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1. EXECUTIVE SUMMARY

This TELEMAC annual report briefly presents the work and the scientific achievements accomplished by every partner during this second year of activity. Further details regarding the scientific research carried out are available in the specific Deliverables. Additional information is also available on the dedicated web site (http://www.ercim.org/telemac) .

1.1 Project objectives
TELEMAC focuses on a re-emerging industrial wastewater treatment technology, the anaerobic digestion, which suffers from a lack of tools to take benefit of its full potential. The anaerobic wastewater treatment process is based on a complex ecosystem of anaerobic bacterial species that degrades the organic matter. Compared to the traditional aerobic treatment, it has a high capacity to degrade difficult substrates at high concentrations, to produce very few sludge and requires little energy as it can even recover energy using methane combustion (cogeneration). 

But in spite of these advantages, industry is reluctant to use anaerobic treatment plants, because it can become unstable under some circumstances. A disturbance can lead to a destabilisation of the process due to accumulation of intermediate toxic compounds resulting in biomass elimination and several months are necessary for the reactor to recover. It is therefore a big challenge for computer and control sciences to make this process stable and reliable, to become profit-earning and usable at industrial scale. 

TELEMAC is developing an efficient and reliable monitoring system for controlling anaerobic digestion, despite the uncertainties and the variability inherent to biology. Remote managing of such an efficient but unstable non-linear biological process is a challenge that requires both environmental technical skills and IST competencies. With such a system, the de-pollution of even remote areas becomes possible. Using a network of smart sensors, robust advanced control procedures, fault detection and isolation techniques, a centre of remote experts will be able to manage the complex nonlinear anaerobic digestion process via Internet and assist the local technician at the local treatment plant. 

Coupling diagnosis and advanced control techniques is the core of the solution proposed by TELEMAC to manage anaerobic treatment plants. The fault detection and isolation module is able to detect if the process is working in a faulty environment, and determine the problem’s origin. When a failure is detected, the model corresponding to the symptoms of the process is chosen from the model base developed specially for faulty situations. Then, the software sensors and the control algorithms based on the selected model is activated. The supervision system not only tests the integrity of the process, it also verifies that the selected algorithms (eg controllers, software sensors, fault detection) do their job properly. For that, it is be able to check the coherence of the algorithms’ outputs with their theoretical properties (eg convergence rate, dynamical behaviour). If they turn out to be inefficient, an alarm is triggered. In addition, the supervision system takes advantage of the advanced methods relying on analytical models (software sensor predictions, residuals generated from the model, process forecasts) to provide a new set of rules for the fault detection and isolation procedure, so as to improve the diagnosis. This synergy between advanced control (ie, mainly analytical model based control) and advanced supervision systems (eg, based on fuzzy logic, qualitative reasoning, machine learning) is a very promising and innovative idea for biological wastewater treatment process. 

Another innovative aspect is the original management approach of a wastewater treatment plant. Data from the sensor network, faults, controller outputs, simulations, expert consultancies are combined by a supervision system, the outcome is structured, harmonious and formalised online information. The history of the plant is directly invoked to feed and improve the management policy, and in fine, to make its telemanagement accurate and efficient. This will improve the knowledge on plant operation and will be employed to optimise the cost/performance ratio. 

The system is currently validated with partners from the winery industry. The treatment of vinasses and alcoholic wastes is difficult and these wastewaters have a deep environmental impact in Europe where they belong to the category of sensitive industries or in other regions of the globe, where they are responsible for tremendous damage in the water resources (Mexico, Brazil, etc). Most of these wastes are produced by SMEs and generate an important and disseminated pollution. For example, a middle size winery generates a pollution equivalent (in Biological Oxygen Demand) to 15,000 habitants. The project will provide SMEs and larger corporations with an efficient anaerobic wastewater treatment plant and a remote expert centre via Internet. 

Pollution prevention and control regulations in EU (mainly Integrated Pollution Prevention and Control –IPPC- Directive (96/61/EC Directive of 24th September 1996, and other derived Directives), highly recommended the application of best available techniques (BATs) for improving process efficiency from the point of view of environmental protection and pollution prevention. Winery industry is included in the Annex 1 (epigraph 6.4b) as a industrial sector to be considered for application of IPPC regulation. References documents on BATSs (named BREF) are being developed by the Institute of Prospective and Technical Studies, a Join Research Center (JRC) of the European Commission located in Sevilla (Spain). Process Monitoring and Control Techniques are considered as BATs and the development of this type of emerging technique is also a priority from the EU regulation point of view.    

1.2 Scientific Progress

The following main achievements have been reached by the TELEMAC consortium during this second year:

Experiments have been carried out, at all the scales for normal operating conditions (deliverable D1.3b).  For abnormal working conditions, it turned out to be more delicate to produce useful data without deeply crash the system. To achieve this, the models developed within WP3 were used. A protocol to set up the TELEMMAC system on a new plant has been proposed (deliverable D1.2). 

A new gas sensor was developed and tested. Progress for the tritimetric sensor have been made, and a prototype has been developed. Procedure to validate the data and detect a failure in the sensor network were established (deliverable D2.2).  New software sensors have been developed and are tested. 

Procedure to calibrate the models were developed and allow to demonstrate the ability of the models to reproduce experimental observations (deliverable D3.2) . Models have been used to explore the spatial distribution of the matter within the digester (deliverable D2.3). Controllers to regulate and stabilise the process have been proposed and are tested.

The data base was finalised and connected to the TELEMAC system (deliverable D4.2). A modular diagnosis system was developed (deliverable D4.3).

Finally, the first version of the TELEMAC software was developed (deliverables D5.2b and D5.3b)., following the dummy version presented at the first review. It was tested and debugged at ENEA’s facilities. It now uses a new XML language, specially developed for TELEMAC purpose.

These results are the offspring of a high level of co-operation between the partners that can be seen through the exchanges of students within partners, through the technical meeting that took place all over the year. Finally the high scientific quality of most of these new results is validated by presentation in conferences (more than 20 presentations with published and reviewed proceedings) and scientific publications have already been accepted in high standard journals (more than 5).

1.3 Results

Work Package 1 :  Experimentation and Validation.

WP1.1. Optimal experimental design

· Optimal experimental design strategies were developed. This strategies will be used to set-up the TELEMAC system on a new plant by defining the optimal experimental protocol. A software module to set up the proposed strategy was also developed.

· Intensive  simulation of virtual plant using reference model.

· Running Optimal experimental design software using TELEMAC models.

· In connection with WP3, revision of the experimental protocol on the basis of extensive model simulation and predictions to reach inhibition without completely destroying the bacterial ecosystem using intensive model simulation. 

· Definition of a protocol to assess the error made during measurement of COD due to loss of VFA. Tests by ENEA, INRA, USC, and AGRALCO . First conclusions.

· Writing D1.2 : Protocol to set up the TELEMAC system on a new plant.

· Writing D1.3b : Experimental data sets at pilot and preindustrial scale.

WP1.2. Experiment running 

· Experiments at lab-scale using a CSTR were carried out following the defined protocol consisting in the start-up and three organic overloads.  

· The start-up of UASB reactor as well as the first reference steady state was completed. The second steady state was carried out, working the UASB at an OLR of 6 kg COD/m3•d. Several problems with the gas composition analyser gave rise to delay in the experimental work. 

· A new hybrid UASB-UF lab scale reactor was set-up at USC. Five short term overloads and several long term organic and hydraulic overloads were carried out in the hybrid UASB-UF reactor. Overloads finished with a complete destabilisation of the process.

· Final instrumentation of the ENEA and AGRALCO pilot plant and implementation of the control software. 

· The pilot UASB reactor at ENEA started the first experiments but a problem in the software led to a crash and the digester was restarted. Finally normal operation was established.

·  A backup controller has been tested at ENEA Pilot Plant.

· Experiments with several organic loading rates were carried out in the AGRALCO pilot plant. Experiments following the established protocol were performed in AGRALCO’s preindustrial  plant, including a high destabilisation and the subsequent recovering of the process.

· Extensive monitoring of the full scale digester.

· SAUZA has carried out experiments of organic and hydraulic overloads at the pilot plant.

· Sauza built the industrial scale reactor and has multiplied the measurements to follow the plant start up.

· Update and finishing the experimental phase corresponding to deliverable D1.3a “Experimental data sets at laboratory”. Latest data were uploaded to the BSCW Telemac wokspace.

WP1.3. System validation

· The TELEMAC digital platform was installed and run at the ENEA site in Bologna. The prototype of the main board and of the slave boards were realised and tested. At the moment they are used to equip the pilot plant in Bologna.

· Test of the TELEMAC back-up controller functionality at ENEA Pilot Plant.

Work Package 2 :  Smart sensor development 

WP 2.2. :  Data validation 

Developed concepts and methods:

· Sensor validation, definition of the global strategy for data validation, proposition for a structure and framework for validation.

· Method to estimate data bounds based on system design.

· Development of a original method that checks the conservation of some invariant and detects failures in the sensor network.

· A selection of Statistical tests to generate confidence index and diagnosis of sensor faults.

· A new method using cross-correlation and cross–covariance to classify the sensor faults.

· A new method for the diagnosis of sensor networks using the evidence theory.

· Simple methods for off-line validation.

· Implementation of SPC charts combined with mass balance model to offline validate continuous systems.

· Studying experimental data using reference model.

· Mathematical treatment for simple models for sensor validation.

· Collection of methods to test residuals, detect and classify sensor faults.

· Listing and testing filtering methods to remove sensor faults.

· Writing deliverable D2.2 on data validation.

Developed software:

· Matlab code for (SPC charts on moving window, simple off-line validation, unifying data time scale, interpolation, reading data sets into matlab structure,  test proposed statistical methods for sensor validation, trend removal, Peak shaving/outliers detection and removal).

· C code for pH calculation from equilibrium of several buffering systems.

· MSL code for models  implementation in WEST simulation platform.

· Fortran code 7000 lines (load a data set and analyses the coherency).

· Testing the compilation of the developed Matlab functions into C/C++ code.

· A Matlab  code for mono-sensor validation generating a fault diagnosis and confidence index in the measurement.

WP 2.3. : Adaptive aspecific sensor based on robust probes (pH, gas flow)

· Assembling  of the  gas analyser (with thermal conductivity detector) for detection of CO2 and CH4 and testing with calibration gases.
· Setup of a peltier cooler and a possible H2S scavenger to protect the analyser against corrosion for long term use.
· Titrimetry and titrimetric methods to detect VFA and the use of compressed air for mixing samples containing bicarbonate have been studied and a report has been written (titrimeters choices validation). 

· An adapted method to determine VFA and a method for the estimation of bicarbonate has been developed. Two methods (AppliTek method and INRA) have been tested on standards with an off-line Titriprocessor.
· Update of the Buffer Capacity (BC) software sensor to C++ code that is compiled under windows.
· Building the algorithm to automatically initialise the optimisation procedure in the BC sensor.
· Testing the buffer capacity software sensor on data provided by the titrimetric sensor. 
· A first set-up to test components (micropumps, burrette, PLC, Control-software, … ) of the titrimeter was assembled and a prototype of the titrimeter has been constructed.
· For the different titrimetric methods, different titration algorithms had to be developed. The titration algorithm for the AppliTek method was found empirically. For BOMB a more sophisticated algorithm is required, therefore a software program to simulate titration curves has been programmed. 

· A model based titration algorithm has been tested with this software. The titration algorithm was performing very well with simulations, but is not yet suitable to be implemented for real time conditions. Therefore a model (slope) based titration algorithm has been implemented in the titrimeter.
· An anaerobic reactor to test both the titrimeter and the gas analyser in real operating conditions was started.
WP 2.4. : Software sensors 

· Design of robust interval based software sensors for the complex model AMP1 including propionate have been designed.
· In order to improve the accuracy of the interval observers developed during the previous period,  theoretical multiobservers based on observer bundles have been created. They allow a more accurate computation of state intervals by tightening them  and they have an increased convergence rate.
· Probabilistic observers have been developed to better assess the variability of the predictions and to gain knowledge on the confidence which is placed on the estimated state variables. They associate a probability density to the software sensor estimate.

· Parameters used in software sensors have been studied and the parameter uncertainty and the sensitivity of the prediction to this parameter uncertainty have been analysed.
· Implementation of the algorithms in Matlab & Fortran.

· Extensive tests and calibration of the developed software sensors with simulated variables and with real data.

WP 2.5. : Sensors validation and location

· The AM1 model has been converted into a distributed parameter model.
· This model has been calibrated and validated by using lab-scale data (data provided by INRA). 
· The AM1 model was also solved by using the finite difference scheme and the orthogonal collocation methods.
· Model AM2 has been recalibrated and validated by using lab-scale data from hydrodynamic tests and working conditions.
· The theory on sensor location has been applied to recommend the use of appropriate sensors, their numbers and locations.
· Deliverable 2.3, First report on parameters distribution within the fermenter has been written.
WP 2.6 : Sensor tests and integration

· Integration and test of the gas analyser during 2 weeks at INRA's facilities and comparison with off-line GC reference measurements and an on-line infra-red gas sensor of the gas analyser at the pilot scale reactor of INRA. 

Work Package 3  : Advanced Control

WP3.1 Process modelling with respect to the process working mode

· Modifications and improvements of the TELEMAC AD models in WEST simulation platform.
· Development of a general pH module to calculate the pH from any specified buffer systems and implementing it into the ADM1 WEST simulation platform.
· Intensive simulation of USC-lab-CSTR results using IWA ADM1 to define the system parameters and to obtain better  characterisation of the influent (simulation is done using both WEST and AQUASIM platform).

· Comparison of the ADM1 model predictions with experimental data.
· Intensive simulation of models AM2 and AMH1 and comparison with the data obtained from WP1 at lab, pilot and full scale.

· Improvement of the model AMP1 including 3 biomasses and representing propionate evolution with a special attention of the regulation mechanisms driven by hydrogen.

· Modification of model AM2 to represent the bacterial inhibition by H2, pH and the effect of temperature change. Trial of several possible models, including more complicated models with 3 biomasses. Comparison and modification with experimental data.

· Mathematical analysis of model AM2, estimation of the attraction basin associated to the normal working mode.

·  Theoretical study of abnormal working mode and their impact on the bacterial population balance definition of a  risk factor associated to a working mode.

· Development of a JAVA simulation tool available from the web to train an expert to manage an anaerobic plant and especially try to maintain a plant alive despite several disturbances.

WP3.2 Parameter identification and model validation 

· Review of existing identification procedure. 

· Sensitivity analysis to assess identifiability of ADM1 parameters  based on current  protocols  and measurements. 

· Testing structural identifiability of the parameters of the AMH1 and AM2 model on the basis of different combination of measurements.

· Development of a new procedure to select practically identifiable parameters from the Fischer information matrix.

· Development of an on-line procedure based on steady states detection to estimate or update selected parameters. Assessment of the normality of this steady state.

· Development of an original method to estimate the stoechiometric parameters based on mass balance considerations.

· Development  of an innovative global dynamic minimisation algorithms to estimate the model parameters and their confidence intervals. 

· Testing and validation of the identification strategies on several data sets. Estimation of parameter values for the various plants.
· Definition of quality indexes for identification.
· Development of a set of softwares (C++, Matlab and Fortran) to run and test these methods. 
· Writing deliverable  D3.2.
WP3.3 Control design with respect to a set of objectives 

· Development of a backup fuzzy controller, calibration and tests at ENEA’s data facilities.
· Development of  asymptotic controllers based on model AM2 using the measurement of methane flow rate which guaranty the stability of the process. Improvement of the controller results when off-line measurements of COD are available. Mathematical proof of the convergence and asymptotic properties of the controller. Extensive simulation tests and robustness assessed with several level of noise.

· Development of  simple robust controllers based on model AM2 to regulate the COD when COD measurements are available. Mathematical study and proof of their convergence. Simulation study.
· Study of the ratio CO2/CH4 and test of various (theoretical) strategies to act on this ratio in order to improve cogeneration results.
WP 3.4 Implementation

· Development of FORTRAN softwares to assist semi- automatically the expert in the calibration of  the models and provide an estimate of the parameter uncertainty.
· Definition and testing of matlab structures to run the developed algorithms within the TELEMAC software. First steps in the implementation of models and software sensors.
Work Package 4 : Supervision System 

WP4.2 Fault detection and isolation 

· The development of a steady state detection module has been performed using multivariate statistical tools. Several tests were performed using experimental data to validate the algorithm of steady state detection.
· Fault detection has been performed and residuals have been obtained using several approaches: boolean approach, fuzzy logic based approach, analytical model based approach.

· Fault isolation has been studied using classical methodologies like the signature tables.

· These methodologies have been shown to be not really appropriate within the framework of TELEMAC. In particular, the following objectives were not achieved: modularity, robustness and uncertainty management.

· To improve fault isolation, a state manager has been defined and it is based on the Evidence Theory.

· Theoretical study of the Evidence Theory aspects has been performed in a diagnosis context (which is not the usual context to apply the Evidence Theory).

· Improvements of the fault isolation results have been demonstrated when using the Evidence Theory within the state manager.

· Successful validation of the proposed diagnosis scheme has been performed for the management of a hardware sensors network and data reconciliation.

· Successful validation has been also performed to automatically assess the overall biological state of anaerobic digesters.

· Study of the automatic rules generation from experimental data using fuzzy clustering and hierarchical ascendant partitioning (to be used in the data mining).

· Last but not least, deliverable D4.3, "A set of algorithms to tackle FDI objectives", has been written.

WP4.3 Data base and knowledge base management

· The information model developed during the first year for the database has been refined and further developed.

· First implementation of the database has been performed using Microsoft Access. This database was used to run and test the first version of the TELEMAC system on the pilot plant in Bologna and can be considered a trial database.

· Deliverable D4.2, ‘Data base for measurements recording and plant architecture description’ has been written. 

· Implementation of the final version of the TELEMAC database in MySQL according with the requirements assessed in D4.2.

· Database has been completed for ENEA, USC and INRA applications and on-line data introduction has been performed.

· A translator of Microsoft word files into the database has been developed.

· Developments to formalise the data from Sauza and Agralco in order to be able to insert them in the database.

· The WAP access to the database has been improved and validated.

· Progress on replication by using neural nets of simulation models data from WP3, followed by introduction of noise and recovery of simulation model data (within some confidence interval), has been performed.
· Work on data mining with a view to improving the monitoring and control of WWTPs has progressed, using sample data files from several pilot sites within the project (INRA, USC, Agralco). The Clementine toolkit is being used for exploratory investigations using techniques such as clustering and rule induction. Relationships between sensor values at a given point in time have been the first focus of work; initial attention has also been given to modelling evolution over time.

Work Package 5: Software Integration

WP5.1 Information security 

· In the second year of the project, this task has been largely inactive, according to the original project plan. However, following a request made at the first project review meeting, some work is being undertaken on an analysis of the risk treatment—that is, how the risks identified in the first phase of this task will be dealt with. Methods from the IST project CORAS are being employed for the purpose. The results will be presented in the final deliverable due from this task, D5.1b.

WP5.2 Web technologies and user interfaces

· An XML enhanced protocol for data exchange (reported in the deliverable D5.2a), improving the first one according with the implementation experience on the pilot plant, was defined and implemented,  tested and debugged.

· The first version of the graphical user interface at the local plant and of the co-operative working using Web resources were modified and empowered to implement the features and functionalities of the final version of the database according with the requirements assessed in the deliverable D4.2. They are reported and detailed in a deliverable (D5.2b). On the basis of the tests and the use of this first version on the pilot plant, the second and final version was started to be designed and implemented.

· Deliverable D5.2b, ‘First functioning user interfaces’, was successfully completed. This is a software deliverable, but there is a corresponding report. It covers the approach to user interface development and gives examples of the user interfaces at the plant, remote access to the TCC and remote access to the database. In addition to the development of user interfaces, this task is also concerned with machine-level communication between the remote TELEMAC system components. The XML models for information management were finalised.

WP5.3 TELEMAC software 

· Deliverable D5.3b, ‘First functioning middleware and integrated systems on pilot sites’, was achieved. It relates to the system tested at the ENEA plant in Bologna, though much of the development is generic. The deliverable includes specifications of the module structure and data flows between the system components.
· The remaining issues concerning responsibilities of the different actors in the TELEMAC system (local technician, telecontroller, remote expert) were resolved.
· The first version of the software architecture was implemented too. The TCC server software was designed in asp language using Microsoft IIS as web server. The local software was designed in Visual C++.

· The TELEMAC hardware and software platform was set up on November 2002 on the pilot plant in Bologna to be debugged. After the test activity was over, it is still running on this plant. The work described above was reported in the deliverable D5.3b.

· The topic of the use of Matlab for the development and implementation of the controllers, the soft-sensors, the FDI modules and the models was addresses and assessed by the definition of the modality – the use of the Matlab run time engine and the mex file format – and of the interfaces for the Matlab modules.

· The design and the development of the final version of the TELEMAC digital platform was started. The final version of the database (assessed in the deliverable D4.2) was implemented.

· The Web tools for data representation have been improved. The implementation of all the basic features required for telemonitoring and control based on Web resources was completed.

· The final version of the hardware platform is going to be realised and tested.

Work Package 6  : Exploitation and Dissemination

· Presentations and paper publishing in Europe and in Latin America

· Survey and contact of industrial partners for the questionnaire. A second series of questionnaire is under preparation and will be sent before the end of September.

· Demonstration version of the TELEMAC Simulator is available on the server. 

· Preparation of a both during the 3rd International Congress on Sustainable Winery Wastes Management May 2004 in Barcelona.

· Preparation of the draft e-tip.

· The web site and flyer are regularly updated (http://www.ercim.org/telemac)

· A course has been launched by INRA in 2003 on aspects related to data base management and remote access and monitoring of bioprocesses. It contains three modules on (i) information modeling for further remote use (XML), (ii) database and management of information fluxes (MySQL, XML parser for on-line feeding of database, …)  and (iii) internet programming (PHP, GUI, WAP access, …).

Work Package 7  : Project Management

· Preparation of the first and second project review ;

· Preparation of the answer to the assessment of Telemac Deliverables by the European Commission  and meeting with the EC in Brussels ;

· Organisation of the plenary meeting, Mexico, Narbonne and Estella ;

· Completion of the various administrative and financial reports

· Preparation of deliverables and documents for the Review Meeting ;

· Updated version of the CPFs ;

· Identification of partners to lead activities to be previously completed by Lemaire ;

2.  ACTIVITY REPORT AT THE CONSORTIUM LEVEL

2.1     ERCIM

WP6 • Exploitation and Dissemination

The official Web server is regularly updated to promote the project achievements. The full list of publications has been added and a new version of the leaflet produced (http://www.ercim.org/telemac)

The questionnaire has been  finalised and sent out to more 450 distilleries with the aim to help identify end-user requirements for the TELEMAC system. The feedback from this first mailing is rather poor, as only 7 companies sent a reply. The positive aspect of the interpretation of the answers is that none of the contacted distilleries are using  yet an anaerobic digestion process but all managers are aware of the process and would like to know more about it with the idea to possibly implement it in the future.

The consortium has contacted the organisational committee of the 3rd International Congress on Sustainable Winery Wastes Management to be held in Barcelona in May 2004. The consortium will have the opportunity to present on a both not only the collective achievements of the consortium  but also individual results and products obtained by the partners. The consortium has already uploaded on the project server a first demonstration version of the TELEMAC Simulator. This version will be updated in October.

The partners were requested to prepare the draft version of the e-TIP using the electronic version accessible on the Cordis web site. 

Achievements of the projects were discussed during the two last bi-annual ERCIM Board of Directors (November 02 and June 03).

WP7 • Project Management
The second year of the project started with the organisation of the first project review (September 2002). Standardised presentations were discussed and completed during the review rehearsal and used for the official review as well as the first annual report. The result of the review was a “Continue”. A follow up was organised by the European commission to ensure that partners were not using to much funds to produce their deliverables. As a results the Commission analysed and reimbursed the costs claimed in the first financial report. 

In January 2003,  PSPC which was supposed to replace partner Lemaire, informed the co-ordinator that it finally could not join the project for internal administrative reasons. The consortium then identified partners which could lead the activities to be previously completed by Lemaire strating firs January 2003. A letter was sent to the European Commission and an amendment to the contract is to be finalised.

Partners were requested to prepare and submit the second cost statements covering the period from 1 September 2002 to 31 August 2003.

Quarterly management reports 4, 5, 6 and 7 were produced and sent to the European Commission.

The co-ordinator participated to the preparation of the plenary meetings in Narbonne and Estella. He also organised in collaboration with UDG the meetings in Guadalajara (Plenary meeting), Tequila (presentation and visit of the Sauza Tequila plant) and Mexico (meeting with the Mexican funding agency ConaCyt ). Minutes of these events were prepared and uploaded on the web site.

2.2 INRIA 
WP1 – Experimentation and validation  

· In line protocol definition to reach inhibition region without risking a too strong destabilisation of the process: parameter estimation and prediction of the effect of possible protocols.

WP2 – Smart sensor development


 

· Development of a original method that checks the conservation of some invariant and detects failures in the sensor network

· Participation to definition and set-up of the global strategy for data validation

· Development of  a FORTRAN software to check the coherency of data sets.

· Writing deliverable D2.2 on data validation 

· Design of robust interval based software sensors for the complex model AMP1 including propionate have been designed
· In order to improve the accuracy of the interval observers developed during the previous period,  theoretical multiobservers based on observer bundles have been created. They allow a more accurate computation of state intervals by tightening them  and they have an increased convergence rate
· Probabilistic observers have been developed to better assess the variability of the predictions and to gain knowledge on the confidence which is placed on the estimated state variables. They associate a probability density to the software sensor estimate

· Parameters used in software sensors have been studied and the parameter uncertainty and the sensitivity of the prediction to this parameter uncertainty have been analysed
· Implementation of the algorithms in Matlab and FORTRAN.

· Extensive tests and calibration of the developed software sensors with simulated variables and with real data.

WP3 – Advanced Control



 

· Intensive simulation of models AM2 and AMH1 and comparison with the data obtained from WP1 at lab, pilot and full scale.

· Modification of model AM2 to represent the bacterial inhibition by H2, pH and the effect of temperature change. Trial of several possible models, including more complicated models with 3 biomasses. Comparison and modification with experimental data.

· Mathematical analysis of model AM2, estimation of the attraction basin associated to the normal working mode.

· Theoretical study of abnormal working mode and their impact on the bacterial population balance definition of a  risk factor associated to a working mode.

· Improvement of the matlab simulation platform to  load a data set and run the corresponding simulation.

· Development of a simulation tool to train an expert to manage an anaerobic plant and especially try to maintain a plant alive despite several disturbances.

· Review of existing identification procedure. 

· Testing structural identifiability of the parameters of the AMH1 and AM2 model on the basis of different combination of measurements 

· Development of an on-line procedure based on steady states detection to estimate or update selected parameters. Assessment of the normality of this steady state.

· Development of an original method to estimate the stoechiometric parameters based on mass balance considerations.

· Development  of an innovative global dynamic minimisation algorithms to estimate the model parameters and their confidence intervals. 

· Testing and validation of the identification strategies on several data sets. Estimation of parameter values for the various plants.
· Definition of quality indexes for identification 
· Development of a set of Matlab and Fortran softwares to run these methods. 
· Participation to writing deliverable  D3.2.
· Development of  asymptotic controllers based model AM2 and using the measurement of methane flow rate which guaranty the stability of the process. Improvement of the controller results when off-line measurements of COD are available. Mathematical proof of the convergence and asymptotic properties of the controller. Extensive simulation tests and robustness assessed with several level of noise.

· Development of  simple robust controllers based on model AM2 to regulate the COD when COD measurements are available. Mathematical study and proof of their convergence. Simulation study.
· Study of the ratio CO2/CH4 and test of various (theoretical) strategies to act on this ratio in order to improve cogeneration results.
· Development of FORTRAN softwares to semi automatically assist an expert in the model calibration steps and provide an estimate of the parameter uncertainty.
· Participation to the definition and testing of matlab structures to run the developed algorithms within the TELEMAC software. First steps in the implementation of models and software sensors

WP4 – Supervision System



 

· Definition of theoretical criteria to automatically assess the quality of a model, a controller, or a software sensor. 
WP6 - Exploitation and dissemination


· Improvement of the  fact sheet presenting the project.
· Organise the submission of papers related to TELEMAC for conferences.

· Improvement and further development of the software to teach anaerobic digestion.
· Participation to the TIP definition
· Publication of scientific papers:

· L. Mailleret, O. Bernard and J.P. Steyer, Robust Nonlinear Adaptive Control for Bioreactors with Unknown Kinetics", Automatica  (accepted for publication)

· O. Bernard and J.-L.Gouzé, Closed loop  observers bundle  for uncertain biotechnological models. J. Process Contr: (accepted for publication)

· L. Mailleret, O. Bernard, J-Ph. Steyer: "Robust regulation of anaerobic digestion processes", Accepted in Water Science & Technology 

· Mailleret, L. and O. Bernard and J.P. Steyer, Contrôle asymptotique non-linéaire des fermenteurs anaérobie, Journal Européen des systèmes automatisés, to appear (2003)

· Publication of conference proceedings:

· Bernard, O. (2003). Obstacles and challenges for modelling biological wastewater treatment processes. In Proceedings of the Conference Automatique et Agronomie. Montpellier, France, January 22-24. 

· L. Lardon, A. Punal, J-Ph. Steyer, E. Roca, J. Lema, S. Lambert, P. Ratini, S. Frattesi, O. Bernard: "Specifications of Modular Internet-Based Remote Supervision Systems for Wastewater Treatment Plants", 15th biennial European Conference on Artificial Intelligence (ECAI'2002), Workshop 14 : Binding Environmental Sciences and Artificial Intelligence, pp. 5.1-5.5, 21-26 July 2002, Lyon, France. 

· L. Mailleret, O. Bernard J-Ph. Steyer: "Robust regulation of anaerobic digestion processes", IWA VII Latin American Workshop and Symposium on Anaerobic Digestion, pp. 10-111, 22-25 October 2002, Merida, Mexico. 

· L. Mailleret, O. Bernard, J-Ph. Steyer: "Contrôle asymptotique non linéaire des fermenteurs anaérobies", Conférence Internationale Francophone d'Automatique, pp. 301-306, Nantes, France 8-10 Juillet 2002. 

· Steyer, J.-P. and Bernard, O. (2003): An example of the benefits obtained from the long term use of mathematical models in wastewater biological treatment. In Proceedings of the mathmod conference, accepted, pp 245-251, February, 5-7, Vienna (2003). 

· O. Bernard and J.L.Gouzé, Multi-observateurs en boucle fermée pour des modèles biotechnologiques mal connus, Proceedings of the conference STIC et Environnement, June, 19th-20th 2003

· O. Bernard and G. Bastin, Identification of reaction schemes for bioprocesses: determination of an incompletely known yield matrix, ECC 03 1-4 September, University of Cambridge

· Oral presentation at a conference:

· O.Bernard: Conference Automatique et Agronomie. Montpellier, France, January 22-24. 

· O.Bernard: VII Latin American Workshop and Symposium on Anaerobic Digestion, pp. 10-111, 22-25 October 2002, Merida, Mexico
· L. Mailleret: Conférence Internationale Francophone d'Automatique, pp. 301-306, Nantes, France 8-10 July 2002
· O.Bernard: mathmod conference, , February, 5-7 , 2003. Vienna
· J.-L. Gouzé: conference STIC et Environment, June, 19th-20th 2003
WP7-  Project Management

· Organise meetings and prepare minutes.

· Support communication and exchanges among TELEMAC partners

· Find solutions and contribute to improve documents to meet the PO requirements.

· Validate the scientific coherence of the performed work

· Review all documents to be delivered

2.3  INRA
WP1 – Experimentation and validation  



· Running of experiments on a fully instrumented anaerobic digestor available at INRA to evaluate the gas analyser sensor provided by APPLITEK.

WP2 – Smart sensor development


 

· Sharing of INRA's expertise with APPLITEK and BIOMATH to develop the titrimetric sensor.

WP3 – Advanced Control



 

· Data from an INRA pilot plant has been provided to other partners for tuning and evaluation of models and software sensors.

· After the first year collaboration with USC and BIOMATH to implement the International Water Association (IWA) Anaerobic Digestion Model (ADM1) in the framework of the Matlab software, further testing and model calibration were performed to reproduce experimental conditions. Software code was also developed for automatic calibration of some of the model parameters.

· Collaboration with SPES to the development of a fuzzy controller of the methane gas flow rate.

· Contribution of ENEA's experiments for the first testing of the fuzzy controller.

WP4 – Supervision System



 

· Further contribution to the building of the TELEMAC database. This database is on-line filled and available through Internet.

· Development of the WAP access to the database.

· Development of software modules to include data from different sources (e.g., Microsoft word files) into the database.

· Theoretical study of the Evidence Theory to be used for fault isolation. 

· Comparison to other fault isolation methods and demonstration of the interests of using the Evidence Theory within the context of the TELEMAC project. 

· Experimental validation of the overall diagnosis scheme to manage hardware sensors networks and to asses the overall biological state of an AD process while detecting conflict in the information sources.

· Study of the automatic rules generation from experimental data using fuzzy clustering and hierarchical ascendant partitionning (to be used in the data mining).

WP5 – Software Integration





· Participation to the Deliverable D5.2a, ‘Selection and acquisition of tools for information gathering and cooperative working’. 

· Participation to the XML models for information management.

· Development of user interfaces to access the databases.

· Development of the several software modules to be used within TELEMAC (architecture, source code (1500 code lines approximately) in the Matlab environment).

· Participation to the integration of the Matlab shell into the C++ software.

· Definition of exchange variables with respect to the database and XML requirements.

· Definition of a syntax for information exchange and integration of all the modules developed by the partners into the overall TELEMAC software. Genericity and modularity have been respected.

· Development by way of examples of multi-language consultation and administration interfaces of the database.

WP6 - Exploitation and dissemination



INRA built a course to teach the aspects related to data base management and remote access and monitoring of bioprocesses. This course has been launched in 2003. It contains three modules (2 to 3 days each) related to information modeling for further remote use (XML), database and management of information fluxes (MySQL, XML parser for on-line feeding of database, …)  and internet programming (PHP, GUI, WAP access, …).

INRA wrote or contributed to several scientific papers in international conferences and journals related to the TELEMAC project:

1. H. Mendez-Acosta, R. Femat, V. Gonzalez-Alvarez, J-Ph. Steyer: "Substrate regulation in an anaerobic digester based on geometric control", Congreso Latinoamericano de Control  Automatico 2 CLCA 2002, 4-6 Décembre 2002, Guadalajara, Mexico.

2. J-Ph. Steyer, L. Lardon, J-C. Bouvier, T. Conte, P. Neveu, L. Menut, B. Simon, C. Hacquart: "Instrumentation et gestion de l'information en traitement des eaux", Colloque Automatique et Agronomie, AutoAgro 2003, Montpellier, France 22-24 Janvier 2003, pp. 249-260.

3. J-Ph. Steyer, O. Bernard: "An example of the benefits obtained from the long term use of Mathematical Models in WasteWater biological Treatment", 4th MATHMOD International Symposium on Mathematical Modelling, Vienna, February 5-7, 2003, 6 pages on CDROM.

4. P. Neveu, L. Lardon, C. Hacquardt, B. Simon, J-Ph. Steyer: "PlantML, un langage pour la gestion répartie de bioprocédés", 3ème colloque STIC et Environnement, Rouen, France, 19-20 June 2003, pp. 197-200.

5. V. Alcaraz-González, J. Harmand, A. Rappaport, J-Ph. Steyer, D. Dochain, V. González-Alvarez, "A robust asymptotic observer for a class of chemical and biochemical reactors: application to anaerobic digestion", 4th IFAC Symposium on Robust Control Design, Milan (Italie),  25-27 June 2003.

6. O. Schoefs, D. Dochain, H. Fibrianto, J-Ph. Steyer: "Modelling and Identification of a Distributed-Parameter Model for an Anaerobic Wastewater Treatment Process", IEEE Multiconference on "Computational Engineering in Systems Applications", 9-11 July 2003, Lille, France, 6 pages on CDROM.

7. L. Lardon, J-Ph. Steyer: "Using evidence theory for diagnosis of sensors networks: application to a wastewater treatment process", 18th International Joint Conference on Artificial Intelligence (IJCAI'2003), Workshop on Environmental Decision Suport Systems (EDSS'03), Acapulco, Mexico, 9-15 Août 2003, pp. 29-36.

8. L. Mailleret, O. Bernard, J-Ph. Steyer: "Contrôle asymptotique non linéaire des fermenteurs anaérobies", Journal Européen des Systèmes Automatisés JESA, Numéro spécial sur "Analyse et Commande des Systèmes Dynamiques", vol. 37, n°2, 2003.

9. A. Puñal, L. Palazzotto, J.C. Bouvier, T. Conte, J.Ph. Steyer and J.P. Delgenes: "Automatic control of VFA in anaerobic digestion using a fuzzy logic based approach", Water Science & Technology (in press).

10. L. Mailleret, O. Bernard J-Ph. Steyer: "Robust regulation of anaerobic digestion processes", Water Science & Technology (in press).

11. M. Dupla, T. Conte, J.C. Bouvier, N. Bernet, J-Ph. Steyer: "Dynamic evaluation of a fixed bed anaerobic digestion process in response to toxic shocks", Water Science & Technology (in press).

12. L. Mailleret, O. Bernard, J-Ph. Steyer: "Robust nonlinear adaptive control for bioreactors with unknown kinetics", Automatica (in press).

13. L. Lardon, A. Punal, J-Ph. Steyer: "On-line diagnosis and uncertainty management in biological wastewater treatment processes", Journal of Process Control (in press).

14. H. Mendez-Acosta, R. Femat, V. Gonzalez-Alvarez, J-Ph. Steyer: "Output feedback control of anaerobic digesters against uncertainties", IEEE Transaction on Automatic Control (submitted).

2.4  APPLITEK
WP2 – Smart sensor development


· Assembly of the gas analyser.

· Calibration with gas mixtures and testing of the gas analyser at a pilot-scale reactor (INRA) and lab-scale reactor (ENEA).

· Survey for a suitable H2S scavenger.

· Installation of gas pre-treatment (peltier cooler, H2S filter, … ).

· Study titrimetry and several titrimetric methods for detection of VFA and bicarbonate.

· Study the effect of CO2 stripping on the titration curve.

· Developing of titrimetric method for determination of the concentration of VFA and bicarbonate.

· Writing the report: titrimeter choices validation

· Writing and adapting the control software for the titrimeter.

· Assembly of a test set-up for testing several components (pumps, burrette, plc, control software,… ) of the titrimeter.

· Assembly of the first prototype of the titrimeter

· Testing and comparing two titrimetric methods (INRA  and AppliTek) for the detection of VFA and bicarbonate.

· Developing, implementation and testing of titration algorithms in titrimeter for the three different titrimetric methods.
· Running and installation of an anaerobic reactor for testing the gas analyser and the titrimeter.

WP6 - Exploitation and dissemination


· Survey for industrial partners interested in the Telemac project.

2.5 BIOMATH 
WP1 – Experimentation and validation  



· Filtering experimental data from USC lab-scale CSTR

· Testing variability of experimental data based on COD balance around the reactor

· Intensive  simulation of virtual plant using reference model

· Developing transformers to use IWA ADM1 as a referece model to generat data in TELEMAC format

· Writing of OED software code (C++) in WEST

· Running Optimal experimental design software Using TELEMAC models

· Development of the protocol to set up the TELEMAC system at a new plant

· Writing D1.2 : Protocol to set up the TELEMAC system on a new plant

WP2 – Smart sensor development


 

· Sensor validation scheme 

· Algorithm to estimate extreme sensor ranges based on system boundaries

· Methods to test residuals and detect and classify sensor faults

· Filtering methods to remove sensor faults.

· Implementation of statistical process control charts for experimental data validation

· Tests and calibration of this methods on real data.

· Writing deliverable 2.2 on data validation

· Testing the possibility of compiling the Matab functions developed for data validation into C/C++ code 

· Update BC sensor for compilation under windows.

· Build an algorithm for Automatic Initialisation of the BC sensor

· Testing the buffer capacity software sensor on real data from the prototype titrimetric sensor.

· Matlab code for SPC charts on moving window, simple off-line validation, unifying data time scale, interpolation, reading data sets into matlab structure,  test proposed statistical methods for sensor validation, trend removal,Peak shaving/outliers detection and removal.

· C code for pH calculation from equilibrium of several buffering systems.

· MSL code for models  implementation in WEST simulation platform.

· A Matlab  code for mono-sensor validation generating a fault diagnosis and confidence index in the measurement.

WP3 – Advanced Control



 

· Development of a general pH module to calculate the pH from any specified buffer systems and implementing it into the ADM1 WEST simulation platform.

· Intensive simulation of USC-lab-CSTR results using IWA ADM1 to define the system parameters and to obtain better  characterisation of the influent (simulation is done using both WEST and AQUASIM platform).

· Sensitivity analysis to assess identifiability of ADM1 parameters  based on USC lab-CSTR experiment protocol  and measurements.

· Review of off-line optimisation Methods.

· Implementation of the TELMAC AD models in WEST simulation platform and check other implementations.

· Procedures and intensive simulation to assess the practical identifiability of the parameters of TELEMAC models.

· Procedure to estimate the confidence index in the estimated parameters.

· A procedure to quantify the quality of local sensitivity.

· C++ code (4,700 lines): implementation of finite difference sensitivity.

· A procedure to select practically identifiable parameters.

· C++ code (7,000 lines) implementation of the procedure to select practically identifiable parameters (including graphical user interface).

· Writing D3.2“ a set of procedures to estimate on-line and off-line the models parameters”.

WP6 - Exploitation and dissemination



· Presentations and paper publishing in Latin American Workshop and Symposium on Anaerobic Digestion. Merida, Mexico, October 22-25 2002.

· Writing a report on the titrators comparison experiment done at Narbonne highlighting the necessary updates made to the sensor and the used calculation methods.

· Writing an article on application of ADM1 to simulate AD dynamics using concise set of practical measurement.

2.6 
CESAME 

WP2 – Smart sensor development

· Developing a distributed parameter system based on the AM1 model

   - AM1 model is adapted to a spatially distributed environment.

   - Discretization methods: finite difference and orthogonal collocation.

· Study of the model

   - General property: Contois-based model has been introduced and combined with the Monod and Haldane type structures into both microbial growth kinetics expressions, i.e. related to acidogenesis and methanization processes, respectively.

   - Extensive simulations: PDE model describes the experimental data as well as ODE model does.

· Parameters identification

   - The hydrodynamic parameters are identified using the data on total alkalinity since it is not consumed 

   - Re-identification of some biokinetic parameters because a Contois-based kinetics model is used

· Software development

   - Development software: Matlab

   - Lines number: >200

   - Graphic interfaces: simulink

· Model-based diagnostic 

   - Observability study of the model based on [Waldraff et al., 1998] and observer synthesis.

   - Numerical simulations for illustrating the method.

   - Recommendation of sensor types, number and location.

WP6 - Exploitation and dissemination



· Writing publications and presentation in conferences:

· Schoefs, O., D. Dochain, H. Fibrianto et J-P. Steyer, 2003. “Modelling and identification of a distributed-parameter anaerobic waswater treatment process”, presented in the Multiconference on "Computational Engineering in Systems Applications", July 9-11, Lille, France.

· Fibrianto H., D. Dochain and O. Schoefs. “Optimal sensor location based on the observability measure for an aerobic wastewater treatment process”, submitted to the 9th International Symposium on Computer Applications in Biotechnology (CAB9), Nancy, France, March 28-31 2004.

2.7  CCLRC
WP4 – Supervision System



 

· Contribution to and editing of deliverable D4.2, ‘Data base for measurements recording and plant architecture description’. Particularly a general overview of the place of the databases in the TELEMAC system, and a contribution on special requirements for the databases, especially those relating to the support of data mining.

· Work on data mining with a view to improving the monitoring and control of WWTPs by leveraging knowledge from past history and across multiple plants. The work has focussed on modelling of data from several of the sources within the TELEMAC project (INRA, USC, Agralco) using techniques such as rule induction. There have also been investigations of particular themes of interest such as confidence and prediction intervals.

· The data mining work is being written up as a chapter for deliverable D4.3.

WP5 – Software Integration





· Completion of deliverable D5.1a, applying selected risk assessment techniques to the TELEMAC architecture.

· Contribution to and coordination of discussions around issues of responsibilities and remote access to the TELEMAC system. The roles of the telecontroller and remote experts were clarified, and their modes of access to the system defined.

· Coordination and editing of deliverable D5.2b, ‘First functioning user interfaces’, with contributions on approach to user interface development.

· Contributions to and editing of deliverable D5.3b, ‘First functioning middleware and integrated systems on pilot sites’, including high-level specification of module structure and data flows at the WWTP and telecontrol centre.

2.8  SPES
WP3.3 Control design with respect to a set of objectives

A backup fuzzy controller was implemented and tested on the pilot plant in Bologna. This controller is thought to face off conditions in which all the other model-based controllers fail. The controller acts on the loading pump to maintain the set-point assigned for the CH4 production.

WP4.3 Data base and knowledge base management

Definition and implementation of a database using Microsoft Access. This database was used to run and test the first version of the TELEMAC system on the pilot plant in Bologna and can be considered a trial database.

Implementation of the final version of the TELEMAC database in MySQL according with the requirements assessed in D4.2.

WP5.2 Web technologies and user interfaces

The XML protocol for data exchange (reported in the deliverable D5.2a) was implemented, tested and debugged.

The first version of the graphical user interface at the local plant and for the co-operative working using Web resources were designed and implemented according with the requirements. They are reported and detailed in a deliverable (D5.2b).

On the basis of the tests and the use of this first version on the pilot plant, the second and final version was started to be designed and implemented.

An XML enhanced protocol for data exchange, improving the first one according with the implementation experience on the pilot plant was defined and implemented.

The graphical user interface at the local plant and for the co-operative working using Web resources were modified and empowered to implement the features and functionalities of the final version of the database according with the requirements assessed in the deliverable D4.2.

WP5.3 TELEMAC software 

The first version of the hardware architecture on the local plant was implemented. The prototype of the main board and of the slave boards were realised and tested. At the moment they are used to equip the pilot plant in Bologna.

The first version of the software architecture was implemented too. The TCC server software was designed in asp language using Microsoft IIS as web server. The local software was designed in Visual C++.

The TELEMAC hardware and software platform was set up on November 2002 on the pilot plant in Bologna to be debugged. After the test activity was over, it is still running on this plant.

The work described above was reported in the deliverable D5.3b.

The topic of the use of Matlab for the development and implementation of the controllers, the soft-sensors, the FDI modules and the models was addresses and assessed by the definition of the modality – the use of the Matlab run time engine and the mex file format – and of the interfaces for the Matlab modules.

The design and the development of the final version of the TELEMAC hardware and software platform was started. The final version of the database (assessed in the deliverable D4.2) was implemented. A new version of the TCC server software was designed and implemented in php language using Apache as web server.

The Web tools for data representation have been improved. The implementation of all the basic features required for telemonitoring and control based on Web resources was completed.

The final version of the hardware platform is going to be realised and tested.

2.9   USC 
WP1 – Experimentation and validation  

· Revision of the experimental protocol to better fulfil modelling requirements. A new methodology of adaptive protocol through simulation was established.
· 
The experiments at lab-scale using a CSTR were concluded according to the defined protocol consisting in the start-up and three organic overloads.
· The start-up of UASB reactor as well as the first reference steady state have been completed. Different types of overloads and shocks were carried out in the lab scale UASB reactor. The second steady state at an OLR of 6 kg COD/m3·d was performed. Several problems with the gas composition analyser make to finish the experiments. New experiments were conducted in the large hybrid reactor.
· Development of a new protocol for a new large lab scale reactor through simulation. Perform of five overloads of small duration. Then a series of organic and hydraulic overloads up to complete destabilisation of the process and a set of un-normal operation was generated.
· Updating of deliverable D1.3a “Experimental data sets at laboratory”. Latest data were uploaded to the BSCW Telemac workspace.
· Write of D1.3b “Experimental data sets at pilot and pre6industrial scale” and up load of the data to the BSCW workspace. The data were collected from lab scale USC-UASB reactor, USC-hybrid rector, ENEA-UASB reactor and SAUZA and AGRALCO CSTRs.
· Validation of the methodology of COD/VFA for take into account volatile compounds in the measurement..
WP2 – Smart sensor development


 

· Preparation of the reactor to receive the sensors from WP2 to be tested.

WP3 – Advanced Control



 

· Simulations of the CSTR experiments of normal and abnormal conditions from USC were carried out in close collaboration with BIOMATH. Matlab Simulink implementation of the IWA-ADM1 model was used gaving this work rise to the scientific contribution detailed below.

WP4 – Supervision System



 

· Development of a steady state detection module to be implemented with the FDI module and to be used for parameter identification purposes. Validation of the module with different data.

WP6 - Exploitation and dissemination



· Writing publications and presentation in conferences:
· G. Ruiz, E. Roca y J.M. Lema; Selección de variables para la identificación de estados no estacionarios en la operación de reactores anaerobios. Presented in the VII Latinamerican Workshop of Anaerobic Digestion 2002.

· Zaher U.; Rodríguez, J.; Franco, A.; Vanrolleghem, P.A..; "Application of the IWA ADM1 model to simulate anaerobic digester dynamics using a concise set of practical measurements". Accepted for IWA Conference on Environmental Biotechnology 2003, Johor Bahru (Malaysia).

· G. Ruiz, M. Castellano, W. González, E. Roca and J.M. Lema, Organic Overload Detection and Prediction of Anaerobic Digestion Process Using Statistical Tools; submitted to CAB9, Nancy, March 28th-31st, 2004.
2.10 ENEA 
WP1 – Experimentation and validation  



· installation of the control system in order to run the TELEMAC software 

· Starting the experimental protocol on the pilot plant in Enea

· Participation to deliverable D1.3b

· Starting of a study for the validation of the correspondence between the VFA analysis and the correspondent value related at the COD values. 

WP2 – Smart sensor development


 

· Testing on the Pilot plant the gas sensor produced by Applitek, and testing various type of chemical filters for the removal of the gas able to interfere with the sensor.

WP5 – Software Integration



· Contribution to testing and debugging the TELEMAC software

WP6 - Exploitation and dissemination


· Participation at the International exhibition "Ricicla" in Rimini Italy for a first demonstration of the Telemac project and the simulation of the software

· Participation at a Seminar in Latina Italy on "Utilisation of anaerobic digestion in the waste and wastewaters of Agroindustry"

2.11    AGRALCO 
WP1 – Experimentation and validation  



· Set up of The Lemaire’s software before the TELEMAC software is available.

·  Reactor start-up, control system set-up and validation, preliminary experiments

· A new database was created with on line measurements and off line measurements. 

· Running the experimental protocol D1.1: the reactor was filled with sludge from the full scale digester.  The  protocol (deliverable D1.1) was carried out with off line measurements. The data are collected, processed and added to the data base. The experiments consisted in reaching several steady states, and achieve an overload with acid accumulation

· Improvement of the sampling frequency and off-line measurement for the full scale digester, collection and processing of the data and update of the data base. 

· Continuously analysis of the 2000 m3 digester. A new data base is available since January 2002

· Participation to D1.3b

WP6 – Exploitation and Dissemination 




· Participation to the preparation of the Dissemination and Use Plan

2.12   LEMAIRE 
WP1 – Experimentation and validation  

· Design of the pilot plant used for AGRALCO

· Set up of the Lemaire’s software and modifications for AGRALCO’s plant. 

· Contribution to monitoring the pilot plants of AGRALCO and Sauza to  help the users to achieve the proper experimental conditions.

WP3 – Advanced Control



 

· Sharing of expert knowledge for the controller objective definitions.

WP4 – Supervision System



 

· Sharing of expert knowledge for the fault detection and isolation module.

2.13   SAUZA 
WP1 – Experimentation and validation  



· Pilot reactor start-up and standard working mode. Various tests were performed: Effect of a strong increase of the organic loading rate, effect of stopping the reactor mixing by stopping the re-circulation pump, reactor stopped and restarted. Progressive increase of the organic loading rate

· Start-up of the full scale digester with monitoring of new variables  and improvement of the sampling frequency acquisition of most of the data.

2.14    UDG 
Even if it is still not financially supported for its participation to the project, UDG has contributed to the project on-going activities.
WP2 – Smart sensor development


· Development of a tuneable robust non-linear observer based on the asymptotic observer approach.  

· Extension of the aforementioned non-linear observer scheme to the multivariable case.

· Proposal of sufficient conditions for observer stability.

· Experimental validation of the above observer by using on-line and off-line data.

WP3 – Advanced Control

· Development of a mathematical model for a typical anaerobic digestion process.  The AM1 model is modified to accommodate for the mass balances of biomass, propionic acid and hydrogen (i.e. the new model consists of 8 ordinary differential equations).

· Proposal of kinetic expressions to describe the dynamics of biomass, propionic acid and hydrogen.

· Proposal of a mathematical expression to relate hydrogen partial pressure and the aforementioned kinetic expressions.

· Development of two model based robust nonlinear control schemes for the control of anaerobic digestion processes.  The first approach contains an anti-windup feature to avoid control saturation.  The second control approach is a feedback-feedforward scheme. 

WP6 - Exploitation and dissemination



Papers accepted for publication

1. Substrate regulation in an anaerobic digester via robust asymptotic control: theoretical framework and experimental results. Méndez-Acosta,H.O., R. Femat, V. González-Alvarez and J.P. Steyer. IEEE Trans. Aut. Control (submitted, 2002).

2. Temperature chaotic oscillations in a biological reactor with recycle. Méndez-Acosta, H.O., R. Femat, J.P. Steyer and V. González-Alvarez.  Solitrons, Fractals and Chaos  (accepted  for publication, 2003).

Papers in Proceedings

3. Control robusto no lineal de un digestor anaerobio. H.O. Méndez-Acosta, R. Femat, V. González-Alvarez y J.P.Steyer. Memorias del XXIII Encuentro Nacional de la Academia Mexicana de Investigación y Docencia en Ingeniería Química. Morelia, México,  May 3-8, 2002. 

4. Substrate regulation by output feedback based on geometric control. H.O. Méndez-Acosta, R. Femat, V. González-Alvarez and J.P. Steyer. Congreso Latinoamericano de Control Automático – IFAC 2002. Guadalajara, México.  December,  4-9, 2002.

5. Anti-windup feedforward/feedback control for a class of nonlinear systems. H.O. Méndez-Acosta, R. Femat, D.U. Campos-Delgado and V. González-Alvarez.  ROCOND 2003.  June 25-28, 2003. Milan, Italy.

6. Nonlinear feedforward/feedback control for a class of nonlinear systems. H.O. Méndez-Acosta, R. Femat, D.U. Çampos-Delgado and V. González-Alvarez.  ROCOND 2003.  June 25-18, 2003. Milan, Italy.

7. A robust asymptotic observer for a class of chemical and biochemical reactors: application to anaerobic digestión. Alcaraz-González V., Harmand J., Dochain D., Rapaport A., Steyer J.P. and V. González-Alvarez. ROCOND 2003.  June 25-28, 2003. Milan, Italy.

Papers presented in international conferences

8. A mathematical model for anaerobic digestion processes with propionic acid accumulation. R. Salazar-Peña, V. Alcaraz-González, O. Bernard, V. González-Álvarez,. 11th European Congress of Biotechnology.  Basel, Switzerland.  August 24-29, 2003.

9. Tequila vinasses treatment by anaerobic bacteria.  M.P. Ríos Gutiérrez, C. Pelayo-Ortiz, V. González-Alvarez and V. Alcaraz-González. 11th European Congress of Biotechnology.  Basel, Switzerland.  August 24-29, 2003.

10. A tunable robust nonlinear observer for biological systems. R. Salazar-Peña, V. Alcaraz-González, J.L. Gouzé and V. González-Alvarez.  Alacalá 2nd. International Conference of Mathematical Ecology.  Alcalá de Henares, Spain. September 5-9, 2003.

2.15 DOMECQ UK 
WP1 – Experimentation and validation  



· Monitoring of the pilot reactor: standard working mode and failure modes (effect of a strong increase of the organic loading rate, effect of stopping the reactor mixing by stopping the re-circulation pump, reactor stopped and restarted). 

· Start-up of the full scale digester with monitoring of new variables  and improvement of the sampling frequency acquisition of most of the data.

WP3 – Advanced Control

· Participation to the definition of the controller objectives and constraints.



 

WP4 – Supervision System



 

· Participation to the definition of the fault detection and isolation system. Sharing of expertise knowledge.

WP6 - Exploitation and dissemination



· Presentation for the TELEMAC project within the Allied Domecq consortium and investigation on the used technologies

· Update of the web page

Total effort in months over the second year per partner

This table gives the total effort per partner for the period from 1 September 2002 to 31 August 2003. 
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