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input, modelling, estimation. sion of the highly complex and non linear state-of-the-art ASM
initially proposed by the IWA task group [4].

Abstract [13] have proposed an algorithm for eliminating state variables
from a model based on variables affection over the process de-

" . S IR nding of the time scales dynamics of interest ; oxygen dy-
trifiable nitrogen concentration in wastewater, nitrification rat amics were not taken into account. [15] have proposed a re-
denitrification rate and/or COD available for denitrification Oauced order model describing only tﬁe nitrogen dynamics (am-
an activated sludge process submitted to intermittent aerati

, . nia and nitrate concentrations) of the alternating sludge pro-
The approach uses the oxydo-reduction potential (ORP) s. [5] has used a more complex model with five variables

Qissqued_oxygen (DO) megsurement.s 9”'3," The parame:tq’ieterotrophic and autotrophic biomasses, biodegradable or-
|Qent|f|cat|on is based on a Simplex optlmlgatlon ofacostfun anic substrate, ammonia nitrogen and nitrate. Dissolved oxy-
“0.” relat'ed o the error between an expenmentql cyclg (an €h concentration was regulatect@g /!, and not considered
obic period followed by an anoxic one) and a simulation Ofi that model. [6] proposed a simplification of the ASM which

reduced model derived from ASM1. Results show very go?gaded to two sub-models (one for anoxic conditions and one

pred|ct|on of e_xpepmental.o_xygen, ammonium and nitrate PR aerobic conditions) based on nitrogen related concentra-

files. The estimation of nitrifiable nitrogen and removal rates s (ammonium and nitrate) and dissolved oxygen concen-

has been validated on experimental data. tration. However, the modified model was still complex and
highly non linear and to further simplify it, an uniqgue model

1 Introduction for both phases has been proposed and model parameters have

_ ) ) been grouped to reduce the number of unknown parameters [3].
Nitrogen removal is commonly performed in wastewater treat-

ment plant by biological processes, i.e. nitrification and derffecause on-line monitoring of ammonia and nitrate in the
trification in activated sludge process, which are susceptible™xed liquor are still costly and impractical due to the main-
disturbances. These disturbances to the process can be dig@nance requirements, respiration rate (the rate at which acti-
changes in influent flow, concentration and composition froM@ted sludge consumes oxygen) can be used as an indicator of
the influent itself or from concentrated return streams. Thel§e process state and its use has generated much interest in ni-
disturbances and variations can put additional load onto f#ggen removal control [7], [11]. Stoechiometric and kinetic
treatment process_ There is a need to manage the proce@fgmeters Of nitriﬁcation haVe been determined by Sevel’a| au-
avoid disturbances of the nutrient removal performance of tHors by means of model fitting on respirometric signal or DO
Overa” Wastewater treatment process_ response [2], [10], [14] The n|tr|f|ab|e nitrogen aISO may be

_ ) estimated by means of respirometry. The approach typically in-
To apply advanced control strategies to the activated sludggyes the model-based interpretation of the OUR profile. The

process the state of the process needs to be observed usingiRsunt of nitrogen that is nitrified is calculated from the oxy-
cess variables. Internal process variables like active blom@\sﬁ] consumption or from a titrimetric sensor.

concentration, nitrogenous removal rate are not measurable on-

line. Therefore, indirect methods have been proposed for e$fi-anoxic conditions, ORP can be used as a control parame-
mating relevant variables. Such state and input observatiori@ls The main ORP time feature used for control is the 'nitrate
parameter estimation approaches require a model of the dfaee’, observed when denitrification is complete and nitrate is
cess. This model has to be on one hand the most accuratde@jeted. Several authors have used the bending point method
possible such as to mimic the main characteristics and dyndfhevaluate the process state using DO, ORP and pH profiles
ics of the process and, on the other hand, simple enoughkb [8]. [9].

be used for model based control and observation. This copfsre g simplified system is proposed for simultaneously char-
promise has been exhibited in several strategies proposed,dferising activated sludge process and wastewater nitrifiable

This paper proposes a new optimization strategy to estimate



nitrogen evolutions. It is based on the ORP and DO measusered experimental values. Three different classes of parame-
ment in a continuously fed reactor in which dynamic respongers were then considered:

are due to intermittent aeration. An observer allows to estimate

the following parameters: nitrifiable nitrogen concentration in e experimental data related to the process operation and typ-

wastewater §? ¢ H+) nitrification rate f,,), denitrification rate ically measured:

(rq,) and/or COD available for denitrification. .
wav Qza ‘/7 02

2 Activated sludge process modelling e standard values of kinetics parameters:

The obsgrvation approach is based on DO ar_1d ORP profiles |n K, K1, Ky Kno-r Kowas Koans Koyn
terpretation of a reactor with alternated aeration. The reactor is 4 3
continuously fed both with wastewater and sludge. Alternance given in Table 1;

of aerobic and anoxic conditions is controlled to guarantee am-

monia and nitrate depletion. The reactor may be an indepen® Parameters to be identified:
dent vessel, or the activated sludge reactor itself. The sludge

is brought from the recirculated activated sludge of a parallel Yns Tan; Kra, OURo, S
wastewater treatment plant in the first configuration or may be
provided directly by recirculation from the clarifier of the proRemark 1 We consider in the following that sludge are free
cess in the second case. from nitrate, thenS%, | = 0.

3

T
NH}? SNO*

The reduced model proposed in this paper is derived from the
model originally presented in [3]. In that model, the four dy-

namics described by this reduced non linear model were the K 4.24

readily biodegradable concentratié, the nitrate concentra- Ky . 0.9

tion S NOF the ammonia nitrogen concentratlchJ‘GLH+ and Ky (gN/m?) | 0.2

the d|ssolved oxygen concentration. Further S|mpI|f|ca— KNO (gN/m?) | 0.2

tions have been done on this basis, under the hypothesis of KOQA (gO2/m?) | 0.1
non-limiting presence of carboneous substrate for denitifica- Koydn (902/m*) | 0.2

tion conditions. The influence of the readily biodegradable Ko,u (g02/m3) | 0.2
substrate on the denitrification was then hided inside the maxi-

mum denitrification rate,,,, while the limiting nitrate concen- Table 1: Default values of parameters

tration was described through Monod kinetics. The limitation
of the nitrification rate with respect to availability of ammomar

he estimation procedure is based on the error between an ex-
nitrogen and dissolved oxygen was expressed through mode
Kinetics. perlmental cycle and a simulated cycle. Then in plus of the

model parameters, the initial condition of the cycle has to be
The model is given as follows: known. A cycle is defined as an aerobic period followed by

4S an anoxic period. The dissolved oxygen concentration is ini-

ZtHI = Q% = %Smﬁ tialized to 0 (and measured). According to the hypothesis for
< 4 * the cell operation of optimized conditions, we assume total
—r, NHF o2 removal of ammonia nitrogen and nitrate during aerobic and
Enuf tonmf KopatO: anoxic periods. Then, the initial nitrate concentration is equal
ds, to 0. On the other hand the initial ammonia nitrogen is given by
= %Sjﬁ[o, Quutbag the accumulation of ammonia nitrogen during the anoxic phase

35 of the previous cycle\tE"eV. It is then directly related to the

NHF 19 1 .
4 2 influent ammonia nitrogen concentration:
+Kiry Kyt 5yt KoyatOs @ g

4 4
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% = K1a(03 — O2) — OURO% Moreover, parameters related to the dissolved oxygen time-
Synt o evolution are directly related to some characteristic point and

—-Kry, Koo+ s = K02A2+02 slope of its evolution. The oxygen transfer is deduced from
the variation of slopes of oxygen consumption at the end of the

F;3‘,7{a_robic phase, when the aeration is stopped:

This model was complemented by numerical values of the
rameters. Key parameters had to be identified through the ob-

P1— P2 ©)
server while the other parameters were set to default or mea-

Kpa=-2L—P2
LT 05 — Ograz



surements

l toan
ey, 3 (0e) - 0a(0)
250 | \ = 8 =tone
200 1 ' e the error in determination of the ammonia depletion (ac-
7o cumulated during the previous anoxic period). This er-
130 1 ror represents both an error between the simulated time of
$ 100 T4 - ammonia depletion and the inflexion point of the experi-
E ) mental oxygen profile
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th) | e the error in determination of the nitrate depletion (accu-
mulated during the previous aerobic period). This error
represents both an error between the simulated time of ni-
Figure 1: Standard evolution of the dissolved oxygen concen- trate depletion and the inflexion point of the experimental
tration and ORP signal ORP profile

txORP — t(SNo; = KNOS_)

where the slopep; andp, are illustrated in Figure 105**
represents the maximum value of dissolved oxygen concentra-
tion. This approximation is particularly true when the slgpe
tends towards 0.

and an error between the simulated nitrate concentration
value at the experimental inflexion point on the ORP pro-
file and the theoretical value

SNO; (txorp) — KNO;
The endogenous and heterotroph activity Ry may be esti-
mated from the influent ammoma nltrogen concentration Wh&foreover, the Simplex procedure is particularly robust as the
02 — 0. Under the number of parameter to identify is decreased. In the current
case, the influent ammonia concentration and nitrification rate
hypothesis thatw approxmately equals to 1, onemgainly affect the aerobic period of the cycle although the den-
obtains: itrification rate mainly affects the anoxic period. The iterative
S . Quw identification procedure is then decomposed into two succes-
H (4) sive steps, such that identification of and S”’ 1 only use

information about the aerobic period, and |dent|f|cat|or7rcplf
Inspired by these observations, the identification problem thigr€lated to the anoxic period.
consists to determine the three remaining parametgrs,,

Sj\’;m, by using the data collected on one alternated cycle. 4 Validation on experimental data

Sy} becomes equal to O, i. e—4

OURy = Kpa(0} — O — 7

) Experiments were performed at °5 with a 40-litre aerated
3 Observation procedure reactor continuously stirred, in which oxygen concentration
Parameter identification has been carried out by using a s Apd ORP were measured and monitored. Pumps controlled
b the software fed the reactor with concentrated sludge

plex procedure. The cost function was formed of five term)
involving both continuous-time and discrete-time informatio sind wastewater. The operation conditions are given in Table
Chemical Oxygen Demand (COD), nitrate, nitrite and

Continuous-time information was furnished by the Oxygegmmonia were analysed using Standard Methods (1995).

concentration profile during the aerobic period. Discrete-time

information was related to inflexion points of oxygen and ORP

profiles, denoted, o, andt, orp, respectively. The cost func- Experimental data used for parameter estimation are shown

tion was then given by the weighted addition of: on Figure 2. An example of four successive cycles are
shown. Knee points are clearly visible on DO and ORP

¢ the error between the simulated oxygen profile and mesgnals (decreasing) during aerobic phase, which characterises



wa Q’K V O; . . .
(m3 / day) (m3 / day) (TrLd) (g 02 /m‘3) . 5|mu‘lated and experimental data-cy?Ie4
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Figure 2: Experimental data used for model calibration. Oxy-

en and ORP profiles during four aerobic-anoxic cycles
g P g 4 Figure 3: Experimental (+ or dashed line) and estimated (solid

line) time-evolution of process variables

depletion of ammonia. Before the end of the anoxic period,
an acceleration appeared on the ORP signal due to nitrate

depletion.

estimated measured
The estimation procedure is checked on the cycle 4, for whichy  Sx'y+ (mg/l) 58.5 (nitrified) | 60.9 (NTK)
off-line analysis of the influent ammonia concentration and re- rn(mg/l/h) 215 —
action rates have been done. Figure 3 shows in solid line the
time-evolution of the reduced process model with estimated Tan(mg/l/h) 117 119
values of the influent ammonia nitrogen concentration and re CODan(mgDCOJR) 1065 1124
action rates given in Table 3.

First of all, the modelled dissolved oxygen profile fits veryable 3: Results of parameter estimation for experimental con-
well with the measured one. It shows that the reduced modgtions

describes accurately biological oxygen consumption as well as

gas-liquid transfer, and in addition that the mathematical fittin

procedure is successful. Atthe end of this procedure, ammoﬁ?ﬁ experimental denitrification rate has been deduced from

and nitrate concentrations in the reactor can be calculated wWiffateé concentration measurement in the reactor. The value

the final set of parameters. Ammonia and nitrate concentrat@pt@ined (19 mg/l/day) is closed to the estimated one

have been measured by discrete sampling at different tin_(r]ré7 mg/l/day). From this estimated denitrification rate, the

and are compared to the calculated ones in the Figure”ﬁ!‘ﬂem COD used for denitrification entering the cell per unit
Modelled and experimental nitrate concentration are in go8§time can be calculated:
accordance. Concerning ammonia, calculated values are lower

than measured one, although the shape of the evolution are the CODan =
same. This systematic underestimation can be explained by th%
fact that only nitrifiable ammonia is estimated by the modef/t
i.e., the ammonia assimilated by growth is not considered.
For the same reason, estimated influent nitrifiable ammonia is
slightly lower than measured value. It is compared in the last column of table 3 with the measured

2.86

1-v,,

Yha = 0.5gCOD/gCOD(measured by [12])



inlet COD flux, which is the product of measured COD corb conclusion

centration of wastewater and the influent flow rate. Values
are in the same order of magnitude, estimated COD beifig § "€ Proposed sensor, based on DO and ORP measurements,

higher than the COD entering with wastewater. As only a pgrlﬂows to estimate and monitor nitrifiable nitrogen as well as
of the wastewater COD is biodegradable, commonly 70 to ggrification and denitrification rates. By a model identification

%, it would be logical that the estimated denitrifiable COD wd§chnique, these variables are determined for each successive
lower than the wastewater COD. Therefore the estimated d@grobic-anoxic cycle, in a continuously fed reactor submitted
itrifiable COD seems to be overestimated in our result. It mé? intermittent aeration. Periodicity of estimation will depend

be due to endogenous denitrification which was not taken irft8 duration of aerobic and anoxic cycle which can be optimized
account in the formula. by on-line adaptation of these phases.

In plus of direct analysis of estimated data with respect to mez$Periments show that the sensor gives a correct estimation of
sured or expected values, one main point of interest is to evafy denitrification rate and indirectly an estimation of wastew-
ate confidence of estimated data, that is, to evaluate the qualitg™ denitrification capacity, i.e. biodegradable COD available
of the observation procedure by examination of the cost furfer dem_trlflcatlon. Some other tests_ on various simulations
tion with respect to parameter. A multi-start procedure (opflOn€ With GPSX software have confirmed that the procedure
mization initialized from several random initial conditions) ha@Ves good predictions of kinetics rates, influent ammonium
confirmed the solution. The cost function during the aerobf@d state variables profiles.

phase does not depend on the denitrification rate It may
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