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NOTATION

The notation is the one of TN 44.2 or TN48.1 and is recalled hereafter, for each
substrate of the problem and for each tank of the column :

molar concentration in the gas phase
molar concentration in the liquid phase of the molecular form
c : molar concentration at the thermodynamic equilibrium

dg: molar concentration in the incoming gas flow

d_: molar concentration in the incoming liquid flow of the molecular form
qs: gas flow rate (1/h)

qr: liquid flow rate (1/h)

r : mean volumetric production or consumption rate (mol/1/h)

K : wvolumetric transfer coefficient in liquid phase (notation K| 5 in TN 27.1)
k : dissociation constant of acid/base equilibrium

In the liquid phase, the concentration of a molecular form, x, and the one of its ionic
form x" are linked by the relation which implies the dissociation constant k :

X'=k [k
. K,.[H"
with Kk _Ko lH] for NH, solvated
Ke
k=0 for the other compounds
a
e G | Gas e >
a
U
G d. du kb b
—> c —>
_— r b
Ligud S —>» P
bl
General flow sheet of a tank
(S = substrate , P = product)
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1. INTRODUCTION

In the previous study TN 48.1, three candidates of predictors are proposed. Their models,
more or less complex, are recalled hereafter :
» Predictorl : the column is considered as only one tank in which the strains are equally

distributed throughout the volume of liquid (scheme 1). The corresponding is a mere first

order. Only 2 sensors of nitrate and 2 ones of ammonia are needed (1 at each end of the

column).

» Predictor2 : the column is assumed to be composed of 2 tanks (non necessarily equal) in
each of which the strains are equally distributed and at different concentrations (scheme
2). The corresponding model is a block of 2 successive first order. Therefore 3 sensors of
nitrate and 3 ones of ammonia are needed (1 at each end and 1 in the middle of the

column).

» Predictor3 : the column is a combination of these 2 previous models. It is still parted into 2
tanks of non necessarily equal volume but the biomass is presumed to be present only in
the first one and null in the second one (scheme 3). This hypothesis lies on the fact that the
strains migrate towards the input of the column where the concentrations of substrates are
highest. The corresponding model is a second order. Only 2 sensors of nitrate and 2 ones
of ammonia are needed (1 at each end of the column).

incominggasflow | N ——— outgoing gas flow
S

incoming liquid flow

Sensors of
ammonia and nitrate

Np

Scheme 1 : Model of the predictor 1

Re-circulating ratio Rg

Sensors of
ammonia and nitrate

outgoing liquid flow

. ¢ . Tank 2 .
Gas deio dojt Tank 1 aj1 aj
—>» (] >
Gin Nsl NsZ
Liquid Np1 Nb2
—> —>
Fin d.i dii bi»
Lio T Lj1 bi ]
Re-circulating ratio R
Scheme 2 : Model of the predictor 2
Substrate j : NH;, NO, or NO,
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Re-circulating ratio Rg

Gas deio ‘l‘ daj Tank 1 aj1 Tank 2 ap
Gin Nsl N$2 = O
Liquid__,, R Np; Np, =0

Fin d|_j0 T dle bJ]_ bJZ

Re-circulating ratio R

Scheme 3 : Model of the predictor 3

In the present study, the 3 models are compared on their behaviours and robustness versus the

noise of measurement and versus their parameters.

The reference behaviour is the one of the nitrite column done in standard conditions defined

by the Laboratoire of Genie Chimique et Biologique in TN 27.2 :

« at the beginning, the strains are equally distributed throughout the fixed bed of the column;

 the concentrations of substrates in the incoming flow are standard and constant all along
the duration (300 hours) of the simulation, excepted the ammonia concentration which is
doubled at time t=150 h;

 the number of equivalent tanks of the fixed bed is set to 5.

The simulated experiment is composed of 2 parts :

» the first part of 150 hours (about 6 days functioning) represents a starting column : at the
beginning, the strains are equally distributed throughout the fixed bed,;

* during this first period, the strains migrate towards the input of the column and the second
part of the test (another 150 h period of time) is assumed to represent the long term
functioning of the column.

2. NITRITE PREDICTORS

2.1. Behaviours without mismatch and without noise

As the predictor models are simplified models of the column, none of them have the
same behaviour as the column. This is recalled in the figure 1 where each graph represents the
nitrite concentration of the column (solid or blue line) and of the predictor (dotted or green
line).

On the first part of the simulation (150 first hours), the behaviours of the predictors 1
and 2 are very close to the one of the column because the hypothesis of the predictors are
those of the column (the strains are equally distributed throughout the liquid volume), and the
behaviour of the predictor 3 is far from the column because its hypothesis is that there is no
bacteria in the second tank (which is not true at the start of the simulated experiment).

In the second part of the simulation, the strains have migrated towards the column
input and the predictors 2 and 3 are adapted to the behaviour of the column.
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Figure 1 : Behaviour of the nitrite predictors (no noise , no mismatch)

2.2. Sensitivity

From the formulas (A.21) and (A.46) established in TN 48.1, the parameters of the
predictors are :
the dissociation constant k;
the stoechiometric factors 31 and 3;;
the time constant T, =V, /F, ;
the equivalent gas/liquid equilibrium constant a;
the “fresh’ incoming gas and liquid flow rates G;, and Fiy;
the gas and liquid re-circulating ratios Rg and R, .

The next figures 2 to 10 illustrate the sensitivity of the nitrite predictors to each of these
parameters. The simulated column is represented by the blue continuous lines and the
predictors by the green dotted lines.
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1. Dissociation constant of ammonia : k

The figure 2 shows that only a 1 % mismatch on the dissociation constant of ammonia, k,
causes a rather big static bias for all the predictors (k interferes in the static gain of the
predictors with a big weight, as it will be explained in a following paragraph about static bias
on measurement).
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Figure 2 : 1% mismatch on the dissociation constant of ammonia k
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2. Stoechiometric factor (31

As previously, the figure 3 shows that only a 1 % mismatch on the stoechiometric factor 3;,
causes a rather big static bias for all the predictors ([3; interferes in the static gain of the
predictors with a big weight, as the parameter k does).

w0 predictar 1

rnalf]

a0 200 250 300

1
w0 predictor 2

rralf]

a a0 100 150 200 250 300

rmalf|

Figure 3 : 1% mismatch on the stoechiometric factor 3,
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3. Stoechiometric factor 3,

As for (34, the figure 4 shows that only a 1 % mismatch on the stoechiometric factor [3,, causes
a rather big static bias for all the predictors (3, interferes in the static gain of the predictors

with a big weight).

rnalfl

rmald]

predictor 1

100 150 200

100 150 200
predictor 3

T
= 24~ -
= 1 1
= | .
OF-------- :. ________ :. ________ JI. ________ F e N
a &0 100 150 200 250 300
Tire (h)
Figure 4 : 1% mismatch on the stoechiometric factor 3,
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4. Time constant 1, = V| /Fj,

The figure 5 shows that a 5 % mismatch on the time constant 1, affects the dynamic of all the
3 predictors, particularly the one of the predictor 1 during long running of the column (top

graph).

predictor 1

3
E 1 ] ]
o, 50 100 150 200 250 300
w0 predictor 2
I I I I I
ffesees R DRGSR S
s/ N
C e =T
q : : : : :
o, &0 100 150 200 250 300
w0 predictar 3
T SRS A R R R
= ! ! AR ! !
=] 1 1 1 1 1
VAN ST SN /AN S
q : : : : :
a &0 100 150 200 250 300
Tire (h)
Figure 5 : 5% mismatch on the time constant T,
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5. Equivalent gas/liquid equilibrium constant a

The figure 6 shows that the impact of the equivalent gas/liquid equilibrium constant, a, is
negligible on each of the predictors.

rnalfl

predictor 1

o, 50 1 150 300
w0 predictor 2
I I I I I
S S
g, i i i i i
0 ! ! ! ! !
o, 50 100 150 200 250 300
w10 predictar 3
A S S e
3 | | | | |
E2pl---- ' : T L EEEEEEEE EEEEEER
0 ! ! ! ! !
0 50 100 150 200 250 300
Tire (h)

Figure 6 : 5% mismatch on the equivalent gas/liquid equilibrium constant a
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6. ‘Fresh’ incoming gas flow rate Gi,

The figure 7 shows that the impact of the ‘fresh’ incoming gas flow rates, Gi, , is negligible on
each of the predictors.

T predictar 1
I
dfeees e S e
= : : : :
o o e B bl EEEEEEEEE EEEERER
q : : : : :
o, 50 100 150 200 250 300
w0 predictor 2
I I I I I
e e S e
= : : : : :
S LUREEEEEEE EEEEREET R RERRCEEE EEEEEEEE
0 : : : : :
o, 50 100 150 200 250 300
w0 predictor 3
T S S S
S | | | | |
E bl i GUEEEEEE] SELLEERES
q : : : : :
a 50 100 150 200 250 300
Time (h)
Figure 7 : 5% mismatch on the ‘fresh’ incoming gas flow rate Gi,
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7. ‘Fresh’ incoming liquid flow rate Fi,

The figure 8 shows that the impact of the ‘fresh’ incoming gas flow rates too, Fi, , is
negligible on each of the predictors.

T predictar 1
I
e e S e
= : : : :
=1 | | L GEEEEEEEEEEEEREPES
q : : : : :
o, 50 100 150 200 250 300
w0 predictor 2
I I I I I
e e S e
= : : : : :
S SREEEEEEE EEEEELEE | GEERREEEEET EEEEEEEES
0 : : : : :
o, 50 100 150 200 250 300
w0 predictor 3
] - - - - o]
B A : : : :
= | | | | |
E ol | Sl RRREEEEEt EEEEEEEE
q : : : : :
a 50 100 150 200 250 300
Time (h)
Figure 8 : 5% mismatch on the ‘fresh’ incoming liquid flow rate Fi,
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8. Gas re-circulating ratio Rg

The figure 9 shows that the impact of the gas re-circulating ratio too, Rg , is negligible on
each of the predictors.

rnalf]

predictor 1

1
Fm—————— -

1
Fmmmm——— =

I:I 1 1
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I I I I I
e e S e
= : : : : :
S UEEEEEEEE EEEEREET e R R
0 : : : : :
o, 50 100 150 200 250 300
w0 predictor 3
S e S S
S | | | | |
Eopf-o N i GUEEEEEE] SEELEERES
q : : : : :
a 50 100 150 200 250 300
Time (h)
Figure 9 : 5% mismatch on the gas re-circulating ratio Rg
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9. Liquid re-circulating ratio R,

The figure 10 shows that the impact of the liquid re-circulating ratio too, R, , is negligible on

each of the predictors.
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1 1
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Figure 10 : 5% mismatch on the liquid re-circulating ratio R
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2.3. Measurements with white noise

A white noise on the measurements of nitrate and ammonia (equal to + 10 mol/l) does not
affect the estimations (figure 11).

predictor 1

rmalf|

rnolf

rnalf]

300
Tirne (h)

Figure 11 : White noise on nitrate and ammonia measurements : + 10™ mol/l
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2.4. Static bias on measurement

The effect of a bias on the measurements of ammonia and nitrate is studied on the model of
the predictor 1. The results would be the same for the 2 other predictors.

The expression of the nitrite concentration at column output is recalled hereafter, for the
predictor 1 (from (A.20) of TN 48.1) :

b3252_51
with s -[3(1+k+aq—e\b +B,b
2 T H1 ' M1 22
q.
1
S, = £
1+t p

e= [31(1+ k+ a.g—e\.d LB,

L

The factors 3; and [3; are scalar (dimension less) and their values are close to -1 (3; = -0.966
and B, =-1.02). The other terms are physical parameters or concentration measurements that
are positive.

So the nitrite concentration, bs, is the difference between 2 variables s; and s, that have both
the same sign (negative) and whose absolute value are close to each other (about 10 mol/l)
and great versus their difference (s; — s, equals about 10 mol/l).

Consequently a static bias on the measurements (by, by, di 1 and di,) will induce a static bias
on the nitrite prediction. This static bias has to be compensated with a corrective term whose
value will be calculated from time to time by comparing the modelled nitrite concentration to
the actual one obtained from laboratory analysis.
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Figure 12 illustrates a 1% static bias on the ammonia measurement in the “fresh’ incoming
liquid flow.

predictor 1

rmalf|

rnolf

rnalf]

Figure 12 : 1 % static bias on the ammonia measurement in the incoming flow
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2.5. Hypothesis H1

The so called hypothesis H1 has been introduced in the paragraph A.1.3. of TN 48.1 relative
to the expression of the variation rate of the nitrite versus the variation rates of ammonia and
nitrate. According to this hypothesis, the growth limiting factor and the maintenance limiting

factor are identical for each strain :
VG1 = VM1
VG2 = Vm2

The figure 13 illustrates the case where H1 is not true : the half maximum maintenance rate
saturation constant of the simulated column is the tenth part of the growth one. It causes a bias
on the predicted nitrite concentration. This static bias will also be compensated by a corrective

(Hypothesis H1 in TN 48.1)

term.
N di 1
% 100 predictor
=
=
=
=
=
=
=
=
=
Figure 13 : Case where hypothesis H1 is not true
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2.6. Choice of the nitrite predictor

From the previously studied points, it results that :

* The predictor 1 is good for a starting column and during steady state running and it is bad
during transient behaviour of a long term running column;

» The predictor 2 is satisfactory at any time but requires a supplementary sensor of ammonia
and one of nitrate in the middle of the column;

* The predictor 3 is good for transient in long term running column and in steady state and it
is bad for a starting column.

So the resulting nitrite predictor will be composed of :

» predictor 1 for a starting column and its output will be taken into account each time a
column is restarted (after maintenance operation, for example);

» predictor 3 for a long term running column.

The parameters of these 2 estimators will be identified by means of real tests.

Due to inevitable static bias on the measurements, the modelled nitrite concentration will be
corrected, from time to time (twice a week, probably), from laboratory analysis. Thanks to this
correction the predicted nitrite will be reliable during transient behaviour, which is the critical
period because of possible peak of nitrite.

2.7. Expression of the nitrite predictors

2.6.1. Predictor 1

Starting from the expression (A.21) in TN48.1 of the nitrite concentration bs

G, 1 1 )
b, :B1(1+k+(1 F'”)[Ebl _—-dl_mw*'ﬁz(bz ———diy

1+1.p _1+'[|_.p

n

the nitrite predictor is :

~ ~ 1 - ~ 1 = )
b3:y1E€b1_mleo)+y2 [Ebz_mmuo +Y, )

where :

. aLm and aL20 are, respectively, ammonia and nitrate concentrations in the ‘fresh’
incoming liquid flow of the column (whose flow rate is Fi,);

. 61 and 62 are, respectively, ammonia and nitrate concentrations at output of the column;

* v, Y2 and T are identified through tests on the real nitrifying column;

* Vs isacorrective term to compensate the static bias of the measurements and the static bias
due to the fact that the Monod constants are different for growth rate and maintenance rate
(hypothesis H1 not true).
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2.6.2. Predictor 3

Starting from the expression of the nitrite concentration (A.46) of TN 48.1,

Gy |
=B, [€1+k+d E'Fi [ﬂ(l"'Hz)l]le —-H, m|_1o)"'[3’2 [qbzz B

with
1

" e, ) v e, )

and
H - sl|])+£2 ﬂ)z
* (1+e,p)ci+o, )

with g =xfl- xo)D\éﬁ xoG\F/—L
Vv, IV,

S SN

the formula of the nitrite predictor 3 is :

A

yl [ﬁH L10)+y2 [ﬁbZZ |:(HLZO)-i-yIS

1
(L+6, ) +6, [p)

0. 8= f1s [i- 4DV |
P 2TV (+Rr)ov?

—_ 81'])-'_82 l]JZ
e = e, )+ 6, )

with :

H, =

with g _X[ﬂl XO)G\% XOD\F/_L

\A'A

X SR ) E

Hl IjjL20)

from (A.40) of TN 48.1

from (A.44) of TN 48.1

)
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~ ~

where am ¢ PPV 622 , T, V1, Y2 and y; have same meaning as in the formula (1) of the
predictor 1.

2.7. ldentification of the parameters of the nitrite predictors

For identification, the process will be excited by steps on the ammonia concentration in the
incoming flow (figure 14). The sampling period of the data acquisition (ammonia and nitrate

in the incoming and outgoing flow) will be between 0.1 and 0.25 hour.

The static coefficients (yi , > and ys and the time constants of the relations (1) and (2) will be

tuned so that to minimize the distance process/model.

1.5

rmald]

rrold]

w10 Ammonia concentration at column input
» a0 . 100 150 200 250 300
w 10 Mitrite concentration at column output

0 150 200
w10 Ammunll:la cuncentraﬁun at colurmn output

S A R o R
0 : : : :
a S0 o 1ao 150 200 250 300
Mitrate concentration at column output
0.015 : : : : :
LY/ R S s
0.00s ! ! ! ! !
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Time (h)
Figure 14 : Step of ammonia in the incoming flow
Expected responses of the column
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Nitrite measurements of the outgoing flow are necessary. As these measurements are not easy,
the number of samples will be as low as possible : 1 sample per 10 hours during steady state
running and 1 sample per 2 hours during transient behaviour.

The time constant T has to be identified versus the liquid flow rate.

3. BIOMASS PREDICTORS
3.1. Behaviours without mismatch and without noise

The biomass which can be estimated is the ‘productive’ biomass, i.e. the variable represented
by the multiplication of the active biomass and of the limiting factor. It represents the quantity
of biomass which consumes substrates and makes the products.

The figure 15 shows the behaviour of the 3 predictors when there is no noise nor mismatch :
there is only little differences between them, as demonstrated in TN48.1 .
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Figure 15 : Behaviour of the Ns and Nb biomass predictors (no noise , no mismatch)
(column : solid or blue line | predictors : dotted or green line)
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3.2. Sensitivity

From the formulas (A.23) and (A.51) established in TN 48.1, the parameters of the
biomass predictors are :
» the dissociation constant k;
» the stoechiometric factors 9,
* thetime constant T, =V, /F, ;
» the equivalent gas/liquid equilibrium constant q;
» the “fresh’ incoming gas and liquid flow rates Gj, and Fiy;
» the gas and liquid re-circulating ratios Rg and R,.

The next figures 16 to 23 illustrate the sensitivity of the biomass predictors to each of these
parameters. The simulated column is represented by the blue continuous lines and the
predictors by the green dotted lines.
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1. Dissociation constant of ammonia : k

The figure 16 shows that a 1 % mismatch on the dissociation constant of ammonia, Kk,
does not affect particularly the biomass estimations for all the predictors.
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Figure 16 : 1% mismatch on the dissociation constant of ammonia k
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2. Stoechiometric factors &

The figure 17 shows that a 5 % mismatch on the stoechiometric factors &, causes a 5%
error on the biomass estimations for all the predictors.
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Figure 17 : 1% mismatch on the stoechiometric factors
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3. Time constant 1, = V,/Fi,

The figure 18 shows that a 5 % mismatch on the time constant T causes a 5% error on
the biomass estimations for all the 3 predictors.
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Figure 18 : 5% mismatch on the time constant T
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4. Equivalent gas/liquid equilibrium constant o

The figure 19 shows that the impact of the equivalent gas/liquid equilibrium constant,

a, is negligible on each of the predictors.

ol
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Figure 19 : 5% mismatch on the equivalent gas/liquid equilibrium constant a
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5. ‘Fresh’ incoming gas flow rate Gi,

The figure 20 shows that the impact of the ‘fresh’ incoming gas flow rates, Gi, , Is
negligible on each of the predictors.
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Figure 20 : 5% mismatch on the “fresh’ incoming gas flow rate G,
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6. ‘Fresh’ incoming liquid flow rate Fi,

The figure 21 shows that the impact of the ‘fresh’ incoming gas flow rates too, Fi, , is
negligible on each of the predictors.
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Figure 21 : 5% mismatch on the “fresh’ incoming liquid flow rate Fj,
MELISSA - Technical note 48.2 August 2000
ESA-ESTEC "Nitrite and biomass predictors of the nitrifying compartment-Phase 11" Ne réf. : 2123
ADERSA 10, rue de la Croix Martre Tel :(33)160135353 Fax: (33) 169 20 05 63
91873 PALAISEAU Cedex E-Mail : adersa@adersa.asso.fr Page 31




7. Gas re-circulating ratio Rg

The figure 22 shows that the impact of the gas re-circulating ratio too, Rg , is
negligible on each of the predictors.

predictor 1 (M) predictor 1 (Mb)

0.03 : : 0.015 : :
002p------- RS o 001 F------- e Poo----
E | | E |
0.01 p- === SRR EEEU TR 0.005 f#2en - - R s
q : : 0 : :
a 100 200 300 0 100 200 300
predictor 2 (Ms) predictor 2 (Nb)
0.03 ; ; 0.015 ; :
002p------- - o 001 F------- T Poo----
E | | E |
0.01 - ===== =t - 0.005 | ez=o- e
0 : : 0 : :
a 100 200 300 0 100 200 300
predictor 3 (Ms) predictor 3 (Nb)
0.03 : ; 0.015 ! ;
002f------- RRERTEE IEEEEEE 001fp------- R ro-----
E | | E] |
0.01 e Rt 0,005 Fpcnz-- e
q : : 0 : :
a 100 200 300 0 100 200 300
Time (h) Time (h)
Figure 22 : 5% mismatch on the gas re-circulating ratio Rg
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8. Liquid re-circulating ratio R,

The figure 23 shows that the impact of the liquid re-circulating ratio too, R , is
negligible on each of the predictors.
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Figure 23 : 5% mismatch on the liquid re-circulating ratio R
MELISSA - Technical note 48.2 August 2000
ESA-ESTEC "Nitrite and biomass predictors of the nitrifying compartment-Phase 11" Ne réf. : 2123
ADERSA 10, rue de la Croix Martre Tel :(33)160135353 Fax: (33) 169 20 05 63
91873 PALAISEAU Cedex E-Mail : adersa@adersa.asso.fr Page 33




3.3. Measurements with white noise

When the measurements of nitrate and ammonia are noisy (white noise of amplitude
equal to 2.10™ mol/l, here), the predictor 3 which uses a second derivative is out of work
(bottom graph of the figure 24).
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Figure 24 : White noise on nitrate and ammonia measurements : + 10™ mol/l
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3.4. Static bias on measurement

The effect of a bias on the measurements of ammonia and nitrate is studied on the
model of the predictor 1. The results would be the same for the 2 other predictors.
The expression of the mean biomass concentration in the column is recalled hereafter, for the
predictor 1 (from (A.23) of TN 48.1) :

Ca = Oply + 0p,M,
Co = Oply + 0y,

where rlei” 1+k+a[—lGiw 1+im)tﬂ)1—dm)
VL I:in F

n

I:in \ \\
P :V_[€(1+F_Lm1 b, —d 5
L :

n

The stoechiometric factors o are scalar (dimension less) and their values are :

011 = -68.5 01, = -0.7

621 =0 622 = 31.6
The other terms are physical parameters or concentration measurements that are positive.
So the Nitrosomonas concentration, Cy;, IS mainly dependant on r;, i.e. on the ammonia
measurements, b; or dii, in the incoming or outgoing flow; while the Nitrobacter
concentration, Cyp, is dependant on r,, i.e. on the nitrate measurements, b, or d; 2.
Consequently a static bias on the measurements (by, by, di 1 and di,) will induce a static bias
on the biomass predictions of the same order : good sensors with low static bias will give
good prediction of biomass concentrations.
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The figure 25 illustrates the impact of a 1% static bias on the ammonia measurement
in the “fresh’ incoming liquid flow : it causes a 1% error on the Ns biomass estimations and
no error on the Nb biomass ones.
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Figure 25 : 1 % static bias on the ammonia measurement in the incoming flow
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3.5. Hypothesis H1

The so called hypothesis H1 has been introduced in the paragraph A.1.3. of TN 48.1 relative
to the expression of the variation rate of the nitrite versus the variation rates of ammonia and
nitrate. According to this hypothesis, the growth limiting factor and the maintenance limiting
factor are identical for each strain :
Vel = Vv (Hypothesis H1 in TN 48.1)
VG2 = Vm2
The figure 26 illustrates the case where H1 is not true : the half maximum maintenance rate
saturation constant of the simulated column is the tenth part of the growth one. It causes a bias
on all the predicted biomass concentrations.
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Figure 26 : Case where hypothesis H1 is not true
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3.6. Choice and expression of the biomass predictor

The predictor 3 is rejected because of its behaviour when there is noise on the
measurements. As the 2 first predictors have the same performances, the simpler, i.e. predictor
1, is chosen.

Starting from (A.23) of TN48.1, the formula of the biomass predictor is :

Ca = Oply + 04,0,
Co = Oply + 01,

where = E€1+k+a[-l|6:i\[ﬁ(l+rﬂ))[ﬂ31—am) (€©)

in

[ﬁ(l+rﬂ))[ﬂ32 _aLZO)

1

T
L=t
T

in which am ,am ,61 , 62 and T have the same meaning as in the nitrite predictor (1) and
(2). The coefficients d are detailed in (A.14) of TN 48.1.

As the biomass is not easily measured, the identification of the parameters of the biomass
predictor is impossible. Nevertheless the results of the biomass predictor could be used for
diagnosis, for example.

4. CONCLUSION

In this study, a biomass predictor and a nitrite predictor are proposed, for autotrophic growth,
under the hypothesis that the Monod constants are identical for the growth rate and
maintenance rate for each of the strains. Nevertheless, in the case of the nitrite predictor, even
if this hypothesis is not true, the static bias that is then induced will be compensate by a
corrective term whose value will be measured regularly (twice a week) from laboratory
analysis. Thanks to this correction, it is expected, and it has to be validated in a next study,
that the predicted nitrite will be reliable during transient behaviour, which is the critical period
because of possible peak of nitrite.
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ANNEX

SOFTWARE OF THE PREDICTORS

Software of the predictor 1 (Matlab® language) : estim1.m
Software of the predictor 2 (Matlab® language) : estim2.m
Software of the predictor 3 (Matlab® language) : estim3.m
Software of the robustness study (Matlab® language) : robust.m

AN =
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A.l. Software of the predictor 1 : estiml.m

%r*************************************************************

% Bi omass and Nitrite estimators (nodel 1) *
% Version 3.0 July 2000 *
% *
% Esti mator nodel according to TN 48.1 *
% *
% The nodel of the estimator is a nmere first order *
% in which the biomass is constant throughout the vol une*

%r*************************************************************

% . time period of the predictor = period of Mtlab sinul ation*
% . calling progranme : 'robust. mn *

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

% Comput ati on of the transfer of [NH3] at output of the colum

al pha_h = km s_al ph*al pha(3); % NH3
Kdi s_h = km s_Kdi *Kdi s(3); % NH3
KLa_h = km s_KLa*KLa(3); % NH3

VG = km s_VG' (VA*epsd epsT + VB*epsG + VC*epsd epsT); % volunme of gas of the colum
VL = km s_VL*(VA*epsL/epsT + VB*epsL + VC*epsL/epsT); % volume of liqg of the colum
gG = kms_gG G n;
gL = km s_qL*Fin;

% Conmput ati on of the transfer of [NOGB] and [ NO2] at output of the colum
tauL = km s_tau*(VA*epsL/ epsT + VB*epsL + VCrepsL/epsT)/Fin;

% Coefficients of the linear systembinding rate and bi omass concentration

alfall = Yx1(3,1) * munmax(1) + Yml(3,1) * maint(1l); %for NH3 and N trosononas
alfal2z = Yx1(3,2) * munax(2) + Yml(3,2) * maint(2); %for NH3 and N trobacter
al fa2l = Yx1(5,1) * munmex(1) + Yml(5,1) * maint(1l); % for NOG3 and N trosononas
al fa22 = Yx1(5,2) * munax(2) + Yml(5,2) * maint(2); %for NOG3 and N trobacter
alfa3l = Yx1(4,1) * munmex(1) + Yml(4,1) * maint(1l); %for NO2 and N trosononas
al fa32 = Yx1(4,2) * munax(2) + Yml(4,2) * maint(2); %for NO2 and N trobacter

% Coefficients of the linear systembinding rates of NH3 NO3 and NOQ2

den = alfall*alfa22 - alfal2*alfa2il;
betal = kmi s_bel*(al fa22*alfa3l - al fa2l*al fa32)/den;
beta2 = km s_be2*(al fall*al fa32 - alfal2*al fa31)/den;

del tall = km s_del *al f a22/ den; deltal2 = -km s_del *al fal2/ den;
del ta2l =-km s_del *al fa21/ den; delta22 = km s_del *al fall/den;
% Esti mat or

% Derivative of nmeasures of NH3 and NOG3 at clumm out put
[mn] = size(Te);

dXb = diff(Xb) / dte;

dXb(m:) = dXb(m1,:);

% NO2
% - - -

% [NC2-] at input of colum is assurmed null
% Initialization of vectors

% Initialization for estimation of the mean [biomass] in the colum
Cx = zeros(2*(NB+2),m;

%Ilnitialization for estimation of NO2- concentration in the colum

Xi = zeros(1l,m;
Xi2 = zeros(1,m;
sl = zeros(1l, m1);
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s2 = zeros(1, m1l);

% Estimation of biomass and nitrite

Of---cccmcceccccnsccccccccc e nnaa
coef = 1+Kdi s_h+al pha_h*qG qL;
coefl = betal*coef;
al ph = exp(-dte/taul);
al phl = 1-al ph;
%initialization of the first order
e = dL_i(1) - beta2*dL_a(1l) - coefl*dL_h(1);
XX = e; %static gain equal to 1
for jj = 1:m
% 1. Conputation of the (NH3 and NO3-) production/consunption rate
%1 = (tau_h*dXb(jj,1) + Xb(jj,1) - Gl_h*dL_h(jj) - &_h*dG h(jj))
% | G3_h; % [NH3] rate
rl = (dXb(jj,1) + (Xb(jj,1)-dL_h(jj))/tauL)*coef; %[NH3] rate
r2 =dXb(jj,2) + (Xo(jj,2) - dL_a(jj))/tauL; % [ NCB] rate
% 2. Mean productive biomass concentration in the colum
Cx(1,jj) = deltall*rl + deltal2*r2;
Cx(2,jj) = delta2l*r1 + delta22*r2;
% 3. production rate of nitrite in last tank of the colum
r3 = betal*rl + beta2*r2;
% 3. concentration of nitrite in last tank of the colum (transfer function)
if jj == m break, end
e =dL_i(jj) - beta2*dL_a(jj) - coefl*dL_h(jj);
xx = al ph*xx + al phl*e;
s1(1,jj) = xx;
xx2 = beta2*Xb(jj+1,2) + coefl*Xb(jj+1,1);
s2(1,jj) = xx2;
Xi2(1,jj+1) = xx + xx2;
% 4. concentration of nitrite in last tank of the colum (integration of derivative)
Xi(1,jj+1) = Xi(2,jj) + (-Xi(1,jj)/tauL + r3)*dte;
end
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A.2. Software of the predictor 2 : estim2.m

%r*************************************************************

% Bi omass and Nitrite estimators (nodel 2) *
% Version 3.0 July 2000 *
% *
% Esti mator nodel according to TN 48.1 *
% *
% The nodel of the estimator is conposed of 2 successive*
% first order (the 2 first order may be different) *
% The bionass is assunmed constant throughout each vol une*
% The out put of each of the first orders is measured *

%r*************************************************************

% . time period of the predictor = period of Mtlab sinul ati on*
% . calling progranme : 'robust. mn *

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

nl = ceil (NB/2); %rank of the tank in the nmiddle of part B of the colum
RLm = kmi s_RL*RL;
RGM = km s_RG*'RG

% Transfer of [NOGB] and [NO2] at middl e and output of the colum

= km s_tau*(VA*epsL/ epsT + VB*epsL*nl/NB)/Fin/(1+RLm);
tauL2 = km s_tau*(VB*epsL*(1-nl1/NB) + VCrepsL/epsT)/Fin/(1+RLm;

% Transfer of [NH3] at middle and output of the colum

al pha_h = km s_al ph*al pha(3); % NH3
Kdi s_h = km s_Kdi *Kdi s(3); % NH3
KLa_h = km s_KLa*KLa(3); % NH3
VG = km s_VG (VA*epsG epsT + VB*epsG + VC*epsd epsT); % volume of gas of the col um
VL = km s_VL*(VA*epsL/ epsT + VB*epsL + VCrepsL/epsT); % volunme of liq of the colum
VGL = km s_VG (VA*epsG epsT + VB*epsG'nl/NB); % volunme of gas of the first part of the
col um
VL1 = km s_VL*(VA*epsL/epsT + VB*epsL*nl/NB); % volume of liqg of the first part of the
col um
VG - VGL; %volume of gas of the second part of the equival ent col um
VL2 = VL - VL1; %volurme of |liq of the second part of the equival ent colum
gG = kms_qG* Gn * (1+RG1;
gL = kmis_gL * Fin * (1+RLMm);

tau_h = taull/(1+al pha_h*qQd (1+Kdis_h)/qlL);
h 1/ (1+al pha_h*qG (1+Kdi s_h)/qlL);

h 1/ (al pha_h+(1+Kdi s_h) *qL/ qG ;

h taulLl/ (1+Kdi s_h+al pha_h*qd qL);

al pha4_h = al pha_h;

%l pha5_h = 1/ (1+KLa_h*VL1/ al pha_h/ qQ

tau_h2 = taul2/(1+al pha_h*qd (1+Kdis_h)/qlL);

Gl_h2 = Gl_h;
&_h2 = &_h;
&3_h2 = taul2/(1+Kdi s_h+al pha_h*qd qL);

%l phad_h2 = al pha_h;
al pha5_h2 = 1/ (1+KLa_h*VL2/ al pha_h/ qG);

% Coefficients of the linear systembinding rate and bi omass concentration
72

alfall = Yx1(3,1) * munmax(1) + Yml(3,1) * maint(1l); %for NH3 and N trosononas
al fal2 = Yx1(3,2) * munax(2) + Yml(3,2) * maint(2); %for NH3 and N trobacter
al fa2l = Yx1(5,1) * munmax(1) + Yml(5,1) * maint(1l); %for NOG3 and N trosononas
al fa22 = Yx1(5,2) * munax(2) + Yml(5,2) * maint(2); %for NOG3 and N trobacter
alfa3l = Yx1(4,1) * munmex(1) + Yml(4,1) * maint(1l); %for NO2 and N trosononas
al fa32 = Yx1(4,2) * munax(2) + Yml(4,2) * maint(2); %for NO2 and N trobacter

% Coefficients of the linear systembinding rates of NH3 NO3 and NOQ2
Qf---cmccmccccmccemccmemccemscesseesseNcsesSmcseSmcsesmscesmsceasscasmaan----
den = alfall*alfa22 - alfal2*alfa2il;
betal = kmi s_bel*(al fa22*al fa3l - al fa2l*al fa32)/den;
beta2 = km s_be2*(al fall*al fa32 - alfal2*al fa31)/den;

del tall = km s_del *al f a22/ den; deltal2 = -km s_del *al fal2/ den;
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del ta2l =-km s_del *al fa21/ den; del ta22 = km s_del *al fall/den;

% Est i mat or

% Derivative of neasures of NH3 and NO3
[mn] = size(Te);

dXh = diff(Xh) / dte;

dXh(m:) = dXh(m1,:);

dXa = diff(Xa) / dte;

dXa(m:) = dXa(m1,:);

Xh = Xh'; Xa = Xa'; dxh = dXh'; dXa = dXa';

% NO2
% - - -
% [NO2-] at input of columm is assuned null

% Initialization of vectors
% Initialization for estimation of the nmean [productive bionmass] in the col um
Cx1l = zeros(2,m; %first part of the colum
Cx2 = zeros(2,mM; %secnd part of the colum
% Initialization for estimation of NO2- concentration in the colum
Xi = zeros(2,m;
% Estimation of biomass and nitrite

den = alfall*al fa22 - al fal2*al fa2l;
for jj = 1:m

% 1. Conputation of the NH3 production/consunption rates

dLe = (dL_h(jj) + RLmXh(2,jj)) / (1+RLm;
dGe = (al pha_h*dL_h(jj) + RG(al phad4_h*(al pha5_h2*Xh(1,jj)+Xn(2,jj)))) / (1+RGM;
rll = (tau_h*dXh(1,jj) + Xh(1,jj) - Gl_h*dLe - &_h*dGe) ...
!/ G3_h; %[NH3] rate in first part
r12 = (tau_h2*dXh(2,jj) + Xnh(2,jj) - (Gl_h2 + &_h2*al phad_h)*Xnh(1,jj)) ...
I G3_hz; % [NH3] rate in secnd part
% 2. Conputation of the NO3 production/consunption rates
dLe = (dL_a(jj) + RLntXa(2,jj)) / (1+RLm;
r21 = dXa(l,jj) + (Xa(1,jj) - dLe) / taulil; % [NGB] rate in first part
r22 = dXa(2,jj) + (Xa(2,jj) - Xa(1,jj)) / tauL2;%[NGC3] rate in secnd part

% 3. Mean [productive bi omass] Cx1 in the first part of the colum
Cx1(1,jj) = deltall*r1l + deltal2*r21;

Cx1(2,jj) = delta2l*r11 + del ta22*r21;

% 4. Mean [productive biomass] Cx2 in the secnd part of the colum
Cx2(1,jj) = deltall*r12 + deltal2*r22;

Cx2(2,jj) = delta2l*r12 + del ta22*r22;

if jj == m break, end

% 4. production rate of nitrite in first and second part of the colum
r31 = betal*r1l + beta2*r21; %[NX2] rate in first part

r32 = betal*r12 + beta2*r22; %[NO2] rate in secnd part

% 5. concentration of nitrite in first and second part of the colum

dLe = (dL_i(jj) +RLm*X|(2“)) / (1+RLM;

Xi(1,jj+1) = Xi(1,jj) + ((-X(1,jj) + dLe)/tauLl + r31)*dte;

Xi(2,jj+1) = Xi(2,jj) + ((-Xi(2,jj) + Xi(1,jj))/tauL2 + r32)*dte;
end

ESA-ESTEC "Nitrite and biomass predictors of the nitrifying compartment-Phase 11" N° réf. :

ADERSA 10, rue de la Croix Martre Tel :(33)160135353 Fax: (33) 169 20 05 63

MELISSA - Technical note 48.2 August 2000

91873 PALAISEAU Cedex E-Mail : adersa@adersa.asso.fr Page 43




A.3. Software of the predictor 3 : estim3.m

%r*************************************************************

% Biomass and Nitrite estimators (nodel 3) *
% Version 3.0 July 2000 *
% *
% Esti mator nodel according to TN 48.1 *
% *
% The nodel of the estimator is conposed of 2 successive*
% first order (the 2 first order may be different) *
% The bi omass is assuned constant in the first volume *
% and null in the second part of the colum *
% The output of the columm only is neasured *

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

% . time period of the predictor = period of Mtlab sinul ation*

% . calling progranme : 'robust.m

*

%r*************************************************************

gamma = .5; %volunetric ratio first part / total colum

RLm = km s_RL*RL;

RGM = knmi s_RG'RG

% Transfer of [NOGB] and [NO2] at middle and output of the columm

taulLl
taulL2

% Transfer of [NH3] at middle and output of the colum

al pha_h = km s_al ph*al pha(3); % NH3
Kdis_h = kms_Kdi *Kdi s(3); % NH3
KLa_h = km s_KLa*KLa(3); % NH3

kms_tau * gamma * (VA*epsL/epsT + VB*epsL + VCrepsL/epsT)/Fin/(1+RLM;
kni s_t au* (1- ganma) * (VA*epsL/ epsT + VB*epsL + VCrepsL/epsT)/Fin/(1+RLn);

VG = km s_VG*(VA*eps@ epsT + VB*epsG + VC*epsGepsT); % volunme of gas of the col um
= km s_VL*(VA*epsL/epsT + VB*epsL + VCrepsL/epsT); %volunme of liqg of the colum

VGL = gamma*VG % vol ume of gas of the first part of the colum
VL1 = gamma*VL; % volume of liq of the first part of the colum
V& = VG - VGL; %volunme of gas of the second part of the equival ent col um
VL2 = VL - VL1; %volurme of liq of the second part of the equival ent colum

gG = kms_qG* Gn * (1+RGM;
gL = kmis_gL * Fin * (1+RLMm);

tau_h = taull/(1+al pha_h*qQd (1+Kdis_h)/qlL);

h = 1/ (1+al pha_h*qG (1+Kdi s_h)/qlL);

h = 1/ (al pha_h+(1+Kdi s_h)*qL/ qG);

_h = taulLl/ (1+Kdi s_h+al pha_h*qd qL);

al pha4_h = al pha_h;

%l pha5_h = 1/ (1+KLa_h*VL1/ al pha_h/ qQ

% au_h2 = taul2/(1+al pha_h*qQd (1+Kdis_h)/qlL);

%1_h2 = Gl_h
%2_h2 = &_h;
%3_h2 = taul2/ (1+Kdi s_h+al pha_h*qG qL);

%l pha4_h2 = al pha_h;
%l pha5_h2 = 1/ (1+KLa_h*VL2/ al pha_h/qG);

% Coefficients of the linear systembinding rate and bi omass concentration
72

alfall = Yx1(3,1) * munmax(1) + Yml(3,1) * maint(1l); %for NH3 and N trosononas
alfal2z = Yx1(3,2) * munax(2) + Yml(3,2) * maint(2); %for NH3 and N trobacter
al fa2l = Yx1(5,1) * munmax(1) + Yml(5,1) * maint(1l); % for NOG3 and N trosononas
al fa22 = Yx1(5,2) * munax(2) + Yml(5,2) * maint(2); %for NOG3 and N trobacter
alfa3l = Yx1(4,1) * munmex(1) + Yml(4,1) * maint(1l); %for NO2 and N trosononas
al fa32 = Yx1(4,2) * munax(2) + Yml(4,2) * maint(2); %for NO2 and N trobacter

% Coefficients of the linear systembinding rates of NH3 NO3 and N2
Qf-c-cmccmcccmccemccasccenscemsecssescsesmcseSmcsesmscesscasscassaan----
den = alfall*alfa22 - alfal2*alfa2il;
betal = knmi s_bel*(al fa22*al fa3l - al fa2l*al fa32)/den;
beta2 = km s_be2*(al fall*al fa32 - alfal2*alfa31l)/den;

del tall = km s_del *al f a22/ den; deltal2 = -km s_del *al fal2/ den;
del ta2l =-km s_del *al fa21/ den; del ta22 = km s_del *al fall/den;
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% NH3 and NGB

% First and second derivatives of nmeasures of NH3 and NOG3 at col umm out put
[mn] = size(Te);

dXb = diff(Xb) / dte;

dXb(m:) = dXb(m1,:);

ddXb = di ff(dXb) / dte;

ddxXb(m:) = ddXb(m1,:);

% Initialization of vectors

Of--cccccmcccccccccccnaaanan
% Initialization for estimation of the mean [biomass] in the colum
Cx = zeros(2,m;
% Initialization for estimation of NO2- concentration in the colum
Xi = zeros(2,m;
Xi2 = zeros(1,m;
sl = zeros(1, m1l);
s2 = zeros(1, m1l);
% Initialization of coefficients of Laplace function
coefl = betal*(1+Kdi s_h+al pha_h*km s_qG G n/ (km s_gL*Fin));
tau_x = km s_tau*VL/Fin/2;
rdelta = sqgrt(1-4*VL1*VL2/VL/VL/ (1+RLM));
tetal tau_x*(1+rdelta);
teta2 tau_x*(1-rdelta);
al ph_L1 = exp(-dte/tetal); % coef of the Laplace function for the first tank
al phl_L1 = 1-al ph_L1;
al ph_L2 = exp(-dte/teta2); % coef of the Laplace function for the secnd tank
al phl_L2 = 1-al ph_L2;
xeta0 = al pha_h*G n*km s_qQ (1+Kdi s_h)/Fin/ km s_qL;

xeta = (1+RGM/ (1+RLm *xet ao;
epsl = xeta*(1-xeta0)*VL2/Fin-xetaO*VL/Fin;
eps2 = -xeta0*VL1*VL2/ (1+RLm)/Fin/Fin;

% Estimation of biomass and nitrite
[0
%initialization of the second order
e = dL_i(1) - beta2*dL_a(1l) - coefl*dL_h(1);

el = e; %initialization of the past value of el (static gain = 1)
0l = el;%initialization of the past value of 0l (static gain = 1)
e2 = Xb(1,1); %initialization of the past value of e2 (static gain = 1)
X2 = e2; %initialization of the past value of x2 (static gain = 1)
X2p = Xx2; % initialization of the past value of x2 for derivative conputation
do2p = (x2 - x2p)/dte; %initialization of approximate first derivative
for jj = 1:m

% 1. Conputation of the NH3 production/consunption rate

dLeh = (dL_h(jj) + RLn*Xb(jj,1)) / (1+RLm);

dGeh = (al pha_h*dL_h(jj) + RGw(al phad_h*Xb(jj,1))) / (1+RGM;

rl = (tau_h*taulL2*ddXb(jj,1) +( tau_h+tauL2)*dXb(jj,1) + Xb(jj,1) - Gl_h*dLeh - &_h*dGeh)

!/ G3_h; % [NH3] rate
% 2. Conputation of the NOG3 production/consunption rate
dLea = (dL_a(jj) + RLntXb(jj,2)) / (1+RLm;
r2 = (tauLl*taul2*ddXb(jj,2) + (tauLl+taulL2)*dXb(jj,2) + Xb(jj,2) - dLea)/taull; % [ NG3]
rate
% 3. Mean productive biomass concentration in the colum
Cx(1,jj) = deltall*rl + deltal2*r2;
Cx(2,jj) = delta2l*r1 + delta22*r2;
% 4. production rate of nitrite in first and second part of the colum
if jj == m break, end
r3 = betal*rl + beta2*r2; %[NO2] rate in first part
% 5. concentration of nitrite in first and second part of the colum
dlei = (dL_i(jj) + RLn*Xi(2,jj)) / (1+RLm);
Xi(1,jj+1) = Xi(1,jj) + ((-X(1,jj) + dLei)/tauLl + r3)*dte;
Xi(2,jj+1) = Xi(2,jj) + ((-Xi(2,jj) + Xi(1,jj))/tauL2)*dte;
% 6. concentration of nitrite in last tank of the colum (Laplace function)
%6.1. transfer of the conbination of the inputs of the colum
e =dL_i(jj) - beta2*dL_a(jj) - coefl*dL_h(jj); % input of transfer HlL
el al ph_L1*el + al phl_L1*e;
ol al ph_L2*01 + al phl_L2*el,; % out put of transfer Hl
s1(1,jj) = ol;
% 6.2. taking into account the outputs of the col um
xx2 = beta2*Xb(jj+1,2) + coefl*Xb(jj+1,1);
%6.3. filtered derivative of the nmeasured concentration of anmonia
e2 = al ph_L1*e2 + al phl_L1*Xb(jj +1,1);

X2 al ph_L2*x2 + al phl_L2*e2;

do2 = (x2 - x2p)/dte; % approxi mate first derivative

ddo2 = (do2 - do2p)/dte; % appr oxi mate secnd derivative

X2p = Xx2;
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do2p = do2;
02 = coef 1*(do2*epsl+ddo2*eps2); % output of transfer H2
s2(1,jj) = xx2 + o02;
Xi2(1,jj+1) = ol + xx2 + 02;
end

A.4. Software of the robustness study : robust.m

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

% Biomass and Nitrite estimators *
% Version 3.0 July 2000 *
% *
% Esti mator nodel according to TN 48.1 *
% *
% Robust ness st udy *
% *

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

% . time period of the predictor = period of Matlab sinul ati on*

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

cl ear

% lnitialization of the m smatch coefficients
km s_al ph = 1;

km s_Kdi = 1;
kms_KLa = 1;
km s_VG = 1,
kms_VL = 1;
kms_qG = 1;
kms_gL = 1;
kms_tau = 1;
kms_bel = 1;
km s_be2 = 1;
kms_nh3 = 1;
kms_RL = 1;
kms_RG = 1;
km s_del = 1;
titre_mis = 'No noise ; No msmatch';
ims = 5; % 5% m smatch on k
ims = 6; % -5% m smat ch on k
ims = 10; % 50% m smat ch on VG (all the estimators are independant of VG
ims = 2; % 5% m smatch on VL or (VL1 and VL2)
ims = 9; % 5% m smatch on KlLa
ims = 16; % 1% m smatch on k and noi se
ims = 11; % -5% m smat ch on tauL or (taulLl and taul2)
ims = 1; % 5% m smatch on tauL or (taulLl and taul2)
ims = 7; % 1% m smatch on k
ims = 13; % 1% m smatch on betal (consuntion rate factor of NH3)
ims = 14; % 1% m smatch on beta2 (consuntion rate factor of NO3)
ims = 8; % 5% m smatch on al pha
ims = 3; % 5% m smatch on gL
ims = 4, % 5% m smatch on qG
ims = 19; % 5% m smatch on RG
ims = 18; % 5% m smatch on RL
ims = 17; % growmh limting factors different frommaintenance limting factors
ims = 12; % noi se with no m smatch
ims = 15; % 1% m smatch on [NH3] in the incomng liquid flow
ims = 20; % 5% m smatch on delta (stoichionetric factor of NH3 and NO3 rates)
ims = 0; % no m smat ch
if ims == 17
| oad s15c¢5_0
| oad s15c5_0Oe
elseif (ims ==12 | inms == 16)
| oad sl1l4c5_b
| oad sl1l4c5_bf
el se
| oad sl14c5_0
| oad sl14c5_0Oe
end
if ims ==
kms_tau = 1.05;
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titre_ms = '+5% m snmatch on the tine constant taul';
elseif ims == 2

km s_VL = 1.05;

titre_ms = '+5% m smatch on the volume of liquid VL';
elseif ims == 3

kms_gL = 1.05;

titre_ms = "'+5% m smatch on the liquid flowrate qgL';
elseif ims == 4

km s_qgG = 1. 05;

titre_ms = '+5% m smatch on the gas flowrate qG ;
elseif ims ==

km s_Kdi = 1.05;

titre_ms = '+5% m smatch on k_di ssoci ation';
elseif ims == 6

kms_Kdi = .95;

titre_ms = "'-5%msmatch on k_di ssoci ation';

elseif ims ==
km s_Kdi = 1.01;

titre_ms = '+1% m smatch on k_di ssoci ation';
elseif ims == 8

km s_al ph = 1. 05;

titre_ms = '+5% m smatch on gas/liquid equilibriumconstant';
elseif ims == 9

km s_al ph = 1. 05;

titre_ms = '+5% m smatch on KLa_NH3';
elseif ims == 10

kms_VG = 1.5;

titre_ms = '+50% m smatch on VG ;
elseif ims == 11

km s_tau = .95;

titre_ms = '-5%msnmatch on the tine constant taul';
elseif ims == 12

titre_ms = 'noise with no msmatch';
elseif ims == 13

km s_bel = 1.01;

titre_ms = '+1% m smatch on betal (consuntion rate factor of NH3)';
elseif ims == 14

km s_be2 = 1.01;

titre_ms = '+1% m snmatch on beta2 (consuntion rate factor of N®3)';
elseif ims == 15

km s_nh3 = 1.01;

titre_ms = '+1% m smatch on [NH3] in the incoming flow rate';
elseif ims == 16

km s_Kdi = 1.01;

titre_ms = '+1% m snmatch on k_di ssoci ati on and white noi se on neasurenents';
elseif ims == 17

titre_ms = 'growth limting factors different frommaintenance limting factors';
elseif ims == 18

kms_RL = 1.05;

titre_ms = "'+5% m smatch on liquid recirculating ratio RL';
elseif ims == 19

km s_RG = 1. 05;

titre_ms = '+5% m snmatch on gas recirculating ratio RG ;
elseif ims == 20

km s_del = 1.05;

titre_ms = '5%msmatch on delta (stoichionmetric factor of NH3 and NGB rates)';
end
titre_ms

if std(diff(Te)) > le-6
messsage = ' Sanpling period non constant'
br eak

end

dte = Te(2)-Te(1)

% Data acquisition of the filtered signals

dG h = sige(:,1);

dL_h = km s_nh3*sige(:,2);

dL_a = sige(:,4);

dL_i = sige(:,3);

Xb = sige(:,5:6); % NH3 and NO3 at end of the colum (for estimator 1 and 3)
Xh = [sige(:,7), Xb(:,1)]; % NH3 at end and niddle of the colum (for estimator 2)
Xa = [sige(:,8), Xb(:,2)]; %N at end and mi ddle of the colum (for estimator 2)

% Estimation of nitrite and biomass with estinmator 1
%
tic, estinml, toc
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% Pl ot

pou = 3;
itrachio = 1;
t_estl

nonfic = ["estl ', numRstr(inis)];
",nonfic,' Te Xi Xi2 Cx Xnmoy ims titre titre_ms'])

eval ([' save

% plot of the nitrite concentrations (process and estination)
% 1 --> bionass concentrations;

message = ' Open a new plotting wi ndow and strike a key'

pause

% Estimation of nitrite and bionmass with estimtor 2

%

tic, esting,

% PI ot
pou = 32;
t_est2

nonfic = ["est2_',nunRstr(ims)];
",nonfic,' Te Xi Cx1 Cx2 Xnmoyl Xnmpy2 Xmoy VL1 VL2 ims titre titre_ms'])

eval ([' save

toc

% plot of the nitrite concentrations (process and estination)

message = ' Open a new plotting window and strike a key'

pause

% Estimation of nitrite and biomass with estinmator 3

%

tic, estinB,

% Pl ot

pou = 3;
itracbio = 1;
t_est3

nonfic = ["est3_',nunRstr(ims)];
",nonfic,' Te Xi Xi2 Cx Xnmoy VL1 VL2 ims titre titre_ms'])

eval ([' save

toc

% plot of the nitrite concentrations (process and estimation)
% 1 --> biomass concentrations;

0 --> internedi ate val ues of [NQ2]

0 --> internedi ate val ues of [NQO2]
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