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Abstract. Biogas is a mixture of methane, carbon dioxide and traces of numerous trace of elements. It is produced by
anaerobic digestion of organic matters including cattle dung which depend upon various factors affecting the population
and activity of microorganisms producing biogas. Among the various factors temperature is one of them which play a
significant role in biogas production from cattle dung. Biogas production from cattle dung was studied at temperatures
35°C to 55°C at a step of 5°C to study the effect of temperature on biogas production from cattle dung. In this work a
mathematical model is developed for evaluating the effect of temperature on the rate of biogas production from cattle dung.
The new mathematical model is derived by adding the effect of temperature on the modified Gompertz model. The new
model is found to be suitable for predicting the biogas production from cattle dung in the temperature range 35°C to 55°C.
The results from the new model are found to be highly correlated to the experimental data of present study.

INTRODUCTION
Over reliance on fossil fuels with growth in technology and urbanization has lead to the global climate change,
environmental pollution and challenges in human health. Moreover oil and natural gas price is rising up which is
driving the current economy towards alternative energy sources like biogas from biomass. Biogas is produced by
anaerobic digestion of organic waste like cattle dung. Anaerobic digestion technology is a process in which
microorganisms degrade the biodegradable part of the organic material in absence of oxygen to produce biogas.
Various factors affect the anaerobic digestion of cattle dung. Temperature is one of the important factors for bacterial
growth which eventually affects the biogas production [Ingraham, 1962]. Numerous studies had been carried out to
study the importance of temperature on biogas production from cattle dung. Kinetic study was also done to understand
the mechanism behind the anaerobic digestion [Castilo et al., 1995, Abdullahi I., 2011, Mata-Alvarez et al., 1993]. It
was observed that temperature dependency is not that revealing in most of the kinetic models. Several researchers
have reported about the simulations of biogas, methane and hydrogen production rate and accumulation in their reports
(Altas, 2009; Li and Fang, 2007; Lin and Shei, 2008; Bilgili et al., 2009; De Gioannis et al., 2009; Kumar et al., 2004;
Tosun et al., 2008; Wang and Wan, 2009; Erses et al., 2008; Mu et al., 2007; Li et al., 2012). The biogas accumulation
was also simulated by logistic growth curve, exponential rise to maximum as well as modified Gompertz equations
which were commonly used in the simulation of methane and hydrogen production (Altas, 2009; Li and Fang, 2007;
Lin and Shei, 2008; Wang and Wan, 2009). Lo et al., 2010 simulated cumulative biogas production from anaerobic
digestion of MSW using exponential rise to maximum and modified Gompertz equations and found that Modified
Gompertz plot had higher correlation than exponential rise to maximum plot for simulating cumulative biogas
production. Many other researchers have applied the modified Gompertz equation in their work [Agulanna et al., 2012;
Nopharatana et al., 2007; Yusuf et al., 2011]. Budiyono et al., 2010 have applied modified Gompertz equation to study
the biogas production from cattle dung. Momirlan and Veziroglu, 1999, Zwietering et al., 1990and Lay et al., 1996

applied modified Gompertz equation to study the bacterial growth. In this work, biogas production from cattle dung
is studied at various temperatures and based on the result of that a kinetic model is developed for evaluating the effect
of temperature on the biogas production from cattle dung.

MATERIALS AND METHODS
Fresh cattle dung was collected from nearby dairy farm and cleaned. Budiyono et al., 2010 stated that TS content of
7.4 and 9.2% in cattle dung exhibit the best performance for digestibility. Mahanta et al., 2004 reported that for cattle
dung the maximum gas production was obtained with 8% TS. Hence, water was added to the fresh cattle dung in 1:3
(mass: mass) so as to make the TS approximately 9% to make the substrate. Literature reveals that maximum biogas
production can be achieved with C:N in the range of 25:1 to 30:1, [Hills and Roberts(1981)] and the C:N ratio of cattle
dung is also found to be 21.87:1 which is within the range of 25:1-30:1. The substrates temperature was varied from
35°C to 55°C by putting the digesters in hot water bath at various temperatures. Proximate and ultimate analysis of
cattle dung were carried out to investigate about the total solid content, volatile solid content, carbon content and
nitrogen content of cattle dung.

EXPERIMENTAL SET-UP AND PROCEDURE

Fig. 1. Schematic diagram of experimental set-up [Ph.D thesis, M. D. Ghatak, 2015]

The experimental set-up for batch biomethanation study is shown by the Fig.1. is used as The laboratory bio-digester
consisted of 1 litre capacity borosilicate glass with air tight rubber cork fitted into its opening. Thermometer and
copper tubes were fitted through the holes made in the rubber cork for measuring the substrate temperature and to
provide a passage for the gas flow through the connecting tube. The digester was filled with the substrate upto 900 ml
volume. 100 ml was kept free at the upper portion of the digester for biogas accumulation. After that the bottle were
sealed and kept inside water bath with specified temperature. The digesters were stirred manually twice a day for 5
minutes to prevent settling of the substrate. The amount of biogas produced was measured with the help of water
displacement system.
Similar set ups are replicated to conduct experiments to study the effect of various temperature on biogas
production from cattle dung.

RESULTS AND DISCUSSIONS
Biogas production from cattle dung at temperatures 35°C-55°C at a step of 5°C was studied and the cumulative
biogas production was simulated using modified Gompertz plots. The kinetic parameters developed from the
simulation at various temperatures were studied using non-linear regression analysis. It was observed that the
kinetic parameters at different temperatures showed exponential behavior with temperature. The expressions of
various kinetic parameters as a function of temperature are used in the modified Gompertz model. The suggested
mathematical model gave satisfying conformity with the experimental data.
The modified Gompertz equation which gives the cumulative biogas production from digesters in batch mode
assumes that biogas production rate corresponds to specific growth rate of methanogenic bacteria in the digester
[Budiyono et al.(2010); Nopharatana et al.(2007) and Yusuf et al.(2011)]. Equation (1) presents the modified
Gompertz equation as given below.

(1)
where
P is the cumulative of the specific biogas production (ml/gm VS)
A is the biogas production potential (ml/gm VS)
U is the maximum biogas production rate (ml/gm VS/day)
λ is the lag phase period or the minimum time required to produce biogas (day)
e is the mathematical constant having value 2.718282
t is the time period of biogas production (day)
The constants A, U and λ were determined using the non-linear regression approach with the aid of the solver
function of the MS Excel ToolPak.
The experimental data of biogas accumulation from cattle dung are plotted along with the model data in
cumulative biogas production vs HRT plot. Figure 2 presents the experimental data along with the model data
of cumulative biogas production from cattle dung vs HRT at five different temperatures. It shows that the
model data fits quite well with that of the respective experimental data with co-efficient of regression (R2) 0.99
for all the temperatures from 35°C-55°C. Pexp and Pcalc indicate the experimental data and calculated data
respectively.

Fig. 2. Comparison of experimental and model data for cattle dung

The experimental data are analyzed using non-linear regression for determining the kinetic constants A, U and
λ of the modified Gompertz model for every case. Table 1 depicts the comparison of kinetic constants at
different temperatures for cattle dung. It is observed that cattle dung has got highest biogas production rate (U)
at 55°C followed by 50°C, 35°C, 45°C and finally 40°C. In thermophilic condition highest biogas production
potential (A), maximum biogas production rate (U) and lowest lag phase period (λ) is obtained at 55°C. In
mesophilic condition highest biogas production potential (A) and maximum biogas production rate (U) is
obtained at 35°C.
Table 1. Kinetic parameters at different temperatures for cattle dung

Substrates/Temperatures
Cattle Dung
(CD)

35°C

40°C

45°C

50°C

55°C

A, (ml/gm VS)

28.990

18.463

21.643

33.951

36.708

U, (ml/gm VS/day)

0.939

0.528

0.760

1.344

1.340

λ, days

8.017

6.654

6.232

6.045

5.129

Non-linear curve fitting is done to the biogas production potential (A), maximum biogas production rate (U)
and lag phase period (λ) for cattle dung for temperature range 40°C to 55°C. It is found that the trendline in all
the three cases fit into an exponential form of equation as shown in Eq. (2) with regression co-efficient
R2=.0.927, 0.898 and 0.915, respectively.

Fig. 6. Effect of temperature on biogas production
potential, A

Fig. 7. Effect of temperature on Maximum Biogas
production rate, U

Fig. 8. Effect of temperature on lag phase period, λ

(2)
After doing the curve fitting of the parameters, A, U and λ with the experimental data the following three
equations are obtained as shown by Eq.3-5.

𝐴 = 2.4429 × 𝑒 0.0502×𝑡

(3)

𝑈 = 0.0375 × 𝑒 0.0674×𝑡

(4)

λ = 12.943 × 𝑒 −0.016×𝑡

(5)

The kinetic parameters A, U and λ are found to be the function of temperature, t as shown in Eq. 3-5. The expressions
of the kinetic parameters as a function of temperature are fitted in the modified Gompertz model, thus introducing the
temperature term in the parent model. After introducing the temperature term in the modified Gompertz equation the
following equation for cattle dung is obtained.

P  2.4429  e

0.0502 t

0.0375  e0.0674t  e
exp{ exp[
 (12.943  e 0.016t  HRT )  1]}
0.0502 t
2.4429  e

(6)

where
t = temperature in the range 40°C to 55°C
HRT = hydraulic retention time, 1 to 50 days
Biomasses considered = fresh cattle dung mixed with tap water in 1:3 ratio
Volume of feedstock slurry = 900 ml
Total solid = 9%.
A, U and λ can be calculated using Eq. 3-5, within the range 40°C to 55°C and can be directly applied in Eq.
(6) to obtain the expected amount of biogas generation from the above mentioned biomass for hydraulic
retention time of 50 days with total solid of substrate being 9%.

VALIDATION OF NEW MODEL FOR CATTLE DUNG WITH PRESENT STUDY
The validation of reformed form of the modified Gompertz model for cattle dung is done by comparing the data
obtained from literature with the data from the present study. It is observed from Fig. 9 that the model conforms
quite well to the experimental data of biogas production from cattle dung.

Fig. 9. Validation of reformed modified Gompertz model for cattle dung with present study

CONCLUSIONS
Experimental data on biogas production from cattle dung is simulated using modified Gompertz equation and
found that the kinetic parameters of the model have got an exponential relationship with temperature. Based
on this relationship, the effect of temperature on biogas production from cattle dung is introduced in the
modified Gompertz equation and the model is reformed. Data from the model is validated with the data
obtained from literature on biogas production from cattle dung under similar conditions as well as with data
obtained from present study at different temperatures.
The reformed form of the modified Gompertz equation is able to predict the amount of biogas production from
cattle dung under specified conditions.
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