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Executive Summary: summary of achievements in the period
WP1
Experimentation and validation

· Last CSTR lab scale experiments

· UASB reactor is already started up and the first steady state is finished. The second steady state experiments are delayed due to technical problems.

· Pilot plants at ENEA and AGRALCO are currently caring out experiments. 

· Final step in the instrumentation of the ENEA and AGRALCO pilot plants and implementation of the control software. 
WP2
Smart sensor development

· Collection of methods to test residuals and detect and classify sensor faults.
· Mathematical treatment for simple models for sensor validation.
· Determination of a strategy to exploit the sensor network redundancy.

· Writing deliverable 2.2 on data validation.

· Testing the gas sensor.

· Development automation software for the titrimeter.
· Development of multi and probalistic observers.
· Distributed parameter model calibration and validation. 
· Studying the optimal sensor location using the theory based on the observability measure.
WP3 
Advanced control

· Application of ADM1 to simulate AD dynamics using the concise set of TELEMAC experimental data

· Parameterisation of AM2 with respect to the temperature

· Theoretical study of abnormal working mode and their impact on the bacterial population balance

· Estimation of parameters from the application of general dynamic optimisation methods, improvement and automation of these methods
· Development of 2 controllers based either on COD measurements or on methane measurements to meet the pollution requirements.
WP4 
Supervision system

· Data reconciliation and fault detection and isolation has been studied using the evidence theory when hardware redundancy is present.

· This supervision scheme has been validated using data from INRA pilot plant.

· Further consideration of this approach is being studied and almost validated when only software redundancy is present.

· The information model used up to now in the database has been refined and further developed.

· A translater of Microsoft word files to include their data into the database has been developed

WP5
Software integration

· Advancing the development of the software and hardware systems.

· The TELEMAC digital platform is running at the ENEA site in Bologna. 

· User interfaces have been developed for remote access to the TCC and for access to the databases.

· A graphical interface allowing telemonitoring (but not telecontrol) has been written in Java to complement the TELEMAC software.

· Deliverables completed and submitted 

WP6
Exploitation and dissemination

· Writing articles

· Development in Java of a benchmark for education to understand how an anaerobic digester works and can be managed

· More than 400 questionnaires were sent out. Feedback from industrials just started.

WP7 
Project Management

· Preparation of the answer to the assessment of Telemac Deliverables

· Preparation of the Narbonne meeting

· Discussion on PSPC withdrawal. Identification of partners to lead activities to be previously completed by Lemaire or PsPc. 

1 – Overview

1.1 Objectives (in the reporting period)

Objectives
Progress towards achieving objectives

WP 1- Task 1.2

Objectives: Prepare the experiment running and run the first experiments
· Last experiments at lab-scale using a CSTR 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. The second steady state is currently carried out, working the UASB at an OLR of 6 kg COD/m3·d. Several problems with the gas composition analyser are giving rise to delay in the experimental work. Experiments at lab scale and pilot scale have been carried out.

· Final step in the instrumentation of the ENEA and AGRALCO pilot plants and implementation of the control software. 
· Restart of the ENEA pilot reactor after a failure.

· Updating of deliverable D1.3a “Experimental data sets at laboratory”. Latest data were uploaded to the BSCW Telemac wokspace.
· Revision of the experimental protocol on the basis of extensive model simulation and predictions to better fulfil modelling requirements.
· Filtering experimental data from USC lab-scale CSTR

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

WP 2- Task 2.2

Objectives: establish a data validation scheme
· Planning sensor validation scheme 

· Updated simple models for sensor validation. Algorithm to estimate extreme sensor ranges based on system boundaries.

· Methods to test residuals and detect and classify sensor faults.
· Listing and testing filtering methods to remove sensor faults.
· Implementation of statistical process control charts for experimental data validation.

· Determination of a strategy to exploit the sensor network redundancy.

· Test of the experimental data consistency by considering the redundancies in the available measurement (sensor networks) based on mass-balances considerations.

· Writing deliverable 2.2 on data validation



Objectives
Progress towards achieving objectives

WP 2- Task 2.3

Objectives: Study the lab bench titrimetric sensor
· Preparing the sensor for testing on a pilot-scale reactor.

· Study of the necessary preconditioning of the biogas. Design and order parts for the preconditioning: H2S removal, cooler and sample pump.

· Study the theory of titration to develop a method to  simulate titration curves.

· Study titration algorithms and development of titration algorithm for use in the titrimetric sensor. Test the titration algorithm with titration simulations.

· Study the potentialities of the software  BOMB.

· Study the influence of stripping  CO2 on real titration curves.   

· Development automation software for the titrimeter.


WP 2- Task 2.4

Objectives: Design software sensors for the set of developed process models and for the set of possible process configurations.
· Theoretical development of multiobservers which allow a precise computation of the interval in which the state is sure to lie. Writing of a publication.
· Development of probabilistic observers in order to gain knowledge on the confidence which is placed on the estimated state variables. The uncertainty on the parameters and the initial conditions is directly obtained from the off-line identification results. Application to model AMH1.


WP 2- Task 2.5

Objectives: Study the optimal location of a wide range of sensors and recommend the type, the number and the location of sensors via the use of the mathematical models and of the theory on sensor location
· Model recalibration of the AM2 distributed parameter model and validation by using lab-scale data from hydrodynamic tests and working conditions (data provided by INRA).

· Solving the AM1 distributed parameter model using the finite difference scheme and the orthogonal collocation methods.

· Applying the observability measure theory based on [Waldraff et al., 1998] on sensor location to recommend the use of appropriate sensors, their numbers and locations.

WP 3- Task 3.1

Objectives: Develop mass balance based models that will represent normal and abnormal process working.


· Extensive simulation of model AM2 in order to improve the experimental protocol design for abnormal working conditions (USC-UASB lab-plant) 

· Simulations of the CSTR experiments with model ADM1 for  normal and abnormal conditions from USC

· Theoretical analysis of the impact of an overloading on the bacterial population balance

· Parametrisation of the influence of temperature on model AM2

· Filtering experimental data from USC lab-scale CSTR
· Testing variability of experimental data based on COD balance around the reactor

· Develop a transformer1 for fractionation of measured variables into ADM1 fractions

· Develop  transformer2  to convert the ADM1 standard output into TELEMAC measurement format

Objectives
Progress towards achieving objectives

WP 3- Task 3.2

Objectives: To estimate the model parameters and the uncertainty associated with each parameter.
· Theoretical identifiability using Maple of the parameters based on existing program;     

· Practical identifiability of the parameters based on sensitivity and confidence analyses;    

· Estimation of parameters from the application of general dynamic optimisation methods (for simple models, e.g. AMH1, the application of deterministic global optimisation has also been investigated)     

· Improvement of the aforementioned identification procedure by estimating (combinations of) the yield coefficients first from linear regression, and then using the resulting yield coefficients in the general minimisation framework (as constraints). From this approach, much more confidence is placed on the estimates. 

WP 3- Task 3.3

Objectives: To develop a set of controller for the various possible models and control objectives.
· Analysis of the impact on possible actions (total pressure in the digester, dilution rate, mixing rate, etc) on the ratio of the methane flow rate over CO2 flow rate.

· Development of a very simple controller based on model AM2 and assuming off-line measurements of the COD. The controller guaranties that the COD remains under a maximum level. Derivation of the theoretical proof of the controller convergence.

· Development of an adaptation procedure for the simple and robust controller based on methane flow rate measurement.  Proof of the adaptive controller convergence. Adaptation to off-line measurements. Writing of a publication.

WP 4- Task 4.2

Objectives: development of a modular, adaptive and general FDI system
· Refining of the state manager that handles the different fuzzy FDI modules, 

· Theoretical study of the Evidence Theory aspects of the state manager 

· Further on-line tests of the overall diagnosis structure on an anaerobic digestion pilot plant at INRA. 

WP 4- Task 4.3

Objectives: data base and knowledge base management
· First steps for the database (access, variables' names, units, …) translation in different langages (english, french, spanish, italian) has been achieved. 

· A prototype for database graphical query through web browser has been developed and presented to other partners
· Data base completion for INRA's and ENEA's applications 

· Ongoing investigations of data mining, based on sample data files 

· Validation of a WAP access to the database

WP4- Task 4.4

Objectives: Quality and coherency check for mathematical calculation
· Not started yet 

WP 5- Task 5.2

Objectives: review, gather and develop communication tools
· User interfaces available and demonstrated

·  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.

Objectives
Progress towards achieving objectives

WP 5- Task 5.3

Objectives:. Develop the Telemac software
· Integrated software available and demonstrated.

· There has been further detailed work on system design and development. The role of the remote expert with respect to the TCC has been clarified. Deliverable D5.3b, ‘First functioning middleware and integrated systems on pilot sites’, was achieved. It relates to the system developed for the ENEA plant in Bologna, though much of the development is generic. This again is a software deliverable accompanied by a report. It was decided to postpone the risk treatment for an annex to the deliverable, owing to the importance of fixing the architecture before analysing the risk treatment
· It was also decided that the previous intention to submit a revised version of the extra deliverable (not specified in the Technical Annex) D5.3a' is now no longer required, since it is covered by D5.3b.

WP 6: Increase the Telemac visibility
· Development in Java of a benchmark for education to learn how an anaerobic digester works and can be managed. 
· Attendance to international conferences and writing of articles.

WP7 : Keep project on track
· Preparation of an answer to the assessment of the deliverables performed by external experts.

· Allocation of some of the tasks to be performed by Lemaire to other partners.



1.2 Milestones

Milestone
Planned date
Actual date
Comments






1.3 Deliverables
Deliverable Code & Name
Planned delivery date
Actual delivery date
Comments

D6.2, ‘Dissemination and use plan’
31 August 2002
18 March 2003


D4.2, ‘Data base for measurements recording and plant architecture description’
30 November 2002 
4 April 2003


D5.2b, ‘First functioning user interfaces’
28 Feb 2003
4 April 2003


D5.3b, ‘First functioning middleware and integrated systems on pilot sites’
28 Feb 2003
4 April 2003


D2.2, 'Data Validation'
28 Feb 2003
4 April 2003


1.4 Deviations from Plan

Delays in experiments are the consequence of a bug in the TELEMAC software tested at ENEA which led to the  crash of the digestor. The restarting was necessary.

Several problems with the gas composition analyser of USC are giving rise to delay in the experimental work

1.5 Risk or problem anticipated 

The consortium has lost of its motivation after receiving the answer from the EC project officer containing his decision not to fund all the work realised. There is a clear gap between  the EC view and the consortium one's on the quality of the work performed and the time necessary to achieve it. The consortium does not understand the EC position which seems to be only ready to finance innovative work when implementation work should also take place to finalise the project applications.

After the refusal at the start of the project from the EC to keep Lemaire as a partner and the withdrawal of PsPc, its possible substitute, the consortium reallocated part of Lemaire's task between some of the Telemac partners. At present, it is still not clear whether all the work which was supposed to be performed by Lemaire can still be completed by the partners. 
2 – Contractual Arrangements

The consortium agreement is still not finalise. It should be signed before the end of April 2003.

3 - Project Meetings (held and foreseen)

Title
Date and Place
Main conclusions

 Plenary meeting
January, 27th-28th
Narbonne 
    Project on track 





4.1 Conferences, workshops, demonstration, technology transfer attended/organised/foreseen by the project

Date
Type and Title/Scope
Number of persons attended + other information

February 5-7, 2003
4th MATHMOD International Symposium on Mathematical Modelling, Vienna, 
3

22-23-24 Janvier 2003
Instrumentation et gestion de l'information en traitement des eaux", Colloque Automatique et Agronomie, AutoAgro 
4

4.2 Articles Published , Press coverage, development web sites, etc.

Date and Type
Details

Paper presented during a scientific conference
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

Paper presented during a scientific conference
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 22-23-24 Janvier 2003, pp. 249-260.

Accepted paper
Zaher U., Rodríguez J., Franco A. and Vanrolleghem P. A. (2003) Application of the IWA ADM1 model to simulate anaerobic digester dynamics using a concise set of practical measurements, IWA Conference on “ENVIRONMENTAL BIOTECHNOLOGY-Advancement on Water and Wastewater Applications in the Tropics”2 – 3 MAY 2003, Johor Bahru, Malaysia

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

Paper submitted
L. Lardon, J.P. Steyer : "Using evidence theory for diagnosis of sensors networks: application to a wastewater treatment process", submitted to the 18th International Joint Conference on Artificial Intelligence (IJCAI'2003) Workshop on Environmental Decision Suport Systems (EDSS'03), Acapulco, Mexico, August 09-15, 2003



Paper submitted
P. Neveu, L. Lardon, C. Hacquardt, B. Simon, J-Ph. Steyer : "PlantML, un langage pour la gestion répartie de bioprocédés", soumis au 3ème colloque STIC et Environnement, Rouen, France, 19 et 20 Juin 2003.

Paper submitted
O.Bernard and J-L Gouzé. Closed loop  observers bundle  for uncertain biotechnological models. Submitted to Journal of Process Control.

5 - Main results

Experimental data are produced and used in the other workpackage. Software development is under progress and the first TELEMAC software versions are tested on the plants. The gas sensor has been developed and is currently being tested. 

Project on track.

6 – Project Effort

 See effort tables hereafter: 

  

 Effort in hours over the reporting period per partner (Planned & Actual)
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Effort in months over the reporting period per partner (Actual)
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 Effort in hours over the reporting period per partner (Planned & Actual)
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Effort for the reporting period (person months)
Number of working hours per month:
Contractor WP 1 WP2 WP3 WP 4 WP5 WP 6 WP7 Total
ERCIM 0,58 1,10 1,68
INRIA 1,82 4,42 0,08 0,88 7,20
INRA 4,00 0,50 0,25 4,75
APPLITEK 3,40 3,40
BIOMATH 1,00 2,50 1,50 1,00 6,00
CESAME 2,32 2,32
CCLRC 0,33 0,67 1,00
SPES 0,40 1,10 0,80 5,00 7,30
usc 2,12 0,83 0,08 3,03
ENEA 1,70 1,16 2,86
AGRALCO 1,55 0,30 1,85
PsPc
SAUZA
uDG
DOMECQ UK 0,10 0,10 0,22 0,41
DOMECQ BR

Total 6,37 10,44 7,12 6,06 7,33 2,51 1,98 41,80
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Effort for the reporting period (person hours)
WP 1 WP 2 WP 3 WP 4 WP 5 WP 6 WP 7 Total

Contractor P A P A P A P A P A P A P A P A
ERCIM 73 77 92 146 165 2230
INRIA 183 242 273 588 10 11 67 17 533 958.0
INRA 400 533 67 67 34 467 634.0
APPLITEK 289 510 289 5100
BIOMATH 80 135 570 338 205 203 150 135 1005 8110
CESAME 313 3130
CCLRC 53 44 158 88 211 1320
SPES 99 54 112 148 135 108 250 675 596 9850
usc 186 278 93 109 10 10 289 3970
ENEA 230 230 140 157 370 387.0
AGRALCO 200 220 26 43 226 2630
PsPc
SAUZA
uDG
DOMECQ UK 14 14 14 14 40 32 68 60,0
DOMECQ BR

Total| 696 863 1141 1457 604] 953 695 808 615 987| 309 342 159 263 4219 5673
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