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ABSTRACT 
 
The process kinetics of an anaerobic digestion process treating sulphate-rich 
wastewater was investigated. A laboratory scale continuously stirred tank reactor (5 l, 
CSTR) was operated with a molasses wastewater at a range of hydraulic retention times 
(HRTs) and the results were analysed in two ways: the Monod model and the Contois 
model.  Both kinetic models showed a good agreement with the experimental results 
with a high value of correltion. The results further showed that the Contois model 
provides a better prediction for the performance of the anaerobic digester than that of 
the Monod model. In addition, the investigation showed that wall growth played an 
important role when digester contained low concentrations of solids.  
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	ABSTRACT
	The process kinetics of an anaerobic digestion process treating sulphate-rich wastewater was investigated. A laboratory scale continuously stirred tank reactor (5 l, CSTR) was operated with a molasses wastewater at a range of hydraulic retention times 
	1.INTRODUCTION
	Sulphate rich wastewaters are generated by many food processing industries which use sulphuric acid or sulphate-rich feed stocks, such as molasses, a by-product of sugar production. These wastewaters are awkward to treat biologically because of their hig
	Process modelling is a useful tool for describing and predicting the performance of anaerobic digestion systems. Monod type models have been widely used to describe the process kinetics of anaerobic digesters (Andrew, 1971; Siegrist et al., 1993; Anders
	2.MATERIALS AND METHODS
	2.1.Equipment
	A laboratory scale CSTR was used as an anaerobic reactor and consisted of a bottle-shaped Duran flask fitted with a side U-pipe, giving a working volume of 5 litre. It was maintained at a temperature of 35 ( 1 ?C by a thermostatically controlled heating
	2.2.Inoculum
	The inoculum used in this work was obtained from a pilot scale anaerobic digester, which was used to digest molasses wastewater in the environmental biotechnology laboratory at the University of Birmingham.
	2.3.Wastewater
	A 1 (W/V) % solution of molasses was used as a typical wastewater from sugar manufacturing industries and was obtained by diluting the raw molasses with distilled water. The raw molasses was supplied by British Sugar Corporation Kidderminster. The mola
	2.4.Experimental procedure
	Five different HRTs were used to investigate the anaerobic digestion of molasses wastewater. In order to establish the normal steady-state condition, the digester was fed with the molasses wastewater with at least five residence times at each HRT.  The e
	2.5.Chemical analysis
	The following measurements were carried out according to standard methods for the examination of water and wastewater (APHA, 1992): alkalinity, SO42- and TSS/VSS.
	The SCOD was measured by the sealed tube method (sample size, 2 ml) (Hach, 1500 mg/l range). The content of H2S in the biogas was measured using the Drager H2S package (Tube CH 29101). The amounts of CH4 and CO2 was measured by the gas chromatograp
	Volatile fatty acids (VFA) were determined with a gas chromatography (Cambridge model Ai) using a D-BFFAP megabore column (30 m ( 0.536 mm ID). Helium served as the carrier gas at a flow rate of 3.2 ml/min.
	Table 1.  Molasses wastewater composition
	Parameter
	Concentration (mg/l)
	PH
	7.70
	COD
	7300
	Alkalinity
	1500 (as CaCO3)
	VFA
	256
	NH4-N
	185
	SO42-
	140
	TSS
	( 0
	VSS
	( 0
	3.RESULTS AND DISCUSSION
	Table 2 summarises the steady-state results obtained during the reactor operation at five different HRTs. The pH and alkalinity remained within the optimal working range for anaerobic digesters (6.8-7.2 and above 1500 CaCO3 mg/l) throughout the experim
	Table 2. Experimental results obtained under steady-state conditions (mean values)
	HRT (day)
	7.96
	6.12
	5.08
	4.04
	2.40
	Effluent conc. (SCOD mg /l)
	297
	449
	560
	703
	1422
	COD removal (%)
	96
	94
	92
	90
	81
	Total gas (l/l/d)
	0.446
	0.598
	0.724
	0.908
	1.217
	CH4 yield (l/g CODrem)
	0.370
	0.358
	0.355
	0.361
	0.303
	H2S content (ppm)
	80
	100
	500
	700
	925
	Effluent SO42-  conc. (mg/l)
	122
	122
	90
	71
	40
	VFA (mg/l)
	180
	210
	255
	274
	526
	Effluent biomass conc.
	(VSS mg/l)
	1391
	1378
	1371
	1400
	1403
	3.1.Development of the kinetic model
	Monod model - Rate of change for microbial biomass
	For a completely stirred tank reactor without biomass recycle, the rate of change of microbial biomass can be expressed by:
	(1)
	where Q is the flow rate (l/d)
	V is the volume of the reactor (l)
	X0 and X are the concentrations of biomass in the feed and the reactor/effluent
	(g VSS/l), respectively
	( and Kd are the specific growth rate (1/d) and death rate (1/d),
	respectively
	If it is assumed that the concentration of biomass in the influent can be neglected, that at steady-state dX/dt = 0 and that the hydraulic retention time (HRT) is defined as the volume of the reactor divided by the flow rate of the influent, since the 
	(2)
	then Equation (1) reduces to
	(3)
	This equation can be used to estimate the effluent substrate concentration at the steady-state condition.
	Rate of change for substrate concentration
	The rate of change in substrate concentration in the system could be expressed as:
	(4)
	where, Y is the yield coefficient (g VSS/g COD)
	S0 is the substrate concentration in the feed (g COD/l)
	At steady-state conditions, the rate of change in substrate concentration is negligible and by a similar technique to that used for the substrate concentration, the above equation can be rearranged to estimate the effluent biomass concentration:
	(5)
	Contois model
	A similar technique was used to develop the Contois model.  The relationship between the specific growth rate and the rate limiting substrate concentration can be expressed by the Contois equation (1959) as follows:
	(6)
	Where, B is the kinetic parameter (g COD or VS/g biomass)
	By substituting Eq. (6) instead of the Monod equation into Equation (1) gives:
	(7)
	The effluent substrate concentration at steady-state then could be expressed, after rearranging Equation (7) as:
	(8)
	Rate of change of effluent biomass concentration
	In this model, the equation for the effluent biomass concentration has the same expression as Eq. (5) due to a similar technique being used.
	Equation (3) and (5) form the basis of the Monod model while Equation (8) and (5) form the basis of the Contois model. If the kinetic parameters are known, Equation (3)/(8) and (5) can be used to predict the effluent substrate concentration
	3.2.Determination of the kinetic parameters
	Kinetic parameter: Y and Kd
	The kinetic parpmeters Y, Kd can be obtained by rearranged Equation (5) as shown below:
	(9)
	By plotting Equation (9) the values of Y and Kd can be calculated from the slope and intercept of the line.
	Kinetic parameter: (max and Ks (Monod model)
	The value of (max and Ks could be determined by plotting Eq. (10), which was derived by rearranging Eq. (3). The value of (max can then be calculated from the intercept of the straight line while Ks can be obtained from the slope of the line.
	(10)
	Kinetic parameter: (max and B (Contois model)
	Similarly, the value of (max and B, it can be obtained by plotting the Eq. (11), which is obtained by rearranged Eq. (7). The value of (max could be calculated from the intercept of the straight line while B could be obtained from the slope of the 
	(11)
	Five steady-state sets of data were used to determine the kinetic parameters required for applying both models. Figure 1 was plotted for determining the values of Y and Kd while the values of (max and Ks (Monod model) were estimated from Figure 2. For
	Table 3. Kinetic parameters
	(max
	(1/day)
	Ks
	(g COD/l)
	B
	(g COD/g VSS)
	Y
	(g VSS/g COD)
	Kd
	(1/day)
	Monod
	0.6819
	Contois
	0.6796
	0.8850
	0.6349
	0.2659
	0.0531
	Figure 1: Determination of growth yield and decay rate
	Figure 2: Determination of maximum specific growth rate and half saturation constant
	Figure 3: Determination of maximum specific growth rate and kinetic constant
	3.3.Evaluation of the kinetic model
	The Monod model and Contois model were evaluated by comparing the predicted and experimental results. The results are given in Table 4 and Figure 4. As is shown, the predicted results using the both models showed a good agreement with the experimental re
	It should also be noted that both models overestimated the effluent substrate concentration at the shortest HRT (2.40 days). A possible reason was because a considerable amount of biomass became attached to the inside walls of the digester and acting a
	By using Equation (3) and (8), the theoretical minimum HRT could be calculated for the Monod model and Contois model. A theoretical minimum HRT of 1.8 days and 1.6 days were found for the Monod model and the Contois model, respectively, which were cl
	Table 4. Comparison between the predicted and experimental results (The values in parenthesis are the percentage error)
	Effluent substrate concentration (g COD/l)
	HRT (day)
	Experimental value
	Monod model pred.
	Contois model pred.
	7.96
	0.297
	0.314 (5.7)
	0.297 (~0)
	6.12
	0.449
	0.412 (8.2)
	0.410 (8.7)
	5.08
	0.560
	0.512 (8.6)
	0.524 (6.4)
	4.04
	0.703
	0.698 (0.7)
	0.725 (3.1)
	2.40
	1.422
	1.960 (37.8)
	1.833 (28.9)
	Figure 4: Comparison of the predicted and experimental results
	4.CONCLUSION
	Both Monod model and Contois model gave a satisfactory prediction for the effluent substrate concentration when treating a sulphate-rich wastewater. The Contois model provided better predictions than the Monod model with a higher correlation value and ge
	The effect of wall growth had an important role when anaerobic digester was operated with a liquid wastewater.
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