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1. EXECUTIVE SUMMARY

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 sensors 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

During the third year, the following main achievements have been reached by the TELEMAC consortium:

Experiments have been carried out, at all the scales (i.e., lab, pilot and industrial scales) to complete the protocols of abnormal working mode (e.g., strong overload was reached with high VFA concentrations) and the data recorded were recorded at high sampling frequency. The developed sensors were tested at pilot scale and industrial scale. The test was finally extended to a Spanish company (Estrella) outside the TELEMAC consortium to better assess their applicability for industrial use. Experiments were also run to validate the controllers efficiency. Finally, both local and remote TELEMAC software  were tested and assessed.

The final industrial version of the tritimetric sensor (AnaSense®) has been developed, tested and validated at pilot and industrial scales and is presently commercialised by Applitek. The process for detection of potentially inhibiting components (ammonium, lactate, etc. ) has been improved and integrated in a dedicated software. Software sensors have been improved and extensively tested for the various plants. The software sensors have been integrated within the smart management module (ODIN) in a very modular way. 

Models for abnormal working modes have been improved and validated through comparison with experimental data. Calibration procedure have also been finalised and assessed with new data sets. Controllers have been updated and validated and another type of robust controller has been developed. The virtual plant has been considerably improved, including a modular interface that allows to run any new model, to easily generate influent profile and to generate XML data. A graphical interface for the smart management module ODIN has been designed and developed. An interface to implement any controller and to set it on, or to change one of its parameters has been developed.

The data base was continuously updated and the module to detect a process steady state has been revised and improved. The fault detection and isolation system based on evidence theory was finalised and tested with the experiments run at pilot and industrial scales. It was then implemented within the ODIN module. A procedure to on-line validate software sensors and controllers has been developed. Work has been performed on the decision support system to decide which controller is the best relatively to the state of the process. Explorations were made using data mining techniques on sensors relationships. 
Both local and remote versions of the TELEMAC softwares were installed, debugged and now a stable version has been achieved. The graphical interface has been improved and plant synoptics are now represented. A php module has been developed for connection of the TELEMAC software to an existing plant.

A large dissemination strategy has been defined and  advertisement of the TELEMAC product and services has been developed through participation to applied congresses, industrial contacts, writing article in applied journals, etc. The innovation aspects of TELEMAC have been validated and highlighted through strong  representation of the consortium to the worldwide main anaerobic congress that takes place once every 3 years; a special TELEMAC session and a roundtable was organised, in total 15 TELEMAC contribution were presented. This aggressive dissemination strategy lead to many industrial contacts that emphasise TELEMAC's potential for further exploitation. The future TELEMAC exploitation possibilities were assessed and the spin-off are willing to exploit the TELEMAC concepts and products. 

These results are the consequences of a high level of co-operation between the partners that can be seen through the exchanges of students within partners, through the technical meetings that took place all over the year. Finally, the high scientific quality of most of these new results is validated by presentations in conferences (38 presentations with published and reviewed proceedings during this third project year) and 17 scientific publications have been published this last year or will very soon appear in high standard journals.

1.3 Results

Work Package 1 :  Experimentation and Validation.

WP1.1 Optimal experimental design

· Development of a protocol for AnaSense® validation in the USC pilot plant, based on optimal experimental design.

· Evaluation of the Estrella de Galicia brewery wastewater treatment facility (A Coruña-Spain) for testing AnaSense® and final TELEMAC system at industrial scale.

· Developing of installation procedure and testing protocol of AnaSense® at Estrella de Galicia. 
WP1.2 Experiment running 

· Finishing of the experimental protocol in AGRALCO pilot plant, namely hydraulic and organic overloads, temperature and pH decreases, for modelling and FDI purposes

· Developing experiments of increase of OLR of the reactor and to reach high loading rate in short time at ENEA

· Developing experiments of overload with and without pH regulation at INRA pilot plant.

· Developing experiments of toxic inputs (ammonia) at INRA pilot plant.

· Conclusion of the overload experiments in the USC hybrid UASB-AF anaerobic reactor for modelling and FDI purposes.

· Finishing experimentation at Sauza pilot plant.

· Detailed monitoring of the start up of an industrial anaerobic reactor of 5000 m3 at Sauza

· Adaptation of the monitoring software of AGRALCO pilot plant for registering on-line alkalinity, CO2 and VFA for AnaSense® validation.

· Adaptation of the current monitoring software to implement the adaptive gamma-COD controller in the USC plant.
· Implementation and first test of an ozonisation pre-treatment for the bagaze vinases influent in AGRALCO pilot plant to assess the effect on the process yield and stability.

· Study of the effect and degradation of phenols and polyphenols in the plant of Agralco. Set up of a method for dosifying polyphenols. Measurement of polyphenols in different steps of the process. First experiments with ozone injection.

WP1.3 System validation

· Extensive tests for validation of the COD determination methods using a defined protocol in different laboratories (USC, AGRALCO, ENEA and INRA).

· Tests of the non-adaptive gamma-COD controller in the USC hybrid UASB-AF plant in close loop.

· Extensive experimental tests for validating the titrimetric sensor (AnaSense®) were carried out in the USC hybrid UASB-AF using standard solutions, for calibration and methods checking.

· Evaluation of the hydrogen gas sensor reliability in the biogas for the use of the measures in the anaerobic digestors plants

· Evaluation of the COD analytical method and development a modification proposal for the use in the case of high VFA concentration wastwaters
· Extensive validation of the AnaSense® sensor in the USC hybrid UASB-UF reactor exposed to high overloads and destabilization, providing a wide range of VFA and bicarbonate concentrations. A report was delivered.

· Validation of the AnaSense® sensor at Agralco semi industrial plant. Problems with solids filtration.

· Test and validation of the TELEMAC software’s functionalities on ENEA’s plant.

· AnaSense® validation experiments at industrial scale at Estrella Galicia brewery wastewater treatment facility (work is in progress).

· Evaluation and tests of the interfaces and functionalities for the remote TELEMAC software implemented on ENEA’s plant.

Work Package 2 :  Smart sensor development 

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

· Testing of the H2S absorber (Sulfatreat) and adaptations to the set-up of the Biogas analyser for the installation at Agralco. 
· Finalising the extensive testing of the AnaSense® analyser on line on a lab-scale reactor. The Buffer Capacity Sensor BCS was used to determine hardware faults and deviations of the implemented measurement methods in the analyser
· Further development and adaptations of the AnaSense® analyser set-up and analysing methods based on the testing experience of the analyser on industrial scale (Agralco and Estrella Galicia) and Pilot scale (USC). 
· C++ programming of monoprotic model based approach to determine the potential buffers in the digester (and generally aquatic systems) and estimate extreme bounds on their concentration.  This method is essential for the automatic initialisation of the Buffer Capacity Sensor (BCS). The BCS optimisation was also extended to quantify possible anaerobic digestion buffers interfering with bicarbonate and VFA measurement.
· Development and implementation of dedicated simulation software BCS (Titrimetric Analyser Simulator (TAS)) to validate the robustness. 

· Writing Deliverable D2.4

WP 2.4 Software sensors 

· Improvement of static observers.

· Development of quality indices to assess the prediction qualities.

· Improvement of the bundle of observers to deal with inhibition. 
· Procedure to reinitialise the Bayesian observers for each new off line measurement.

· Assessment of other interval observer classes to be considered within the multiobservers set. 
· Test of the observers and calibration with the newly available data from WP1 issued from the various plants

· Extensive test of the observers with the virtual plant, with noise and low sampling rate.

· Writing and review of D2.5

· Adaptation of the algorithms for an on-line use
WP 2.5 Sensors validation and location

· Completing the analysis of the observability measure 
· Study of a UASB digester
· Writing the deliverable 2.6 on the optimal sensor location.
· Evaluation of the hydrogen gas sensor reliability in the biogas for the use of the measures in the anaerobic digestor plants

WP 2.6 Sensor  tests and integration

· Validation of the AnaSense® on line at a lab-scale reactor

· Preparing the AnaSense® and Gas analyser for the installation and installation of the analysers at Agralco and USC and the brewery of Estrella Gallicia. The analyser was tested on stability of on-line operation and also for on-line performance during extreme overloads at USC.  The required data of the testing at USC was also analysed with the BCS. The experimentation at the brewery of Estrella Gallicia is still continuing. 
· Writing a draft report from AnaSense® validation experiments.
Work Package 3  : Advanced Control

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

· Modification of the simple models to account for temperature and pH effects. Model tests with the available data sets.

· Development and implementation with Simulink of a modification of the IWA-ADM1 for treatment of wastewaters containing ethanol (ADM1Et).

· Assessment of the ability of model ADM1 (and model ADM1Et) to reproduce process overloading. 

· Completion of the development of the destabilisation risk index, and analysis of real data with this index.

· Completion and review process of deliverable D3.1b

WP3.2 Parameter identification and model validation 

· Estimation of model parameters associated to the newly available data sets.

· Improvement of the on-line procedure to identify a steady states and estimate the parameters from this steady state, depending of the character of this state.

· Optimal experimental design for combined manipulation / measurement optimization problems.  Implementation using WEST - LabVIEW link

· Selection of identifiable parameters using the FIM (extension of the work done for D3.2)

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

· Improvement and extensive tests of the adaptive gamma-COD controller.

· Development of a simple saturation controller

· Extensive test of the various developed controllers using the virtual plant, with simulated noisy measurements and sampling frequency.
· Development of a controller based on H2 and CH4 flow rates measurements.
· Study of the coupling of the developed controllers with software sensors. Proof of the closed loop system convergence with saturated control and COD estimates from software sensors.

· Adaptation of the gamma controller to limit the oscillations observed on the controller and accelerate the convergence.

· Development and experimental application of a robust interval-based siso control law for the regulation of the COD.

· Experimental tests of the controllers in USC (gamma controller, adaptive gamma-COD controller) and in AGRALCO (saturated controller).

· Writing, review and update of deliverable D3.3.

WP 3.4 Implementation

· Development of the Virtual plant including a friendly graphical user interface to generate the influent concentrations, virtual actuators and virtual sensors. The virtual plant handles a Matlab structure as defined in D5.2b. The generic interface allows to easily implement any plant model, including state variable definition, parameter values and initial conditions.

· Generation of XML from the virtual plant to simulate a remote process.

· Implementation of model AM2 within the virtual plant 
· Implementations of optimal experimental design algorithms

· Development of a generic interface to easily implement any controller in the Odin interface, with a highly modular interface including automatic recognition and integration of the controllers files.

· Definition and implementation of a procedure to send a new order consisting in application of a new controller, or change of a controller set-point, or a controller parameter. Implementation of a scheduler to plan a future sequence of  controls.

· Development of generic interface to implement a new software sensor, by definining request observer inputs, states, parameters, initialisation procedure, and confidence index.

· Implementation of the software sensors developed in D2.4.

· Design and development of the customisable GUI of ODIN allowing to easily manage the several aspects of ODIN (fault detection, diagnosis, controller, software sensors, etc.) in connection with the local TELEMAC software

· Adaptation of ODIN to remotely receive XML data, and to autonomously process these data.

· integration of advanced controllers within the TELEMAC Odin software (gamma controller, adaptive gamma-COD controller, saturated controller, fuzzy controller)

· Coupling of ODIN to the virtual plant for extensive test of ODIN functionalities.

· First tests of the control module on INRA's plant

Work Package 4 : Supervision System 

WP4.2 Fault detection and isolation 

· The steady states detection module using multivariate statistical tools has been finalised and validated.

· Statistical validation of the defined class used in the fuzzy fault detection and isolation (FDI) modules to specify the state of anaerobic digestors has been performed.

· The results provided by software sensors (in link with WP3) have been included in the FDI to better qualify the biological state of the processes.

· Sensors networks (including hardware and/or software sensors) have been demonstrated to be efficiently managed by the FDI approach.

· Extensive validation of the FDI approach using Evidence Theory has been performed using experimental data from lab and pilot scale processes. Extension of this approach to industrial plants (in AGRALCO) has been performed and only the qualification of the data has been modified while the expert rules were kept similar. The modularity of the FDI scheme  - a key issue in the TELEMAC project – was thus demonstrated.

· Comparison of the Evidence Theory FDI system with a non modular fuzzy logic based expert system has been performed to highlight the advantage of the scientific approach developped within TELEMAC.

WP4.3 Data base and knowledge base management

· Data base architecture has been finalised and the final version was implemented using MySQL technology. The database was integrated into the local and remote software.

· Software tools for local and remote data transfer from and to the database were developed and implemented.

· Full tests of the data exchange and database functionalities have been performed and validated at the industrial scale. 
· A XML file generator was developed to migrate the database into the latest version. XML files were generated to be uploaded in the database. 

· Continuous update and filling with data from all partners involved in experimental aspects.

WP4.4 Quality and coherency check for mathematical calculation

· Software sensors have been introduced into the sensor network diagnostic module; their results in terms of provided estimations are evaluated like those obtained from hardware sensors. 

· Quality and coherency check for mathematical calculation used in software sensors has been studied and decision criteria have been proposed. 

· Mathematical analysis of software sensors has been experimentally validated using well instrumented processes in order to be able to distinguish between hardware sensors faults and software sensors dysfunctionings.

· A procedure for on-line validation of controllers has been tested in simulations. However, it could not yet be validated in real life experiments. 

WP4.5 Decision support system

· Work has been performed on the Decision Support System (DSS) at the local level to decide upon the best controller to apply according to the state of the process.

· The implementation of decision rules for the selection of controllers and updating of their setpoints has been also studied.
· Advices to human operator in a natural way have been defined according to the FDI results.

· Matlab modules for FDI objectives were produced and implemented in the final ODIN TELEMAC software in link with WP5.

· Concerning data mining and DSS at the remote level, functional components rule regenerator, rule applicator and rule reevaluator have been identified and their inputs, outputs and communication defined. The use of the XML language PMML (designed for data mining purposes) has been studied.

· Explorations were made using data mining techniques on sensor relationships. Linear regression and neural nets have been used to identify the sequence in which contributions from sensors improve fit to estimates of other sensor readings. Work was done on error estimates, deriving prediction intervals and prediction risks for VFA. 

· Neural networks modelling has been also studied in the framework of data mining. In particular, focus was put on confidence and prediction intervals for understanding the accuracy of estimated values of variables. 

· Cluster analysis is being used to identify regions of sensor data showing strong self-similarity. Measurements of variable compactness, inclusion and precedence have been developed to allow assessment of the meaning of clusters and hence to improve decision support to the operator.

· Rules have been induced automatically from experimental data and corresponding derivatives. The results show a set of variables that can be pruned and a set of relationships between the remaining variables.

· Deliverable D4.4 was completed. This deliverable covers decision support at the local and remote levels. It explains how the data mining works, which forms the basis of decision support at the remote level, will be used in decision support, though some work remains to be done in this respect for D4.5.

Work Package 5: Software Integration

WP5.1 Information security 

· Work resumed on this task towards a security analysis of the TELEMAC system. A review was made of relevant methods and techniques from the CORAS project (IST-2000-25031) and an outline approach formulated.   

· The structure of the final deliverable D5.1b was defined.

WP5.2 Web technologies and user interfaces

· Completion of the implementation of the Web technologies for data transfer and management compliant with the open source environment. The data are transferred using the final XML format and stored into a MySQL database, organised on the basis of the structure defined in the deliverable D4.1; data are accessible on a Web page for graphical presentation and download.    

· For remote connection the remote user  interface was refined and improved. It is based on Web pages and can be accesses from Internet browsers with no need of a devoted software package.
· The final version of the remote interface for the TCC was implemented and is now available. This interface was developed for the interaction of the TCC expert operators with the Server/Database.
· Re-design of the local software interface including a synoptic panel of the plant, local MySQL database interfacing and managing; the Matlab interface; off line data input; graphical representation of the data (instantaneous and historical); maintenance actions input; chat with the TCC; control panel for manual switching of the several plant’s actuators and components.

· Update of the XML format and of the data transfer modules.    

· A full test was made of the GUIs, for both the local and TCC software, to act on the plant and to provide information understandable by human operators.    

· An alternative approach to access to the local and TCC databases, using MySQL query rather than email communication, was proposed. This has advantages for testing modules remotely.

WP5.3 TELEMAC software 

· Testing and debugging of the final version of the local software took place at the pilot site in ENEA. This involved the Matlab interfaces between the different modules, the user interfaces, the acquisition boards and the data exchange and database functionalities.    

· An administration tool was introduced for he management of the priority access policy.
· A plan for the installation of the TELEMAC software at the other pilot sites involved in the project was defined. A focus point of this plan was concerning the requirements for co-operation with a pre-existing software: a detailed procedure, based on the use of a mirror machine, was assessed and tested on the AGRALCO pilot plant.

· Detailed planning for overall software integration took place. This covered the integration at the plant in Bologna and for the other plants within the project.    

· The planning was done at several levels: finalising the vision of the TELEMAC integrated system both in general and within the project itself; the approach to achieving the integration (for example, having TCC components interoperate remotely before integrating them on one site); and detailed technical integration issues (for example, how to integrate MATLAB components).    

· Development of a simulation ADM1 model in Matlab Simulink, which is indeed the ADM1 engine of the virtual plant. 

· A user manual and customisation routines were written for ODIN.    

· Deliverable D5.3c, "Final functioning middleware and integrated systems on pilot sites" was produced.    

· Options were considered for the place of data mining in the final TELEMAC system, building on the results from WP4.  Several options are being considered according to the role of data mining in decision support (whether assistance for set-up or running directly at a plant or TCC).    

· Work has started on a user evaluation scheme for the various TELEMAC components of the integrated system.

Work Package 6  : Exploitation and Dissemination

· Presentations and paper publishing in Europe and in Latin America;

· Survey and contact of industrial partners;

· Organisation of an exploitation meeting in Sophia Antipolis in July 2004;

· Hold a both during the 3rd International Congress on Sustainable Winery Wastes Management May 2004 in Barcelona, where contacts were taken with potential industrial companies willing to use  several TELEMAC components;

· Preparation of the final e-tip

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

· A dedicated and experienced person has been hired to focus on preparing the exploitation phase of TELEMAC. In particular, this person:

· assessed the market potentialities 

· identified existing anaerobic wastewater treatment solutions

· positioned the TELEMAC offer to better penetrate the market

· prepared the TELEMAC selling catalogue, listing the different technology modules available for exploitation

· outlined the exploitation plan of the TELEMAC system as a whole

· designed the training session on the system to support the adoption of the  TELEMAC advanced technology by the potential users

· Improvement of the simulation tool to better understand the complexity of anaerobic digestion and try to maintain a plant alive despite several disturbances (Simulator available on the server); Development of module to define the scenarios of problems and influent loading for the plant to be managed by the apprentice.

· Organisation of an intense dissemination action during the 10th World Congress on Anaerobic Digestion, <small>"Anaerobic bioconversion. Answer for sustainability "from </small>August 29 to September 2nd in Montreal, Canada. The TELEMAC project was represented in 3 of the specific events both for industrial and scientific work on Anaerobic digestion:

· a special TELEMAC session (with 5 oral presentations from TELEMAC partners) 

· a poster session (with 10 posters from TELEMAC partners) 

· a round table (2h30) discussing the topics of monitoring and control of anaerobic digestion based on TELEMAC results and experiences. 
· Organisation of a lecture on modelling and simulation of bioprocesses held in Santiago de Compostela. 
· Organisation of a summer school dedicated to database, with PlantML teaching and TELEMAC example presentation
· A course on the use of the TELEMAC system to be given in December 2004 is under preparation by INRA, INRIA and SPES;

· Preparation of articles for applied journals read by wastewater treatment industrial specialists.

Work Package 7  : Project Management

· Preparation and validation of the answer to the second review comments;

· Preparation of the third project review;

· Preparation and organisation of the plenary meetings, Gent, Sophia Antipolis and Montreal;

· Completion of the various administrative and financial reports including cost statements two;

· Preparation of deliverables and documents for the Review Meeting ;

· Co-ordination of all the partners for the definition of a coherent exploitation plan; 

· Negotiation and finalisation of the contract extension;

· Preparation of the updated version of the CPFs following the decision taken in in Gent;
· The following scientific papers related to the TELEMAC project have been published in international conferences and journals during the third year of the project (the complete list of publications is available on http://www.ercim.org/telemac/pub.html): 

Conference proceedings 

1. C.A. Aceves-Lara, E. Aguilar-Garnica, V. Alcaraz-González, O. González-Reynoso, J-Ph. Steyer, V. González-Álvarez: "Kinetic and Yield parameters estimation in an anaerobic digestion process using successive quadratic programming (SQP)",  Proc. of 10th IWA World Congress on Anaerobic Digestion (AD10), Montreal, Canada, vol. 3, pp. 1329-1334, 29th august-2nd september 2004. 

2. V. Alcaraz-González, J. Harmand, A. Rapaport, J-Ph. Steyer, V. González-Álvarez, C. Pelayo-Ortiz: "Robust interval-based siso regulation in anaerobic digestion", Proc. of 10th IWA World Congress on Anaerobic Digestion (AD10), Montreal, Canada, vol. 1, pp. 337-342, 29 August-2 September 2004. 

3. V. Alcaraz-González, J. Harmand, A. Rapaport, J.P. Steyer, V. González-Alvarez. Observadores robustos de intervalo: Una nueva clase de sensores para procesos químicos y biológicos altamente inciertos. 6, Congreso Interamericano de Computación Aplicada a la Industria de Procesos, CAIP Dt2003. 20-23 October 2003. Puebla, Mexico 

4. O. Bernard and B.Chachuat "Design and practical use of probabilistic observers for mass-balance based bioprocess models".  In Proceedings of the DYCOPS-7 conference. Cambridge, U.S.A. 2004. 

5. O. Bernard and J.-L. Gouzé. Multi-observateurs en boucle fermée pour des modèles biotechnologiques mal connus.  In Proceedings of the CIFA conference. CD-ROM. Douz, Tunisia. 2004. 

6. O. Bernard, Dantec, B. L., B.Chahuat, Steyer, J.-P., Lardon, L., Lambert, S., Ratini, P., Lema, J., Ruiz, G., J.Rodriguez, Vanrolleghem, P., U.Zaher, Pauw, D. D., Neve, K. D., Lievens, K., D.Dochain, O.Schoefs, R.Farina, Alcaraz-Gonzalez, V., Gonzalez-Alvarez, V., Lemaire, P., Martinez, J., O.Duclaud, and Lavigne, J. (2004) Telemac: an integrated system to remote monitor and control anaerobic wastewater treatment plants through the internet. Proc. of 10th IWA World Congress on Anaerobic Digestion (AD10), Montreal, Canada, vol. 1, pp. 318-323, 29 August-2 September 2004 

7. Bernard, O., Chachuat, B., Helias, A., and Rodriguez, J. (2004). Can we assess the model complexity for a bioprocess? theory and example of the anaerobic digestion process. Accepted for the Watermatex IWA conference on Systems analysis and integration assessment 2004. Beijing, China. 

8. Bernard, O. and Gouzé, J.-L. Closed loop observers bundle for uncertain biotechnological models.  In Proceedings of CAB9, CD-ROM. Nancy, France.   
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2.  ACTIVITY REPORT AT THE CONSORTIUM LEVEL

2.1     ERCIM

WP6 • Exploitation and Dissemination

The official Web server, which includes the full list of publication, is regularly updated to promote the project achievements (http://www.ercim.org/telemac)

To increase the number of potential users of the TELEMAC system, the consortium participated to the two main events organised in 2004 related to the project activities:

1. A booth was run during the 3rd International Congress on Sustainable Winery Wastes Management in Barcelona in May 2004. The collective achievements of the consortium but also individual results and products obtained by the partners were made available to the audience. 

2. 10th World Congress on Anaerobic Digestion, <small>"Anaerobic bioconversion. Answer for sustainability "from </small>August 29 to September 2nd in Montreal, Canada. The TELEMAC project was represented in 3 of the specific events both for industrial and scientific work on Anaerobic digestion:

· a special TELEMAC session (with 5 oral presentations from TELEMAC partners) 

· a poster session (with 10 posters from TELEMAC partners) 

· a round table (2h30) discussing the topics of monitoring and control of anaerobic digestion based on TELEMAC results and experiences. 

A person has been specifically hired to ensure the evaluation and the exploitation of the various components of the system. He organised a dedicated exploitation meeting in Sophia Antipolis on 12 July 2004. His work in collaboration with ERCIM implied:

· Preparation of a selling TELEMAC catalogue describing the system by itself, along with the 8 main components and the additional modules,

· Outline an exploitation plan not only for the TELEMAC system as a whole, but also for all the individual components that also have exploitation potential individually,

· Approach potential external companies interested to exploit the TELEMAC system

· Assess the market potentialities of the TELEMAC offer

· Definition of the exploitation plan presenting overlap between market expectation and  the TELEMAC solution

· Preparation of the training session on the system to support the adoption of the  TELEMAC advanced technology by the potential users

Finally, large audience newspapers were contacted. An article was published in the CORDIS web site so as in ERCIM News. 

WP7 • Project Management
The third year of the project started with the organisation of the second project review (September 2003). 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”. 

In January 2004, during the general meeting organised in Gent, a reallocation of the activities to be run by Lemaire starting first January 2003 was approved. It was also decided to request a four month extension to ensure a better validation and exploitation of the results.

Project management has been collaborating closely with every partner to define the contribution to the exploitation plan.  In this regards, efforts were made not only to stimulate their involvement in the definition of the TELEMAC offer, but also in the promotion of the different technology modules implemented for the successful completion of the TELEMAC system.

Partners were requested to prepare and submit the second cost statements covering the period from 1 September 2002 to 31 August 2003. The updated version of the CPFs is under preparation gathering cost statement 1 and 2 information.

Quarterly management reports 8, 9, 10 and 11 were produced and sent to the European Commission.

The co-ordinator participated to the preparation of the plenary meetings in Gent and Montreal. Minutes of these events were prepared and have been uploaded for consultation on the web site.

The internal web site is regularly updated with all documents produced by the partners.

2.2 INRIA 
WP1 – Experimentation and validation  

· Participation of the definition of a grid for TELEMAC results evaluation.

· Verification that the developed TELEMAC modules are reaching their objectives.

WP2 – Smart sensor development


 

· Improvement of the static observers to better account for uncertainties.

· Development of quality indices to assess the prediction qualities.

· Improvement of the bundle of observers to deal with inhibition. Set-up of the reinitialisation procedure. 
· Procedure to reinitialise the Bayesian observers for each new off line measurement.

· Test of the observers and calibration with the newly available data from WP1 issued from the various plants

· Extensive test of the observers with the virtual plant, with noise and low sampling rate.

· Writing and review of D2.5

WP3 – Advanced Control



 

· Completion of the simple models AM2 and AMH1 to account for temperature and pH effects and model tests with the available data.

· Development of a destabilisation risk index, and validation with real data.

· Model parameters estimation for the newly available data sets.

· Study of the coupling of the developed controllers with software sensors. Proof of the closed loop system convergence with saturated control and COD estimates from software sensors.

· Adaptation of the gamma controller to limit the oscillations observed on the controller and accelerate the convergence.
· Improvement and extensive tests of the adaptive gamma-COD controller. Tests with the virtual plant. 

· Development and experimental application of a robust interval-based siso control law for the regulation of the COD.

· Participation to the development of the Virtual plant including a friendly user interface to generate the influent concentrations, virtual actuators and virtual sensors. The generic interface allows to easily implement any model plant, including state variable definition, parameter values and initial conditions. 
· Implementation of model AM2 within the virtual plant 
· Design and Matlab implementation of a generic interface to easily implement any controller in the Odin interface, with a highly modular interface including automatic recognition and integration of the controller file.

· Implementation of a procedure to define a new order consisting in application of a new controller, or change of a controller set-point, or a controller parameter. Implementation of a scheduler to plan a future sequence of  controls.

· Development of generic interface to implement a new software sensor, by defining request observer inputs, states, parameters, initialisation procedure, and confidence index.

· Implementation of the software sensors developed in D2.4.

· Design and development of the customisable GUI of ODIN allowing to easily manage the several aspects of ODIN (fault detection, diagnosis, controller, software sensors, etc.) in connection with the local TELEMAC software

· Adaptation of ODIN to remotely receive XML data, process these data autonomously.

· integration of advanced controllers within the TELEMAC Odin software (gamma controller, adaptive gamma-COD controller, saturated controller, fuzzy controller)

· Coupling of ODIN to the virtual plant for extensive ODIN tests.
· Development of a module for XML generation from the virtual plant to simulate a remote process.
· Participation to controller essays at pilot scale and industrial scale. 

· Development of a simple saturation controller

· Writting of deliverable D3.1b and D3.3

WP4 – Supervision System



 

· Participation to inclusion of software sensors in the sensor network testing data coherency.

· Participation to the definition of quality indices for controllers and software sensors. 

WP5 – Software Integration





· Development of a php script allowing the connection of the TELEMAC software to an existing plant, and sending XML file to the remote TELEMAC module and/or to the ODIN module. 

WP6 - Exploitation and dissemination


· Update of the  fact sheet presenting the project in English and French.
· Representation of TELEMAC in the Winery waste conference, contact with companies.
· Organise an event open to companies in the framework of the "Club-Intech" to present anaerobic digestion and explain the work performed within TELEMAC.

· Participation to a lecture on modelling and simulation of bioprocesses held in Santiago de Compostela. Prof. Olivier Bernard, helt at Universidade de Santiago de Compostela, Spain.
· Participation to writing papers for industrial targeted companies ("L'eau, l'industrie et les nuisances") 

· Organise the TELEMAC session and round Table at the AD10 conference.

· Manage the submission of papers related to TELEMAC for scientific conferences.

· Improvement of the software to train a person working with an anaerobic plant; inclusion of a module to design a loading and problem scenario and of a module counting environmental and economical scores.
· Participation to the catalogue definition and writing.
· Participation to the technological implementation plant
· Participation to 17 conference papers and 10 journal articles.

WP7-  Project Management

· Support communication among partners and stimulate technical meeting.

· Organise meetings (Gent, Sophia, Montreal) and prepare minutes.

· Preparation of the second project review.

· Write and coordinate the QMR9, 10, 11, 12

· Write and coordinate the annual reports of year 2 and year 3.

· Check the scientific coherency of the performed work

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

· Review all documents to be delivered

2.3  INRA 

WP1 – Experimentation and validation  



· Experiments have been conducted to assess the process response to toxicants like ammonia, nitrate, high volatile fatty acids concentrations and low pH

WP4 – Supervision System



 

· Statistical validation of the defined class used in the fuzzy fault detection and isolation (FDI) modules to specify the state of anaerobic digestors has been performed.

· The results provided by software sensors (in link with WP3) have been included in the FDI to better qualify the biological state of the processes.

· Sensors networks (including hardware and/or software sensors) have been demonstrated to be efficiently managed by the FDI approach.

· Extensive validation of the FDI approach using Evidence Theory has been performed using experimental data from lab and pilot scale processes. Extention of this approach to industrial plants has been performed and only the qualification of the data has been modified while the expert rules were kept similar. The modularity of the FDI scheme  was thus demonstrated.

· Moreover, comparison of the Evidence Theory FDI system with a non modular fuzzy logic based expert system has been performed to highlight the advantage of the scientific approach developped within TELEMAC.

· Software sensors have been introduced into the sensor network diagnostic module; their results in terms of provided estimations are evaluated like those obtained from hardwware sensors. 

· Quality and coherency check for mathematical calculation used in software sensors has been studied and decision criteria have been proposed. 

· Mathematical analysis of software sensors has been experimentally validated using well instrumented processes in order to be able to distinguish between hardware sensors faults and software sensors dysfunctionnings.

· A procedure for on-line validation of controllers has been tested in simulations. However, it could not yet be validated in real life experiments. 

· Work has been performed on the Decision Support System (DSS) at the local level to decide upon the best controller to apply according to the state of the process.

· The implementation of decision rules for the selection of controllers and updating of their setpoints has been also studied.
· Advices to human operator in a natural way have been defined according to the FDI results.

· Matlab modules for FDI objectives were produced and implemented in the final TELEMAC software in link with WP5.

WP6 - Exploitation and dissemination



· Organisation of a summer school dedicated to database, with PlantML teaching and TELEMAC example presentation

· Participation to 16 conference papers and 10 journal articles.

2.4  APPLITEK
WP2 – Smart sensor development

· The testing with the newly developed on-line VFA analyser  named AnaSense® on a labscale-reactor is finalised. The implemented methods and the BCS were evaluated for the measurement of VFA and Bicarbonate.
· Testing the gas-analyser set-up: Analyser + cooler + H2S scrubber.

· Adaptations to the AnaSense® hardware and preparation of the AnaSense® software for industrial use.
· Preparation and testing of the Gas Analyser at Agralco.
· Preparation, coordination and installation of the AnaSense® for testing at a Pilot-Scale reactor (USC) and two industrial installations (Agralco and Estrella Galicia). 
· Preparation and testing the analyser for measurements of other compounds than VFA and bicarbonate.
· Writing deliverable 2.4
WP6 - Exploitation and dissemination


· Writing Paper and preparing a Poster for Montreal.

· Writing Articles for publication in IWT

· Contribution to selling catalogue writing

· Making Flyers and Folders for the AnaSense®
2.5 BIOMATH 
WP1 – Experimentation and validation  

· Review of recent literature on ammonia toxicity to fulfil reviewers comments on D1.2

· Optimal experimental design to test the titrimetric sensor (AnaSense®) at pilot scale

· Titration experiments with standards to test the Buffer Capacity Software (BCS) on the detection of other buffers (interferences) in combination with bicarbonate and VFA

· Protocol and optimal experimental design to set up a monitoring and control system at an anaerobic digester

· Design a protocol to test AnaSense® and BCS with several interferences at industrial scale

WP2 – Smart sensor development


 

· Programming two C++ modules to determine the potential buffers in the digester (and generally aquatic systems) and quantify interfering buffers  with bicarbonate and VFA measurements.

· A methodology to determine possible shifts of the pKa values of AD buffers due to temperature and ionic strength variations.

· Support the on-line test of the titrimetic sensor and analysis of the results using the BCS 

· Deliverable D2.4 “Development of two on-line analysers for the control of the anaerobic digestion process”.

· Titration experiments of real samples to test the determination of interferences using the buffer capacity  software.

· Building a Titrimetric Analyser Simulator (TAS) for testing the BCS robustness virtually  under rapid transitions among different buffers.

· General C++ function for pH calculation of any combination of mon-, di- and tri-protic buffers.

· Automatic initialisation of buffer capacity optimisation for on-line measurement of unknown buffering combinations

·  BCS Analysis of preliminary AnaSense® results at industrial scale

WP3 – Advanced Control

·  Automatic optimal experimental design (WEST - LabVIEW link) 

· Optimal experimental design for combined manipulation / measurement optimization problems

· Selection of identifiable parameters using the FIM (extension of the work done for D3.2)

WP6 - Exploitation and dissemination



· writing and  reviewing TELEMAC papers to the IWA Conference on Environmental Biotechnology, IWA 10th world symposium on AD, and WATERMATEX 2004.

· Participation to 7 conference papers and 2 journal articles.

2.6 
CESAME 

WP2 – Smart sensor development

· Completing the analysis of the observability measure 
· Study of a UASB digester
· Writing the deliverable 2.6 on optimal sensor location.
WP6 - Exploitation and dissemination


· Contribution to 1 publication


2.7  CCLRC
WP4 - Supervision System     

· Work continued 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, principally from INRA but also from Agralco, using a battery of techniques.    

· Linear regression and neural nets were applied to modelling sensor values in terms of other sensors, which is valuable for making decisions on which sensors are required and in cases of sensor failure.    

· Clustering techniques were applied to analysing bodies of sensor data with a view to improving the efficacy of decision support.    

· Deliverable D4.4, "First version of the DSS module of the TELEMAC software", was produced, also including contributions from INRA and SPES.  

WP5 - Software Integration     

· Work resumed on information security issues in TELEMAC, leading towards deliverable D5.1b.  A structure for this deliverable was defined.    

· The integration of data mining within the TELEMAC system was studied and various otpions considered.  This included evaluation of code generated by the Clementine data mining tool (C code/PMML) and defining methods for offline integration of data mining, for example for calibrating the FDI procedures.    

· Deliverable D5.3c, "Final functioning middleware and integrated systems on pilot sites" was produced.  Responsibility for this deliverable was transferred from SPES to CCLRC.  

WP6 - Exploitation and dissemination



Participation to 2 conference papers and 1 paper for Systems Analysis Modelling Simulation

2.8  SPES
WP4.3 Data base and knowledge base management

· The final version of the database was implemented using MySQL technology. The database was integrated into the local and remote software.

· Software tools for local and remote data transfer from and to the database were developed and implemented.

WP5.2 Web technologies and user interfaces

· The Web technologies implemented for data transfer and management are compliant with the open source environment. The data are transferred using the final XML format and stored into a MySQL database, organised on the basis of the structure defined in the deliverable D4.1; the data are available on a Web page for graphical representation and download. 

· For remote connection the remote user  interface was refined and improved. It is based on Web pages and can be accesses from Internet browsers with no need of a devoted software package. Now it enables: the selection of the variables; the selection of the methods; the graphical dynamical representation on a plot (up to four greatness on the same plot and/or several plot windows); the representation of the data on a table; the download of the data on the remote PC; input of maintenance actions; input of Matlab modules parameters (up to five). It provides also a multi-language support. This interface is available in both Windows and open source environment.
· A remote interface for the TCC was also implemented and is now available. This interface was developed for the interaction of the TCC expert operators with the Server/Database. It is an enlarged and empowered version of the remote interface, with the same features concerning with the data management, but with added windows and functionalities enabling a full access and interaction with the database (regulated by a system of priorities based on user name and password). It is thought to be shared on a LAN connection, enabling a multipoint access useful for a team co-operation between a server machine and several PC work stations. The same interface (enabled with user name and password) makes available the co-operation of an expert connected by Internet with the team in the TCC from everywhere.

· The local software interface was re-designed. In the final version these are the features and functionalities provided by the GUI: a synoptic panel of the plant; local MySQL database interfacing and managing; the Matlab interface; off line data input; graphical representation of the data (instantaneous and historical); maintenance actions input; chat with the TCC; control panel for manual switching of the several plant’s actuators and components.

WP5.3 TELEMAC software 

· The final version of the local software was developed and installed on the pilot plant in Bologna, and the final version of the TCC software for remote connection was installed and activated too. The whole system was completely redesigned to be compliant with the open source environment.

· An administration tool was introduced for he management of the priority access policy.
· The whole system was tested and debugged under several months of trial run in Bologna. The tests and trials involved the several software and hardware components and modules of the system.

· A plan for the installation of the TELEMAC software at the other pilot sites involved in the project was defined. A focus point of this plan was concerning the requirements for co-operation with a pre-existing software: a detailed procedure, based on the use of a mirror machine, was assessed and tested on the AGRALCO pilot plant.

· To complete the overall integration assessment also the installation for the Virtual Plant was provided with the aim to support a software tool for further evaluation of more complex operative scenarios and critical working conditions.

· Work was started on the deliverable D5.3d.

· The editing of a user guide was started with the aim to provide it during the exploitation meeting foreseen in December.

WP6 - Exploitation and dissemination


· Contribution to selling catalogue writing
· Contribution to 5 publications
2.9 USC 
WP1 – Experimentation and validation  

· A protocol for AnaSense® (titrimetric sensor developed in WP2) validation in the USC pilot plant, based on optimal experimental design was developed in cooperation with BIOMATH and tested during experiments.

· For deeper AnaSense® validation, the anaerobic reactor (EGSB-IC) of a brewery located near to Santiago de Compostela, Estrella de Galicia was evaluated. Besides, the use of this plant for final TELEMAC system at industrial scale was also considered.

· Afterwards, installation procedure and testing protocol of AnaSense® at Estrella de Galicia was carried out.
· The overload experiments in the USC hybrid UASB-AF anaerobic reactor for modelling and FDI purposes were concluded. Deliverable D1.3c Experimental data sets at industrial scale was written.
· Additional tests for validation of the COD determination methods using a defined protocol were carried out in USC laboratories, as well as in AGRALCO, ENEA and INRA. 
· Extensive experimental tests for validating the titrimetric sensor (AnaSense®) provided by Applitek were successfully carried out in the USC hybrid UASB-AF using standard solutions, for calibration and methods checking. A report compiling the experiments done was delivered. 
· The AnaSense® validation experiments were developed at industrial scale in Estrella de Galicia (work is still in progress).
· For the validation test of the controllers developed in WP3 the current monitoring software available at USC hybrid reactor was adapted. Afterwards, the non adaptive and adaptive gamma-COD controller were consecutively installed in collaboration with INRIA and tested in close loop.

WP2 – Smart sensor development


 

· USC collaborated with Applitek for installation of the titrimetric analyser at USC hybrid reactor and Estrella de Galicia industrial EGSB-IC reactor.

· USC hybrid reactor was prepared to receive the sensors from WP2 to be tested. The best point for installation of AnaSense® at the industrial reactor from Estrella de Galicia was selected and the system for the connections of AnaSense® was prepared. 

WP3 – Advanced Control


· A modification of the IWA-ADM1 model for treatment of wastewaters containing ethanol (ADM1Et) was developed. The ADM1Et model was implemented in Matlab Simulink. Overload simulation with the new ADM1Et model and comparison with experimental results from the USC hybrid UASB-AF reactor were carried out.

· Virtual test of the adaptive and non-adaptive gamma-COD controller using simulations of ADM1 in Simulink were developed. Improvement and extensive tests of the adaptive gamma-COD controller were also done. 

· USC collaborated with INRIA in the development of a virtual plant developed in Matlab Simulink.


 

WP4 – Supervision System



 

· A steady states detection module for multivariate process was developed based on Principle Component Analysis.

· An algorithm for state detection was developed using factorial discriminate analysis

· Migration of the data base into the final TELEMAC format decided among the partners (XML conversion application and database management tasks).

WP6 - Exploitation and dissemination



Writing 9 publications which were presented in conferences.

2.10 ENEA 
WP1 – Experimentation and validation  



· Developing a protocol to increase the OLR of the reactor and to reach high loading rate in short time 

· Running experiments to finalise the set of steady-states to be achieved.

· Test of the protocol to increase the OLR of the reactor and to reach high loading rate in short time 

· Evaluation of the COD analytical method and development of a modified proposal for the use in the case of high VFA concentration wastewater
· Test of the TELEMAC software’s functionalities on ENEA’s plant.

· Test of the TELEMAC system on ENEA’s plant.

WP2 – Smart sensor development


 

· Evaluation of the hydrogen gas sensor reliability in the biogas for the use of the measures in the anaerobic digestor plants

WP5 – Software Integration



· Installation management and participation to debugging of the upgraded versions of the local and remote software
WP6 - Exploitation and dissemination


· Writing 4 publications which were presented in conferences
2.11 AGRALCO 
WP1 – Experimentation and validation  



· Participation to the tests for validation of the COD determination methods using a defined protocol for various samples.

· Finishing of the experimental protocol, namely hydraulic and organic overloads, temperature and pH decreases, for modelling and FDI purposes

· First tests of the saturated controller.

· Adaptation of the monitoring software of AGRALCO pilot plant for registering on-line alkalinity, CO2 and VFA for AnaSense® validation.

· Adaptation of the plant to receive the titrimetric sensor (AnaSense®), set-up of AnaSense® and development of filtration system to deal with the high TSS in the digester. Tests of the sensor.

· Software adaptation for on-line monitoring and remote control of AGRALCO pilot plant with Odin.

· Implementation and first test of an ozonisation pre-treatment for the bagaze vinases influent in AGRALCO pilot plant to assess the effect on the process yield and stability.

· Study of the effect and degradation of phenols and polyphenols in the plant of Agralco. Set up of a method for dosifying polyphenols. Measurement of polyphenols in different steps of the process. First experiments with ozone injection.

· Contribution to deliverables D1.3.

WP6 – Exploitation and Dissemination 




· Participation to the preparation of the Dissemination and Use Plan

· Contribution to 3 publications.

2.12 LEMAIRE 
Even if Lemaire is not financially supported for its participation to the project, he contributed to the project on-going activities.
WP1 – Experimentation and validation  

· Modification of the existing software for generating .txt files that are then transformed into XML by the php script and sent to the TELEMAC remote software and to ODIN

· Modification of the existing software to acquire the data provided by AnaSense®.

· Contribution to experiment monitoring both in Agralco and Sauza

WP3 – Advanced Control



 

· Participation to controller definition, assessment of the principle and efficiency.

· Test with simulation of the proposed controllers.

· Participation to specification of virtual plant interfaces.

WP4 – Supervision System



 

· Participation to providing expert knowledge in case of default and standard actions to be remotely undertaken.

· Checking of the industrial relevance of the decisions allowed by the expert system

2.13   SAUZA 
Even if Sauza is not financially supported for its participation to the project, it contributed to the project on-going activities and provides access to data.
WP1 – Experimentation and validation  



· Finishing experimentation at pilot plant.

· Detailed monitoring of the start up of the industrial anaerobic reactor of 5000 m3 with higher sampling frequency monitoring.

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


· Improvement of the robust interval observers to better account for uncertainties.

· Improvement of the asymptotic observers to providing them with adjustable convergence rates

· Contributing to write the D2.5

WP3 – Advanced Control

· Completion of the model AMP1 considering thermodynamic constraints and inhibition from propionic acid accumulation. 

· Model parameters estimation for the AMP1 model

· Development and experimental application of a robust interval-based siso control law for the regulation of the COD.

· Participation to controller essays at pilot scale. 

· Contributing to write the deliverables D3.1b and D3.3

WP6 - Exploitation and dissemination



· Participation to 6 conference papers and 4 journal articles.

2.15 DOMECQ UK 
WP1 – Experimentation and validation  



· Monitoring of Sauza's reactor and identification of specific data sets describg the process behaviour after disturbances. 

WP3 – Advanced Control

· Participation to specification of ODIN GUI.

· Participation to controller definition and relevance of the principle; comparison with existing solutions.

WP4 – Supervision System



 

· Sharing of expertise knowledge to improve the type of decision to be taken after a failure has been detected. Checking of the industrial relevance of the decisions allowed by the expert system.

WP5 – Software Integration



· Participation to definition of the GUI requirements for the virtual plant

WP6 - Exploitation and dissemination



· Participation to defining contractual basis for assessing responsibilities of both the plant owner and the plant manager after a problem in the framework of future exploitation.

· Presentation for the TELEMAC project within the Allied Domecq consortium 

· Update of the Allied Domecq web page presenting TELEMAC activities
 

Total effort in months over the second year per partner

This table gives the total effort per partner for the period from 1 September 2003 to 31 August 2004. 

[image: image2.png]T>)>m:








� INCORPORER PBrush  ���











25

[image: image3.png]T>)>m:




_1067352614

