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Minutes of the Mexico meeting, October 17th-19th, 2005

3rd year annual meeting
Attendance:
Denis Dochain (Cesame, UCL, Louvain la Neuve)

Germán Buitron, Cristina Verde, Ivan Moreno, Jaime Moreno, Manuel Betancur, Dieter Winberger, Rodrigo Cervantes, Gloria Moreno, Jaime Perez, Alejandro Vargas, Wilberth Villatoro, Jesus Mina, Francisco Velarde, Antonio Linares (UNAM, Mexico City). 

Jorge Lopez, Juan Manuel Morgan (IBTech, Mexico City)

Jerôme Harmand, Jean Claude Bouvier (LBE, INRA, Narbonne)

Roberto Canziani, Elena Ficara, Nicola Fiocchi (POLIMI, Milan)

André Pauss (Gradient, UTC, Compiègne)

Rafael Canetti, Soledad Gutierrez (UU, Montevideo)

Monday 17th October
WP1 (Process experiments)

Germán Buitron (UNAM) summarizes activities done by WP1 partners: POLIMI, UNAM, UU, IBTECH as detailed in the presentation.

Deliverables: All has been done, but as for D1.3 the contribution by LBE is lacking (although it is present in the reports, a summary suited for the deliverable should be produced). As for D1.1, UU are not contributing with their optimal control law.

Future work: abstract of the paper for the Mathmod Conference in Vienna (due for October 28th).

Nicola Fiocchi (POLIMI) is performing a 7-month stage at LBE INRA; he shows WP1 activity (refer to presentation for details), and anticipates some of the integration activity involving the hardware sensors, database and control and supervision modules.

Interesting information about two different cycle configurations (2 cycles/day, 5 cycles/day): too long aerobic endogenous phases affected negatively nitrifiers performance, so that the 5 cycles/day was a far better strategy for keeping good nitrification activity.

Elena Ficara (POLIMI) reports on WP1 activity at POLIMI, mainly focused on searching causes of nitrite build-up, as requested by UNAM (Cristina Verde) as an integration activity on WP6 (FDI). Effects of oxygen, ammonia, duration of cycles under endogenous conditions and presence of micronutrients on AOBs (ammonium oxidising bacteria) and NOBs (nitrite oxidising bacteria) were investigated. Experiments showed that lack of micronutrients as well as prolonged idle anaerobic conditions were the main causes for nitrite build-up that have been experienced in pilot plant SBRs. Ammonia and oxygen are also affecting NOB activity more than AOB activity, but at concentrations that were never experienced in the SBRs pilot plants. More details are reported in the presentation.

Ivan Moreno (UNAM) reports that in the period the evaluation of the long term stability of the degradation of 4-chlorophenol using the ED-TOC strategy. In general the strategy showed that is robust and stable in large operational periods (more than 400 cycles). Some analyses of toxicity and DGGE  were performed, showing that no residual toxicity was detected in the effluent as 4CP was fully removed (i.e. no toxic by-products were present). Start-up and operation with ED-TOC strategy in the field scale plant (1 cubic meter) were presented, showing that field scale results were comparable with pilot-scale results.

Soledad Gutierrez (UU) reports about experiments at UU. For reactor Manolo: increasing organic load from 0.5 to 1 gCOD gSS-1 d-1, reinoculation to achieve a new steady state and evaluation of a control law; in reactor Flora, which is conceived for biological nitrogen removal, cycle performance before and after the introduction of a second anoxic phase was evaluated. Microbiological analysis was also performed. Details are reported in the presentation.

Juan Manuel Morgan (IBTech): no presentation is available, but the participants visited the full-scale demonstration plant, working. Some difficulties were encountered in sensor fine tuning, and some malfunctioning of the mass flow-meter are going to be solved next days. No difficulties were found about mixing, so that no sludge was accumulating in the bottom of the reactor. The plant is ready to be moved to a pharmaceutical industry for real operation.

WP2 (Model selection and parameter identification)
Rafael Canetti (UU): presents the validation of the model. Large differences in many parameters have been found between Manolo and Flora SBRs, probably depending on the different influent and different loading rates. Details are given in the presentation, even if no report was handed to the coordinator in due time.

WP3 (Hardware sensors): André Pauss presents an overview of the advancement of the work, showing that it has been completed according to what has been planned.

André Pauss (Gradient) reports that work of Gradient was mainly related to the development of the UV sensors, called “STAC”, that was modified to achieve a better resolution and equipped with a better software for the management of the system. Details of the system are presented and are in the presentation. 

Jean Paul Bouvier (LBE-INRA) reports about UV measurements to monitor SBR processes. Calibration methods (chemometric methods) are described to get the spectra of the desired analyte (in this case: nitrate, nitrite and COD). Data from UV and from Lab have been compared showing that UV analyses were fully comparable with lab analyses; main problems were with the filtration unit rather than in the UV sensor.

André Pauss (Gradient) reports that the STAC has been installed and is working from end of August. First data show that nitrite and nitrate are very well detected and measured, while COD concentration were not accurately traced. Also COD measures needs accurate calibration at each change that is performed on the system (e.g.: the number of cycles per day).

Elena Ficara (POLIMI) reports about development of the pH-stat technique to monitor the denitrification process. A two step procedure was tested to measure nitrates by the amount of acid dosed during the reaction. A calibration step is necessary due to the variable nature of the organic substrate and by the variable biomass in the reactor. Validation of this technique on 42 tests was performed. It was not possible to detect differences between denitrification of nitrites and nitrates, so that the measure that is obtained should be referred to as overall NOx-N (i.e.: NO2-N + NO3-N) removal. At concentrations in the range of 3 to 30 mg/L, error was between 11 and 17%, which is acceptable for monitoring purposes. No influence of pH was detected in the range of 7.4 to 8.3.  Also an estimation of the anoxic biomass yield was possible with this method.

Nicola Fiocchi (POLIMI) reports about activity that has been performed in the last year at the SBR in Bologna (till end of June) and at the SBR in Narbonne (from August on) with the sensor called TITAAN (TItrimetric Automated ANalyser). Details of the instrumentation are reported in the presentation. After final development and debugging, toxicity tests (called Mode 1) and detection of the maximum nitrification activity (called Mode 3) were performed successfully at Narbonne by TITAAN. Examples of the measurements are shown in the presentation. Mode 2 (assessment of the nitrifiable nitrogen in the influent).

A practical demonstration of remote monitoring and control of the SBR in Narbonne, together with results given by the TITAAN and by STAC, are shown “live” by connecting with the web-site prepared by SPES.

Alejandro Vargas (UNAM) reports about the application of the UV spectrophotometer at the UNAM SBR to detect and trace 4-CP during the process. Details are reported on the presentation. Calibration was performed with two methods (spectral deconvolution, SD, and single wavelength method, MWL). Validation was performed under operating conditions; results showed a very good correspondence between lab analyses and UV data. SD seems to give better results. It was also possible to detect the production of an intermediate metabolite that appears when an alternative metabolic pathway is taken due to limiting oxygen and thus biomass stress.

WP4 (Software sensors): no activity is reported for WP4 in the last 6 months.

At 18:30 the session is over.

Tuesday 18th October

WP5 (Control Design): 

Jaime Moreno (UNAM): summarizes the work that has been done in the last year for the design of the sub-optimal control strategies for SBRs. 

Minimization of the reaction times with the ED-TOC (Event Driven – Time Optimal Control) strategy was the main goal for the UNAM SBR, treating industrial wastewater with high 4-CP content. Minimization of reaction time was the goal (for the UU and the LBE-INRA wastewaters). No optimal control law was developed for the POLIMI SBR (urban wastewater with occasional toxicants).

Manuel Betancur (UNAM): reports on the ED-TOC developments during the last year. Details are in the presentation. After summarizing the model structure (as it has been already presented in Montevideo, in May 205), results are presented. It is noteworthy to remark that a new Kla(V) model equation was needed in order to successfully compute in the mass of oxygen consumed. This, coupled with the ED-TOC strategy, allowed the achievement of the planned goal (minimum reaction times). Long term validation was also achieved, as two independent runs of more than 160 consecutive batches (each) were successfully performed.

About integration with other WP: integration with WP1 is obvious as experimental results were monitored and validated within WP1 activities; as for WP2: no model was necessary for the field-scale SBR, since the control strategy is self-sufficient. WP3: integration with the UV sensor is feasible for quick determination of 4-CP, but is not mature enough yet. WP4: integration included studies of the observability and detectability of internal variables; integration with WP8 was performed by using the philosophy proposed by SPES. 

Denis Dochain asks whether any problem in scaling up was encountered. Manuel said that the ED-TOC was just scaled up without any adjustment and it worked. Industrial sensors were used in the lab already and they worked well in the field scale as well. Only the volume sensor was a little bit more noisy than expected, but it was a minor problem. Denis asks: Position of sensors was a problem? Manuel: fluidodynamics in the reactor should be checked through tracer tests (e.g.: lithium chloride), mainly to check transients. Actually a good hint came from the fact that, doubling the delay time of the DO-sensor in simulations (using EoliModel-1), no adverse effect was detected, so that well mixing should be already ensured.

Jerôme Harmand (LBE – INRA): Control evaluation in Narbonne (diluted dairy wastewater); objectives were to minimize reaction times (maximizing the treated volume) and reach the allowed limit concentration in the effluent. 

Three control strategies were tested: one based on on-line data (CS1), two based on a model approach (CS2, CS3). Results showed that each strategy could be applied; however the CS1, which is simpler and does not need model, did not gave any alert about decreasing nitrification capacity, which, at the end, was lost. Model based strategy CS3 required advanced (titration or UV) sensors and model, but gave more information to avoid long term inconvenient, such as a decreasing nitrification activity, which was successfully detected and loss was avoided.

WP8 (validation /integration) is anticipated at this point because Paolo Ratini (SPES) could not come due to health problems, but is available to answer question by phone if requested (a session in the afternoon would be during night time in Italy).

Paolo Ratini (SPES): (Nicola Fiocchi reads the presentation prepared by Paolo Ratini): an integration platform was developed and implemented on the SBRs in Bologna (ENEA) and Narbonne (LBE-INRA). Connections with SBRs in Montevideo (UU) and Mexico City (UNAM) were made and remote monitoring and control was made available to specifically authorised users. Software sensors developed within WP4 were integrated within the platform. Deliverable 8.3 was prepared (“A software mainfram able to integrate and manage the system”). Deliverable 8.4 (“Report on the evaluation and the validation of the whole system”) will be available very soon, since the job has been carried out at two plants (Bologna and Narbonne) and can be applied to all others. The two SBRs at UU and the field-scale IBTech plant, together with the SBR at Bologna and Narbonne are already logged in, for a total of 5 SBR plants.

Details of the hardware components and software architecture are fully described in the presentation. 

A remote server and the remote connection were not scheduled initially, but in the 2nd year meeting in Milano it was decided to add these features to improve the Eoli system and the integration.

Also hardware sensors have been integrated in the system.

Denis comments that the results obtained by SPES are really impressive; these results should be properly evidenced and written very clearly (and in an attractive way, if possible) in the final report.

WP6 (FDI, Fault detection and isolation):

Cristina Verde (UNAM) reports about seven activities performed within this WP. Full list is detailed in the presentation. Results are then summarized. Milestone 1 (as reported in D1.4): Diagnostic System Specifications for an SBR, considering practical situations, were achieved.

FDI system (on the base of simulations) and validation of the diagnosis algorithms  was achieved, according to milestones 2 and 3. Integration of standard monitoring system for the important signals of the field scale plant at UNAM. Deliverable 6.2 describes a user guide which helps the operators to avoid problems in the process.

Distributed FDI architecture is described in the presentation. A vulnerability index was developed and tested on several components (DO probes, valves, etc.). A damage detector simulator was also developed (the example for a DO probe is shown). A generic FDI system for actuators and sensors is presented as well as FD with statistical parameter estimation (via a principal component analysis). The case of valves is described in detail.

Jesus Mina (UNAM) shows a practical application on the application of FDI for valves.

Dieter Wimberger (UNAM) reports about integration with POLIMI activities; a methodology has been developed and is shown in detail in the presentation. A program for the diagnosis of different respiration profiles is shown that takes into account a complex, yet general growth kinetics (Andrews kinetics) and detects constant according to the profile acquired by sensors.

Germán asks whether this technique may be useful if all growth constants are continuously changing. Dieter answers that this applies once a long historical data have been acquired, and, perhaps, once better models are available.

WP7 (Supervision system):

Jerôme Harmand (LBE-INRA) recalls the objectives (developing a knowledge-based high level decision support, optimisation the aerobic phase and optimisation of the settling phase).

Results are shown about the three different control strategies that have been reported earlier (WP5 activities). Full details are reported in the presentation. Nicola Fiocchi (POLIMI) reports about the mass balance that has been used to implement the data acquired by the hardware sensors into the supervision system. As for the settling phase an empirical method has been implemented, based on the automatic control of sludge level.

Final remarks by Denis Dochain 

1) Annual report

Issues that have to be solved in very few days:

- Data sheets should be sent by all partners involved in WP1.

- Two lines should be added about planning for the next six months, in order to support the request of a 6-month extension.

- Exchanges (students, scientists and professors) should always be mentioned.

- Short reports were two long and some have to reduce to no more than two pages each.

- Patents pending by UNAM: property of data is shared by all partners, so that this issue should be checked in depth about what to do (maybe sign an agreement).  

2) Mathmod papers are due by December the 8th (6 to 8 pages are enough)

3) Meeting in Narbonne?

A question is posed to everybody: which are the reasons that can attract people to this seminar?

Overview and demonstration should be the backbone of the seminar; also, reasons that can make this experience interesting may be the following: it has been a European project, Country from Latin America were involved (potential market?), the results are very close to be applied (they are not mere academic research, with uncertain future possibility of implementation).

The proposal of asking the organisers of STIC to prepare a session on Tuesday the 4th April 2005 (before the Conference), since this Conference will be held in Narbonne and people from industry is involved.

It is very important to identify the persons to be invited. And write a convincing announcement.

Roberto and German are in charge of writing the announcement, while Soledad and Michel Torrijos are in charge of listing the invitations (which should be a very specific target of motivated people). 

Denis thanks everybody and closes the meeting.

