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1. 
Introduction

In this project, three types of wastewater are considered. The first one coming from a dairy industry, contaminated with organic carbon components as well as nitrogen, the second typical for an area including chemical industry, containing toxic or recalcitrant compounds, the third one a domestic wastewater which occasionally contains toxic or organic overloads.  

As the selected models have to be general enough to be applied in different types of process, the EOLI project considers two wastewater groups: one with only Carbon as the substrate to be removed, and another with Nitrogen consideration (where nitrification and denitrification are needed). Therefore during the EOLI Kick-off meeting in Narbonne, we have agreed to use two models: first model (denoted EM1: EOLI Model 1) is dedicated to the carbon removal process, and the other one (denoted EM2) is dedicated to remove carbon and nitrogen (involving nitrification/ denitrification). 

The EM1 deals with the wastewater treated by UNAM and IBTech; while the EM2 is related to the WWTP for the following partners: UU, LBE and POLIMI (+ENEA as subcontractor).

2. Reaction scheme

2.1. EM1-Carbon removal model

The main process is related to the first reaction describing the degradation of the treated substrate via aerobic digestion.
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with X1 and X2 the corresponding biomasses for both reactions, respectively.

Indeed, the metabolite is only produced if there is inhibition; otherwise there is only weak quantity of metabolite. Moreover, it is not directly measurable. Usually, absorbance in several sequences is needed to enable its measurements. Considering these difficulties, the metabolite study in modelling is optional; it will depend on the first experiments results.

On the other hand, there is a formulation problem of the biomass acclimation/ deacclimation in the physical point of view. Is it an enzymatic problem; is there any kinetics change? Several scenarios will be considered for the modelling.

2.2. EM2-Carbon-Nitrogen removal model

The reactions that are presented below are established after modifications at the Mexico meeting, on 7th - 9th May 2003.

The aerobic phase is related to the reactions representing the nitrifying activity:
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reaction (3)
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reaction (4)

The anoxic phase involves the denitrification. The corresponding scheme is:
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reaction (5)

Taking into account the ammonification, we have also:
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reaction (6)

where N = TKN – NH4+, is the soluble organic nitrogen, and the reaction rate: r = k0 SN.

The endogenous respiration, with a reaction rate re, is related to the following reaction:
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reaction (7)

The biomass mortality is represented by the following scheme:
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reaction (8)

where Xtotal is the total biomass (X3 and X4), and Xd is the dead biomass. CX is the organic carbon issued from dead biomass. The previous reaction includes the mortality due to the presence of acute toxicant.

3. Dynamical model description

3.3. EM1-Carbon removal model

This model deals with the WWT process with only one substrate to be treated (i.e. Chlorophenol). Here, fed-batch and batch reactors are combined in order to optimise the treatment time. Let us denote SC, SO, and X1 respectively, the concentration of the substrate to be treated, the concentration of the dissolved oxygen (DO) in the water and the concentration of the biomass for the first reaction. Consider also V, the wastewater volume in the tank and Fin, the inlet wastewater flow rate. A simple mass balance leads us to obtain the following equations:



[image: image9.wmf]1

1

1

X

V

F

dt

dX

in

÷

ø

ö

ç

è

æ

-

=

m


 (1)



[image: image10.wmf](

)

C

in

C

in

C

S

S

V

F

X

k

dt

dS

-

+

-

=

,

1

1

1

m


 (2)



[image: image11.wmf](

)

t

F

dt

dV

in

=


 (3)



[image: image12.wmf](

)

(

)

(

)

O

O

a

K

O

O

V

F

X

r

k

dt

dO

sat

l

in

in

-

+

-

+

+

-

=

 

1

1

2

m


 (4)

where k1, k2, r, Kla, SC,in, Oin and Osat are the yield coefficient for substrate degradation, the oxygen yield coefficient, the specific endogenous respiration rate of the biomass in the water, the oxygen mass transfer coefficient, the influent substrate concentration, the influent DO concentration, and the saturation DO concentration in the liquid medium, respectively. 

Note here that when batch reactor is considered Fin = 0, then the previous equations are still adequate.

As Chlorophenol inhibits the growth of the biomass, the Haldane model can be applied to describe the specific growth rate of the biomass, (1, such as:
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(5)

where (1max, KS and KI are the maximum specific biomass growth rate, the Michaelis-Menten constant and the inhibition constant for a Haldane kinetics model of biomass, respectively.

3.4. EM2-Carbon/Nitrogen removal model

Let us denote SC, SNH, SNO, SO, X3 and X4, the biodegradable substrate concentration (carbon, mg COD/L), the ammonia nitrogen concentration (mg N/L), the nitrate (+nitrite) nitrogen concentration (mg N/L), the concentration of the dissolved oxygen (DO) in the water (mg/L) and the concentration of the digester biomasses (heterotrophs and autotrophs), respectively. 

Remark.– Only the batch reactor configuration is considered here.

3.4.1 Anoxic Phase

The involved reactions in this phase are 
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1. Mass balance of the substrates SC, SNH, SNO and SN
A mass balance on this phase leads to the following expressions: the time evolutions of the carbon, denoted SC, and the ammonia, denoted SNH, due to the ammonification, respectively are related to:
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where kSX1 is the yield coefficient for the degradation of SC by X3 with the reaction rate µ32X3, kSN1 is the yield coefficient of the SNH production by the ammonification in the anoxic phase and k0 SN is its reaction rate. The ammonification is associated to the following equation:
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The nitrate time evolution corresponds to:
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where kSX2 is the yield coefficient for the degradation of SNO by X3.

2. Mass balance of the biomasses:

The biomasses growths are as follows:
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where kd1 and kd2 are the yield coefficients of the dead biomass Xd, from X3 and X4, respectively, and the specific biomasses growth rate µ32 is given by:
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(12)

where (NOmax, KNO and KC1 are the maximum specific growth rate of X3 associated with SNO, the saturation constants associated with SNO and SC, respectively.

The time evolution of the dead biomass, denoted Xd, satisfies the following equation:
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with rXC the reaction rate of the Xd /CX transformation. The time variation of the Cx concentration is:
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3.4.2 Aerobic Phase

This phase involves:
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3. Mass balance of SC, SNH, SNO, SO and SN
In this phase, oxygen is needed for the degradation of the substrates SC and SNH. The time evolutions SC and SNH are related to the following expressions:
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where kSX3 and kSX4 are the yield coefficients for the degradation of SC and SNH, respectively, µ31X3 and µ4X4 are the corresponding reaction rates. kSN2 is the yield coefficient of the S2 production by the ammonification in the aerobic phase.

The ammonification occurs also in this phase:
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The substrate SNO (i.e. NO3) is produced and also used to the endogenous respiration:
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where kSX5 and kr are the yield coefficients of the SNO production and of the SNO consummation for the endogenous respiration, respectively. 

The dissolved oxygen variation in time is given by:
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where kOX1 and kOX2 are the oxygen yield coefficients associated with X3 and X4, respectively; re represents the endogenous respiration rate; Kla and SO,sat are the oxygen mass transfer coefficient and the saturation DO concentration in the liquid medium, respectively. 

4. Endogenous respiration of the biomasses:

The endogenous respiration needs oxygen. Therefore this only occurs during the aerobic phase. The time variation of the Cx concentration is:
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with re the endogenous respiration rate.

5. Mass balance of the biomasses:

The biomasses kinetics can be written as follows:
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where kd1 and kd2 are the yield coefficients of the dead biomass Xd, from X3 and X4, respectively, and the specific biomasses growth rates, µ31 and µ4, are given by:



[image: image39.wmf]O

O

O

C

C

C

CO

S

K

S

S

K

S

+

+

=

2

max

31

m

m

 
(23)



[image: image40.wmf]O

O

O

NH

NH

NH

NH

S

K

S

S

K

S

+

+

=

max

4

m

m

 
(24)

where (COmax, (NHmax, KC2, KNH and KO are the maximum specific growth rate of X3 associated with SC and that of X4 associated with SNH, the saturation constants associated with SC, SNH and SO, respectively.

The time evolution of the dead biomass, denoted Xd, satisfies the following equation:
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with rXC the reaction rate of the Xd /CX transformation. 
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