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1.

INTRODUCTION

Versusthe TN 35.2, the following modifications have been done in the present note :

- Taking into account the dissociation of CO, and NHs.

- Elimination of an gpproximation which condsted in conddering that the vaues of the

inputs of each tank i of the column & a given moment n are equa to the outputs of the
tank i-1 at the previous moment n-1. This approximation was not disturbing the mass
conservation of atom N (as it was checked in TN 35.2) but made unbalanced the
transformation of atom C (which was discovered after the issue of TN 35.2).

X =A.X +B.U

Y C.X+D.U

- The column is represented under the concise form of aclassca date system:
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2. NOTATION

For each substrate of the problem and for each tank of the column :

a : molar concentration in the gas phase

b : molar concentration in the liquid phase of the molecular form
b' : molar concentration in the liquid of dl theionic forms

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

d. : molar concentration in the incoming liquid flow of al theionic forms

Oc: gasflowrae (Uh)
gL : liquidflow rae (1/h)

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

K :  volumetric transfer coefficient in liquid phase (notation K 5 in TN 27.1)

ko partition coefficient of gas-liquid equilibrium

With this notation, each varigble is consdered as a vector whose components are the
corresponding vaues of the substrates. For example, a is the vector of the molar concentrations of
the substrates (O,, CO, and NHj3)in the gas phase. All these concentrations arein mol/1.

For each part of the column (A or tank n of B or C) the volumes are :

Vg : volumeof gas (beads not included, for part B)
V_ : volumeof liquid (beads not included, for part B)
The derivative of the functiony versusavarigble t iswritten % ory.
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SIMPLIFIED SYSTEM OF EQUATIONS FOR ANY TANK OF THE

COLUMN

3.1.

Bi-phases substrates

Congdering any part of the column (part A or C or any tank of B) :

qu d L1 dlLl
—
2 b b

Gas o/ a >
a
‘ [E < qGZ dGZ
¢ QL1 b b
C |
d., d, d,
Liguid S —» P E <

Figure 1 : Concentrations and mass fluxes of any part of the column

Inthisfigure 1, S and P mean Substrate and Product and theindices 1 and 2 are :

1: for flow from left to right hand Sde ;
2 : for flow from right to left hand sde.

In the liquid phase, the concentration of a molecular form, X, and the one of its ionic form X’

are linked by the relation.

X' =k.x
k = Ka
[H']
with K = K, -
= .
k =0

for CO, solvated

for NH, solvated

for the other compounds
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Assuming that the temperature and the pH are congant and that the thermodynamic
equilibrium is reached for these dissociation reections dong the column a any moment, the 3
following relaions are deduced :

b

. O
1

L

o o
no
x X XN

.d
.d,

L2

The behaviour of any tank is described by the 4 following equations.

With the assumptions of perfect gases the gasliquid equilibrium is written (justification in

Annex 1) :

No

a=a.c with :

kp
No-VMm

a =

=55.56 (number of molsin alitre of water)
Vpm =24.86 (molar volume under 1 atmosphere and 303 K)

The massflux, A, from gasto liquid is:

E=K (c-b)

The mass consarvation inthe gasis

da

VG-E

= - BV, +0g(de;- @) + g, (de -

The mass consarvation in the liquid is:

db

VL'E

1+ k

a)

V
= (r+/A. —L+qL1(dLl' b) +0,,(dc2 - b)

So, given the following new input variables gg, g, dgand d, :

dc Oci + de2

aL OL1 t L2

Oc- dg

o -d

Oc1- de1 + Ocp- dep

OL1-di1+02.de

@

@)

©)

(4)
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The previous system of equations becomes a system of 4 equations with 4 unknowns (a, b, ¢
and A) :

a =a.c 5)

/E = K (c-b) (6)

Vo &= AV 4G (- d (7)
\

VL.% :(r+ ﬁ"'qL (dL'b) (8)

Using Laplace trandforms and cancelling smdl time congtants lead to a relation between the
inputs of the problemr, dg, d; and the outputs aand b (detailsin Annex 2) :

d 1
—=—(-b+ G .d +Gy. dg+G3.r1) 9
a t,

a —as.b+as.dg (20)

3.2. Mono-phase substrates

For the substrates only present in liquid phase (NO; , NO3 , HPO, and SO,), the
derivative of the concentration is:

d _1 b+ t,.r+d 11

dt 'tL(' L L) (11)
. V
with t, = —=
a

4. MODEL OF THE NITRIFYING COMPARTMENT
4.1. Recall

For each compound and for each tank of the column, the equations are :

MELISSA - Technical note 44.2
ESA-ESTEC " Simplification of the dynamic model of the nitrifying compartment for the April 1999
elaboration N° réf - 2074
of a nitrite estimator"
ADERSA 10, rue de la Croix Martre Tel :(33) 0160135353 Fax : (33) 01 69 20 Disquette PC
05 63 n°57
91873 PALAISEAU Cedex E-Mail : adersa@adersa.asso.fr Page 6




for the biphase compounds :

. 1 G, G, G,
b= -—.b+ —.d, + —.d_+ —.r
t1 t1 tl tl
a=a,.b+a,.d
for the monophase compounds :
. 1 1
b= -—.b+ —.d_+7r
tL tL

The congtants G;, G, G3, a4, as andt 1 are defined in Annex 2.

The congant t | is defined in paragraph 3.2.

Notations :
Subsequently, the system of equations is put under matrix and vector form.

1. Thenotation M =diag (V) means
M is a square matrix with the dements of the vector V on the main diagond (al the
other dements of M are null).

2. When M isamatrix, M' means the transpose of M.

4.2. State equations of each tank
Each tank i of the nitrifying compartment is described by the following Sate system :

+ E.R

X' = ' Ui i” i
0 (12)

= A LX
Y =C.X

+ B,
+ D,

Theindices 1, 2, 3 arereated to the compounds O,, CO, and NH3
410 7 are related to the compounds NO, , NO, , HPO,, SO, .

The matrices and vectors of (12) are defined heresfter.

Xi = [by, by, b, by ... bz]'
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[ra, 2 .. 1]’

[da1i» deois dezis i 1is di2i, dizi, digi - dL7]'

N.B. : Thevectors X;, U; and R, are column vectors.

Ai = diag(V)
with :
v é 1 1 1
= e- - - T - ] -
é t11i t12i t13i
gdiaqvl) diag(V,) 0., U
B, = ¢ R
8 043 043 dlag(V3)H
O : null matrix ~ with dimengon : m rows
n columns
with
V — 2621i G22i 23i3
' el 12i ts
éG, G.. U
V2 = é 11i 12i 1 13|l:I
ét 11 12i 13 U
é 1 1 U
V, = é&—,..., —u
al 4 t .0

e enl end
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7

&liag(V) 0,,U
é u
_ é u
Ci - é |3 0340
é U
e 0, 1I,@
with

V =[ag1, 42, as3l
I, = identity matrix with dimendgon n

D = diag(V)

with
V =[asgy, asyj, a53,0,0,0,0,0,0, 0]

E = diag(V)
with :
eG G, G u
V_é31l ’ = ’ = 11!111110
el L7 Lis a

The matrix A; is asquare matrix with dimenson Ng + Ni_. The matrices D; and E; are square
matriceswith dimensgon 2. Ng + N|.

Ng = number of bi- phases compounds
N_ = number of monophase compounds
NG =3

N|_ =4

4.3. State equations of the nitrifying compartment

The compartment is divided into Ng + 2 tanks (1 tank for part A, Ng tanks for part B, 1 tank
for pat C) put in series.

Figure 2 shows the scheme of column with 3 tanks (when Ng = 1). Each box of this scheme
represents the state system of the corresponding tank.
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d.Q

tank

+
U, Yol + Us
tank 'O >

—

Qm +

b-Qin

Figure 2 : Scheme of a nitrifying column with 3 tanks (Ng = 1)

Qin istheincoming flow rate of gas or liquid.

- b istheratio of the recirculaing flow versus Qj,, :

b = Rg for thegas (Rg and R_ are notations of TN 27.1)

b =R fortheliquid

- d isthe back flow ratio :

d =f'forthegas (f and f' are notations of TN 27.1)
d =ffortheliquid
Q =(1+b) . Qin

In order to caculate the unknowns :

the following system has to be solved (equations 1.1 to n.3).

Tank 1 (part A of the column) :

X, =A .X, +B,.U +E . R,

Y, = C,.X, +D,.U,

Qin(Up+ b .Yy +d(1+b).Y2)=Qn(1+d).(1+b) . Uy

(1.2)
(1.2)

(1.3)
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Tank i (2<i<Ng+1):

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

X =A.X +B.U +E.R (i.1)
Y, =C .X + D, .U, (1.2
Q(1+d).Yi1+Q.d.Yix=Q(1+2d) .U (),
Tank n = Ng+2 (pat C of the column) :
X, =A .X +B .U +E .R, (n.1)
Y, =C .X +D .U, (n.2)
Yn1 =Up (n.3)
These equations (1.1) to (n.3) can be parted into 3 groups:
group 1: equations (1.1) ... (i.1) ... (n.2)
group 2 : equations (1.2) ... (i.2) ... (n.2)
group 3 : equations (1.3) ... (i.3) ... (n.3)
Given the following matrices A, B, C, D, E, G, H and vectors X, U, Y, R, F.
?Xlu éUll‘J ngl,J éRlu éJOl\J
é u é "u éu e u é u
é:u é: é: u é: 4 a0
_ e, u _é . u _ u _ée_ _é.u
X =eXg U=4gUy Y—gY.u =Ry F=ga:q
é.u é.u é. u é.u é:u
é-a é - a é é-u é u
&X,.t &u,. A &R, H e0H
aA 0o aB, 0 aE, 06
¢ N ¢ N g . N
A = E A, - B = E B, - C=¢ C, =
G H G : G K :
&0 A5 &0 B &0 C.o
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8
=
#
S

¢ . + c *. +
D = g DI + E = g EI +
c - c s
&0 D,& &0 E,o
1 2 i-1 i i+1 n-1 n
-d(lot+ b) -b 1
-(l10+ d) -d 2
G= -( 130t d) -d i-1
-( -d [
[0+ d)
-( -d i+1
[0+ d)
-( 1ot d) -d n-1
-l1o n
1 2 i-1 i i+1 n-1 n
(Iot+ d) (I10t+b) 1
l0+2 d 2
H= l10+2d i-1
l0+2 d [
lo+2d i+1
l0+2d n-1
l10 n

l10 is the identity matrix with dimenson 2. Ng + N = 10. The matrices D, E, G and H are
suare matrices with dimengon (2 Ng + N) . (Ng + 2).

The matrix A isasquare mairix with dimenson (Ng + N ) . (Ng + 2).

N.B. : For example, in the andard nitrifying compartment : Ng = 5, so the dimension of A is
49,

The previous system (equations (1.1) to (n.3)) becomes:
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X =A.X+B.U+ E.R
Y C.X+D.U
G.Y+H.U-=F

with the unknowns X, U et Y.

By cancelling the unknown U, the fallowing system is obtained :

X
Y

A.X +B.(G.D+H)'. (F-G.C.X) +E.R

(13)
C.X+D.(G.D + H'.(F-G.C.X)

Expresson of R matrix of consumption/production rates :

Given:
& 54269 - 651065 @15 - 05
¢ -1 S1C 0 0=
C- 4.5341 - 01994+ ¢G-1 0+
Y, = ¢ 4337 -151714. ad Y, =g 1 -1:
¢ 0 151714 * 0 17
¢- 00089 - 00089+ o o0-
§&- 00035 - 000355 §0 035

These matrices Yy and Yy are composed of the stoechiometric coefficients of the growth and
maintenance reactions for Ns and Ny, according to TN 27.1 of LGCB.

Given P, and m the matrices of maximum growth and maximum maintenance.

a&7. 102 0 o ; a8.38.10°° 0 o
[n = - an m = -
g 0 36.10 °g 3 0 7.92.10 %z

Given Klim the matrix of limiting consumption of subgtratesfor thetank i :

Kli OO
| = x
M= E0ap

with &=0 if [O,L] =0 or [NHsL] =0
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&=0 if [O,L] =0 or [NG,] =0

N.B. : it could be assumed that [O, L] > 0 (O, in excess in each tank), which would avoid
using a sensor for the measurement of O..

Given ry; the matrix of limiting growth.
a8, 00
" = & a,p
with:

) [0, L] [NH: L]
al - Kstl + [02 L], . KSN52 + [NH3 I_]|

a = [02 L]| [NOé]I
2 KsNbl + [02 |—]I . KsNbZ + [N()Z]I

The globa growth rate, Ry , and maintenancerate, Ry, are, for each tank i :
Ry =TIy - Um. Cxi
Ryi=Klim . m. Cy

with the column vector of concentrations of active biomass Ng and Ny, :

C ‘?[XNS |u
= u
§ gXNb]ig

The matrix of consumption/production ratesis:

R =Yx12.Rgi+ Y. Ry

otherwise :
R=J.Cx
with
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J=Yxz. My - Um+ Yz . Klimy . m

Given:
3, 09
C;, -
J=c J =
¢ o
&0 3,5
€C,,u R, U
e u e u
gi g &1
€ u e u
Cx:éCXil:I R:éRlu
é. u é.u
e u e a
&t &R H
b R=J.Cx (14)
Sate system of the column
The equations (13) and (14) lead to the state system of the column :
X=A_.X+B, .U, +E.J.C,
(15
Y =C,.X +D,.U,
with
Ae =A-BG.D+H)*.GC
Co =C-D(G.D+H)'.GC
Be = 10first columnsof B(G.D +H) *
De = 10first columnsof D(G.D +H) *
Recdl :
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1) 10isthe dimenson of the vector Uy

2) Uy isthe concentrations of the compounds in the incoming gas and liquid flows:

é[OZ]G l;l
e u
e[coz]e l;I
e u
é [NHB]G U
g[OZ]L H
€ [CO), U
€ u
U, = é[NH3] u
é U
SN AR
oy &
€ |INO,| u
et g
¢ |HPO; |4
e u
é -1 U
&[S0 @

5. SIMULATION

5.1.

Configuration of the simulation

The configuration of the smulation are those of TN 27.2 (L. Poughon, Laboratoire de Génie
Chimique Biologique) :

- gtandard configuration described p.12 and 13
- number of equivaent tanksin the fixed bed : 5
- doichiometriesp.3;

- dissociation congtant of CO,/ HCO3 p.2;

- limiting subgtrates defined p.4 ;

- no inhibitory substrate ;

- no limitation due to liquid/bicfilm trandfer

. trandfer coefficient K| 5= [51 51 5000 h'
for O, CO, NHs3
. partiion coefficient  k, =[45990 18531  11.349]
for O, CO, NHsz (nonionic form)
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The compoundsinvolved in the smulation are :

0O, G(Gas phase) and L (Liquid phase)

CO,GandL

NHz Gand L

HCO3

NO2

NO3

HPOZ
- S0z
- X_Ng (biomass Nitrosomonas, active and globa (active + decay))
- X_Np (biomass Nitrobacter, active and global (active + decay))

5.2. Results

Figures 3 to 6 are composed of 8 graphs whose the last one (below right hand sde) is
common to al the figures of a same simulation and shows the average active biomass concentration
in the fixed bed (part B of the column). The 7 other graphs are connected to tank 1 (of the fixed
bed) in the figures 3 and 5, and to tank 5 (the last one of the fixed bed) in the figures 4 and 6.

Thefigures 5 and 6 are abscise zooms of figures 3 and 4, respectively.

The composition of the gas phase (G notation) is given in molar fraction (mf), the compostion
of theliquid phase (L notation) isgivenin mal/l or g/l (for biomass).

[0 Tank 1 of fixed bed :

During the 40 first hours approximately, the growth of biomass Ns is exponentid while the
concentrations of substrates HCO3, O, and NH3z are decressng more or less
exponentidly.

At about timet = 40 h, the NH3z concentration (1 mmol/l) becomes limiting : the growth of
biomass bends, so that the consumption rate of HCO3 is decreasing (CO, concentration
reachesits minimum). On the contrary, NO> concentration is maximum (1 mmol/l).

After that point, the consumption of NO> by Ny, is gregter than its production by Ng.
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The O, concentration goes on decreasing dowly (until 0.15 mmol/l a the end of the
gmulation). The NHs-L and NO» concentrations are nearly stabilised a 0.3 mmol/l.
During the last 150 h, NH3-G decreases dowly from 110 0.5 10 molar fraction.

After 200 h, the biomasses Ng and N, are dill growing.

All the NH3 is not transformed in nitrate : a part of NH3 is consumed by Ny and a part of
NO> isconsumed by Ny, .

Tank 5 of fixed bed :

The 40 firgt hours are quite Smilar to those of thank 1.

Beyond that time, the NH3 concentration becomes low (0.1 mmol/l). The growth rate of
globa biomass becomes null and the active biomass disgppears progressvely. As O, is
less and less consumed by biomass, its concentration in the liquid phase comes close to its
thermodynamic limit : 0.23 mmoalel.

After itsmaximum a 1 mmol/l, NO> concentration is getting low (0.02 mmoal/l).

Asfor Ns, the biomass Nb is getting null (0.01 g/l) at the end.

MELISSA - Technical note 44.2
ESA-ESTEC " Simplification of the dynamic model of the nitrifying compartment for the April 1999
elaboration N° réf - 2074
of a nitrite estimator"
10, rue de la Croix Martre Tel :(33) 0160135353 Fax : (33) 01 69 20 Disquette PC
05 63 n°57

91873 PALAISEAU Cedex E-Mail : adersa@adersa.asso.fr Page 18




-3

CO2 L + HCO3-

-3 co2 G

x 10 x 10
6
— \ 4
E E
E \\ 2 \
0
0 50 100 150 200 0 50 100 150 200
x 10" cz L 02 G
0.22
_ 2. 0.2
: AN
£ \\f 0.18
—
~
1. — 0.16
50 100 150 200 0 50 100 150 200
« Np8-total(-) NO2(--) NO3(-.) « 1074 NH3 G
1.5
_ \\ i 1
B =
: Yy 3N
4 0.5 \
L J 0
0 50 100 150 200 0 50 100 150 200
Xa : Ns(-) Nb(--) average Xa : Ns(-) Nb(--)
0. 0.1
0.
= o. < 0.05
(=] o /i ___
§ / o Z’/"—
_______ - 0
0 50 100 150 200 0 50 100 150 200
Time (h)
Part B1 of the column
Figure3: Input cst : O2 CO2NH3 G & L; Growth of biomass
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Figure5: Zoom on the 50 first hoursof figure 3
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6. CHECKING THE MASS BALANCE

The mass bdance is checked for the aioms C, N, S and P (figure 7). At the beginning of the
smulation, the mass of atom C is not exactly balanced (error of 1 %) but the balance is good after
the transent. The mass of the other atomsiswell balanced : error smaller than 0.01 % .

In TN 35.2 it was assumed that the vaues of the inputs of each tank i of the column a a given
moment n are equa to the outputs of the tank i-1 a the previous moment n-1. It is checked now
that this gpproximation was not disturbing the mass conservation of atom N but made unbaanced the
transformation of atom C . This gpproximation is cancelled in the present Smulator.

x 10} atom C : Qi (-) dN+Qo (-.)
3
2.95
]
2.9 !'.i...l
2.85
0 20 40 60 80 100 120 140 160 180 200
x 10° atom N : Qi (-) dN+Qo (-.)
1.1997
1
‘I
1.1996 fduial
%ﬂ'ﬁwm
| "
1.1995 : R

60 80 100 120 140 160 180 200
atom S : Qi (-) dN+Qo (-.)
SvS————
60 80 100 120 140 160 180 200
atom P : Qi (-) dN+Qo (-.)
1.6798
0 20 40 60 80 100 120 140 160 180 200
Time (h)
Figure 7 : Checking the mass balance of the column
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7. CHECKING THE APPROXIMATION OF THE GAS/LIQUID

EQUILIBRIUM

In order to edtimate the error that is done when the non linear law of gag/liquid equilibrium is
replaced by the linear relation (1), one need only to compare for each compound i the partition

coefficient k; to theratio :

Yi
Z = ;

|

with ;

g;
y| = é.a_l
. = G
- Yo

where: g isthe molar concentration in the gas phase

¢ isthe molar concentration in the liquid phase a thermodynamic equilibrium

ac
Now z = i. " I
i 2a
: K. .
and a=a;.c with a, = (notations of Annexe 1)
nlo VM
therefore
K, 8¢
z = : 5
' n,.Vy, aa
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g is independent of compound i and depends on the sum of al the concentrations whose
vaidionislow.

The figure 8 shows tha the mean vaue of g is aout 35 %, which means that the right
partition coefficient k; is overestimated of this quantity. In order to compensate this overestimation,
theright value of k; could be reduced of 3.5 % in the smulations.

1.06

1.04

1.02

factor gamma of partition coefficient on part A

0 20 40 60 80 100 120 140 160 180 200
factor gamma of partition coefficient on part B1
1.06
1.04 /
1.02 /
1
20 40 60 80 100 120 140 160 180 200
factor gamma of partition coefficient on part C
1.06
1.04 /
1.02 /
1
20 40 60 80 100 120 140 160 180 200
Time (h)
Figure 8 : checking thevalueof g
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The concise form of the state system of the nitrifying column (15) will be used in order to
estimate the biomass and the nitrite concentrations.
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ANNEX 1
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APPROXIMATE RELATION FOR
GASLIQUID EQUILIBRIUM

The gas/liquid equilibrium of each compound i is characterised by the partition coefficient k; :

y.

ki = =
X

where y; = molar fraction of compound i in gas phase

x; = molar fraction of compound i in liquid phase

Here, the compounds involved are O, CO, NH3 H,0 and N».

Given: Vg volumeof gas(inl)
V| volumeof liquid (inl)
Ngi  number of mol of compound i in gas phase
ni number of mol of compound i in liquid phase
Vm  molar volume at pressure and temperature of the column
g molar concentration of compound i in gas phase

¢i molar concentration of compound i in liquid phase a thermodynamic equilibrium

Assumptions :

1. Thetotd number of molsin liquid is the number of mols of water :

1000

an; = ng.V, with nNog = ——=— = 55.56moal /|
i 18
2. Thegasare perfect :
\
2 g
ang = —/—
i 0 Vpy
Molar fraction and concentration are related by :
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P g=a;.c with

Ki
Nio .VM

Thislast relation is the equation (1) of the system of the bi-phases subdtrates.
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SIMPLIFICATION OF THE EQUATIONS
SYSTEM OF THE BI-PHASES SUBSTRATES

The garting point of the resolution is the following set of equations (relaions (5) to (8) of

paragraph 3).
a =a.c
f =K(c-b)
VL.% :(r+f)'1\4/rLk + 0 .d -9 .b
VG.%:-f.VL+qG.dG- Og - a

Cancdlation of cand f gives:

K.V db K.V
L - VL
+ )b+ V. — = ——.a+ .r+ q .d
1+k J Lot a(1+Kk) 1+ k Lot
aK . VL o) da
+ 0.zta+ Vg.— =K.V .b+0q-..d
& a Gy S ot L G- G
Using the Laplace transforms :
1+ qgp).b=a;.a+a,.r+ az.d (A2.1)
LI+ gpp.a=ay.b+ as. de (A2.2)
with
, =
q K. V.
+ (.
1+k
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K.V,
a(K. V. + 1+Kk. q)

a; =

— VL
2 7 KV + (1+K. q
. (1+K) . g,
° K. V. + (1+Kk). q,
K.V
a4 = K. v, .
a %
_ e
a5 = K. v, .
a %

p : the Laplace varidble

Although the notations have not been changed with the Laplace transformation, the functions a,
b, r, d_ and dgs are now functions of the Laplace variable p. (Before the transformation, they were

functions of time).
Cancdllation of ain (A2.1) and (A2.2) :

ay dsg

a= ———— Db + ——— . dg (A2.3)
1+aqp 1+ qp
gives:
(1-ajas) (1+byip+ byp?).b
zas(l+qgyp).rtajasdgtaz(l+qp).d (A2.4)
with
b = th + Op
1 1- a;. ay
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G- %
2 1- a;.ay

Study of y=1+b;p+b,p’:

Given:

® b 16
= bcp? + Lp+ —

y ng b2 p bzﬂ

. , b 1
Given p; and p, the roots of pc + —p + —.
b, b,

P y=ba(p- py) (P- p2)
1

andpl.p2= b_
2

. 1
Gven t; = - — e t, = - — suchast; >t
P Py

The expression of y becomes:

b
2 (1+t;p) (2 + t,p)

y:

P Py
b y=(1+tip)(1+tap) (A2.5)
So (A2.4) becomes:
(1-rajas) 1+t p) (L+top).b
(A2.6)

=ayl+qgyp).r+ajasdg+az(l+aogp).d

For the compounds O, CO, and NH3 and for 1<Ng<50, the two following

gpproximations can be done :

(figure A2.1 shows that ?—2 ~1)

2

l+top=1+0q2p
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| Q+t1p)(L+top)=1+t,p (figure A2.2 showsthat t, isnegligible versust ;)

The relation (A2.6) becomes::

G1
—— . d +
1+ t1p

with :
as
G, =
1- a;. ay
a; .ag
Gz =
1- a;.as
az
G, =
3 1- a;.as

In the sameway (A2.3) gives:

a=a4.b+a5.dG

1+ t1p

G G
2 de + 3

1+t1p

(A2.7)

(A2.8)

The relations (A2.7) and (A2.8), binding the inputs r, d; and d , of the one part, and the
outputs, aand b, of the other part, arefirst order transfers with the time constant t ;.

The inverse Laplace transforms allow to express the expressonsof aand b :

db 1

d o n

a=a4.b+a5.dG

(-b+ Gy. d .+ Gz.dg+G3.r)

(A2.9)

(A2.10)

Although the notations have not been changed with the Laplace transformetion, the functions a,
b, r, d. and dg ae functions of time agan, as they were before resolution through Laplace

transforms.

The rdations (A2.9) and (A2.10) are the relations (9) and (10) given in paragraph 3.
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Figure A2.1: Time constantsratio —
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O/dc*************************************************************

% Nitrifying colum *
% Version 2.0 April 1999 *
% *
% State system according to TN 44.2 *
% . dissociation of CO2 and NH3 *
% . colum = linear conbination of tanks *
% *
% i_simm Initialisation of the simulation *
% *

0/6:*************************************************************

clear all

gl obal NL NG NS NB NX NO

gl obal Ae Be Ce De E

global Gn RGfG Fin RL fL

gl obal KCO2

gl obal NO

gl obal 102 i NH3 i NO2 i Sub i SubO i XNs i XNb i Xag
gl obal KINs KINb numax maint Yx Yx1 Yml

arret = 0;
% Si nul ati on paranmeters
t deb=0;
tm n=1le- 8;
t max=. 2;
prec=le- 6;
tfin=300;
nbpt x=cei |l (1.2*tfin/tmn);
nbpt x = 100000;

% Si mul ati on horizon
dt = .05; % si nmul ati on period of the inputs
T=1[0:dt:tfin]";
[mn] = size(T);

% type of test

[ S,
typtst = 5; titre = "I nmpul se response of the colum; No bi omass; NO2-';
typtst = 7; titre = '"Input step:NO3-; No biomass; Checking mass bal ance';
typtst = 9; titre = "Input step:NH3 G No biomass; Checking mass bal ance';
typtst = 6; titre = "lInput cst:O2 CO2 NH3 G and L; Growth of biomass';

%At starting : G/ L thermodynam cal equilibriuminside the colum

% ncoming G: O2 CO2; incoming L : NH3 HPO4 SO4
typtst = 3; titre = "Input cst:O2 CO2 NH3 G and L; Checking the steady state';
typtst = 11; titre = "Input step:O2 CO2 NH3 G and L at therno. equi.; No bionmass;
Checki ng mass bal ance';
typtst = 8; titre = '"Input step:NO2-; No biomass; Checking mass bal ance';
typtst = 12; titre = "I nput step: CO2 Gas; No biomass; Checking mass bal ance';
typtst = 1; titre = '"Input step:O2 CO2 Gas, NH3 L; No biomass; Checking mass
bal ance' ;
typtst = 2; titre = "Input cst:O2 CO2 NH3 G and L; X0=0';
typtst = 4; titre = 'Step response of the colum with input of SO4 = 10"-4 mol/I|";
typtst = 10; titre = "Input step:O2 CO2 NH3 G and L; G owth of biomss';

%At starting : G/ L thermodynam cal equilibriuminside the colum

% ncoming G: O2 CO2; incoming L : NH3 HPO4 SO4
oDi fference with typtst=6 : no step at starting

% general paraneters
Of = mmmm e
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NL = 4;

NG = 3;

NS = 2;

NX = NG+NL+2* NS;
NO = NX+NG,

% Col utm par anmeters

%
%
%
%
%

number
number
number

nb of o

of mono-phase substrates in the |iquid phase
of bi-phases substrates (in the L and G phases)
of strains of bacteria (Ns and Nb)

nb of coef of state vector
any tank

ut puts for

Xi for

any tank

R
NB 5; % nunber of stirred tanks in part B (fixed bed)
VA = 1.48; % vol unme of part A (I)
VB = 6.17; % vol une of part B (1)
VC = 0. 45; % vol ume of part C (I)
epsL = . 33; % vol une ratio of liquid
epsG = . 04; % vol une ratio of gas
VnB = VB / NB; % volume of an equivalent stirred tank
epsT = epsG + epsL;
Gn = .03*60; % i ncom ng gas volumc rate (1/h)
Fin = .0028*60; % incomng liq volumc rate (1/h)
RG = 1*99. 0; % recycling ratio of gas
RL = 1*6. 42; % recycling ratio of liquid
YRL = 45/ 2. 8; % recycling ratio of liquid
fG = 0; %ratio of backward flow in a tank (gas phase)
fL = 0; % ratio of backward flow in a tank (liquid phase)
% ki netic parameters
0f == = = m e e e e e m o -
Nl's = 4; % nb of limting substrates
Nis = 2; % nb of inhibitory substrates
% Ns Nb
mumax = [5.7e-2 ; 3. 6e-2]; % max specific growth rate (1/h)
mai nt = [ 3. 38e-3; 7.92e-3]; % mai nt enance coeffcient (1/h*(nol/gbio))
KINsO = [5.05e-6 ; %limting substrate : O2 (mol /1)
6. 625e-5 1; %limting substrate : NH3 (nol/l)
%le-10 ; % no limtation with HCO3-
KINbO = [ 1.7e-5 ; %limting substrate : O2 (mol /1)
3. 6e-4]; %limting substrate : NO2- (nol/l)
% le-10 ; % no limtation with HCO3-
In = [1e30 1e30 ; % i nhibitory substrate : NO2- (nmol/1)
1e30 1le30] ; % i nhibitory substrate : NO3- (mol/1)
% inverse of yield of biosynthesis :
% (ol substr./nol bionmass)
Yx1 = [-5.4269 -6.5106 ; % O2
-1 -1 ; % HCO3-
-4.5341 -0.1994 ; % NH3
4.3347 -15.1714; % NO2-
0 15.1714; % NO3-
-0.0089 -0.0089 ; % HPO4- -
-0.0035 -0.0035]; % SO4- -
% 4. 3099 -0.0248 ; % H+ (unused for sinplification)
% 1 1 1; % HO- (unused for sinplification)
% inverse of yield of maintenance :
% (mol substr./nol mai ntenance substr.)
Ym = [-1.5 -0.5 ; % O2
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0 0 ; % HCO3-

-1 0 ; % NH3

1 -1 ; % NO2-

0 1 ; % NO3-

0 0 ; % HPO4- -

0 0 1; % SO4- -
% change of unit of Yx1 :
Matom = [12; 1; 16; 14; 32; 31]; .CH O N S P atom k nmss
Sconp = [1 1.6147 .3906 .1994 .0035 .0089]; % stoechi o conposition

M nitri = Sconp*Mat om
Yx1 = Yx1 / Mnitri; % (nol substrate / g bionmass)

Yx(1, 1)
Yx(2, 1)

1/Yx1(3,1); % yield for (global) growth of Ns (g X/ nol NH3)
1/Yx1(4, 2); % yield for (global) growth of Nb (g X/ mol NO2-)

% gas/liquid transfer paranmeters
72
KLa = 1*[51; 51; 500]; % O2 CO2 NH3 (1/h)

% partition coefficients
O mmm e e e e

kpartN = [4.599e4; 1853.1; 11.349 ]; % O2 CO2 NH3 (T=303K,non ionic form

% conput ed from TN35. 1, ADERSA
% di ssoci ation coefficient (for CO2)

Ka = 4.627e-7; % at T=303K, from TN 35. 1, ADERSA
KCO2 = Ka / 1le-8; % [ HCO3-] = KCO2 * [CO2]sol vated

% di ssoci ation coefficient (for NH3)

Kb = 1.6916e-5; % basicity cst at T=303K, from TN 35. 1, ADERSA
Ke = 1.4376e- 14; % ionic product at T=303K, from TN 35. 1, ADERSA
KNH3 = Kb * 1le-8 / Ke; % [NH4+] = KNH3 * [NH3]sol vated

% di ssoci ation coefficient (for H3PO)

N
[}
|

= 6. 166e-8; % (at T=298K, from TN 27. 2, LGCB)
xxX = le- 8/ Ka,; KPO4 = 1+xx; % PAtotal = f([HPOY=])

% di ssoci ation vector for the biphase substrates

KINs = (KINsO * ones(1, NB+2))"';
KINb = (KINbO * ones(1, NB+2))"';

% initial concentrations in the colum

%l. Gas phase :

fmo2_0 = .21, % O2 (nolar fraction)
fmCO2_0 = .004; % CO2 (nmolar fraction)
fmH20 0 = 4.129e-2; % H20 (ol ar fraction)
C_NH3_t = 7.14e-3; % NH3 (rmol ar concentration of N total in |liquid phase)
if (typtst == 1| typtst == 11 | typtst == 12)
fmO2_0 = 0; % O2 (molar fraction)
fmCO2_0 = 0; % CO2 (molar fraction)
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C_NH3_t = 0; % NH3 (rmol ar concentration of N total in liquid phase)
el seif typtst ==
el seif typtst ==

el seif (typtst == 4 | typtst == 5)

fmO2_0 = 0; % O2 (molar fraction)

fmCO2_0 = 0; % CO2 (nmolar fraction)

fmH20 0 = 0; % H20 (nmol ar fraction)

C NH3_t = 0; % NH3 (rmol ar concentration of N total in liquid phase)
elseif typtst == 6
el seif (typtst == 7 | typtst == 8 | typtst == 9)

fmo2_0 = 0; % O2 (nolar fraction)

fmCO2 0 = 0; % CO2 (nmolar fraction)

C_NH3_t = 0; % NH3 (rmol ar concentration of N total in liquid phase)
end
fmNH3_0 = C_NH3_t/ (1+KNH3) *kpart N(3)/55. 56; % NH3 (rmol ar fraction)
fmN2_0=1- fmO20 - fmCO2_0 - fmNH3_0 - fm H20 0; % N2

% conc. in gas phase (perfect gases at T=303 K and P=1 atm
VM = 22.4 * 303 / 273; % molar volune (I/nmol)

CN2 = fmN2_0/ VM % nol /|
CH20 = fm H20 0 / VM % ol /|
%2. Liquid phase :

cCQoo0 = fmO2_0 / kpartN(1l) * 55.56; % nol /|
CCO2_0 = fm<CO2_0/kpartN(2)*55.56; % mol /1 (CO2 sol vat ed)
C NH3_0 = C_NH3_t/(1+KNH3); % nmol /1 (NH3 sol vat ed)
C NO2_0 = 0; % nol /|
C NO3_0 = 0; % nol /|
CPXM_0 = le-4; % mol /| (HPO4- -)
C S _0 = le-4; % mol /1 (SO4--)
C XNs_0 = 0; % g/ |
C XNb_0 = 0; % g/ |

if (typtst == 1| typtst == 4 | typtst == 5| typtst == 11 | typtst == 12)
CPXM_0 = 0; % mol /| (HPO4- -)
C S _0 = 0; % mol /1 (SO4--)

el seif (typtst == 6 | typtst == 10)
C XNs_0 = 2e-2; % g/ |
C XNb_0 = 2e-2; % g/ |

elseif (typtst == 7 | typtst == 8 | typtst == 9)
CPXM_0 = 0; % mol /| (HPO4- -)
CSH4_0 = 0; % mol /| (SO4--)

end

%lenpor al i nput

R
C& = [fmO2 0; fmCO2_0; fmNH3 0] / WM % mol /1
CLO [C_02_0; C_CO2_0; C_NH3_0; C_NO2_0; C _NO3_0; C_PO4_0; C_SH4_0];
CX0 = [C_XNs_0; C_XNb_0; C_XNs_0; C_XNb_0];
if typtst == 1
CG = [.21; .004; 0]/VM
CL =[0; O0; 7.14e-3/(1+KNH3); 0; 0; 0; O0];
el seif typtst ==
CG = CQO;
CL =101, 1, 1; 0; 0; 0; 0] .* CLO;
el seif typtst ==
CG = CQD;
CL = CLO;
elseif (typtst == 4)
CG = CQD;
CL =[0; 0; O0; 0; 0; O; 1le-4];
el seif (typtst == 5)
CG = CQO;
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=[0; 0; 0; 0; 0; O; O];
el seif (typtst == 6 | typtst == 10)
CG =11, 1, 0] .* CQO;
=[0; O; 1; 1; 1; 1; 1] .* CLO;

elseif typtst == 7
CG = CQO;
= [0, 0; 0; 0; 1; 0; 0];
el seif typtst == 8
CG = CQO;

CL =1[0; 0; 0; 1, 0; 0O; OF;
el seif typtst ==
CG=1[0; 0; 1];
=[0; 0; 0; 0; 0; 0; 0];
el seif typtst == 11
fmNH3 = 7. 14e- 3/ (1+KNH3) *kpart N( 3) / 55. 56; % NH3 (nmol ar fraction)
CG = [.21; .004; fmNH3]/VM
CL = [CG./kpartN*55.56; 0; 0; 0; O]; % G and L at therm. equi.
el seif typtst == 12
CG =[0; .004; 0]/VM
=[0; 0; 0; 0; O; 0; O];

end
dG = ones(size(T))*CG ; % i ncom ng gas [O2, CO2, NH3] conc (nol/1l)
dL = ones(size(T))*CL"; % incomng I|iqg [O2,CO2, NH3, NO2, NO3, HPO4, SO4] conc
(mol /1)
if (typtst ~= 4 & typtst ~= 10)
t0 = .05;

ind = find(T<=t0);

d¥ind,:) = ones(size(ind)) * CQ0';

dL(ind,:) = ones(size(ind)) * CLO';
end

% Conput ati on of the state system of the nitrifying conpartnent
D I T
al pha = kpartN / 55.56 / VM
[ Ae, Be, Ce, De, E] = statesys(NG, NL, NB, Gn, Fin, RG RL, fG fL,
VA, VnB, VC, epsL, epsG, epsT,
al pha, Kdis, KLa);

% saving in order to use the followi ng values in the estimators
save p_estim NG NL NB Gn Fin RGRL fGfL ...

VA VnB VC epsL epsG epsT ...

al pha Kdis KLa ...

mumax maei nt Yx1 Ynl NO NS KINs KI Nb VM

% Initialization of the state vector

R i I
X0 = CLO;
for ii = 1:NB+1
= [ X0; CLO];
end
= [X0; 0; 0; 0; 0];
for o= 1 NB
= [ X0; CXO0];
end
= [X0; 0; 0; 0; 0];
if typtst == 2
X0 = 0*X0;
%l sei f typtst == 4 % conputation of |npulse Response with SO4
% XO0(10) = 1/VA/ epsL*epsT,;
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el seif typtst == 5 % conputation of |npulse Response with NO2

X0(7) = 1/ VAl epsL*epsT,

end

% Initialization of vector of indices

e

ndices of O2 L in the state vector
ndices of NH3 L in the state vector
ndi ces of NO2- in the state vector
nd. of subs. in state vector
nd. of subs. in output vector

1: NGHNL: (NB+1) * (NG+NL) +1; %
3: NG+NL: (NB+1) * (NG+NL) +3; %
“NG+NL: (NB+1) * (NG+NL) +4; %
1: (NG+NL) * ( NB+2) ; %
1: (2*NG+NL) * ( NB+2) ; %

IN

=1 : 2*NS : 2*NS*(NB+1l) + 1;

= i XNs + (NG+NL) *(NB+2); % ind. of act. biomass Ns in the state vector
= iXNs + 1; % ind. of act. biomass Nb in the state vector
= (NG+NL) *(NB+2) + 1 :(NG+NL+2*NS)*(NB+2); % ind. of active and gl obal

f o % printing the following values in a file
%li ary resl
NB
ch =" A Bn C
VG c
VL_c
taulL_c
ch =" o2 coz NH3'
K=KLa'
k=kpart N
Ka = Kdis'
taul A = taul c(1,:)
tau2_A = tau2_c(1,:)
tau2_taul_A = tau2_taul_c(1,:)
taul Bn = taul_c(2,:)
tau2_Bn = tau2_c(2,:)
tau2_taul_Bn = tau2_taul c(2,:)
taul_C = taul_c(3,:)
tau2_C = tau2_c(3,:)
tau2_taul _C = tau2_taul_c(3,:)
teta2_A = teta2 _c(1,:)
teta2_taul A = teta2_taul_c(1,:)
teta2_Bn = teta2_c(2,:)
teta2_taul Bn = teta2_taul c(2,:)
teta2_C = teta2 _c(3,:)
teta2_taul C = teta2_taul_c(3,:)
Y%li ary of f
nd

% Checking the mass bal ance
% 1. Matrices of the stoechio. conp. of the right hand side conpounds

% c N s P

Mya = [0 0 0 0 ; % o2
1 0 0 0 : % CO2
0 1 0 0 1 % NH3

% c N s P

MYb = [0 0 0 0 ; % o2
1 0 0 0 ; % CO2
0 1 0 0 ; % NH3
0 1 0 0 : % NO2
0 1 0 0 : % NO3
0 0 0 1 ; % HPO4
0 0 1 0 1; % SO4
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% 2.
Vg =

Vi

C N S P

=]1 . 1994 . 0035 . 0089 ; % bi omass Ns

1 . 1994 . 0035 .0089 1]; % bi omass Nb

matrices of volume of tanks

[ VA*epsd epsT;
VnB*epsGrones(NB, 1);
VC*epsG epsT];

[ VA*epsL/epsT;
VnB*epsL*ones(NB, 1) ;
VC*epsL/ epsT];

if arret

% br eak

end

disp(' *** End of initialization ***')
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%*************************************************************

% Nitrifying colum

% Version 2.0 April 1999

%

% State system according to TN 44.2

%

% colum. m: Conputation of the derivative vector

%
%

and out put vector

0/6:*************************************************************

function [sys, x0]=col um(tn, x, u, flag, X0)

% COLUWN
%
% Synopsi s

S- Function for

sinmul ation of the nitrifying colum

% [sys, x0] =col um(tn, x, u, fl ag, X0)
%

% Par anet er s

% X0 initial state vector

%
% State ve

ctor x

% Length of the state vector : NX * (NB + 2)
% with : NX = NG + NL + 2*NS
% NG = nunber of bi-phases substrates (present in Gas and Liquid)
% NL = nunmber of nono-phase substrates (present in Liquid only)
% NS = nunber of strains (Nitrosonmonas and Nitrobacter)
% NB = nunber of equivalent tanks in part B of the colum
% NE = NG + NL
% NU = NE * (NB + 2)
% The state vector is conposed of the concentrations of the conmpounds
% of the colum in liquid phase only.
% I ndi ces of the conpounds in the state vector
% For a tank i (i between 1 and NB+2)
% I ndi ce Conmpound
% (i-1)*NE + 1 o2 in Liquid phase
% (i-1)*NE + 2 co2 in Liquid phase
% (i-1)*NE + NG NH3 in Liquid phase
% (i-1)*NE + NG + 1 NO2
% (i-1)*NE + NG + 2 NO3
% (i-1)*NE + NG + 3 HPO4
% (i-1)*NE + NG + NL sS4
% NU + 2*(i-1)*NS + 1 Xv_Ns active Nitrosonpnas bionmass
% NU + 2*(i-1)*NS + NS Xv_Nb active Nitrobacter biomass
% NU + 2*(i-1)*NS + NS + 1 Xt _Ns gl obal Nitrosonmonas biomass
% NU + 2*(i-1)*NS + NS + NS Xt _Nb gl obal Nitrobacter biomass
% | nput s
% The input vector is conposed of the concentrations of the compounds
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% of the incomng liquid and gas fl ows.

% I ndi ces of the conpounds in the inputs vector
% I ndi ce Conpound
% 1 o2 in the incomng gas flow (flowrate : G n)

i i
% 2 CO2 in the incomng gas flow (flowrate : G n)
% 3 NH3 in the incomng gas flow (flow rate : G n)
% NG + 1 o2 in the incomng liquid flow (flow rate : Fin)
% NG + 2 CcOo2 in the incomng liquid flow (flow rate : Fin)
% NG + 3 NH3 in the incomng liquid flow (flow rate : Fin)
% 2*NG + 1 NO2 in the incoming liquid flow (flow rate : Fin)
% 2*NG + 2 NG3 in the incomng liquid flow (flow rate : Fin)
% 2*NG + 3 HPO4 in the incomng liquid flow (flowrate : Fin)
% 2*NG + 4 sS4 in the incomng liquid flow (flow rate : Fin)
%
% CQut put s
% The state vector is conposed of the concentrations of the conmpounds
% of the colum in gas and |iquid phases.
% I ndi ces of the conpounds in the state vector
% For a tank i (i between 1 and NB+2)
% I ndi ce Conmpound
% (i-1)*NE + 1 o2 in Gas phase
% (i-1)*NE + 2 co2 in Gas phase
% (i-1)*NE + 3 NH3 in Gas phase
% (i-1)*NE + NG + 1 o2 in Liquid phase
% (i-1)*NE + NG + 2 co2 in Liquid phase
% (i-1)*NE + NG + 3 NH3 in Liquid phase
% (i-1)*NE + 2*NG + 1 NO2
% (i-1)*NE + 2*NG + 2 NO3
% (i-1)*NE + 2*NG + 3 HPO4
% (i-1)*NE + 2*NG + 4 Sle’!
% NU + 2*(i-1)*NS + 1 Xa_Ns active Nitrosonmonas bionass
% NU + 2*(i-1)*NS + 2 Xa_Nb active Nitrobacter biomass
% NU + 2*(i-1)*NS + NS + 1 Xg_Ns gl obal Nitrosonmpnas bionmass
% NU + 2*(i-1)*NS + NS + 2 Xg_Nb gl obal Nitrobacter biomass

gl obal NL NG NS NB NX NO

gl obal Ae Be Ce De E

global 102 iNH3 i NO2 i Sub i SubO i XNs i XNb i Xag
gl obal KINs KINb numax maint Yx Yx1 Yml

% Sizes array and Initial conditions ------------------------------------

if flag==0,

NI = 2* NG+NL;

sys = [
NX* ( NB+2) % conti nuous states
0 % di screte states
NO* ( NB+2) % out put s
NI % i nput s
0 % di sconti nuous ...
0 % di rect feedthrough
1

x0 = [ X0];

%> Continuous state (conputation of derivatives) --------------cmn

el seif abs(flag)==1,
% The concentrations cannot be negative
ind = find(x<0);

x(ind) = zeros(size(ind));
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% Conputation of the matrix J (notation of TN 44.2)
S
[mui, mai,rnmu] = irate(x,i02,iNH3,iNO2, KI Ns, KI Nb, rumax, mai nt) ;
di m = NG+NL;
J = zeros(di nt(NB+2), NS*(NB+2) ) ;
indl = 1:dim

ind2 = 1:NS;
for ii = 1:NB+2
Ji = Yx1*diag(mui(:,ii)) + Ymi*diag(mai(:,ii));

J(indl,ind2) = Ji;

indl = indl + dim

ind2 = ind2 + NS;
end

% Conput ation of growth rate of active and gl obal bionmass
Off = = = = = m mmm e e e e e e e e e e e e e e e e e e e e e e e e ma

mua = mui + diag(mint.*Yx) * (1-rmu); % specific growth rate of active bio.

Cx = [x(iXNs)'; x(iXNb)']; % concentration of active biomss Ns and Nb
rX = nua .* Cx; %agrowth rate of active biomass Ns and Nb
rg = nui .* Cx; %growth rate of global (active + decay) biomass Ns and Nb

% Conput ati on of the derivative of the state vector
R e I
% subtrates :
Cx = reshape(Cx, NS*(NB+2), 1);
sys(i Sub) = Ae*x(i Sub) + Be*u + E*J*Cx;

% acti ve and gl obal biomass :
sys(i Xag) = reshape([rX; rg], 2*NS*(NB+2),1);

U QUL PUL S - - - - s oo s s oo e o e oo

el seif flag==3,
% The concentrations cannot be negative
ind = find(x<0);
x(ind) = zeros(size(ind));

% Conput ati on of the output vector
L
% subtrates :
sys(i SubO) = Ce * x(iSub) + De * u;

% active and gl obal biomass :
ind = (NG+NL) *(NB+2) + 1 :(NG+NL+2*NS)*( NB+2) ;
sys(ind + NG (NB+2)) = x(ind);

U = - mmmmmm e m e e e e e oo
el se
sys = [1];
end
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O/dc*****************************************************************

%
%
%
%
%
%
%
%

Nitrifying colum and Estimators
Version 2.0 April 1999

State system according to TN 44.2

irate.m: instantaneous rate of production of substrates *

*

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

function [rmui, mai,rmu]

%
%
%

irate(x,i02,iNH3,i NO2, KI Ns, KI Nb, numax, mai nt)

X : state vector
mui : limted specific growth rate of active biomass Ns or Nb for each tank
mai : limted specific maintenance rate of active bio. Ns or Nb for each tank

% Conput ati on of rmu = nmu/ numax

x1 = x(i02).*x(i NH3);

x2 = x(i02).*x(i NO2);

al = x1 ./ (KINs(:,1) + x(i02)) ./ (KINs(:,2) + x(iNH3));
a2 = x2 ./ (KINb(:,1) + x(iO2)) ./ (KINb(:,2) + x(iNOQ2));
rmu = [al, a2]';

% Conputation of the Iimted specific global growth rate 'nui’

mui = di ag(nmumax) * rnu;

% Conputation of the limted specific maintenance rate 'mai'
Klim= [x1" > 0; x2' > 0];
mai = diag(maint) * Klin
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0/6:******************************************************************

% Nitrifying colum and Estimators *
% Version 2.0 April 1999 *
% *
% State system according to TN 44.2 *
% . dissociation of CO2 and NH3 *
% . colum = linear conbination of tanks *
% *
% statesys. m: Conputation of the state system of the colum *
% *

O/dc******************************************************************

function [Ae, Be, Ce,De, E] = statesys(NG, NL, NB, Gn, Fin, RG RL, fG fL,
VA, VnB, VC, epsL, epsG, epsT, .
al pha, Kdis, KLa)

for ii = 1:3 % for the differents parts of the colum
ifii ==1 % Part A of the colum
VL = VA*epsL/epsT, % vol une of liquid
VG = VA*epsG epsT; % vol une of gas

gL = Fin * (1+RL) * (1+fL);
qG = Gin * (1+RQ) * (1+f0);

elseif ii == % Tank n of the part B of the colum
VL = VnB*epsL; % vol une of liquid
VG = VnB*epsG, % vol ume of gas

gL = Fin * (1+RL) * (1+2*fL);
qG = Gin * (1+RG) * (1+2*fG);

elseif ii == % Part C of the colum
VL = VCrepsL/epsT, % vol une of liquid
VG = VC*epsd epsT,; % vol une of gas
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gL = Fin * (1+RL) * (1+fL);
gG = Gn * (1+RG * (1+fQ);
end
tauLl = gL/VL * ones(NL,1); % i nverse of taulL
if NG == % case of the nitrite estimtor
As = -taull;
Bs = taull;
Cs = 1;
Ds = O;
Es = 1;
el se % case of the columm and bi omass esti mator

% Conmput ati on of tetal teta2 betal beta2
VL*KLa + qL*(1+Kdis);

den2 = VL*(KLa ./ al pha) + qG;

VL * (1+Kdis) ./ denl;

VG ./ den2;

VL * KLa ./ alpha ./ denl;

VL ./ deni;

gL * (1+Kdis) ./ deni;

VL * (KLa ./ den2);

gG ./ den2;

denl =

tetal

teta2

al phal
al pha2
al pha3
al pha4
al pha5
den3 =

1

al phal .* al pha4;

betal = (tetal + teta2) ./ den3;

bet a2

(t

etal .* teta2) ./ den3;

XX = zeros(2,NG;

for jj = 1:NG
% for colum D jj =123 -->02 CO2 NH3
% for estimator : jj = [1] --> NH3
xX(:,jj) = roots([1 betal(jj)/beta2(jj) 1/ beta2(jj)]);
taux(:,jj) = -1 ./ xx(:,jj); %tinme const. of bi-phasis conpound jj
end
if ~all((taux(1,:) ./ taux(2,:)) < .07)
message = ' The approximation of first order is not justified."';
message = [message ' Loop : ' numRstr(ii)]
tau2_taul = taux(1l,:) ./ taux(2,:)
arret = 1,
end
tau = taux(2,:)"';
if ~all((teta2 ./ tau) < .07)
message = ' The approximation of first order is not justified."';
message = [message ' Loop : ' numRstr(ii)]
teta2_taul = (teta2 ./ tau)'
arret = 1,
end
Gl = al pha3 ./ den3; % Gai n of b/dL
&2 = al phal .* al pha5 ./ denS3; % Gai n of b/dG
G3 = al pha2 ./ den3; % Gain of b/r
Gpl = al phad .* Gi; % Gain of a/dL
Gp2 = alphad4 .* G2 + al pha5; % Gai n of a/dG
Gp3 = al phad .* G3; % Gain of alr
As = |
-diag(l./tau), zeros(NG NL);
zeros(NL, NG, -diag(taulLl)];
Bs = [

Cs = [

di ag(&2./tau), diag(Gl./tau), zeros(NG, NL);
zeros(NL, NG, zeros(NL, NG, diag(taulLl) ];

di ag(al pha4), zeros(NG, NL);
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eye( NG,

zer os(NL, NG) ,

%

m
%)
1

% 1. matrices for

di ag([ al phab;

di ag([ G3./tau;

zeros(NG, NL) ;

eye(NL)

1;

zeros(NG + NL,1)]);

ones(NL, 1)]);

each tank of the colum

the colum

EA2 = Es;
the part B of

EB2 = Es;
the col um

EC2 = Es;

R e
if ii == % Part A of
AA2 = As; BA2 = Bs;
CA2 = Cs; DA2 = Ds;
elseif ii == % Tank n of
AB2 = As; BB2 = Bs;
CB2 = Cs; DB2 = Ds;
elseif ii == 3 % Part C of
AC2 = As; BC2 = Bs;
CC2 = Cs; DC2 = Ds;
end
end

,%

dinm2 =

A = zeros(di m*(NB+2));
B = zeros(di ml*(NB+2),
C = zeros(di m2*(NB+2),
D = zeros(di n2*(NB+2));
E = zeros(di m*(NB+2));

indl =

D(ind2,
E(ind1,
for ii
indl
i nd2

i
i
A(indl,i
B(indl,ind2) = BB2;
C(ind2,i
D(ind2,i
E(indl,i

end

indl =
ind2 =
A(indl,
B(i nd1,
C(ind2,
D(ind2,
E(ind1,

vl
v2
v3
v4 =
for i

v3

2

n - <

NG+NL;

2

1
1

[

*NG+NL;

cdioml;

cdim2;

ndl) = AA2;
nd2) = BAZ2;
ndl) = CA2;
nd2) = DAZ2;
ndl) = EA2;
2: NB+1

ndl + diml;
nd2 + di n2;
ndl) = AB2;

ndl) = CB2;
nd2) = DB2;
ndl) = EB2;

ndl + dimi;
nd2 + di n2;
ndl) = AC2;
nd2) = BC2;
ndl) = CC2;
nd2) = DC2;
ndl) = EC2;

2: NB+1
v3, vi];

state system

di m2* (NB+2) ) ;
di ml* (NB+2) ) ;

-[fGones(1,NG), fL*ones(1, NG+NL) ] ;
-[(1+f G) *ones(1, NG, (1+fL)*ones(1, NG+tNL)];
-[fG(1+RG) *ones(1, NG, fL*(1+RL) *ones( 1, NG+NL) ] ;

t he

col um
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vd = [v4, v2];
end

G = diag(v3, (2*NG+NL)) + diag(v4,-(2*NG+NL));

vl = -[RG*ones(1, NG, RL*ones(1, NG+NL) ] ;

G(1: (2*NG+NL), (2* NG+NL) * (NB+1) +1: (2* NG+NL) *(NB+2)) = di ag(v1l);

G( (2* NG+NL) * (NB+1) +1: (2* NG+NL) * (NB+2), ( 2* NG+NL) * NB+1: ( 2* NG+NL) * ( NB+1) )

eye((2*NG+NL) ) ;

vl = [(1+2*f G *ones(1l, NG, (1+2*fL)*ones(1, NG+NL)];
v2 = [(1+f Q) *(1+RG) *ones(1, NG, (1+fL)*(1+RL) *ones(1, NG+NL)];

for ii = 2:NB+1
v2 = [v2, vl];
end

v2 = [v2, ones(1, (2*NG+NL))];
H = diag(v2);

Z1 = GD + H,

Z2 = (Z1'\B')'; % nore precise than B/Z1 (accord. to Matlab doc)
Z3 = (Z1'\D')'; % nore precise than D/Z1 (accord. to Matlab doc)

Z4 = G C;

Ae = A - Z2*Z4;

Ce = C - Z3*Z4;

Be = Z2(:, 1: 2*NG+NL) ;
De = Z3(:, 1: 2*NG+NL);
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