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    Abstract— The application of kinetic models (Monod, Contois and Chen & Hashimoto) and overall microbial kinetic 

on the Up-flow Anaerobic Sludge Blanket Reactor (UASB) for treatment of flax retting wastewater was investigated. The 

system consists of a UASB reactor and six steady states were attained over a range of COD loading rates of 1.5–8.6 kg 

COD/m3/d. The results of all six steady states were successfully fitted above 96% for three known kinetics. The growth 

yield coefficient, Y, was found to be 0.74 gVSS/gCOD while the specific microorganism decay rate was 0.20 d-1. The k 

values were in the range of 0.3 – 0.523 gCOD/gVSS/d and µmax values were between 0.259 and 0.352 d-1. The COD 

removal efficiency was 90.5-64.5% with HRT of 72-12 hrs. The system efficiency was greatly influenced by SRT and 

OLRs.  

       
     Index Terms—Retting wastewater; anaerobic digestion; UASB; kinetic parameters. 

I. INTRODUCTION 

The up flow anaerobic sludge blanket (UASB) technology is a form of anaerobic digester that is used in the 

treatment of low and high strength wastewater. An understanding of the process kinetics is vital in the design, 

development and operation of UASB reactors. Kinetics provides basis for process analysis, control and design. 

In addition kinetics describes the substrate utilization rates and deals with operational and environmental factors 

affecting these rates [1].  Bacterial growth kinetics is based on two fundamental relationships: growth rate and 

substrate utilization rate. 

A variety of microbial growth and biodegradation kinetic models have been developed, proposed and used by 

many researchers as reported by [2]. Such models allow prediction of chemicals (substrates) that remain at a 

certain time, calculation of the time required to reduce chemicals (substrates) to certain concentration, 

estimation of how long it will take before certain chemical (substrate) concentration will be attained in UASB 

reactor and design of bioremediation schemes in situ or ex situ to remove chemical (substrate) contaminant to a 

designed concentration. On the other hand, it can be used to predict the amount of biomass production 

achievable at a given time. 

Flax retting wastewater resulted from Oil and flax company in Egypt was treated an aerobically by using UASB 

reactor where batch and continuous treatment were investigated [3]. The aim of the present paper is to describe 

the performance of the UASB reactor in treating the Flax retting wastewater by three kinetic models namely 

Monod, Contois and Chen & Hashimoto. A comparative study by using Monod and Haldane derivatives models 

equations will be considered to calculate the specific growth rate of biomass in the USAB reactor. 

II. DEVELOPMENT OF SOME KINETIC MODELS 

Several complete structured kinetic models have been developed for the anaerobic process [4] & [5] and have 

been validated in practical applications [6-8]. At the cost of increasing complexity, these models are very 

complete and take into account a set of physico-chemical equations, incorporate gas transfer and ionic reactions 

and also structured biochemical equations. However, these models consider up to 26 dynamic state 

concentration variables per reactor vessel or element, and a deep knowledge of the system and intermediate 

concentrations is needed to apply these models. 

 

Simpler models that study the variation of complex substrates using a global parameters such COD, biological 

oxygen demand (BOD) or volatile suspended solids (VSS) are more useful in industrial applications where 

usually the instruments to measure concentrations of intermediates are not available. Several authors proposed 

complex kinetic models to fit global parameters during anaerobic biodegradation [9-12]. However, the simplest 

first-order power law serial-parallel system reaction fits properly in most of the cases [13-15]. 
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A. Monod Model  

According to literature, the UASB reactor has two distinct characteristics: the sludge bed and blanket which can 

be described as a combination of a completely mixed region and the flow characteristics in the setting zone 

which can be described as plug flow, taking account of the effect of rising gas bubbles from the sludge bed and 

blanket zone, the UASB reactor is assumed to be completely mixed flow. 

For an UASB reactor without biomass recycle, the rate of change of biomass and substrate in the system can be 

expressed respectively as Eqs. (1) and (2)  

 

    = Xo   - Xe   +U.X – Kd.X                     (1) 

 

                                      (2) 

 
Where Q is the flow rate of influent wastewater (L.d

-1
), Vb is the volume of sludge bed (L), Xo is the  biomass 

concentration of influent wastewater (mg1
-1

), Xe is the biomass concentration of effluent wastewater (mg1
-1

), X 

is the biomass concentration in reactor (mg1
-1

), Kd is the endogenous decay coefficient (d
-1

), So is the  influent 

substrate concentration (mg1
-1

), Se is the effluent substrate concentration (mg1
-1

), µ is the specific growth rate 

(d
-1

),  µm= maximum specific growth rate (d
-1

) and Y is the yield coefficient. 

 
The ratio of total biomass in the reactor to biomass wasted per given time correspond to the average time called 

SRT or referred as mean cell residence time ( ) and calculated from Eq. (3) 

                                                               (3) 

 

The relationship between specific growth rate and limiting substrate concentration can be expressed by Monod 

Eq. (4) as 

 

                                                                                                 (4) 

The constant µm    indicates maximum growth rate of microorganisms when the substrate is being used at its 

maximum rate, and Ks indicates the level of substrate concentration at one half the specific substrate utilization 

rate. 

By considering Xo is negligible and  , the biomass concentration (X) in the reactor can be derived from 

Eqs. (1)- (4) as follows: 

  

                                                (5) 

 

By substituting Eq. (3) in Eq. (5), So µ will be 

 

µ=                                                                 (6) 

 

Also from equation (2) by considering and using Eqs. (5) and (6) then 

 

                                          (7) 

 

Also the substrate concentration (S) can be derived from Eq.(2) as follows: 
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                                                    (8) 

 

Where Y is defined as yield coefficient. 

 

From Eqs (4) and (8) we get equation [9] 

 

                                               (9) 

 

And from equation (7) and (9) we get 

 

                                                          (10) 

 

Eq. (7) and (10) are nonlinear equations, so to estimate the values of the kinetic constants, an arrangement of 

Eqs (4) and (7) will result Eq. (11) and (12) 

 

                                                (11) 

 

                                                  (12) 

B. Haldane Model 

The Haldane kinetics follows the equation as stated in Eq. 13[16] . 

  

                                                                  (13) 

Where Ki indicates the substrate concentration, above which growth rate of microorganisms is less than  

indicating inhibition effect. At steady-state conditions, after applying substrate balance in UASB reactor, 

Eq.(14) can be obtained  

 

                                  (14) 

Where    K = , the maximum specific substrate utilization rate. 

C. Contois Model 

Contois kinetic is another mode with slight modification of Monod model to calculate the substrate growth rate 

 

                                                              (15)                                                

Where µ is the specific growth rate, Kx is the Contois constant. The selective substrate concentration is 

proportionally related to the cell growth where U is inversely related to the cell growth rate at high cell density  

D. Chen&Hashimoto Model 

Among the kinetic models developed to understand the performance of anaerobic digestion of the retting 

wastewater studied is one proposed by Chen and Hashimoto. Its main characteristics are: (a) the specific growth 

rate of microorganisms µm, is defined from the Contois’ equation; (b) continuous or semi continuous 

completely mixed flow systems are considered; (c) predominant microorganisms in the biological treatment 

system are not present in the influent; (d) the yield coefficient (ratio of the cell mass concentration divided by 

the substrate concentration) is constant; (e) cellular lysis is not taken into account; (f) effluent substrate 

concentration is directly proportional to influent substrate concentration; (g) methane production is directly 

proportional to biodegradable substrate assimilation, and methane and carbon dioxide are the main final 
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products of organic matter biodegradation. The kinetic equation governing this anaerobic digestion model is 

given by 

 

Θ= 1/µm + K/ µm * β / (β0- β)                                              (16) 

 

Where B denotes the volume (liters) of methane produced under normal conditions of pressure and temperature 

per gram of substrate (COD) added to the digester (l CH4 STP/g COD added); B0 is the volume of methane 

produced under normal conditions of pressure and temperature per gram of substrate added at infinite retention 

time or for complete utilization of substrate (l CH4 STP/g CODadded); mmax, is the maximum specific microbial 

growth rate (days
-1

); K, is a dimensionless kinetic parameter related to the rate and the stability of the anaerobic 

process [17]; and Θ is the HRT (days). 

III. MATERIALS AND METHODS 

Flax retting wastewater resulted from Tanta Company for oil and flax, Egypt was treated an aerobically by using 

continuous UASB reactor. The experimental methodology including acclimation step, feed preparation and 

characteristics, seed sludge, equipments, sample collection, chemical analyses, reactor configuration, gas 

collection system, and other technical and operational details was fully documented in the author’s previous 

studies on the anaerobic treatability of flax retting wastewater [3] within six average results of 15 experiments 

under steady conditions which are used in the present kinetic study to determine the kinetic coefficients (µm , Ks 

, Kd, Y) .  

IV. RESULTS AND DISCUSSION 

A.  Monod Model 

In this article, Monod Model is tested for its capability to demonstrate the substrate removal (degradation of 

organic substances) and microorganism
'
s growth rate kinetics of UASB reactor in treating Retting wastewater 

with COD ranging from 3.570- 4.280 g/L. 

The Y and Kd values calculated from Eq.(12)by  plotting HRT (θ) versus   as illustrated in  

Fig. (1) Where the slop represents   and the intercept represents    .     

The Y and Kd values are 0.74 gm VSS/gm COD  and   0.2 d
-1 

respectively. The Y is higher than that reported for 

acetoclastic methogens (0.01-0.05 mg VSS/ mg COD) and in the range of acidogens (0.14-0.17 mg VSS/ mg 

COD) [18]. This is due to the determination of overall yield for mixed culture. Also the value of Y is high 

(0.083 mg VSS/ mg COD) as compared with wastewater of COD ranging from 0.300-4.000 g/L [1]. The 

magnitude of endogenous decay coefficient (Kd) observed is high as compared within the range reported for 

acetoclastic methogens (0.0004-0.007 h
-1

) [18]. 

 

Fig. 1 The calculation of Y and Kd values 
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Fig. 2 Determination of the values of μm and Ks 

The values of µm and Ks were determined from Fig [2] using Eq. [11] by plotting   verses 1/Se. The µm 

is   0. 3 d
-1

 and Ks 450 gm COD/L.  The obtained µm is at a side of that reported for mixed and pure cultures of 

acetoclastic methogens at temperature 35-37 
ο
C [18-20].  

B. Haldane Model 

                                                      (14) 

 = 0.00257 

 

 = 2.47 

 

= 1125 

From Eq. (14) a plotting of  versus   is presented in Fig (3) to calculate   ,    and    

where   = 0.00257,  = 2.47 and = 1125 

 

By solving these three equation with the three unknown K is 0.45, Ks is 450 mg COD/l and Ki  is  950mg 

COD/l 
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Fig. 3 Determination of kinetic parameters of Haldane model 

 

Fig. 4 Modified Monod Model 

C. Substrate Utilization rates for modified equation of Monod, Contois and Chen &Hashimoto  

The kinetic coefficients of the selected model were derived from Eq. (2) in Table (1) by using a linear 

relationship. The coefficients are summarized in Table (2). It was found that the three models produced a good 

relationship with R2 > 96% for the UASB reactor treating retting wastewater as shown in Figures. 4,5 and 6. The 

better performance of both Contois and Chen & Hashimoto implied that organic loadings should be taken into 

consideration for digester performance. In fact these two models suggested that the predicted permeate COD 

concentration (S) is a function of influent COD concentration (So). However, in Monod model, S is independent 

of So. The excellent fitting of these three models (R
2
 > 96%) in this study suggests that the UASB reactor 

process is able to sustain loadings between 1.5 and 8.6 kg COD/m
3
/d. 
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Table (1) Mathematical expressions of specifics substrate utilization rates for known kinetic models 

 
Kinetic Model Equation 1 Equation 2 

Monod U=kS/KS+S 1/U=KS/k(1/S)+1/k 

Contois U=UmaxS/Y(BX+S) 1/U=a X/µmax+Y(1+a)/µmax 

Chen & Hashimoto U=µmaxS/YKS0+(1-K)SY 1/U=YKS0/µmax+Y(1-K)/µmax 

Table (2) Results of the application of three known substrate utilization models 

 
Model Equation R2 (%) 

Monod U-1=2.501S-1+3.595 99.24 

 KS=560  

 K=0.3  

 µmax=0.259  

Contois U-1=0.307X/S+2.82 96.16 

 B=0.1121  

 Umax=0.324  

 a =0.114  

 K=0.523  

 µmax=0.352  

Chen & Hashimoto U-1=0.0189S0/S+3.67 98.96 

 k =0.354  

 a =0.005  

 K=0.006  

 µmax=0.285  

 

 

Fig. 5  Contois Model 

 
Fig. 6 Chen and Hashimoto Model 
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V. CONCLUSION 

In this study the kinetics of UASB reactor treating wastewater with COD in the range of 3000–4200 mg/ l has 

been explored using Monod model and Haldane model. The results of this analysis indicate that substrate 

removal model fits well for estimates of kinetic coefficients in UASB reactors. Among the three kinetic models, 

Monod model is observed to be the preeminent The other two models for predicting the performance of UASB 

reactors. It is also observed that linearized form of Contois and Chen &Hishimoto models engross considerable 

coefficient kinetic values compared to literature. The observed values of kinetic coefficients of linearized 

Monod model are in good agreement with reported values in literature. The growth yield coefficient, Y, was 

found to be 0.74 gVSS/gCOD while the specific microorganism decay rate was 0.20 d
-1

. The k values were in 

the range of 0.3 – 0.523 gCOD/gVSS/d and µmax values were between 0.259 and 0.352 d
-1

. 

VI. ABBREVIATIONS 

Q = the flow rate of influent wastewater (L.d
-1

) 

Vb = volume of sludge bed (L) 

Xo= biomass concentration of influent wastewater (mg1
-1

) 

Xe= biomass concentration of effluent wastewater (mg1
-1

) 

X= biomass concentration in reactor (mg1
-1

) 

Kd= endogenous decay coefficient (d
-1

) 

So= influent substrate concentration (mg1
-1

) 

Se= effluent substrate concentration (mg1
-1

) 

µ= specific growth rate (d
-1

) 

µm= maximum specific growth rate (d
-1

) 
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