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Abbreviations or notations:

NHs : ammonia (gaseous or solvated)
NO, : nitrite ion

NOs : nitrateion

S04 : sulphate ion

PO4 : phosphate ion

Ns : Nitrosomonas strain

Np : Nitrobacter strain

PC : Personal Computer

PLC : Programmable Logical Computer
CV : Controlled Variable

MV : Manipulated Variable

CST : Completely Stirred Tank
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GENERAL INFORMATION CONCERNING THE TECHNICAL NOTES OF THE
SERIAL NUMBER 73

All the technical notes of the seriadl number 73 concern the NO, control of the nitrification
column :

TN 73.1: Study of the controller of NO2. Description of the software of the estimator and
controller.

TN 73.2 : Elaboration of the estimator of the state used by the internal model of the control.

TN 73.3: Attempt of automatic conversion of the software from Matlab language into C
language for the target computer of the pilot plant.

TN 73.4: Simplification of the matrices of the state system.
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1. INTRODUCTION

In a previous study (TN 48.1), the nitrifying column was reduced to its fixed bed alone in
order to simplify the internal model of the control. The advantage of this approach was that
the state of the internal model was composed of the concentrations in the output flow (Oo,
CO2, NH3, NO,, NO3, SO4 and POg4). Except NO, and biomass that was estimated, all the
other concentrations can be measured. So the state was known at each sampling period of the
control in a very simple way. But tests on ssimulator proved this model was too far from the
process and cannot be used for the scenario on the predictive horizon of the control.

The approach is now to consider the column as 3 idedlly stirred tanks (parts. A, B or fixed
bed, and C). Then the state becomes much bigger (its size is multiplied by factor 3) : only
components of part C are measured, components of the 2 other parts needing to be estimated.
Particularly the biomass in the fixed bed and the NO; in A, B, C are estimated.

Since a previous study (TN 64.4), the control has been reviewed in an attempt to minimize the
bias on the Controlled Variable.
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2. PRINCIPLE OF THE CONTROL

The core of the control is a scenario, which allows forecasting the behaviour of the nitrite on a
horizon H (typically 10 hours) that follows a sampling time (figure 1). The scenario which is
defined by the concentrations at process input and by a modifiable liquid flow rate that are
kept constant on H, is applied to the estimated state. It gives aforeseen behaviour of NO,

whose extremum is compared with the constraint. The scenario is tested repeatedly with

another flow rate until the extremum matches the constraint. Then the corresponding flow rate
is the found value of the Manipulated Variable.

Input concentrations

(rAneasurements at) \
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o CO,
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t >
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——=> Mode
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Despite the simplified state of the internal model, the behaviour of NO, of the model on

Figurel: Principle of the control

t : sampling time

H : forecast horizon

>

horizon H is not very far from the one of the process, except during the 2 hours that follow the
step of load. Thisis another justification of the choice of the internal model (Annex 1).
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As previoudy said, the repeated scenario is partly defined with the liquid flow rate for which
an initial value has to be chosen In order to reduce the computational time, the following rule
is applied to make the choice.

Rule for choosing the initial value of flow rate in the scenario :

Firgt, three kinds of flow have to be distinguished :

1. The ‘requested’ flow. It is the flow requested by an operator or by the controller of the
MELISSA loop. This requested flow do not take into consideration the production of NO».

2. The ‘reference flow. The ‘requested’ flow istime variable and the changes occur by step.
Now a positive step produces a peak of NO». In order to avoid this peak, a positive step of
‘requested’ flow will be smoothen by a first order ‘reference’ flow. And a negative
‘requested’ flow will be unchanged to give the ‘reference’ flow, as it does not produce a
peak of nitrite.

3. The ‘control’ flow. It isthe MV (Manipulated Variable) computed by the control to avoid
the CV (Controlled Variable) overshooting its constraint.

Then the initial value in the scenario is the ‘reference’ flow. The extremum of the

corresponding behaviour of NO2 is compared to the constraint. If it does not fit, a new value

of flow is computed according to the distance to the objective. If it fits, i.e. if the extremum is

under the constraint, the iteration is stopped and the MV is equal to the ‘reference’ flow. In

this way, the introduction of the ‘reference’ flow spares computational time. Simulations

show aso it reduces the noise on the MV.

GOW ‘requested’ = positive step \

L
_________
_______
.....
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s
......

K

‘reference for a negative step

‘requested’ = negative step

. e

Figure 2: ‘Requested’ and ‘Reference’ flow rate

Actually, as explained with more details in annex 2, the ‘reference’ curve is composed of 2

first order trgjectories with 2 time constants : a rather small one and a great one. The first part

is a quick first order but when the process output is close to the ‘requested’ value, then the
ference’ curve becomes slow in order to smoothen the MV.
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3. ROBUSTNESS

3.1. Introduction

The stability of the control has to be studied according to the noise on main measurements
(O2, NHsz, and NO3) and to the main parameters (dissociation constant, limiting
concentrations, specific growth and maintenance rates, gas/liquid transfer KLa).
To illustrate numerically the study, a typical process, close to the pilot one, is chosen for
simulation :

input air flow : G, =60 I/h;

input liquid flow F, =04 I/h;

gas re-circulating ratio Rs = 0;

liquid re-circulating ratio R_ = 6;

2 CST’sfor the fixed bed of the process . The value of 2 CST’s, that comes from TN 63.1,

p.20 by LGCB, corresponds in the best way to G, = 60 I/h and (1+ R )* F, = 2.81/h.

high load of ammonia (10 mol/h) to have to most difficult condition for estimation;

constraint on NO, set to 3 10 mol/l, arbitrarily on the simulator.

al the other specifications of the ssimulation (pH, temperature, concentrations ...) are

defined in the initidizing files‘i_sm.m’ and ‘i_sim_3.m’ of annex 3.
The concentration of total ammonia at column input is constant (2.5 10 mol/l) all along the
simulation.
At beginning of a simulation, the ‘controlled” and ‘requested’ flows are equal to 0.4 I/h. At
t=0.2 h, the ‘requested’ flow isincreased to 0.6 I/h.
Figure 3 illustrates the reference behaviour of the control of this process when there is no
noise nor mismatch. On the top graph the constraint (3 10 mol/l), the NO, concentration at
column output and the NO, estimation are plotted with green, blue and red lines respectively.
On the bottom graph, the ‘requested’ flow and the MV are plotted with blue and green lines
respectively.
Because of the dead zone, after time t=10 h, the ‘control’ flow is dightly increasing and the
NO, approaches its constraint very slowly.
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12 14

racess time (h)

Figure 3 : Closed loop simulation with no mismatch and no noise

3.2. Noise on NHz and NO3z measurements

The measurements are filtered with a low pass filter. The coefficient of the filter has to be
tuned in order to realize the best compromise between reduction of noise and dephasing : a
high coefficient will produce a high noise reduction but also a great dephasing (that implies a
great delay in the control answer), and inversely. On the ssmulator the coefficient is set to 0.9 .
This is a parameter that can be changed on the parameters file associated to the control

software.

In the simulation of figure 4, a white noise has been added on NO3; measurements at column
output with a standard deviation of 10 mol/l (about 0.5 % of the mean signal).

As aready mentioned in TN 73.2, the noise on NO; estimation is high (standard deviation is
about 10 % of the mean value). Different simulations show that this amplitude of noise is
bearable. But a noise ten times as great is no more bearable because the MV becomes very
noisy and vary continuously between 0 and its ‘requested’ value.

The absolute standard deviation on NO2 estimation can be expressed from absolute standard
deviation on measurements of NH3 at column input and NO3 at column output as follows :

S (NO2) =K X(S (NH3_inpu)t +S (NO3_output))

where K depends on the coefficiert of the low passfilter (1)

hereK » 0.2
This relation shows that the effect of noise on measurements of NHz at column input is the

same as for NOs at column output.
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Figure 4 : Closed loop simulation with noise on NOz at column output

3.3. Noise on O, measurement

The results of figure 5 show that a noise whose standard deviation s is 10° mol/l (about 5 %)
on O2 in the liquid a column output is quite bearable. An important increase of noise

amplitude will have no drastic consequence on the Manipulated Variable.

i MOZ2 : constraint (g); process (b); estim ()
3 ] ] I ; ] ] ] ] ]
= » I
EE ————————— A 1--=-=-= From e F--——t=-=-==- -=-=-=---
1 I . ! ! ! I . ! I
n 2 4 B g 10 12 14
F

rocess time (h)

Figure5: Noiseon O2in liquid output (s = 10®° mol/l =5 % of mean value)
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3.4. Mismatch on dissociation constant of NH3

As it has been seen in the robustness study of the estimator, a mismatch on the dissociation
constant k has a low consequence. So it has for the control (fig. 6 where the constant of the
controller is 10 % higher than the corresponding constant of the process) : the behaviour of
the Manipulated Variable (and consequently of the closed loop system) is quite similar of the
reference behaviour of the simulation without noise nor mismatch (fig. 3).

w10 MOZ . constraint (g); process (b); estim (-
3 i i i ' i i i i i
— : : : 1 1 1 1 ; 1
E : e I :
Ez _____ AT T T TS T T- ===~ 1-=--=-- T-~-~~"="°A-~-=°=-7 r=--=-=-T°-=--=-- [
1 l l l ! l l l l l
n 2 4 B g a 12 14 16 18 20
Flow rate @ requested (1), control computed (b)
L S S ——
T R T e
D
n 2 i 3]

a 10 12 14 16 15 20
Process time (h)

Figure 6 : Mismatch on dissociation constant k (k_control = 1.1*k_process)

3.5. Mismatch on limiting concentrations

3.5.1. Limiting concentrations of Nitrosomonas growth and maintenance

The impact of the limiting concentrations is low on the control as it can be seen on figure 7
where the limiting concentrations of the internal model are 50 % higher than those of the
process.
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w10 MO2 : constraint (g); process (b); estim ()

T T T T T T T T T

3 ' ' ' . ' '

| | | . ' I ! —

E SR Ve e AR VRN R SO SRR
Ez _____ A=~~~ T =" T~~~ 77 [ . T-~"~~"a~-=-=-°=-° | |

1 : : : ! : : : : :
n 2 4 B g a 12 14 16 18 20

Flow rate : requested (1), control computed (b)

T T T T T T T T T

0.5 I I I I I I I I I
S I o s ot SO S
S it St A et M ety it ettt
n 2 4 B g 10 12 14 16 18 20

Process time (h)

Figure 7 : Mismatch on limiting concentrations K| of Ns (K| _control = 1.5*K|_process)

3.5.2. Limiting concentrations of Nitrobacter growth and maintenance
In that case, the Nitrobacter biomass is overestimated. Hence the NO2 production is
underestimated and the CV tends to the constraint very dowly (fig. 8).

w10 MOZ2 : constraint (o), process (b); estim (-]
I I I I I I I I
s s e S S S S
= | | ! | | | | |
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Frocess time (h)

Figure 8 : Mismatch on limiting concentrations K| of Nb (K|_control = 1.5*K|_process)
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3.6. Mismatch on specific growth and maintenance rates

3.6.1. Specific growth rate

A 10 % increase on specific gowth rate minvolves a very dight underestimation of NO,. An
overshoot could be possible : the NO2 process (blue line on figure 9) is nearly trespassing the
congtraint (green line).

w10 MO2 : caonstraint (o), process (b); estim (-
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Figure 9: Mismatch on specific growth ratem(m control = 1.1*m process)

3.6.2. Specific maintenance rate
A 10 % increase on specific maintenance rate ‘m’ involves a very dight overestimation of
NO,. Hence the CV approaches its constraint more dowly (fig. 10).
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Figure 10 : Mismatch on specific maintenance rate m (m_control = 1.1*m_process)

3.7. Mismatch on the gas/liquid transfer KLa

Asit has been shown in a previous study (TN 64.3), the influence of KLa s highly non linear
on the NO» production regarding the volume of the fixed and the load.

In the present example, the ammonia load is rather high. So a reduction by half of the value of
KLain the internal model overestimates the NO- production on the scenario horizon, which
impliesabiasonthe CV (fig 11).

w10 MO2 : canstraint (g); process (b); estim ()
3 i i i i i i i i i
= ' | | | | |
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g 10 12 14 16 18 20
:requested () contral computed (b)
g 10 12 14 16 18 20
Process time (h)

Figure 11 : Mismatch on gag/liquid transfer KLa (KLa _control = 0.5*KLa_process)
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3.8. Bias on sensor

When a bias exists on a sensor, the NO, estimation can be corrected with a compensation term
(cf. TN 73.2). In this simulation a bias of 10* mol/l has been added on the measurement of
NH3 and corrected with a compensation term of same value (because absolute value of b; is
closeto 1 in (7bis) of TN 73.2). Nevertheless the biomass estimation is disturbed and can not
be corrected in the same way with a compensation term because measurement of biomass is
impossible, even from time to time. But control is not affected drastically (fig. 12).

w0 MOZ . constraint (g); process (b); estim (-]
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Figure 12 : Biason NH3 sensor (NH3_meas=NH3 pro + 10 mol/l)

4. CONTROL SOFTWARE

4.1. Introduction

The control programme has been first built in Matlab® language for practical reasons and
then trandated into C language in order to be able to be implemented on any machine (PC or
PLC). Message code and spy array are introduced to help implementing and maintenance
work.

4.2. Functions of the control programme

The programme is conceived as a module with only one gateway connected to the computer
system for exchanging data at a given period of time.

The 2 main functions of the programme are :

1. estimation of the state of the internal mode!;

2. control itself based on a scenario method.
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These 2 main functions run at different sampling periods of time : 0.1 and 1 h for the
estimator and the control, respectively. The shorter value (0.1 h) is the period for exchanging
data with the computer system. Between 2 sampling of control (1 h), the estimated state is low
pass filtered to reduce the noise of estimation.

The different sub-routines of the programme are detailed in the following table 1.

Name | Function of the sub-routine
nctrl : Gateway from computer system
| -acq_par . Acquisition of the parameters from disc file ‘f_ctrl_3.txt’
| -estim 3 : Main function of estimation of state of internal model
| | -estim_NX : Estimation of nitrite and biomass concentrations
| | | -order : Second and third order filter
-con_3 : Main function of control itself
-extremum : Computation of the extremum of NO2 on horizon H of the scenario
-integ_im . Integration of state for scenario method
-linterp . Linear interpolation

-im_nitr2 . State derivative of the internal model

| -stasysim  : Computation of matrices of the internal model

| | -transbi : Transfer parameters of the bi_phasis compounds

| -irate . Limiting coefficients for growth and maintenance rate of biomass

Table 1: Name and function of the sub-routines of the programme

4.3. Arguments of the gateway routine

This section describes the arguments of the main C routine (named nctrl) that are exchanged
with the external environment. This routine nctrl hasto be called by the machine (PC or PLC)
system at given period of time. This period is the sampling period of the estimator. It is set to
0.1 hour.

The routine nctrl has 5 arguments that are listed in the Table 2.

The 2 first arguments are output arrays; the 2 following ones are inputs (1 array and 1 scalar).
The last argument ‘flag_ini’ is an input/output argument. Its function is very important as it
implies the initialization of all the arrays of the programme when its value is 0. Its returned
value that is set by nctrl routine is 1. It has to be set to 0 by the supervisor system when and
only whenan initialization is needed, particularly at starting of the control.

Name Definition
X Outputs vector of control
errors Number and code of errors occurred in arun of the programme
u Inputs vector of control
flag_sav |Flag for saving spy files‘f_x.txt" and ‘f_xef.txt’” when set to 1 by the externa
environment
flag ini Initialisation flag when set to 0 by the external environment

Table 2 : Description of the arguments of the gateway routine

Description of the inputs vector ‘U’ :
The vector ‘u’ is composed of 21 components described in the table 3.
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When a component of ‘U’ can not be measured, it should be replaced by a constant value set
from the keyboard by the operator.

Index| Unit Description
0 I/h | Measured liquid flow rate or setpoint of the FRC of the liquid pump
1 mol/l | O, concentration in the gas input stream
2 mol/l | CO, concentration in the gas input stream
3 mol/l | NH3 concentration in the gas input stream
4 mol/l | O, concentration in the liquid input stream
5 mol/l | total CO, concentration in the liquid input stream
6 mol/l | total NH; concentration in the liquid input stream
7 mol/l | unused (room for NO, concentration if not null)
8 mol/l | NOs concentration in the liquid input stream
9 mol/l | PO4 concentration in the liquid input stream
10 mol/l | SO4 concentration in the liquid input stream
11 mol/l | O, concentration in the liquid output stream
12 mol/l | total CO, concentration in the liquid ouput stream
13 mol/l | total NH; concentration in the liquid output stream
14 mol/l | NOs concentration in the liquid output stream
15 mol/l | PO4 concentration in the liquid output stream
16 mol/l | SO4 concentration in the liquid output stream
17 I/h | Measured gas flow rate or setpoint of the FRC of the gas pump
18 I/h | ‘Required’ liquid flow rate
19 mol/l | Maximum constraint of NO»
20 mol/l | Compensation term for estimator

Table 3: Description of the components of the vector ‘U’

Description of the outputs vector ‘X’ :

The vector ‘X’ contains a lot of internal variables of the estimator and of the controller itself
and has to be saved by the supervisor from one call to the next one. It is roughly described in
the table 4 and is composed of 3 groups of components :

x1 contains 81 components : the nitrite, biomass and state estimations and also internal

variables of the estimator ;

X2 contains 49 components : the MV, the behaviour of NO- on the scenario horizon H ;

x3 is asaving of the inputs vector ‘U’ from a cal to the next one and has the same size as

u.
Limits of Description
indicesin x
(C convention)
0to 20 Raw estimated state (concentrations of compounds in liquid phase of the
parts A, B and C of the column)
21 to 37 Estimated NO, and biomass and internal variables of the estimator
3810 80 Array for delayed inputs
81to 87 MV and internal variables of the controller itself
8810 129 Temporal evolution of NO, on the horizon H
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| 130t0150 |Savingof ‘U’ for next call of the programme by the supervisor

Table4 : Description of the components of the vector ‘X’

With the C convention for index (where the index of the first component is 0), the MV is the
component of index 81 and the estimation of NO2 is the component of index 25.

4.4. Parameters of the control

The parameters of the control are saved in an ASCII file ‘f_ctrl_3.txt’ that is read by the nctrl
routine at initialization (each time flag_ini is equal to 0). The parameters file is attached to the
software package.

Name Definition

dt c Sampling period of controller

at e Sampling period of estimator

H Horizon of simulation of the scenario

Ts Vector of periods of timeon H

stepmax | Maximum step of the iterative algorithm in routine ‘con 3’

zone ¢ | Vector of parameters of the zone defined around the nitrite constraint

coefil Coefficient of the low pass filter of the inputs

Par im0 | Vector of parameters of the internal model of the control

Vv e Vector of volumes for the estimator time constants

beta e | Vector of coefficients of the linear system binding rates of NH3 NO3 and NO2

delta e | Vector of coefficients of the linear system binding rates of NH3 NO3 and the
biomass

ind_3e | Vector of indices for the estimator

i_ctrl Flag for running estimator and controller (if 1) or estimator alone (if 0)

boundin | Bounds of the validity domain of the components of the vector of inputs ‘U’

Table5: Description of the parameters of the control

4.5. Code of message

Message or error detection coming from the programme are returned to the supervisor by
means of a code number at end of each run.

The table 6 gives the message corresponding to a code number and the subroutine where the
message comes from.

Code Content of M essage Origin
10,11, | Identity of volumes will imply division by O in routine ‘ord acq_par
12 | volumes have to corrected before restarting the programme.
20 | Input liquid flow rate is null. Estimation is frozen estim_NX

21 |Input liquid flow rate is null at initialization. Restart the programme| estim_NX
when liquid flow is no more null.

22 | Negative value of time constant ‘tauB’ estim_NX
23 | Negative value of time constant *tetal estim_NX
24 | Negative value of time constant ‘tetal’ estim_NX
25 | Negative value of time constant ‘teta2’ estim_NX
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26 | Negative value of time constant ‘teta estim_NX

27 |Ammonia consumption rate cannot be positive (non reversible| estim NX

reaction)

28 | Nitrate production rate cannot be negative (non reversible reaction) estim_NX

29 | Nitrosomonas concentration cannot be negative estim_NX

30 |[Nointerval found for dichotomy method con 3

31 |No interva found for dichotomy method : max number of iterations con_3

has been trespassed

32 | No convergence for dichotomy method con 3
400+ | The concentration of the component ‘j’ of the state vector is negative integ_im
500+j | The value of the component ‘j’ of the inputs vector ‘U’ is outside its nctrl

validity domain.

70 | Complex square root transbi
71, 74| Thefirst order approximation is not justified in part A of the column transbi
72,75 | The first order approximation is not justified in part B of the column transbi
73, 76 | The first order approximation is not justified in part C of the column transbi
90,91, | Identity of time constants implies division by 0. The volumes have to order

92 | corrected before restarting the programme.

95,96 | The components of the vector x are not monotonic ascending linterp

Table 6 : Code number, content and origin (routine) of the message

4.6. Method of integration on the scenario horizon

The computation of the outputs of the state system during the horizon H of the scenario is
done by integration of the derivative of the state system. The Euler method has been chosen
because of the smplicity of the agorithm and despite its big computational time (big
computational time is acceptable because the period of the control islong : 1 hour).

When the concentration of a compound reaches its limit, the system becomes non linear and
the Euler method, which has no variable step, may have difficulty to deal with and the
solution may be a negative concentration. So, at each integration step, each solution that is
negative or zero is forced to be equal to the tenth of the limiting concentration. In fact this
value is assumed to be the lowest value that is physically possible. This rule is applied in the
routine ‘integ_im’.

4.7. Constraints on internal variables of the estimator

4.7.1. Constraints on NO, estimation

Due to the noise, the output of the estimator may be a negative value of NO, concentration,
which is physically impossible.

When such an event occurs, the output of the estimator is forced to the tenth value of the
limiting concentration of NO, for the growth of the Nitrobacter biomass. This rule is applied
in the routine ‘estim_NX'.

4.7.2. Constraints on variation rates and biomass estimation
As the growth and maintenance reactions are not reversible, the consumption of NH; must be
negative or zero and the production rate of NOs must be positive or zero. When thisis not the
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case, because of the noise, the rate is forced to zero and an error message is emitted. This rule
is applied in the routine ‘estim_NX'.
Consequences on the biomass estimation :
For each strain k (k=1,2 for Nitrosomonas and Nitrobacter respectively), the biomass
concentration cxx in the fixed bed is given by the following relation recalled in relation (8) of
TN 73.2:

CXk = dkl >¢l +dk2 >¢2

whered,, and d, , arefunction of the stoechiometry and limiting factors

r, = consumption rateof NH,

r, = production rateof NO,
For Nitrobacter (k=2), dx1 = 0. Now dy and r» are positive. Then cxk is positive.
For Nitrosomonas (k=1), both dyx; and dy» are negative. Now r and r, have opposite signs.

Then cx could be negative. In that case, it is forced to O and an error message is emitted. This
rule is applied in the routine ‘estim_NX’.

5. CONCLUSION

On simulator, the robustness of the controller is checked for the main parameters. The noise
on the NH3 and NO3 measurements has to be very low : 0.5 % of the mean value.
The control has now to be validated on the pilot.
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7. ANNEX 1 : SCENARIO ON HORIZON H

As said in introduction (section 1), the column of the interna model is assumed to be
composed of 3 CST’s (part A, B or fixed bed, and C). But the column of the process is
dightly different asit is supposed to be modelled with 4 CTS's: 1 for part A, 1 for part C and
2 for the fixed bed. That implies a difference of behaviour of the 2 columns : the column of
the internal model never represents the process one. But how big is the difference?

For the control, the most important feature is the behaviour of NO» as it determines the value
of the Manipulated Variable. So the difference between the 2 columns can be evaluated by
comparing the 2 behaviours of NO, at output. The comparison is explained hereafter ( figure
All).

First the process is simulated on a response time (at the end of the simulation the response of
the process is complete) : from O to tsm of fig. A1.1 . The smulated process is the same as
the one described in section 3 and a step of load occurs at starting.

The NO; and the biomass are estimated by means of the estimator al along the smulation
(sampling period of the estimator : 0.1 h).

The simulation horizon is sampled each every 1 h from t=1 to t=6 h (which gives 6 samples).
At each sample, the internal model is launched on the horizon H of the scenario. Its input data
are the process measurements and the estimations of this sample. The behaviour of the NO-
on this horizon H is compared to the NO, process that follows the sample during the duration
H : (the 6 samples are plotted on figure A1.2, one per graph).
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Figure A1.1 : Comparison internal model / process.
If theinternal model is equal to the process, the 2 curves arethesameon H

The figures A1.2 shows the NO, of the internal model on the horizon H (10 h) and of the
process during the same period of time.

It can be observed that for the first hour that follows the step of load, the NO, of the scenario
is about 30 % lower than the one of the process. For the following hours, the gap smaller and
the NO, of the scenario can be assumed close to the one of the process. So the biggest
difference between the 2 columns occurs during the hour that follows a step of load. But
tharks to the first order reference trgjectory (next annex) the impact of this difference is
smoothed.
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Figure A1.2 : Comparison: NO; of internal model on H / NO-, of process.
Process (blue line); Model on horizon H (red line)

8. ANNEX 2 : REFERENCE TRAJECTORY AND DEAD ZONE

Assaid in section 2, if astep of ‘requested’ flow is positive, ‘the reference’ trajectory is afirst
order curve (figure A2.1). The time constant of thisfirst order is variable : when the measured
flow rate is far from its constraint, the first order is quick with a short time constant and
inversely, when the measured flow rate is within a threshold around the constraint (i.e. when
it is inside the dead zone), the time constant is big. Moreover, inside the dead zone, the time
constant varies according to the distance to the constraint : the shorter it is, the bigger is the
time constant. This makes the MV less sengtive to the noise when the measured flow is near
its ‘requested’ value.

Outside the dead zone the time constant t 1 does not vary.

Inside the dead zone the time constant t, is a quadratic function of the distance x of the
measured flow to its ‘requested’ value (figure A2.2) :
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t,=aqd- x)' +t,
with d:width of the dead zone
X : distance between the measured and 'requested' flow rate

a:numerica constant
In the present study :
t1=3 h;
d=0.11/h;
a=9.7 10° (expressed in the adequate unit);
Then,x=d P t,=t; (continuity on the dead zone border)
andx=0 b t, =100 h (big time constant if the measured flow is on its ‘requested value')

/A flow

‘requested’ = positive step

limit of the dead zone

P
an
N
.st
ot
ot
.
o
R
.

N =

Figure A2.1: Referencetrajectory and dead zone
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9. ANNEX 3 : INITIAL VALUES AND PARAMETERS OF THE
PROCESS

9.1. Initialization file of the variables of the process ‘i_sim.m’

()/‘Ok*********‘k*************************‘k*‘k*‘k*‘k*‘k**************************

% Control of the Nitrifying conpartnment *
% Version 1.2 Noverber 2002 *
% *
% i_ simm Initialization of the sinulation *
% *

0/6{'*******'k*************************************************************

clear al

gl obal Ae_3 Be_3
global Ac Bc C
gl obal MAG MAL MBG MBL MEG MEL
gl obal Finl

gl obal Finl_c

gl obal integ_prog inoise

% Si mul ati on paraneters
t deb=0;
t max=. 1;
tolr=1e-10; %l ow tol erance for noise on NB=5% of the |oad and NO2=1.3 10-4 nol/
tolr=le-8; %normal tolerance for general case
t ol a=le- 16;
tfi n=20;
nbpt x = 50000;
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% Si nul ation horizon
dt = .1; % (h) sinulation period of the inputs
T=1[0:dt:tfin]";
[mn] = size(T);

% Type of test

0p ============

typtst = 5; titre = "Variable step of liquid flowrate';

typtst = 12; titre = 'Step of NO2 constraint; NH3 and Q constant'; % (NB=1)

typtst = 3; titre ="'Step of ammonia (low | oad)';

typtst = 1; titre ='Step of ammonia (high load)"';

typtst = 14; titre = 'Step of ammonia (high load)'; % NB=2; high |oad

typtst = 11; titre = 'Step of requested flowrate (high load)'; %Mx of typtst=0 & 2
(NB=1; high | oad)

typtst = 13; titre ="'Step of ammonia (low | oad)'; % NB=2; |ow | oad

typtst = 15; titre ="'Steps of anmonia and liquid flow (opposite effects)'; % NB=2; |ow
| oad

typtst = 0; titre = 'Test of software'; % NB=1

typtst = 10; titre ='Step of ammonia (high load)'; % Mx of typtst=0 & 1 (NB=1; high
| oad)

typtst = 16; titre = "Step of liquid flow; %ike 15 without NH3 step; NB=2; |ow | oad

typtst = 20; titre = 'Test equi. to UAB-26.03.03)'; %study of step flow UAB on March
26th 2003 with | ow NO2

typtst = 4; titre = "Step of liquid flowrate (lowload)'; % NB=2; |ow |oad

typtst = 2; titre ="'Step of liquid flowrate (high load)'; % NB=2; high |oad

titre=['Test ', nunBstr(typtst),'; ',titre];

% Initializing global paraneters
%

G n_3 = 60; % incomng gas flowrate (I/h) (email by Julio Perez on Cctober 28th 2002)
% The recirculating L flowis set to 0.77 |I/h (previous value of flow through Spiru).

% Then the residence tine in Spiru = 100 h

% The volunme of the Nitri conpart is nodified to keep its residence tine unchanged

% The vol ume of Rhodo is set to 91 : mninmumfor Fr=400 Wn®2 and a bi omass production of
.118 g/h

%-—circ = .4; % Recirculating L flowrate (arbitrary value) (I/h)

Y%hare2 = 1 ; % sharing ratio of liquid at output of conpart 2 (Rhodo) towards N tri

%-in_3 = Fcirc*share2; % liquid flow rate through Nitri(l/h)

Fin_3 = .4;,%liquid flowrate through Nitri(I/h) (enail by Julio Perez on Cctober 28th 2002)
% Paraneters of conpart.
%

Matom = [12; 1; 16; 14; 32; 31]; % CHON S P atom k nass
i_sim3
Finl = Fin_3; %aglobal Finl is used to run conputation of the state natrices Ae,Be ...
Finl ¢ = Fin_3;%global Finl c is used to run conputation of the state matrices Ac,Bc ...
% Choi ce of the integration programe
%

integ prog = 1; %0 --> Integration custom zed with Eul er nethod
%1 -->Simlink S function integration tools
% Checking the estimator or the control separately
% (test of estimator with 'simcon' : itest_ e = 1; i_ctrl =0;)
%

itest_e=1; %1 --> Estimator is running in "tst_im
if NB 3>1, itest_e = 1; end %Estinated state cannot be replaced by process state in
“tst_im
i_ctrl =0; %1 --> Control is running in "nctrl'
%0 --> Estimator alone is running in 'nctrl’
% Initializing indices used for the nmeasurenent of NH3 & NG3 at col umm out put
%

il = (NB 3+2)*NG_3+(NB 3+1)*(NG 3+NL_3); % output vector indices in part Cof Ntri (L
conpounds only)

% 1 = (NB_3+2)*NG 3+(NB_3+0) *(NG 3+NL_3); % output vector indices in last tank of B of Ntri
(L compounds only)

ind_3cl = i1+[1: NG 3, NG 3+2: NG 3+NL_3]; %output vector indices in part Bor Cof Ntri (L
conmpounds only)
% Initializing indices (in control data input vector): vector 'ind_3e'
% used for the estimator

%
i1l=[1, ... % i ndex of flowrate
1+2*NG 3+[0: 2], ... % indi ces of NH3_Ltotal NO2 NGB at col umm i nput
1+3*NG 3+NL_3+[0,1]]; % indices of NH3 NO3 at col um out put
i 2=1+2* NG+NL+[ 1: NG ; % indices of of Q2 CO2 NH3 in the L output flow
i 3=1+3* NG+NL+[ 1: NL-1]; % i ndices of of NOB PO4 SO4 in the L output flow
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ind_3e = [length(il),length(i2),length(i3),il,i2,i3]; %vector of indices "ind _3e'" for the
estimat or
% Si zing state and input vectors
%

dinmd_e = 10; % for sizing the buffer of delayed signal in '"estim3.m
di nx_e = 3*(NG+NL) +4*di nd_e+20; % see size of vector 'x_out' in "estim3.m
dim_c = 3*NG 3+2*NL_3+4; %see size of vector 'u" in 'estim3.m

% Paraneters of controller and estimators
%

i _con

dink_c = 7+2*l ength(T_s);
% Choi ce of the initial |oad
%

INH3 = 1.0e-2; % (nol/h of NH3 total) high ammonia | oad
if (typtst == 0 | typtst == 3 | typtst == 4 | typtst == 13 |
typtst == 15 | typtst == 16)
INH3 = INH3 / 10; % decreasing the ammnia | oad
end
% Initial concentrations in gas and |iquid inputs
%

load init\f_init %/loading C& 3 CLO 3 (exanple fromthe gl obal sinulator
% where NO2 and NO3 not null at input of the colum
% and where NH3_Gis null at input of the col um)
if typtst == 20 %test UAB on March 26th 2003
Ca0 _3(1)=1/22.4*.2; % (nol/l) : conc of Q2 in air

end
CLO_3(NG 3+1) = 0;% N2 set to 0 at input of the colum
CLO_3(NG 3+2) = 0;% N3 set to 0 at input of the colum

%0 _3(NG 3) = al pha_3(NG 3)*CLO_3(NG 3); % (nodif 22.11.02) Gas/Liquid at thernodynam c
equi librium

| NH3_exanple = G n_3*CA_3(NG 3) + Fin_3*CLO_3(NG3)*(1+Kdis_3(NG 3)); %nol/h of NH3 total
of the exanple

%all the concentrations of the exanple are nade proportional to the chosen |oad

CLO_3 = CL0_3 * INH3 / | NH3_exanpl e;

%C30_3(NG 3) = al pha_3(NG 3)*CLO_3(NG 3); % Gas/Liquid at thernodynam ¢ equilibrium

I NH3_check = G n_3*Ca_3(NG 3) + Fin_3*CLO_3(NG 3)*(1+Kdis_3(NG 3)) %nol/h of NH3 total
% | nitial concentrations of N2 and H2Oin gas (input or output)
%

fmo = CA_3(1)*WM % 2 (rolar fraction)
fmQOC®2 = C0_3(2)*W % C2 (nolar fraction)
fmH2O = 5. 796e- 2; % H20 (nol ar fraction)
fmN =1- fm@® - fmC® - fmHO % N2 (nolar fraction)
cN2.3 =fmN / W % ol /|
cH203 = fmHO/ W % nol /|

% St eady state of colum
%

[X0_3, YO0_3, dX0_3] = stesta_3( ...

NL_3, NG 3, Nss NB 3, NX_ 3, NO 3, N_3, NV.3, WK 3, WG3, WL_3,
i@ 3, i0®_3, iNHB_3, iNR 3, iSub 3, iXNs_3, iXNb_3, iXag_3, ...

Kl Ns_3, Kll\b3, KmNs_3, KmNb_3, munmax_3, maint_3, Yx_3, Yx1_3, Yml_3, ...
0®_3, 0.3, indG3, indL_3, RG3, R_3, fG3, fL_3, VA 3, VhB 3, VC 3,
epsL_3, epsG 3, epsT_3, alpha_3, Kdis_3, KLa_3, Gn_3, Fin_3);

i f isenpty(X0_3)

di sp(" X0_3 enpty')

br eak
end
X0_3L_di sp=reshape( X0_3(1: (NG 3+NL_3) *(NB_3+2)), NG _3+NL_3, NB_3+2)
X0_3S_di sp=r eshape(X0_3( (NG 3+NL_3)*(NB_3+2) +[ 1: 2*NS_3*(NB_3+2)]), 2*NS_3, NB_3+2)

% Tenporal inputs of colum
%

dG = ones(size(T))*CA_3'; %incomng G [, CR2, NH3] conc (nol/l)

dL = ones(size(T))*CLO_3'; %incomng L [, CO2, NH3, N2, NC3, HPO4, SO4] conc (nol /1)
Fint = ones(size(T))*Fin_3"; %input liquid flowrate (I/h)

Gnt = ones(size(T))*G@n_3"; %input gas flowrate (1/h)

if (typtst == | typtst == 1| typtst == 3 | typtst == 10|
typtst == 13| typtst == 14)
to = .2;

ind = find(T>=t0);

ii = NG3; %index of ammonia in liquid input

dL(ind,ii) = 1.5*CLO_3(ii)*ones(size(ind)); % increasing step of ammoni a | oad

%G, NG 3) = al pha_3(NG 3)*dL(:,NG 3); % (nodif 22.11.02) Gas/Liquid at thernodynam c
equi librium
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%
%

S

%
%

%-int(ind) = .5325%ones(size(ind)); %increasing step of liquid flowrate
elseif (typtst == 2)

to = .2

ind = find(T>=t0);

Fint(ind) = 1.5*Fin_3*ones(size(ind)); %increasing step of required liquid flowrate

%0 = 6; t1=8;

%nd = find(T>=t0 & T<t1);

%-int(ind) = 1.0*Fi n_3*ones(size(ind)); %decreasing step of required liquid flowrate
elseif (typtst == 4 | typtst == 11)

to = .2;

ind = find(T>=t0);

Fint(ind) = 1.5*F n_3*ones(size(ind)); %increasing step of required liquid flowrate
elseif (typtst == 12)

to = .1;

ind = find(T>=t0);

Fint(ind) = 2*Fi n_3*ones(size(ind)); %increasing step of required liquid flowrate
elseif (typtst == 15)

to = .2

ind = find(T>=t0);

ii = NG3; %index of ammonia in liquid input

dL(ind,ii) = 1.5*CLO_3(ii)*ones(size(ind)); %increasing step of ammonia | oad

to = 1;

ind = find(T>=t0);

Fint(ind) = .15*ones(size(ind)); % decreasing step of (required) liquid flowrate
elseif (typtst == 16)

to = .2

ind = find(T>=t0);

Fint(ind) = .15*ones(size(ind)); %decreasing step of (required) liquid flowrate

elseif (typtst == 5)
DeltaQ = .4; %Il /h
t0 = 4
ind = find(T>=t0);
Fint(ind) = (Fin_3+DeltaQ *ones(size(ind)); %increasing step of required liquid flowrate

titre = ['Step of flow ', nunRstr(DeltaQ, ' I/h'];
elseif (typtst == 20) %test UAB on March 26th 2003
to = .2;

ind = find(T>=t0):

Fint(ind) = 1.5*Fin_3*ones(size(ind)); % increasing step of (required) liquid flow rate
end
Tenporal conpensation termfor NO2 estination

conpens = 0*(1le-4); % (rol/l) initial conpensation term
conpenst =ones(si ze(T))*conpens; % tenporal evolution of the conpensation term
Initial neasurements for control

% | nput 'u' (colum vector)

% u(1) (I'/h) liquid flowrate

% u(1+[1: Ng) (mol /1) conc. in the Gas input flow

% u( 1+NG*H 1: NG+NL] ) (mol /1) conc. in the Liquid input flow

% U( 1+2NGHNL+[ 1: NG NGH 1: NL-1]]) (mol /1) conc. of O2 CC2 NH3 NGB PO4 SO4 in the L

out put flow

% u( 3NG+2NL+1) (1'7h) gas flow rate
% u( 3NG+2NL+2) (1'/h) required liquid flowrate
% u( 3NG+2NL+3) (mol /1) N2 setpoint (or NO2 max constrain)
u0_c = [Fint(1);
dg1,:)";

dL(1, 1: NG 3)'.*(1+Kdis_3);

dL(1, NG 3+[1: NL_3])"';

YO _3(ind_3cl).*[(1+Kdis_3);ones(NL_31,1)];

Gnt(1);

Fint(1);

0; % arbitrary value for N2 set point before calling estimator 'estim3'
conmpens]; % initial conpensation termfor N2 estination before calling estimator

"estim3'

%

N2 set poi nt

% Initial state x of estinator

[x_LO,x_NX0,X0_c] =estim3([],[],u0_c,0,dt_e,W_e,R_c, ...
NG 3, NL_3,NS_3, KINs_c, KI Nb_c, Kdi s_c, KLa_c, al pha_c,
beta_e,delta_e,ind_3e,dind_e, dim_c);

SpNC2 = x_NX0(5); % (nol /1)

if (typtst == 2 | typtst == 10 | typtst == 14)

MELISSA - Technical Note 73.1

ESA-ESTEC " Nitrite contral of the nitrifying compartment” June 2003

ADERSA 10, rue de la Croix Martre Tel :(33)160135353 Fax: (33) 169200563

91873 PALAISEAU Cedex E-Mail : adersa@adersa.com Page 28




SpNO2 = 3e-4; % (nol/1l)
elseif (typtst == 4)
spN®2 = 1.8e-4; % (nol/l)
elseif (typtst == 11)
spN®2 = 2.5e-4; % (nol/l)
elseif (typtst == 13)
spN®2 = 2.3e-4; % (nol/l)
elseif (typtst == 20) %test UAB on March 26th 2003
spNO2 = 3e-5; % (nol/1l)
end
spNO2t = ones(size(T))*spN®R; %tine N2 setpoint (nmol/l)
if (typtst == 12)
to =1.9;
ind = find(T>=t0);
spNC2t (i nd) = 3e-4*ones(size(ind)); %increasing step of NO2 setpoint (mol/l)
end
u0_c(dim _c-1)=spNt(1); %setting the N2 constraint
% Arbitrary initial state for "imnitri' (to be Matlab 5.3 conpliant)
% X0_c = zeros(NX_3*(NB_ c+2),1);
if length(u0_c) ~= dim _c,
di sp(' Wong sizing of the input vector for control')

arret = 1;

end
disp(' *** Nitri Control - End of initialization ***")
%00 = [ C2 NH3]
%CLO = [2 CO2 NH3 N2 NGB PO4 S(4]

% X0 [C2 C2 NH3 NC2 NGB PO4 SO4 XA Ns XA Nb XG Ns XG Nb] for each tank

9.2. Initialization file of the parameters of the process ‘i_sim_3.m’

%****************************7\'*****************************************

% Nitrifying colum control at UAB pilot plant *
% Version 2.6 Novenber 2002 *
% *
% State system according to TN 44.2 *
% . dissociation of CO2 and NH3 *
% . colum = NB+2 CST's in series *
% *
% Modi fications in March 2000 *
% . vector KINs and KINb noved into scal ar *
% . Monod type |law for maintenance in 'irate.n *
% *
% i_sim3. m Initialization of the process nodel *
% *

*

%*********************************************************************

arret = 0;

% Col um paraneters (pilot colum at UAB)

D R R

NB = 2; % nunber of stirred tanks in part B (fixed bed): TN63.1 p. 20 (LGCB)
VA = 1.48; % vol une of part A (1)

VB = 6.17; % vol une of part B (I)

VC = 0. 45; % vol une of part C (1)

epsL = .33; % volume ratio of liquid

epsG = . 04; % vol ume ratio of gas

epsT = epsG + epsL;

fG = 0; %ratio of backward flow in a tank (gas phase)

fL = 0; %ratio of backward flowin a tank (liquid phase)

d_beads = .0041; % (n) dianeter of the beads (TN 27.2 p.13 by LCCB)
d_colum= .120; % (n) dianeter of the colum (TN 27.2 p.13 by LCCB)

RG = 0; %recycling ratio of gas (email by Julio Perez on Cct 28th 2002)
RL = 6; % recycling ratio of liquid (email by Julio Perez on Cct 28th 2002)
VnB = VB / NB; %volune of an equivalent stirred tank

Tenp = 303, % K (TN35. 1 ADERSA)

pH = 8; % TN35. 1 ADERSA

% Gener al paraneters

=S
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NG = 3; % nunber of bi -phases substrates (in the L and G phases)

NL = 4 % nunber of nono- phase substrates in the liquid phase
% (HNO2 HNO3 H3PO4 H2SO4)

NS = 2; % nunber of strains of bacteria (Ns and Nb)

NX = NGFNL+2*NS; % nb of coef of state vector Xi for any tank

NO = NX+NG % nb of outputs for any tank

N = 2*NG + NL;

NV =N * (NB + 2);

% Ki neti c paraneters

N's = 4; %nb of |limting substrates

Nis = 2; % nb of inhibitory substrates

% Ns Nb

mumax = [5.7e-2 ; 3. 6e- 2]; % max specific growh rate (1/h)

mai nt = [3.38e-3; 7.92e-3]; % mai nt enance coeffcient (1/h*(nol/gbio))

KINs = [5.05e-6 ; % hal f saturation constant for growth : 2 (nol /1)
6. 625e-5 ; % hal f saturation constant for growh : NH3 (nol/l)
le-10 ; %no limtation with HOO3- for growth (nol/l)

KINb =] 1.7e-5 ; % hal f saturation constant for growth : @& (nol/l)
3. 6e-4 ; % hal f saturation constant for growh : NO2- (nol/l)
le-10 ]; %no limtation with HCG3- for growh (nol/l)

In = [1e30 1e30 ; % inhibitory substrate : NCO2- (nol/1I)

1e30 1e30] ; % inhibitory substrate : NOB- (nol/l)
if typtst == 20 %test UAB on March 26th 2003
KI'Ns(2,1)=KINs(2,1)/10; % in order to reach the | ow NH3 conc. of the UAB test
KI Nb(2, 1) =Kl Nb(2, 1)/ 10; %in order to approach the very |ow N2 conc. of the UAB test
end

%f typtst == 2 %test for yearly neeting

% Kl Nb(2,1)=KINb(2,1)*5; % (Yearly nmeeting) in order to have high NO2 conc. to be

det ected

%end

KmNs = 1*KI Ns; % hal f saturation constant for maintenance : 2; NH3 (mol /1)

Km\b = 1*Kl Nb; % hal f saturation constant for maintenance : @2; N2 (nol/l)

% St oechiometry matrices (TN 27.1 p. 39, LCCB)

(072

% 1. stoechionetry nmatrix of the growth reactions

% Ns Nb

Yx1 = [-5.4269 -6.5106 ; % O2
-1 -1 ; % CO2
-4.5341  -0.1994 ; % NH3
4.3347 -15.1714; % NO2H
0 15.1714; % NO3H
-0.0089 -0.0089 ; % PO4H3
-0.0035 -0.0035 ]; % SO4H2

Yx11 = [ 3.8433 -0.4914 ; % H20
1 1 1; % bi omasse Nitri (N trosononas and N trobacter)

% 2. stoechionetry natrix of the naintenance reactions

% Ns Nb

Yml = [-1.5 -0.5 ; % O2
0 0 ; % CC2
-1 0 ; % NH3
1 -1 ; % NO2H
0 1 ; % NO3H
0 0 ; % PO4H3
0 0 1; % SO4H2

Ymll = [ 1 0 1; % H2O

% change of unit of Yx1 :

Sconpn = [1 1.6147 . 3906 .1994 .0035 .0089]; % stoechio conposition bionass nitri
Monitri = Sconpn*Mat om

Yx1 = Yx1 / Mnitri; % (nol substrate / g biomass)

Yx11= Yx11/ Mnitri; % (nol substrate / g bionmass)

Yx(1,1) = 1/Yx1(3,1); %yield for (global) growth of Ns (g X nol NH3)

Yx(2,1) = 1/Yx1(4,2); %yield for (global) growth of Nbo (g X nol NC2-)
% 3. stoechionetry matrix of the chenical conpounds (atoms CHONS P):
% atom: C H (6] N S P
MC=[ O 0 2 0 0 0 (Yo
1 0 2 0 0 0 ;o %O
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0 3 0 1 0 0 O NHB
0 1 2 1 0 0 © % NORH
0 1 3 1 0 0 : % NOBH
0 3 4 0 0 1 . % POIH3
0 2 4 0 1 0 1: % SO
MSCl= [ 0 2 1 0 0 0 1: % HO

% 4. checking the stoechionmetry of the gl obal chem cal equations (atons CHON S P):
if 1
mass_bal ance=[ M ni tri*[Yx1; Yx11]]"' *[ M5C, M5CL; Sconpn] ;
if ~all(all (abs(mass_bal ance) <= 2e-4))
format short e
di sp(' Mass is unbal anced in stoechionetry of growth reactions')

disp(" C H O N S P)
di sp(mass_bal ance)
arret = 1;

end

mass_bal ance=[ Ymi; Yni1] ' *[ MSC, M5C1] ;
if ~all(all(abs(nass_bal ance) <= le-16 ))
format short e
di sp(' Mass is unbal anced in stoechionetry of naintenance reactions')

disp(" C H (0] N S P)
di sp(mass_bal ance)
arret = 1;

end

end
% Nom nal gas and liquid flow rates

an_3; %1/h

G
Fi Fin_3; %1 /h

S5 S

% Gas/liquid transfer paraneters

KLa = [51; 51; 500]; %@ C2 NH3  (1/h) before TN 73.1

voi dage = . 385; % degree of voi dage (L Poughon's enmil on 5th Nov 2002)

voi dage = epsGtrepsL; % degree of voidage (L Poughon's conversation on 14th Nov 2002 at MELI SSA
nmeeting in Paris)

uG = G n*(1+RG *1le- 3/ 3600/ (voi dage* pi *d_col um”2/4); %superficial velocity of Gas

uL = Fin*(1+RL) *1e- 3/ 3600/ (voi dage*pi *d_col um”2/4); % superficial velocity of Liquid

coef = 1.12; % corrective factor for tenperature (TN 63.2 p.7 by LCCB)

KLax = coef*1481*(uQ ."0.5979*(d_beads/d_col um)~(-0.1153); % TN 63.2 p. 30 by LCCB

KLax=150; %to allow NB=5 with high | oad

KLa = KLax*ones(NG 1) % Q2 C®2 NH3 (1/h) for TN 73.1

% Physi co-chem cal constants

[kpart, Kab, ksi _bi d] = i_physic(Tenp, pH);

Y% partition coefficients

kpartN = kpart([2,4,6],1); %2 02 NH3 (T
% di ssoci ation coefficient (for NH3)

Kb = Kab(3,1); %basicity cst at T ='Tenp' K
Ke = Kab(4,1); % ionic product at T ="' Tenp' K
KNH3 = Kb*107(-pH)/ Ke; %[ NH4+] = KNH3 * [ NH3] sol vat ed
% di ssoci ation coefficient for CO2

Tenp K, non ionic form

KC2 = Kab(1,1)/(10"(-pH))*(1+Kab(2,1)/(10"(-pH))); %[HCC3-]+ CXB--] = KO * [CXR]sol vated
% di ssoci ati on coefficient (for H3PO4)
Ka = 6. 166e-8; % (at T=298K, from TN 27.2,LGCB)

xx = 107 (-pH) / Ka; KP4 = 1+xx; Y% PO]total = f([HPOA=])
% di ssoci ati on vector for the bi phase substrates

Kdis = [0; KOX2; KNH3]; %@ C»2 NH3

% |'i qui d/ gas thernodynam cal equilibriumconstants

VM= 22.4 * Tenp / 273; %nolar volune (I/nol)

al pha = kpartN / 55.56 /| W

% Conput ati on of the state systemof the nitrifying conpartnment
[Ae_3,Be_3,Ce_3,De_3,E 3] = stasys_3(NG N., NB, Gn, Fin, RG RL, fG fL,
VA, VnB, VC, epsL, epsG epsT,
al pha, Kdis, KLa);

% Initialization of vector of indices
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i 1: NGFNL: (NB+1) *(NG+tNL) +1; % indices of @2 L in the

ic2 =i + 1 % indices of HOO3- in the state vector
iNH3 = iCQ2 + 1; % indices of NH3 L in the state vector
iNO2 = iNH3 + 1; % indices of N in the state vector
iNOB = i N2 + 1; % indices of NOB in the state vector
iPO4 = iNGB + 1; % indices of PO in the state vector
iS4 =i P4 + 1, % indices of SO4 in the state vector
i Sub = 1: (NG+NL) * (NB+2) ; % ind. of subs. in state vector
iXNs =1 : 2*NS : 2*NS*(NB+1) + 1;
iXNs = i XNs + (NG+NL) *(NB+2); %ind. of act. biomass Ns in the state vector
iXNb = i XNs + 1; % ind. of act. bionmass Nb in the state vector
i Xag = (NGFNL) *(NB+2) + 1 : (NGHNL+2*NS)*(NB+2); % ind. of active and gl obal
ind@ = 1. NG i ndG = i ndQQ;
indLO = NG+1: 2*NG+NL; indL = indLO;
for ii = 1:NB+1
indG = [indG ind@+ii*N]; %ind. of Gas concen. in the output vector
indL = [indL, indLO+ii*N]; %ind. of Lig concen. in the output vector
end
% Noi se

%-----

state vector

% 1. Wi ght vector of the noise on the derivative of the state vector

WKO = 0*5*[0 0 le-6 1le-6 le-6 O 0];
WK = WKO;

for ii = 1:NB+1
WK = [WK, WKO];
end

% 2. Wi ght vector of the noise on the output vector
WWED = 0*5*[0 0 0];

OMYLO = 0*5*[0 0 le-5/ (1+KNH3) 0 le-5 0 0];
WWG = WYQD;

MWL = WYLO;

%or ii = 1. NB+1

% WG =[WG WQ];
% WYL = [ WYL, WYLO];
%end

WYG = zeros(1, NG (NB+2));
WYL = zeros(1, (NGHNL)*(NB+2));

if typtst == 0 % noi se added on part B of the colum where neasurenents are supposed to be
done
WQ = 0*2*[0 0 0]

WKLO = 0¥2*[0 0  1e-5/(1+KNB) O  le-5 0  0];

WYG( 1, NG*NB+[ 1: NG ) = WQD;
WYL( 1, (NGHNL) *NB+[ 1: NG+tNL] ) = WYLO;

el se % noi se added on part C of the col um
W = 0*5*[0 0 0]

WLO = 0*5*[0 0 1e-5/(1+kKNB) O le-5 0  0]:

WQ(1, NG (NB+1) +[ 1: NG ) = WQD;
WYL( 1, (NGHNL) * (NB+1) +[ 1: NG+NL] ) = WYLO;
end

% Checki ng the mass bal ance of atons CHON S P

% 1. Stoechionetry matrices of conmpounds in Gas Liquid and Solid phases :

MSG = MBC(1: NG :); %X C2 N3 : Gas
MBL = MSG;

MSL(1: NG :) = diag(1l+Kdis)*M5L(1: NG :); % 2 CX®2 NH3 : solvated and ionic forns
MBS

Sconpn ./ (Mnitri*ones(size(Matom))); % CHONSP at
MBS = [ MBS; MSS]; % CHONSP at
% 2. matrices of volunme of tanks
Vg = [ VA*epsd epsT,;
VnB*epsGones(NB, 1) ;
VCrepsd epsT];
M = [ VArepsL/epsT;
VnB*epsL*ones( NB, 1) ;
VCrepsL/ epsT];

oni g bi omass
onl g bi omass

% Savi ng the specific variables of the Nitrifying conpartnent

%

NL_3 = N NG 3 = NG NS 3 = NS;
NB_3 = NB; NX_3 = NX NO 3 = NO Nl 3=N; NV 3 = NV:
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Kdi s_3 = Kdis;

Fin.3 = Fin;Gn 3 = Gn; RG3 = RG RL_3 = RL;
fG3 =fG fL_3 =fL; VA _3=VA VnB_3=VnB; VB_3=VB; VC 3=\C
epsL_3=epsL; epsG 3=epsG epsT_3=epsT,;
WK 3 = W; WG 3 = WG WL_3 = WL;
i3 =i@;iCR_3=i00; iNH3_3 = iNH3; i NG2_3 = i NO2;
iSub_3 = iSub; i XNs_3 = iXNs; i XNb_3 =i XNb; i Xag_3 = i Xag;
KINs_3 = KINs; KINo_3 = KI Nb; KnNs_3 = KnNs; Km\b_3 = Kri\b;
mumax_3=nunax; mai nt_3=nai nt;
YX_3=VYX; Yx1_3=Yx1; Yrmil_3=Yni; Yx11_3=Yx11; Ynill_3=Ymill;
i ndG_3=i ndG, i ndL_3=i ndL;
MSG_3=MBG MBL_3=MBL; MBS_3=MEBS; MSC_3=MBC,  MsSC1_3=MBC1;
Vg_3 = Vg; VI _3=WV; al pha_3=al pha; KLa_3=KLa;
pH 3 = pH,
if arret
disp(" *=*=* Nitri : initialization aborted *=*=*")
br eak
end
disp(' *** Nitri - End of initialization ***')
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