes but also protecting water quality 
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and aesthetic beauty. Vaa (1993) viewed any tech-
nology that tries to harness optimum use of avail-
able resource in a given environment while mini-
mizing the negative environmental consequence as 
appropriate technology.

In many instances, the generation rate of animal 
waste types varies significantly in nature and in sit-
uation of relative abundance of a particular animal 
waste, the need for combining animal waste from 
different sources may become imperative in biogas 
generation. Hence, the implications of combining 
or co-digesting animal wastes for biogas produc-
tion need to be properly assessed for successful im-
plementation of such anaerobic process. Co-diges-
tion was used by researchers such as (Callaghan 
et al. 1999; Gelegenis et al. 2007; Chellapandi et 
al. 2008) to improve biogas yield by controlling the 
carbon to nitrogen ratio. 

The source of animal waste used in anaerobic di-
gestion is important in ensuring a successful op-
eration of the process because of the lignin compo-
nents of animal manure. Monogastric animals are 
known to produce wastes that contain more nutri-
ents than ruminants. Ruminants are known to ex-
crete more lignocelluloses material due to extensive 
enzymic exposure in their four chamber stomach 
(Warner et al. 1989; Wilkie 2005). The high pres-
ence of lignin in animal waste can resist anaerobic 
degradation even after long retention time (Van 
Soest 1994) or may prevent the anaerobic process 
from commencing (Haug 1993). Thus, a high vola-
tile solid contents of substrates may not necessary 
translate to high biogas yield due to the presence of 
non-available volatile solids in form of lignin. It is 
important to note that the volatile matter content 
of any substrate accounts for the proportion of sol-
ids that is transformed into biogas (Wilkie 2005). 
Other important criteria that were shown to affect 
biodegradability of substrates include the carbon 
to nitrogen ratio (Kayhanian, Tchobanoglous 
1992) or the presence of specific substances like 
proteins, carbohydrate lipids etc. (Jung et al. 
1997). Thus, the chemical composition of organic 
substrate can be said to contribute to the pattern 
of degradation of such substrate and attempts to 
quantify this biodegradable substrate fractions 
were carried out by authors such as Chandler et 
al. (1980) and Haug (1993). 

Hence, for a successful biodegradation to take 
place, the process of co-digestion of animal waste 
must provide a balance between the lignin content 
and the carbon to nitrogen ratio. In this research the 

utilization of a more abundant substrate in the form 
of cow dung was co-digested with less abundant 
form of substrate in the form of horse dung in order 
to select an appropriate mix ratio for optimum bi-
ogas production rate kinetics at room temperature.

MATERIAL AND METHODS

Substrate collection

Substrates that were utilized in this research 
work were cow dung and horse dung which were 
obtained from slaughter house and polo club re-
spectively, situated in the city of Port Harcourt, 
Rivers State, Nigeria. These substrates were sun 
dried prior to being used for biogas production.

Chemical analyses of these substrates were car-
ried out to determine their volatile matter and car-
bon to nitrogen ratio. The volatile matter was de-
termined in accordance with procedure outlined 
in standard methods (Clescerl 1985) that is, a 
portion of these samples was dried and ashed in a 
muffle furnace at 550°C. Also, the carbon to nitro-
gen ratio was determined by the method outlined 
at Standard methods (Clescerl 1985). 

Experimental design

The experimental design for the anaerobic diges-
tion of cow dung and horse dung was carried out 
at ambient temperature that ranged between 28°C 
to 33°C in five batch digesters labeled A–E. The to-
tal solid content of the five digesters was set at 8% 
(w/w) as recommended by Tchobanoglous et al. 
(1993) for low solid loading as follows:
Digester A: comprised 100% horse dung in 250 ml 

of water (i.e. 21.74 g of horse dung),
Digester B: comprised 75% horse dung and 25% 

cow dung in 250 ml of water (i.e. 16.31 g of horse 
dung and 5.44 g of cow dung),

Digester C: comprised 50% horse dung and 50% 
cow dung in 250 ml of water (i.e. 10.87 g of horse 
dung and 10.87 g of cow dung,

Digester D: comprised 25% horse dung and 75% 
cow dung in 250 ml of water (i.e. 5.44 g of horse 
dung and 16.31 g of cow dung),

Digester E: comprised 100% of cow dung in 250 ml 
of water (i.e. 21.74 g of cow dung).

The digesters were set up as described by Itodo 
et al. (1992), Chellapandi (2004), Momoh and 
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Nwaogazie (2008) and biogas measurement was 
carried out by using the water displacement meth-
od in which the amount of saline water (20% NaCl 
(w/v), pH 4) displaced was proportional to the vol-
ume of biogas produced. Ambient temperature 
measurement was determined with a mercury bulb 
thermometer.

The scope of this research was restricted to the 
studying of the cumulative biogas generation us-
ing the modified Gompertz equation in studying 
the kinetics of biogas production Eq. (1) and also 
a modified first order equation as equation devel-
oped here (9)

(1)

where:
Bt – cumulative of biogas produced (ml) at any time (t)
B – biogas production potential (ml) 
Rb – maximum biogas production rate (ml/day)
λ – lag phase (days), which is the min time taken to 

produce biogas or time taken for bacteria to accli-
matize to the environment in days

The constants B, Rb and λ were determined using 
the non-linear regression approach with the aid of 
the solver function of the MS Excel ToolPak.

This equation was utilized by researchers to study 
the cumulative methane production in biogas pro-
duction. Zwietering et al. (1990) and Lay et al. 
(1996) applied this equation to study bacteria 
growth. Recently, Budiyono et al. (2010) utilized 
this modified equation to describe biogas yield 
from cattle manure.

RESULTS AND DISCUSSIONS 

In this study, animal wastes are evaluated for suit-
ability for biogas production at sub-optimum con-
dition (such as room temperature with no form of 

physical treatment). Cattle manure was established 
to have lower available volatile solids because ru-
minants extract much of the nutrients from the 
fodder and the leftover is rich in lignin complexes 
which were extensively exposed to enzyme action 
of the four chamber stomach of ruminants (Wer-
ner et al. 1989; Wilkie 2005). The volatile solids 
content for cow dung and horse dung used in this 
research were determined to be 58.7% and 87.5% 
respectively while the ambient room temperature 
ranged between 27–32°C. 

The study of biogas production from cow dung 
and horse dung and their mixtures was conduct-
ed in digesters labeled A–E as shown in Table 1. 
Biogas production was monitored and measured 
until biogas production reduced significantly. The 
modified Gomperzt equation was then used to fit 
the cumulative daily biogas production which was 
observed to adequately describe the biogas produc-
tion from these substrates. The estimated kinetic 
constants using non-linear regression and other 
characteristics of the digesters A–E are shown in 
Table 1.

At the end of 30-day period, it was observed that 
digester B produced the highest biogas production 
potential (B) of 360 ml at a maximum biogas pro-
duction rate (Rb) of 36.99 ml/day with a lag phase 
(λ) of 8.07 days. Digester A had biogas production 
potential estimated to be 254.5 ml at a maximum 
biogas production rate of 37.87 ml/day with a lag 
phase of 9.03 days. Yet, in digester C, which com-
prised equal amount of horse dung and cow dung, 
the biogas production potential was 167.85 ml at a 
maximum biogas production rate of 18.95 ml/day 
with a lag phase of 8.71 days. The modified Gom-
pertz equation was observed to adequately de-
scribe biogas production with a goodness of fit (R2) 
of 0.996, 0.998 and 0.997 for digesters A, B and C, 
respectively (Fig. 1). 

Digester D and E failed to produce any significant 
amount of biogas and this could be attributed to 

1–expexp)( t
B

eRbBBt

Table 1. Composition of digesters and their corresponding kinetic parameter

Digester Weight of cow 
dung (g)

Weight of horse 
dung (g) C/N Volatile 

solid (g) 
Biogas  

produced (ml) B (ml) Rm (ml/day) λ (day) R2

A   0 21.74 30.2:1 18.48 257.2 254.5 37.87 9.03 0.996

B   5.44 16.31 23.78:1 17.05 353 360 36.99 8.07 0.998

C 10.87 10.87 17.65:1 15.62 165.5 167.85 18.95 8.71 0.997

D 16.31   5.44 11.38:1 14.19 – – – –

E 21.74   0 5.1:1 12.76 – – – – –
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the sub-optimum carbon to nitrogen ratio present 
and/or the increase in the lignin content of this 
mixture as percentage of cow dung increased. It is 
worthy to note that the volatile matter content of 
the cow dung used in this study was 58.7%, which is 
indicative of a low carbon source. Thus, if the bio-
degradability of the cattle cow dung is assumed to 
be 41.6% (Chen, Hashimoto 1980) or 36% (Hill 
1983), then the level of lignin in the digesters D and 
E would be significantly high to prevent degradation 
of these substrates in these digesters (Haug 1993). 
This is also coupled with the low carbon to nitrogen 
ration of these digesters, hence, subsequent discus-
sions would be limited to digesters A–C.

Digester B provided an adequate balance between 
the carbon to nitrogen ratio, which lies between the 
optimum of 20:1–30:1 (Marchaim 1992) and the 
lignin content. Also, the time taken for the bacteria 
to acclimatize was the fastest in the digester B, which 
may be attributed again to the optimum level of car-
bon to nitrogen ratio of substrate in this digester and 
possible presence of sufficient bacteria population in 
the cow manure used as the co-substrate.

In order of performance, digester B could be 
rated as the most efficient, which was immediate-
ly followed by digester A and lastly by digester C. 
The digesters D and E could be classified as failed 
digesters for their inability to produce significant 
amount of biogas.

Substrate biodegradability was assessed in this 
study by developing a mathematical model that was 
based on the first order kinetics. According to Linke 
(2006), the transformation of biodegradable solids 
into biogas can be correlated as shown in Fig. 2,  
which can further be described by Eqs (2–6) for a 
batch reactor system.

(2)

This relationship was linked to the first order rate 
degradation of the volatile solids in which Co is the 
initial volatile solids while Ct is the volatile solids 
concentration at time (t) given by, 

(3)

0

50

100

150

200

250

300

350

400

0 5 10 15 20 25 30 35

C
um

ul
at

iv
e b

io
ga

s p
ro

du
ct

io
n(

m
l)

Days

Experimental Dig. A)  Modified gompertz (Dig. A)

Experimental (Dig. B) Modified gompertz (Dig. B)

Experimental (Dig. C) Modified gompertz (Dig. C)

Fig. 1. Comparison of experimental data and modified Gompertz model for biogas production

Fig. 2. Pattern of transformation of vola-
tile solids into biogas 
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Replacing             in Eq. (3) with 	 (4)

(5)

(6)

where:
yt – volume of biogas produced per unit mass of vola-

tile solids fed at any time (t) 
ym – volume of biogas per unit of mass of volatile solids 

converted at maximum time 
The rate constant associated with the degradation of the 
biodegradable fractions is represented by k (1/days), while 
the period of digestion is represented by t (in days). 

The application of Eq. (6) in assessing substrate 
biodegradability and the rate constant was accom-
plished by attempting to linearize Eq. (6) as shown 
below. By differentiating Eq. (6), we obtain,

(7)

Taking natural logarithm on both sides of the 
equation we obtain

(8)

This equation can be reduced to the form

(9)

Eq. (9) is analogous to the straight line equation 
y = mx + c, in which (ln ym + ln k) represents the 
slope while, (–k) represents the intercept of 

the plot of against the inverse of the retention 
time. The term (ln ym + ln k) is a measure of the 
availability of readily and moderately degradable 
fractions of the substrate. Godley et al. (2003) re-
ported that, because of the limited time range of 
most biodegradability test, only the readily and 
moderately degradable fractions are consumed 
while the poorly or recalcitrant fractions are hardly 
affected. Thus, the term can be used to select sub-
strate with the potential for high biogas production 
from a given substrate volatile solid under short re-
tention time and was referred to as the short term 
anaerobic biodegradability index (STABI). Higher 
values of this term depict substrate with the poten-
tial to produce high quantity of biogas under short 
retention periods while lower values are indica-
tive of substrate with the potential to produce low 
quantity of biogas under short retention periods 
from a given substrate volatile solids.

The term (–k) is a measure of the rate of removal 
of the biodegradable fractions as the biogas yield 
increases with time. This rate constant is an aspect 
of the first order rate constant. The first order ki-
netic constant was described by Eastman and 
Ferguson (1981) as purely an empirical function 
that reflects the cumulative effects of many proc-
esses such as pH, temperature, quantity and quality 
of substrate, rate of removal of the biodegradable 
fractions, rate of inhibition by other components 
of the substrate such as lignin or by- product of the 
reaction process such as fatty acids etc.

The more negative the value of (k), the faster the 
rates of removal of the biodegradable fractions while 

Ct
Co

ytym
ym

))(exp( kt
ym

ytym

ytktym )))(exp(1(

)(
)/(ln1

daydt
kgVSmldyt

t

y = 3.7433x + 0.1508
R² = 0.9608

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.05 0.1 0.15 0.2 0.25

1/
tl

n
(d
yt

(m
l/k

g 
VS

)/
dt

)

1/t (1/day)

Experimental (Digester A)
Lineární (Experimental (Digester A))

))(exp( ktkym
dt
dyt

ktkym
dt
dyt lnlnln

kkym
tdt

dyt
t

lnln1ln1

Fig. 3. Plot of 1/t (ln(dyt (ml/kg VS)/dt 
against 1/t for digester A

Experimental (Digester A)
Linear [Experimental (Digester A)]

Res. Agr. Eng.	 Vol. 57, 2011, No. 3: 97–104



102 

the more positive the value of (k), the slower the rate 
of removal of the biodegradable fractions. Thus, Eq. 
(9) can be used to measure the room temperature 
short term biodegradability and also identify anaer-
obic processes that are progressive or stressed.

The application of this modified first order model 
equation in assessing the room temperature short 
term biodegradability and removal rate of the bio-
degradable fractions was carried out for the sub-
strates in digesters A–C. A plot of 

versus 
		

(1/day)
revealed that the modeled equation could suit-

ably assess the room temperature short term bio-
degradability and removal rates of biodegradable 

fractions of substrates used in anaerobic digestion 
as shown in Figs 3–5.

From Fig. 3, the room temperature short term bi-
odegradability of the substrate in digester A for the 
period under study was observed to be 3.7433 while 
the intercept, depicting the removal rate of biode-
gradable fractions was estimated to be –0.1508. The 
model was able to fit the data set with a goodness 
of fit (R2) of 0.9608. Similarly, digester B and C had 
room temperature short term biodegradability of 
3.9611 and 2.9196 with a removal rate constant of 
–0.1641 and –0.1818 and a goodness of fit of 0.9545 
and 0.913 as shown in Figs 4 and 5, respectively.

In essence, substrate in digester B, with a room 
temperature short term biodegradability of 3.9611, 
had the highest potential to produce more quantity 
of biogas for a given substrate volatile solid, followed 
by substrate in digester A and lastly by substrate in 
digester C. This may be attributed to the adequate 

Fig. 4. Plot of 1/t (ln(dyt (ml/kg VS)/dt 
against 1/t for digester B
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carbon to nitrogen ratio of substrate in digester B. 
Carbon to nitrogen ratio of 25:1 were described as 
optimum for biogas production (Marchaim 1992). 
This finding is corroborated by estimates provided 
by the modified Gompertz equation for the biogas 
production potential (B) of digester B, observed to 
be the highest (about 360 ml), which was followed 
by substrate in digester A (254.5 ml) and lastly by 
substrate in digester C (167.85 ml).

Similarly, the modified first order model revealed 
that substrate in digester A with a rate constant of 
–0.1508 had the highest removal rate of biodegrad-
able fractions (i.e. highest rate of biogas produc-
tion), followed by substrate in digester B (–0.1641) 
and lastly by substrate in digester C (–0.1818). This 
finding is again corroborated by estimates deter-
mined using the modified Gompertz equation. 
Substrate in digester A was observed to have the 
maximum biogas production rate of 37.87 ml/day, 
which was closely followed by substrate in digester B  
(36.99 ml/day) and lastly by substrate in digester C 
(18.95 ml/day).

CONCLUSIONS

Biogas production from cow dung and horse dung 
was established here to be feasible at room temper-
ature. Application of the modified Gomperzt equa-
tion in studying the biogas production was able to 
predict the pattern of biogas production with time. 
It was observed that the maximum biogas produc-
tion could be obtained from substrate in digester B  
(25% cow dung and 75% horse dung) which was 
closely followed by substrate mixture containing 
(100% horse dung) and lastly by substrate mixture 
comprising (50% cow dung and 50% horse dung). 
Digesters D and E were classified as failed digesters 
because of their inability to produce any measur-
able amount of biogas at the end of the digestion 
period.

Furthermore, these observations were corrobo-
rated using a modified first-order equation. This 
model was able to establish that substrate in digest-
er B have the highest room temperature short term 
biodegradability. This was followed by substrate 
in digester A and lastly by substrate in digester C. 
Also, the observed k values for the digesters A–C 
indicated that the reaction could have progressed 
efficiently. In essence, the short term room temper-
ature kinetic of biogas production from cow dung 
and horse dung can be effectively studied using 

the modified Gompertz model and also a modified 
first-order equation as developed here. 
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