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INTRODUCTION XE "INTRODUCTION" 
The objective of the identification process is to render a model suitable for studying theoretically the FTC and ED-TOC strategies. It should explain the experimental results in FTC mode. A more demanding objective would be to explain the behavior of the plant NEAR the optimal operational zone, and not necessarily away from it, i.e. not in the inhibition zone. Nevertheless, only FTC kinetics are suitable for kinetic parameters identification using the available software and the given low sampling frequency. For this reason, the identification procedure proposed here is as follows:

Procedure A: Two (2) FTC Standard Experiments are chosen for identification and one for validation. 

Yield coefficients are found by separating them from dynamical ones. Two versions appear.

A1) k1 is taken from experimental measures. See estimation procedure in annex 3. 

A2) a stechiometric relation is used to compute k1 and k2

Kinetic coefficients are then identified using MatLab “lsqnonlin” function.
Procedure B. Similar to procedure A, but other two (2) FTC experiments from previously stressed biomass are added for identification.

Procedure C: Similar to procedure A, but EDTOC kinetics are used also for validation.

EXPERIMENT SELECTION XE "EXPERIMENTS SELECTION" 
Before the first trial for finding yield parameters using FTC data in experiments listed in table from annex 1, an assessment was made about whether or not the consistency of data was ok. If there were missing data the experiment was refused for identification purposes. If anoxic conditions, or any non standard conditions are present, or if substrate or inflow data does not match substrate reasonably, such experiments were also rejected. As an example, non matching oxygen-substrate kinetics are such that, after finishing the substrate, there is still important oxygen consumption.

Once four (4) apparently suitable experiments were found, separation of the yield coefficients relation allowed identifying it separately using a linear regression. Note that suspicious data points were taken out from kinetics.

After the individual identifications of K2/K1 were made, an excel file was used to present results and to calculate the confidence intervals using STDEV Excel function (see EM1_UNAM1_Confidence_Interval.xls) for four (4) experiments. After discussing the preliminary results with UNAM’s WP1 team, an agreement was made to remove two (2) of the experiments for the first procedure (named “A” afterwards) as they correspond to (stressed) biomass in STARVATION cycles. Then only two (2) standard FTC experiments were left for identification as the third one is used for validation. The removed experiments maybe used later for another model in procedure B
Once a given K2/K1 is accepted, identification of the other parameters is made. For this, a Matlab program was built, but the results are presented in the same Excel format as above.
The experiments selected from Annex 1 are:

PRELIMINARY ANALYSIS ON: 

 3121909 unam1_2003-12-19_09 Std FTC 100mgL 1.xls (ID1)
 3121913 unam1_ 2003-12-19_13 Std FTC 100mgL 2.xls (ID2)

 3070218 unam1_2003-07-02_18h49_FT_starvation200mgL-before12h-dataoffline.xls (ID3)
 3070414 unam1_2003-07-05_14h00_FT_starvation200mgL-before24h-dataoffline.xls (ID4)
IDENTIFICATION: 
3121909 unam1_2003-12-19_09 Std FTC 100mgL 1.xls (ID1)
3121913 unam1_ 2003-12-19_13 Std FTC 100mgL 2.xls (ID2)

VALIDATION:

3121917 unam1_2003-12-19_17 Std FTC 100mgL 3.xls (VAL1)
INITIAL CONDITIONS AND ESTIMABLE PARAMETERS XE "INITIAL CONDITIONS AND ESTIMABLE PARAMETERS"  
(FROM DIRECT MEASUREMENTS)
t0=t0=0 is assumed as the instant at which the influent’s pump is turned on and the filling begins. This is true for simulations and identification of kinetic parameters. For identifying yield coefficients it is necessary to avoid the filling stage.

Substrate: Initial (at t=t0) substrate concentration inside the reactor is usually neglected, i.e. considered zero unless a direct measure is available.
S0=0 (mg/L), (or_use_measured_value_if_available)
Volume: Initial volume is always assumed to be 3L. No level sensor is available. So, calibration of the draw-pump suction configuration is assumed to be such that draw always take away volume in excess of 3L (the remaining ON draw-time the pump just sucks air). Final volume is estimated to 7L by integrating the commanded input flow. 
V0=3 (L)
Oxygen: An automated file for capturing the oxygen readings is available. The initial value for Dissolved oxygen concentration is taken from there.

O0=first_datum_from_automatic_log_file (mg/L)

Biomass: VSS is measured at the end of reaction. Biomass is assumed to be equal to VSS a this point. So an estimation is made for initial biomass by using the yield coefficient and the known quantity of substrate degraded using the following equations:
   
TS=(Vf-V0)*Sin
Total substrate mass treated

   
Bp=TS/K1

Total biomass produced during the reaction

   
Bf=Vss*Vf

Total biomass at the end of reaction

   
X0=B0/V0

Initial Biomass concentration

   
X0=(Bf-Bp)/V0

X0=(Vss*Vf-(Vf-V0)*Sin/K1)/V0

From table in annex 2 it can be seen that the precision of the measurement of VSS, and hence of the estimation of X0, is of 10%. No provisions are taken to compensate this fact as for the Yield part identification its effect is not seen, and for the kinetics part identification most of the error’s effect is masked by an equivalent but opposite error in estimating mu0 (or mue). This thinking shows that the tolerance in the confidence interval for mu0 (mue) may be greatly affected by this error, but the simulation as a whole not.
Inflow Substrate concentration: Again, annex 2 shows the precision for measuring the 4CP concentration, 5%. This is important as an error in Sin affects greatly the simulation performance for model EM1

The action taken to minimize the associated error that propagates from using a badly measured Sin  is to include it in the identification procedure for the kinetic part. Lower and upper bounds are given to restrict the Sin estimation to the given precision. The initial value used is the one measured.

Sin=as_measured (mg4CP/L). Becomes part of the parameters to identify.Tolerance=5%
Saturation Dissolved Oxygen: Changes with temperature and Biomass and Substrate concentration. As all of hem change over the reaction time, it was preferred to let the identification algorithm to choose the best constant-value for each reaction. An initial estimation is made by using the equilibrium point of model in equation 1 after finishing the reaction (Dilution=0, X=kte, S=0, Of=Omax(V=Vmax;S=0)).

Os=Omax +(b*VSS/Kla). Becomes part of the parameters to identify.Tolerance=5%
Influent’s Dissolved Oxygen: It is assumed that there is no dissolved oxygen in the influent flow.

Oin=0

YIELD PARAMETERS IDENTIFICATION XE "YIELD PARAMETERS IDENTIFICATION" 
The model in Eq. 1 is used. See annex 4 for definitions and units.
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Eq.(1)
For FTC batches identification is made for t> t1 where t1 is assumed to be the end of filling time, and ta>t1 is the next sampling time, i.e. the initial time for the usable data for identification. Hence, for yield coefficients separation, it can be assumed that Qin=0 in Eq. 1 for t>t1
As no kinetics is available for biomass (its net growth in one reaction is comparable to measuring error so it is useless to measure its kinetic), biomass equation (first line of Eq. 1) is useless for identification purposes.

That is why Only Substrate and Oxygen equations are used (second and third lines in Eq. 1). 
After replacing µX  from second line into the third one and integrating:
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Eq.(2)

But it is possible to SIMPLIFY the procedure if some Omax is defined in such a way that it is the maximum DO when endogenous respiration is active and no substrate is present. It is possible to identify Omax from the end of each experimental kinetic. In this way Osat temperature dependence is eliminated and, at the same time, bX disappears from equation 2. And, because temperature varies slowly and X kinetic is really slow (less than 2% growth in each standard batch) hence it is logical to assume that, approximately, bX=Kla(Osat - Omax). Replacing in Eq. 2:
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Eq.(3)

Eq. 3 is used for linear regression. The integral is made assuming triangular reconstruction of Dissolved Oxygen graph.
KINETIC PARAMETERS IDENTIFICATION XE "KINETIC PARAMETERS IDENTIFICATION" 
For a given K2and K1, identification of the other parameters is made. For this, a Matlab program was built. Both Levenberg-Marquardt and Gauss-Newton algorithms were tested. No difference was found in the results. When one of them stalled, so did the other. When one converged, also did the other. 
The versions of the software used are: 

· MATLAB Version 6.5.0.180913a (R13)
· Optimization Toolbox Version 2.2 (R13)
To test the capability of the software a TEST example was constructed. Using a known model a virtual experiment was generated in an independent simulator. The data gathered was treated as data coming from a real reactor. A fitting criterion including substrate and oxygen error was designed. Initial trials to identify this model revealed the poor performance of the algorithms used when the given initial conditions were not close to the real ones. Then the fitting criterion was changed and again the algorithm behaved well for some cases but no so well for others. Finally a combination of criteria was used to iteratively apply the identification method. The software now is such that the interactivity may be automatic or manually oriented.

Fitting criteria: 3 different criteria were defined, all of the type “Criteria=Sum(Fk2)”
1. Fit_S:
Fk=FSk=Sksimulated-Skmeasured
 

k=1,,,n-1; n= number of samples (sample 0 is not used)
2. Fit_O:
Fk=FOk=Oksimulated-Okmeasured


k=1,,,n-1; n= number of samples (sample 0 is not used)
3. Fit_SO:
Fk=WoFOk; Fk+n=WsFSk



k=1,,,n-1; n= number of samples (sample 0 is not used)

The last criterion is the natural one. It combines the first two, establishing a compromise between Substrate and Oxygen fitting errors. This is considered to be of importance as the control law will depend on Oxygen measurements to software-sense what happens with the unmeasured Substrate. It was the one first tested, but convergence was not appropriated. Even when OPTIMSET (algorithm set-up) was set to more stringent settings (allow more iterations, diminish tolerances, change methods…), convergence was still poor. That is why two different additional criteria were defined. 

The “lsqnonlin” routine may be run with any of these criteria, and one complete run will be called “a step”. The idea then is to combine steps combining criteria, one different in each step. This pushes the fit-search in different directions at each identification step. A combination of steps rendered a somewhat better global convergence for initial conditions. Nevertheless the global final criterion for a sequence of steps is always defined as Match_SO.
But convergence was still no good enough as for some initial conditions the algorithm converged to local minima, thus not finding the “real” (TEST) model. Complementary reparametrization of the kinetic model was made as this had shown in the past to be useful for visual analysis. The result is that combining the 6 types of algorithm (3 for the classical parameters and 3 for the reparametrized), better convergence was achieved. Even then, the possibility to manually intervene in the fitting process was incorporated to the software. This means that at any step the user may (optionally) modify some of the parameters, and then continue with the next step.

Reparametrization is explained in annex 4.

Annex 1. Experimental files names and classification XE "Annex 1. Experimental files names and classification" 
The tables below show the selection of files for identification and (ID) validation (VAL) for identification of standard model EM1A.
Only FTC kinetics are used for identification as no inflow is present after filling and this facilitates separation of yield coefficients.

Some kinetics in EDTOC mode may be used for validation along with FTC ones.

Acclimatization kinetics are not used for identification of standard model. 
Somme before-starvation kinetics are used as they are done with the reactor in full standard conditions. After-starvation kinetics are not used.

The file-directory-code is assigned as “ammddhh” for storage and retrieval simplicity. Each directory will contain all the data of experiments, excel and Matlab files used for identifying or validating it. In the tables below such code is at the beginning of each line.
Standard FTC

3121909 unam1_2003-12-19_09 Std FTC 100mgL 1.xls (ID1)
3121913 unam1_ 2003-12-19_13 Std FTC 100mgL 2.xls (ID2)
3121917 unam1_2003-12-19_17 Std FTC 100mgL 3.xls (VAL1)
50 ACCLIMATIZATION
3040717 unam1_2003-04-07_17h24_FT_acclimatization50mgL-cycle1-dataoffline.xls (refused: no online)
3040915 unam1_2003-04-09_15h40_FT_acclimatization50mgL-cycle2-dataoffline.xls (refused: no online)
3041013 unam1_2003-04-10_13h28_FT_acclimatization50mgL-cycle4-dataoffline.xls (refused: no online)
3041108 unam1_2003-04-11_08h58_FT_acclimatization50mgL-cycle7-dataoffline.xls (refused: no online)
3041410 unam1_2003-04-14_10h55_FT_acclimatization50mgL-cycle8-dataoffline.xls (refused: no online)
3041511 unam1_2003-04-15_11h00_FT_acclimatization50mgL-cycle10-dataoffline.xls (refused: no online)
100 ACCLIMATIZATION

3051717 unam1_2003-05-17_17h45_FT_acclimatization100mgL-cycle1-dataoffline.xls (refused: no online) (14?)
3051817 unam1_2003-05-18_17h30_FT_acclimatization100mgL-cycle3-dataoffline.xls (refused: no online)
3051916 unam1_2003-05-19_16h44_FT_acclimatization100mgL-cycle4-dataoffline.xls

3052010 unam1_2003-05-20_10h21_FT_acclimatization100mgL-cycle6-dataoffline.xls

3052018 unam1_2003-05-20_18h16_FT_acclimatization100mgL-cycle7-dataoffline.xls

3052109 unam1_2003-05-21_09h54_FT_acclimatization100mgL-cycle10-dataoffline.xls

200 ACCLIMATIZATION

3060913  unam1_2003-06-09_13h30_FT_acclimatization200mgL-cycle1-dataoffline.xls

3060917  unam1_2003-06-09_17h32_FT_acclimatization200mgL-cycle2-dataoffline.xls

3061009  unam1_2003-06-10_09h41_FT_acclimatization200mgL-cycle6-dataoffline.xls

3061113  unam1_2003-06-11_13h16_FT_acclimatization200mgL-cycle13-dataoffline.xls

Standard ED-TOC

3071116  unam1_2003-07-11_16h12_ED-TOC_standardkinetic-dataoffline.xls

3071515  unam1_2003-07-15_15h28_ED-TOC_replicate1ofstandardkinetic-dataoffline.xls
3071518  unam1_2003-07-15_18h28_ED-TOC_replicate2ofstandardkinetic-dataoffline.xls

VARIATION 25 4CP

3071202  unam1_2003-07-12_02h13_ED-TOC_kineticwithvariationofC-X(+25%in4CP_in)-dataoffline.xls

VARIATION 50 4CP

3071119  unam1_2003-07-11_19h22_ED-TOC_kineticwithvariationofC-X(+50%in4CP_in)-dataoffline.xls

3071123  unam1_2003-07-11_23h30_ED-TOC_KineticwithvariationofC-X(-50%in4CP_in)-dataoffline.xls

VARIATION 75 4CP

3071409  unam1_2003-07-14_09h52_ED-TOC_kineticwithvariationofC-X(+75%in4CP_in)-dataoffline.xls

3071415  unam1_2003-07-14_15h42_ED-TOC_replicate1ofkineticwithvariationofC-X(+75%in4CP_in)-dataoffline.xls
VARIATION +/-50% Air

3071521  unam1_2003-07-15_21h27_ED-TOC_kineticwithvariationof+50%intheAirFR_in-dataoffline.xls 
3071605  unam1_2003-07-16_05h20_ED-TOC_kineticwithvariationof-50%intheAirFR_in-dataoffline.xls 
3071600  unam1_2003-07-16_00h11_ED-TOC_replicate1ofthekineticwithvariationof+50%intheAirFR_in-dataoffline.xls

STARVATION

3042411 unam1_2003-04-24_11h49_FT_starvation50mgL-before8h-dataoffline.xls (rejected: OS mismatch)
3042421 unam1_2003-04-24_21h57_FT_starvation50mgL-after8h-dataoffline.xls

3042819 unam1_2003-04-28_19h41_FT_starvation50mgL-before12h-dataoffline.xls  (rejected: No F)
3042910 unam1_2003-04-29_10h24_FT_starvation50mgL-after12h-dataoffline.xls

3050120 unam1_2003-05-01_20h14_FT_starvation50mgL-before24h-dataoffline.xls (rejected: OS mismatch) 3050308 unam1_2003-05-03_08h47_FT_starvation50mgL-after24h-dataoffline.xls

3052612 unam1_2003-05-26_12h59_FT_starvation100mgL-before12h-dataoffline.xls (rejected: anoxic, no F) 
3052702 unam1_2003-05-27_02h32_FT_starvation100mgL-after12h-dataoffline.xls

3052710 unam1_2003-05-27_10h37_FT_starvation100mgL-before24h-dataoffline.xls (rejected: anoxic, no F) 
3052812 unam1_2003-05-28_12h26_FT_starvation100mgL-after24h-dataoffline.xls

3053020 unam1_2003-05-30_20h55_FT_starvation100mgL-before36h-dataonline.xls xls (rejected: Anoxic!)
3060115 unam1_2003-06-01_15h11_FT_starvation100mgL-after36h-dataoffline.xls

3070218 unam1_2003-07-02_18h49_FT_starvation200mgL-before12h-dataoffline.xls (ID3)
3070309 unam1_2003-07-03_09h44_FT_starvation200mgL-after12h-dataoffline.xls

3070414 unam1_2003-07-05_14h00_FT_starvation200mgL-before24h-dataoffline.xls (ID4)
3070518 unam1_2003-07-05_18h05_FT_starvation200mgL-after24h-dataoffline.xls

3070710 unam1_2003-07-07_10h54_FT_starvation200mgL-before36h-dataoffline.xls 

3070902 unam1_2003-07-09_09h05_FT_starvation200mgL-after36h-dataoffline.xls No starvation registered  
Annex 2.  Precision of measurements XE "Annex 2.  Precision of measurements"  (extract of UNAM table “Methods WP1.xls”)

	Parameter
	Analytical method
	Methodology
	Observations

	COD
	Reactor digestion micro-method. Hach method 420 COD Low Range Colorimetric determination.
	10 mL of mixed liquor were filtered with a 0.45 mm membrane (cellulose nitrate or Durapore) and collected in glass vials. They were preserved adding phosphoric acid (pH <2) and refrigerated at 4 ºC before the analysis. To determine the COD, 2 ml of the filtrate were placed in a vial according to the concentration range of the sample (0 to 150 or 0 to 1500 mg/L).
	Precision: ± 10 %. Detection limit: 2 mg/L (vials of 0 to 150 mg/L), 5 mg/L (vials of 0 to 1500mg/L).

	4-CP
	4-aminoantipyrine method (colorimetric method). Modified technique 5530C from APHA (1992).
	10 mL of mixed liquor were filtered with a glass microfibre filter GFA (Whatman). Samples were preserved adding phosphoric acid (pH <2) and refrigerated at 4 ºC before the analysis. Generally, 3 mL of the sample were place in a 50 mL flask (final concentration must be lower than 7 mg/L, if not, a more important dilution is required)  and were added 40 mL of distilled water, 1.5 mL of buffer solution, 0.5 mL of aminoantipyrine solution and 0.5 mL of K3Fe(CN)6 and finally, complete to 50 mL with water. The phenolic compounds have a reaction with the 4-aminoantipyrine at a pH of 7.9 +/- 0.1 in presence of alkaline medium to form an aminoantipyrine colored complex with color. This is read at 500 nm.
	Precision ± 5% (0 to 200 mg/L). Detection limit 0.01 mg/L

	DOC
	Total Organic Carbon Analyzer
	The sample was filtered with a 0.45 mm membrane (cellulose nitrate or Durapore) and collected in glass vials. They were preserved adding phosphoric acid (pH <2) and refrigerated at 4 ºC before the analysis. The analysis were carried out with a Carbon Organic Total Analyzer (Shimadzu 5050) coupled to an autosampler (ASI-5000A). Acidified samples were bubbling for 3 minutes with high purity air to eliminate the inorganic carbon. 150 mL of sample were injected to the devise and the NPOC was determined. In our case this corresponds to the dissolved organic carbon.
	Precision: ± 2 mg/L. Detection limit 1mg/L.

	Metabolite
	Spectrophotometric method
	This is an indirect measure of the quantity of The sample was filtered with a glass microfibre filter GFA (Whatman), and measured at 380 nm in a HACH spectrophotometer with a 1cm length cell.
	The reference product was not avaliabable to quantify the amount of metabolite

	VSS
	Volatile Solid Suspended Standard Methods (APHA, 1992).
	10 mL of sample were filtered in a glass microfibre filter GFA (Whatman), dry at 103ºC for one hour, weighted and incinerated during 15 min at 550ºC. The volatilized material was evaluated. 
	Precision: ± 10%. 

	TSS
	Total Solid Suspended. Standard Methods (APHA, 1992).
	10 mL of sample were filtered in a glass microfibre filter GFA (Whatman), dry at 103ºC for one hour.
	Precision: ± 10%.


Annex 3. 
Estimation of yield coefficient K1 XE "Annex 3. 
Estimation of yield coefficient K1" 
Extract of 1st year report (covering period from 1 November 2003 to 31 October 2003)
“A unified methodology for identifying the yield coefficients and kinetic coefficients of the model is been proposed by the project leader. Nevertheless, for the same reason explained in section 3.7.2.2.1, it is not feasible to gather trustable kinetics for the biomass.  Even then, some manipulation of the equation (1) is possible to theoretically avoid this problem. But some other practical direct methods are available. That is why we want to calculate the K1 substrate/biomass yield coefficient using various methods and then decide the best approach for this case.

One direct method for calculating it is to measure the total amount of Substrate fed to the reactor in a sequence of consecutive reactions, and then measure the biomass increase for the whole sequence. The number of reaction cycles for the sequence is chosen in such a way that the Biomass can be measured within some acceptable error.

Such experiment was registered between cycles 37 and 48 for the UNAM 1 datasets.

The results are:

K1=3,7 mg4CP/mgSSV


K1=5,0 mgDQO/mgSSV


The initial biomass was 2240 mg/L and it increased by 340 mgSSV/L at the end of the sequence for a total of 2580mg/L in the 12 cycles combined. This means an increase of 15,17% during the whole sequence, and hence less than 1,2% for each reaction cycle.”
Annex 4. Definitions XE "Annex 4. DEFINITIONS"  and Units  (Pending)
Y=Yxs=1/K1 

Yxo=1/K2
b=

Kla= Kla(Vmax)*Vmax/V. 

Kd=0, Ko=0, (not used) 

Oin=0

Vmax=7,

Sin= as specified in each experiment data, but may contain measurement errors as well.

Os=variable with temperature. Will be adjusted for each experiment..

Xf=VSS, Measured at the end of the reaction phase, previous to sedimentation and drawing.

    If Biomass production is assumed neglectable, estimating Xo is possible:

Xo=X(t=0)=X(V=Vmin)= Xf *Vmax/Vmin= Xf *7/3 (Note: this overestimates Xo by less than 2%)

The kinetic parameters that model the Specific Biomass Growth rate, for inhibitory Haldane type substrates, are traditionally:
Ki
Ks 

µo
A reparametrization is possible. It is equivalent and it gives a different and direct physical meaning to the parameters in relation to key-points in the specific biomass growth rate graph.

mue=µ*
    µ* 
= max(µ (S))

Maximum of the graph.

Se=S*

 µ (S*) 
= µ*


Substrate for mue

Sm

µ (Sm) 
= µ*/2


Substrate for medium decay, given that Sm>S*
The formula for reparametrization (parameter conversion) is given in StoK.m and KtoS.m Matlab files. 
An extract of the code is shown below:
KtoS:
   Se=sqrt(Ki*Ks);

   mue=mu0/(1+2*Ks/Se);

   Sm=(Ki+4*Se+sqrt(Ki^2+8*Ki*Se+12*Se^2))/2;
StoK:

   Ki=Sm-4*Se+Se*Se/Sm;

   Ks=Se*Se/Ki;

   mu0=mue*(1+2*Ks/Se);

_1145728138.unknown

_1145729930.unknown

_1129632815.unknown

