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1. Project summary

Targeting an unstable biological process, the TELEMAC project proposes a set of adaptive and customisable tools for the small units in order to improve the quality of their depollution process, reduce the treatment cost and increase the derivative products output. It is stressing on the synergy expected from the merger of robust advanced control algorithms and supervision systems based on artificial intelligence techniques.

Its objectives are to:

· Provide a set of tools to assist a remote expert centre in managing a wastewater treatment plant through internet. This will improve the process reliability and quality.

· Guarantee a customised depollution system to SMEs i.e. characterised by a low cost, plug and play installation and easily portable architecture

· Decrease the depollution cost (maintenance cost , operational cost, post treatment cost, initial investment)

· Improve derived products output, and in particular provide a biogas quality suitable for cogeneration

The TELEMAC project will rely upon 7 specific yet inter-dependent workpackages.

· WP 1 will run the experimentation and validation aspect of the project. It is therefore the cornerstone of the TELEMAC project as it is involved from the very beginning by providing data (at lab, pilot and industrial scale) and in every major step of the project, up to the final validation.

· WP2 will focus on the Smart Sensors development. It will specify the sensors requirements, design and build both hardware and software sensors, integrate fault residues in the sensors to improve the information reliability, validate and integrate optimally sensors from lab to full industrial scale.

· WP3 will provide the Advanced Control system relying upon validated models in normal and abnormal working conditions. It will develop models, on line estimate the main model parameters, and design robust controllers to achieve optimal control and help the process to recover in case of failure.

· WP4 will design the supervision system by providing an adaptive fault detection and isolation strategy. It will develop knowledge base and data base management, learning algorithms and provide assistance to human to help them address the problems.

· WP5 will be dedicated to software integration, analysing information security requirements and setting up web based interfaces and communication tools. It will integrate all the TELEMAC modules into a functioning whole.

· WP6 will ensure an efficient exploitation and dissemination of the results, both in the scientific and industrial domains. This last point will rely on a deep end users’ involvement and a prepared implementation phase.

· WP7 will co-ordinate the project scientifically and administratively. It will create the necessary conditions for the project to achieve its objectives and perform the project review to guarantee the quality of the actions implemented.

Once every WP output validated and integrated in the achieved final TELEMAC system, the project will not only have provided scientific improvements (sensors network, new models, remote control and supervision systems..). The TELEMAC project will also allow the development of new economic activities that can be foreseen as there is actually no match for what the project offers to SMEs. New companies will develop by providing remote assistance for wastewater treatment

plants management world wide.

2. Project objectives
The objective of the TELEMAC project is to design a modular and reliable system supporting a remote monitoring and control of small depollution units with no local expertise. This system, relying upon information technologies and automatic control, is designed to provide a framework for the ISO14001 certification and to allow small and medium units (mainly SMEs that cannot afford an expert for their wastewater treatment plant) to meet the European pollution constraints (European Directive 91/271/EEC and 98/15/EEC) 

This projects is aiming at developing a general, but adaptable, remote supervision and monitoring system. By using a network of intelligent sensors and web technologies, this project focuses on bringing new methodologies issued from the IST field to the conservative world of water treatment. The framework of the TELEMAC project will integrate the data collected by the sensors, detect fault or abnormal working conditions, and activate model based controllers to optimise the technology of anaerobic depollution and solve its unstability. 

TELEMAC is stressing upon the synergy expected from the merger of advanced control algorithms based on a modelling of the anaerobic fermentation and supervision systems based on artificial intelligence techniques to monitor the functioning of the process. In that sense, the core of this project is to couple an advanced non linear model based approach, issued from control science, to a supervision system related to artificial intelligence techniques. The global outcome will be a remote monitoring system designed to meet the SME’s expectations, improve depollution,  cogeneration process and solve problems automatically or with the help of  an expert centre via internet. TELEMAC plans to use web resources to give the remote expert control centre the capacity to perform his role of supervising, monitoring and, if necessary, reconfiguring the control policy, over several plants.
2.1 TELEMAC’s  motivations

Reducing pollution generated by a widespread network of industrial units is a major issue. This is all the more true with specific and polluting industries like wineries where the treatment of vinasses and alcoholic wastes  is difficult. These wastewaters have a deep environmental impact in Europe (e.g. European viticulture represents 60% of the global production) of  as well as in other regions of the globe (Mexico, Brazil...). Most of these wastes are produced by SMEs and generate an important pollution. For example, a middle size winery generates a pollution equivalent (in Biological Oxygen Demand) to 15 000 habitants. For, a middle sized Tequila producer, it is equivalent to 125 000 habitants. The alcoholic beverage producers belong to the category of sensitive industries that have been given special attention (see 91/271/EEC Annex III). The high environment damages associated with alcohol processing justify alone the need to address this problem. This is why TELEMAC is essentially focused on the treatment of vinasses and alcoholic wastes. 

For the purpose of project efficiency we decided to focus on this wastewater because of its deep environmental impact. On top of this, the following reasons justify to focus the vinasses treatment challenge:

· Vinasses are composed of difficult and concentrated substrates that require anaerobic digestion treatment

· In Europe the vinasses are produced mainly by SMEs that have their own treatment plant but cannot afford an expert to monitor it.

· The polluter-pays principle guarantees that these companies will dedicate a significant budget to wastewater treatment processing.

2.2 TELEMAC’s Challenge

In order to maximise the success of the depollution process, we decided to focus on an re-emerging industrial wastewater treatment technology, the anaerobic digestion, which clearly 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 degrade the organic matter. It presents very interesting advantages compared to the traditional aerobic treatment: it has a high capacity to degrade difficult substrates at high concentrations, produces very few sludge, requires little energy and in some cases it can even recover energy using methane combustion (cogeneration). 

But in spite of these advantages, industrials are reluctant to use anaerobic treatment plants, probably because of the counterpart of its efficiency: it can become unstable under some circumstances (like variations of the process operating conditions). 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. During this period, no treatment can be performed by the unit. It is therefore a great challenge for computer and control sciences to make this process more reliable and usable at industrial scale. The project stresses on the fact that the depollution processes are often regarded as being non productive and industrial companies are reluctant to  invest in deep field expertise.

To sum up, the TELEMAC project has to develop an efficient and reliable monitoring system for controlling anaerobic digestion, despite the variability inherent to the biology. Managing such an efficient but unstable nonlinear biological process is a challenge that will require both environmental technical skills and IST competencies. With such a system , the depollution of the threatened areas, even remote, will be achievable. The TELEMAC project will provide SMEs and larger corporations with both the “tool” (efficient anaerobic wastewater treatment plant) and the  “knowledge“( remote expert centre via internet).

2.3 TELEMAC Project Objectives

Targeting an unstable process, the TELEMAC project proposes a set of customisable tools for the small units in order to improve the quality of their depollution process, reduce the treatment cost and increase the derivative products’ output.

1. Provide a set of tools to improve the process reliability and quality to manage the wastewater treatment plant (WWTP) with a remote centre of expert using internet resources. The advanced control system must ensure the optimal working of the process and the supervision system must set an alarm on in case of failure. If the problem is simple enough, the supervision system must trigger dedicated automatic control algorithms that will help the system to recover. If not tackled automatically, the system must decide which human intervention is required, local technician (e.g. for pump failure, leak, ...) or remote expert. All these incidents and the measures taken must increment the data base to feed back the supervision system. The TELEMAC solution must therefore  provide an integrated procedure that will increase the reliability of the process in order to guarantee that the plants respect environmental norms. 

2. Guarantee a customised depollution system to SMEs i.e. characterised by a low cost, plug and play installation and easily portable architecture. This requires to develop a flexible and modular solution that will ensure that the supervision system adapts both to the wide process variety (plant, sensors, actuators) and to the owner requirements (objectives, budget ....). As a result, the TELEMAC project must be able to improve with a low budget any plant, regardless of its size and equipment (i.e. pH and liquid flow rates measurement). 

3. Decrease the depollution cost, the project will stress on the following lines:

· The maintenance costs will decrease as a consequence of an efficient preventive maintenance (resulting from a monitoring procedure that will estimate the drifts in the process parameters and variables). 

· The operational costs will shrink by lowering the running costs (energy, chemicals ...). This will be based on algorithms optimisation, resulting from optimal control theory. 

· The cost of the post treatment performed by lagoons or aerobic sludge will decrease as a consequence of improving yield and addressing both carbon and nitrogen removal of the anaerobic step.

· The initial investment for the waste treatment plant will be reduced through smaller WWTP units,  consequence of the higher depollution yield allowed by the TELEMAC system.

4. Improving derived products’ output :

· Allowing cogeneration for middle size units (equivalent to more than 20 000 habitants). This will be ensured by constant biogas quality (ratio CO2 /CH4) and quantity.

· Recovering of by-products : tartrates, antioxidants…

These objectives will allow the firms to implement an Environmental Management System (EMS) to meet International Standards, and in particular to obtain the ISO 14001 certification that will guarantee new markets and improve their customer image.

3. Participant list
	
	List of Participants


	Role
	N°
	name
	short name
	Country
	Date enter project
	Date exit project

	C-F
	1
	European Research Consortium for Informatics and Mathematics
	ERCIM
	FR
	1
	36

	C-S
	2
	Institut National de Recherche en Informatique et en Automatique
	INRIA
	FR
	1
	36

	CR
	3
	Institut National de la Recherche Agronomique 
	INRA
	FR
	1
	36

	CR
	4
	AppliTek
	APPLITEK
	BE
	1
	36

	CR
	5
	Department of Applied Mathematics, Biometrics and Process Control, Gent University
	BIOMATH 
	BE
	1
	36

	AC
	6
	Université Catholique de Louvain
	CESAME
	BE
	1
	36

	CR
	7
	Council for the Central Laboratory of the Research Council
	CCLRC
	UK
	1
	36

	CR
	8
	Società di Progettazione Elettronica e Software
	SPES
	IT
	1
	36

	CR
	9
	University of Santiago de Compostela 
	USC
	SP
	1
	36

	CR
	10
	National Agency for New Technologies, Energy and the Environment 
	ENEA
	IT
	1
	36

	CR
	11
	AGRALCO, S. COOP 
	AGRALCO
	SP
	1
	36

	CR
	12
	Pierre Lemaire 
	LEMAIRE
	FR
	1
	36

	CR
	13
	SAUZA
	SAUZA
	MX
	1
	36

	CR
	14
	Universidad de Guadalajara
	UDG
	MX
	1
	36

	CR
	15
	ALLIED  DOMECQ 
	DOMECQ UK
	UK
	1
	36

	CR
	16
	ALLIED  DOMECQ 
	DOMECQ BR
	BR
	1
	36


*CO = Co-ordinator (or use C-F and C-S if financial and scientific co-ordinator roles are separate)

 CR - Principal contractor

 AC - Assistant contractor

4. Contribution to programme/key action objectives

The TELEMAC project is answering the 5th Framework program expectations not only by addressing the Programme Vision, the Priorities for WP 2000, but also by focusing on Key Action I and I.4.1. TELEMAC will  first stress on the Ubiquity and User-friendliness the Program Vision promotes: 

· The Ubiquity aspect of TELEMAC is reflected in the remote Telecontrol and Tele-monitoring of  any Wastewater Treatment Plant, used to dispatch human expertise and processed information over disseminated plants. In that sense, TELEMAC is “an efficient networking and computing infrastructure, with advanced mobile and networked embedded systems that enable any-where/any-time access to services ”.

· The User-friendliness dimension is ensured by the mere nature of the project, aiming at developing a customised tool designed to match the end user’s expectations. A specific user-friendly interface will allow any SME’s local technician to access the TELEMAC services. The objective is to give access to highly technical expertise with a plug and play system that does not require a “steep learning curve”. 

This project is then in line with the WP2000 Priorities and Key Action I (System and Services to the citizen) when it “develops embedded technologies” to provide an “ anywhere/any-time flexible access” to improved tools and methodologies, in order to emphasise the reliability of anaerobic WWTP technology. On top of this, the TELEMAC project will strengthen the synergy of technological breakthroughs and SMEs to “develop applications and services” born from this collaboration.

The Key Action I.4.1, Intelligent environmental management, risk and emergency systems (focusing on generic systems) is the core of the TELEMAC project. 
· Improving “environmental quality” will be a natural outcome of fighting  disseminated water pollution by reducing the pollutants emission. This will preserve water resources in general and protect rivers in particular, in some specific regions or countries. 

· “Increase reliable information” by processing the data obtained by smart sensors through models is how TELEMAC plans to optimise the management of anaerobic WWTPs. 

· In order to get the most accurate data, this project will not only develop smart sensors, but will also design a specific  smart “sensors network”. 
· “Advanced model simulation and forecasting”  are going to support TELEMAC’s ability to model the  complex biological process in normal and abnormal working conditions. 

· The outcome is to provide a “decision support system” to help both the local technician and the remote expert to identify a problem, solve it and optimise the plant management.

· TELEMAC will also be able to provide the appropriate biogas quality and quantity to support an efficient co-generation process. This is addressing Energy and Environment in the field of water resources management, as mentioned in the “1999 Action Line on generic systems for environment”.

· Ultimately, the TELEMAC project  is relying on SMEs and a larger industrial partner that have already expressed their desire to develop these “activities for the uptake of successful results”, that have no match nowadays. 
On top of this, TELEMAC will also achieve IST Support Activities as it addresses the point VIII.1.6, Enabling RTD Co-operation with 3rd Countries.  This project is effectively relying upon a close collaboration with research institutes and industrial partners from Latin America. Mexico and Brazil are effectively threatened by the shrinking life expectancy of their fresh water resources, which, in some places, should not last more than two decades if no action is taken.       

The main contribution of the project is to develop new tele-monitoring services for SMEs generating concentrated pollutants. This will enhance the creation of new companies to improve the management of wastewater treatment through the Web.
5. Innovation

5.1 State of the Art in monitoring and control of anaerobic digestion

The management of anaerobic digestion processes is often very rudimentary. The sensors currently used are very basic (ubiquitous liquid/gas flow, temperature and pH), and the process runs in open loop. This situation contrasts with the recent results obtained in various field related to the management of WWTPs. Indeed, studies have been carried out in the technologies of biological wastewater treatment process, in on-line facilities, supervision and automatic control. They have brought evidence that bioprocesses could be optimised and that efficient biological pollutant removal could be achieved. 

New sensors based on robust technologies like UV or sturdy probes, are appearing (Thomas 1995, Wacheux et al. 1996, Londong and Wachtl 1996, Thomsen  and Kisbye 1996, Vanrolleghem  1995) useful for anaerobic digestion, seems sufficiently robust to be used in the context of wastewater treatment, but their price remains inhibitory. 

Artificial Intelligence (AI) methods such as knowledge-based systems or fuzzy logic have brought new insights and introduced a "biological dimension” into control and supervision of biological processes (See for example Kiupel and Frank  1996, Marsili-Libelli and Muller 1996, Steyer et al. 1997, Pullammanapppallil et al. 1998, Genovesi et al. 2000). 

The methods issued from the non-linear control theory have also found some applications in wastewater treatment. It resulted both in the design of observers (software sensors) (Bastin  and Dochain 1990, Bernard et al. 1999) and in control algorithms (Dochain and Perrier 1993, Perrier and Dochain 1993, Bernard et al. 2000). But these methods were based on a wide variety of models (Graef and Andrews 1974, Hill and Bart 1977, Costello et al. 1991, Batstone et al. 1997, Bernard et al. 2000). and were not made to keep operating under abnormal conditions. Moreover, the control requires more robust algorithms in adequacy with the variability inherent to this biological process. 

This is probably why most studies were performed at a laboratory scale and hardly any advanced controllers were implemented at the industrial scale. 

AMOCO, a European project partly funded by the FAIR Programme, that ended in December 1999, was designed to improve monitoring and control of anaerobic digestion of another industrial wastewater. One of the objectives of this project was to develop a diagnosis procedure for anaerobic wastewater treatment processes. The project produced significant and encouraging results concerning both advanced control and failure detection for anaerobic digestion. Its results stress the interest of coupling advanced automatic control and artificial intelligence in order to monitor and control anaerobic wastewater treatment processes. Another conclusion is that further development in the anaerobic digestion field should be directed toward the development of more robust algorithms, with respect to different uncertainties and process changes. Finally, to maintain the sophisticated algorithms, it turned out that availability of live expertise (eventually through internet) was mandatory. Only under these conditions will the algorithms be used at an industrial scale and bring their undeniable benefits.

In conclusion, to fill the gap between research lab experiments and industrial needs, the TELEMAC project proposes to focus on the four following innovations. 
5.2 Main innovations proposed by the TELEMAC project

Smart sensors development 

The wastewater treatment field suffers from a major lack of sensors, both reliable and highly informative. The problems with current monitoring technology is that a difficult choice must be made between either reliable, low information content sensors (e.g. pH probes) and, alternatively, high information content, fragile measuring devices (e.g. nutrient sensors). 

In the proposed research, the reliability of the low information content sensors is enhanced by linking together operational low information level sensors through analytical models. This will allow to test their global coherency and to derive highly informative estimations of some process variables through software sensors (observers). This sensor network will be perfected using the concept of aspecific sensors that are based on a robust methodology. The TELEMAC project is expecting considerable improvement of the quality of the information collected thanks to the synergy of the sensor network and aspecific sensors.

The inclusion of fault-detection and diagnosis techniques within the data analysis system, instead of a supervision system will enhance the quality of the smart sensor's outputs. The fact that the measured value is matched with a characterisation of its uncertainty is another innovative feature of the proposed smart sensor. The supervision system will then decide more easily how to optimise the  use of the received data. If they are of high quality, very accurate decisions can be made, whereas in the other case, more prudent decisions will be adopted.

Modelling the faulty system 

When dealing with complex systems like anaerobic digestion, several causes of process changes (biological adaptation, biomass inhibition, overloading, pump failure,...) can lead to model breakdown. Therefore, after such accident, the control algorithms based on a model developed for standard working conditions are no longer able to fulfil their role. 

Nevertheless, the main purpose for a controller is to help the system recover in case of problems (failure in the physical environment or in the biological activity), in particular, during the process start up, during a destabilising phase… A control action based on an appropriate model would be particularly useful, and in the same way, it is vital that the monitoring algorithms still work during a process failure.

In order to build an efficient control and monitoring procedure, particularly in case of failure, models  will be developed especially for abnormal working conditions. The first step will be to identify the most frequent failures  (pump failures, inhibition of the biomass), then to reproduce them during lab experiments and finally to develop models for these situations. In particular, we will design a model for the very low pH values that are characteristic of the acidification of the fermenter. 

Other models that describe biomass behaviour in case of inhibition, the clogging of the fermenter, etc will be developed. Designing the above described model, able to deal with abnormal working conditions, is an important innovative point in the field of wastewater treatment. 

Coupling diagnosis and advanced control techniques

We propose to strongly couple advanced control based on analytical models with supervision techniques based on artificial intelligence. The main expected outcome is to improve fault detection and isolation, and to guarantee that the advanced control algorithms used on-line are compatible with the overall state of the process.

The fault detection and isolation module must be able to detect if the process is working in a faulty environment, and determine the problem’s origin. If a failure is detected, the model corresponding to the  symptoms of the process will be chosen from the model base developed specially for faulty situations. Then, the software sensors and the control algorithms based on the selected model will be activated. 

The supervision system must not only test the integrity of the process, it also has to verify that the selected algorithms (controllers, software sensors, fault detection, …) do their job properly. For that, it must be able to check the coherence of the algorithms’ outputs with their theoretical properties (convergence rate, dynamical behaviour, …). If they turn out to be inefficient, an alarm will be triggered.

In addition, the supervision system will take 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 (i.e., mainly analytical model based control) and advanced supervision systems (e.g. based on fuzzy logic, qualitative reasoning, machine learning, ...) is a very promising and innovative idea for biological wastewater treatment process. It might also be the only valid way for the system to optimally achieve the desired objectives. 

Remote supervision of anaerobic digestion processes

The fourth innovative aspect is the original management approach of a WWTP. The new idea is to extract significant information from events occurring on the plant. Data from the sensor network, faults, controller outputs, simulations, expert consultancies are not regarded as single and isolated events. They are combined and joined together by the supervision system, using typical tools of the IST, such as expert systems, data mining and Internet technology. 

The outcome is structured, harmonious and formalised on-line information. This will improve the knowledge on plant operation and will be successfully employed to optimise the cost/performance ratio. The history of the plant can be invoked directly to feed and improve the management policy, and in fine, to make its tele-management accurate and efficient. 

By spreading intelligence over the plants, by optimising the cost/performance ratio through the specially designed hardware and software, the TELEMAC project plans to reduce to the minimum the need of expert intervention during the regular work of the plant. Should live expertise be required, web resources will allow tele-monitoring from the control centre, organised as a network of experts located in different places. This remote expertise pool will be able to supervise, monitor and, if necessary, reconfigure the control policy, over more plants.

6. Community added value and contribution to EU policies.

6.1 The European dimension

It has long been recognised within the European Union that the quality of the environment is an issue that transcends national boundaries. From the early 1970s, co-ordinated environmental action at Community level has been undertaken. The Treaty of Amsterdam enshrines the principle of sustainable development as one of the Community’s aims, and deals specifically with harmonisation measures and their relation to national provisions to protect the environment. The European Environment Agency was established in 1990 and has the mission to establish a seamless environmental information system, which is done to assist the Community in its attempts to improve the environment and move towards sustainability, including the EU’s efforts to integrate environmental aspects into economic policies.
Pollution in particular is not a national issue. One has only to think of the consequences of ‘acid rain’ on forests located in countries remote from the source of the pollution. River pollution, which is specifically addressed by the TELEMAC project, is of the same type. For example, the Danube has suffered serious pollution with phosphorus compounds as a result of industrial production and fertiliser use in some of the countries through which it flows. Such pollution must be considered at a European scale. Indeed, the EU is a participant in several conventions designed to reduce pollution in international waterways. 
One of the key components of the TELEMAC project is the idea of remote expert centres, whose function is to remotely monitor the wastewater treatment plants and to deal with problems when these exceed the capabilities of the local technicians. These remote centres could well be international: indeed the existence of accredited centres accessible to businesses in all countries of the EU and beyond is an attractive feature of the TELEMAC idea.

6.2 European added value

One of the strongest features of TELEMAC is that it builds a synergy between two technical fields which have up to now interacted little: advanced control algorithms based on a modelling of the biological processes, and supervision systems based on artificial intelligence techniques to monitor the functioning of the processes. The TELEMAC partners are European specialists in these fields of expertise. It would not be possible to a build a project within a single country which covered so well the required expertise. The end-users represent a sample of the processes that can be found around Europe and elsewhere in the world. This diversity is necessary to guarantee the generality of the TELEMAC end-products.

The TELEMAC project will also take benefit from a previous European FAIR project (AMOCO, Project FAIR-CT-96-1198) which objectives were the development of a diagnosis procedure for wastewater treatment plants. The AMOCO project produced significant and encouraging results concerning both advanced control and failure detection for anaerobic digestion. One of the conclusion of this project was that we cannot avoid to have an expert to monitor the system. Indeed, the sophisticated algorithms needed regular calibration, changes,… 

Finally it led to the idea of developing more robust algorithms and to have an ubiquist expert that will be in charge of the monitoring various sites through Internet. The results of the AMOCO project have also demonstrated the interest to couple the advanced control and the artificial intelligence approaches. The new project is more dedicated to the synergy between automatic control and information technologies, with a special issue for the monitoring via Internet. This project includes partners who took part in the AMOCO project.
6.3 EC policies

TELEMAC is targeting a class of treatment plants that is widespread in Europe. Indeed, alcoholic beverage producers belong to the category of sensitive industries that have been given special attention (cf. European Directive 91/271/EEC Annex III). Because of this generality, there is scope for a reciprocal interaction between environmental performance improvement and legislation.

The European polluter-pays policies have encouraged the SMEs generating pollutants to invest in wastewater treatment plants. For example, in France the pollution taxes for the wineries have increased by a factor 14 from 1988 to 1998. This resulted in medium-sized and small size wastewater treatment facilities, which must be managed by companies that do not have any expert in this wastewater process.

The main expectation of the TELEMAC project is to provide the SMEs, and particularly the wineries, with a supervision system that will help them to better process their effluents and therefore to meet the European regulations in order to better protect our water resources. If the treatment cost decreases, there is consequent justification for strengthening the legislation to reduce the generated pollution level. TELEMAC will encourage uniformity, reliability and predictability, and thus provide a framework for ISO14001 certification, and to allow small and medium units to meet the European pollution constraints (European Directive 91/271/EEC and 98/15/EEC).

The TELEMAC project will also be applicable to states aiming to accede to the European Union. In 1993, the European Council declared that ‘Accession will take place as soon as an applicant is able to assume the obligations of membership by satisfying the economic and political conditions required.’ In 1997, the Council underlined that ‘as a prerequisite for enlargement of the Union, the operation of the institutions must be strengthened and improved in keeping with the institutional provisions of the Amsterdam Treaty’—which as we have already seen deals explicitly with environmental considerations. There is an Instrument for Structural Policies for Pre-Accession which provides pre-accession assistance for environmental, transport, agricultural and rural development projects. The extensive utilisation of the TELEMAC results in pre-accession countries will contribute to their meeting the criteria in the environmental area.
The TELEMAC consortium includes partners from Latin America. It is a privileged way for Europe to collaborate with these emerging countries. The interest of this collaboration for European partners is twofold. The project will allow an entry into a new market and to take advantage of the Internet to market European technologies in Latin America. It will also enable scientific and technical exchanges with Latin America whose level of some universities is comparable with the best universities in Europe.

7. Contribution to Community social objectives. 

The contributions of TELEMAC to the Community social objectives are twofold:

· First order, i.e. the immediate contributions which will arise from the exploitation and deployment of the TELEMAC end-products.

· Second-order, i.e. the subsequent consequences which will arise as the benefits of the TELEMAC results are generally seen, and new opportunities arise to take advantage of them.

The immediate first-order contribution of TELEMAC will be to the quality of the European environment. When operational, the TELEMAC pilot plants and subsequent installations will help to reduce water pollution. The technology will improve wastewater treatment reliability and efficiency at anaerobic plants, and therefore reduce pollution. It has the potential to cause a significant decrease in pollution in many European rivers. In the long term, TELEMAC will preserve environmental resources. This will be a major asset in some regions where clean water resources are at threat. A persistent issue in the environment of Europe (and elsewhere) is the quality of groundwater. Europe’s groundwater is endangered in many ways. Significant pollution by nitrate, pesticides, heavy metals and hydrocarbons has been reported from many countries. Although smaller quantities of pesticides are now being used, environmental impacts are not necessarily diminishing because the range of pesticides in use is also changing. The demand for clean water is expected to grow throughout Europe. This may aggravate the already tense water supply situation in areas which already face problems, such as the Mediterranean countries, particularly during dry summers. Hence any contribution to reducing the pollution of natural water resources is highly valuable.

A second-order consequence of TELEMAC will be the stimulation of a new economic activity: the tele-monitoring of wastewater treatment plants via the Internet. This will be an emulation factor that will contribute to the development of information society technologies in Europe. It will act as a demonstration of the economic value to be obtained from judicious use of such technologies to improve efficiency through remote control and monitoring.

A particular corollary of this is the delocalization of the expert knowledge to tele-monitoring centres. The project’s end-products will consist of tele-monitoring and tele-maintenance software that will stimulate the creation of tele-monitoring companies resulting therefore in employment for this new market. Because of the Web facilities, these companies will be able to manage plants located anywhere in Europe. This will probably also enhance the specialisation of these firms for the treatment of specific effluents. In particular, it will allow some end-user companies from less favoured regions of Europe to take benefit of the advanced technologies developed. Without the benefits of TELEMAC, they would have to operate at reduced efficiency and reliability and would be at risk from pollution incidents.

It is not expected that any employment will be lost as a result of TELEMAC. The experts at the remote monitoring centres will not be replacing the local technicians, but rather aiding them in their tasks. The technicians will continue to run the treatment plants on a day-to-day basis, but with responsibilities better suited to their level of skill.

Important economic development can be foreseen, not only in Europe, but also world wide, especially in some countries where water pollution has reached dramatic levels. TELEMAC will provide a cheaper, safer and more efficient wastewater treatment alternative. The inclusion of Latin American partners in the TELEMAC consortium is already an indication of the seriousness with which the problem is viewed outside Europe, and of the interest in adopting the solutions developed.

The TELEMAC project will be particularly beneficial to classes of SMEs in Europe. The Community has specific policies relating to SMEs. In order to help improve the competitive position of SMEs, the Community’s Third Multiannual Programme (1996–2000) for SMEs provides a framework within which measures may be taken to provide improved services and information to SMEs. to simplify and improve the administrative and regulatory business environment The main objectives of the programme include :

· to help SMEs to Europeanise and internationalise their strategies, in particular through better information services ;

· to enhance SMEs competitiveness and improve access to research, innovation and training.

With respect to both these objectives, the TELEMAC project will interact positively. In the first case, by providing a reliable and proven mechanism for an important part of the environmental strategies of a whole class of industry ; and in the second, by reducing costs, improving efficiency, and reducing the risks of contravening environmental legislation.

It has been perceived that SMEs find themselves at a disadvantage with respect to large companies in responding to environmental legislation. In the TELEMAC context, SMEs such as small or medium-sized wineries find it difficult to afford an expert for their wastewater treatment plant. The results of TELEMAC will mean that such companies will be better able to run their plants efficiently and cheaply and to comply with environmental regulations.
8. Economic development and S&T prospects

8.1 Exploitation of the results 

The TELEMAC project will open new business opportunities to tele-monitoring companies and will support European excellence in this field. New companies designed to offer the TELEMAC service will be set up.

Some partners involved in the project are willing to jointly design the first company. With an operational TELEMAC system, this company’s first customers will most likely be our industrial partners. This would be done at a reasonable price. They will implement this new technology on their own sites, not only locally but also internationally as one industrial partner has facilities world wide that could use such a system. More precisely, among the thirteen European distilleries of Allied Domecq, the majority does not use anaerobic treatment and concentrates the vinasses instead. This results in high energy  requirements and negative environmental aspects (Nox, Cox). Other distilleries have temporary agreements allowing them to reject their diluted wastewater but the legislation will strengthen soon. A priority will be given to a whisky distillery in Spain (Segovie) located in a national park which legislation is harder every day.

Once this is done, the next step would be to promote TELEMAC in targeted countries. These countries  will have to be selected through a serious market study revealing parameters among which:

· level of governmental implication in depollution techniques

· degree of water pollution

· tax penalties when  the depollution norms are not respected

· number, nature and state of active wastewater treatment plants

· benchmarking analysis to see if the process can be a substitute to other ageing techniques

· other industrial activities interested to treat their waste (pig’s rejections, wood, olive oil..)

· Industries’ interest in cogeneration

· ….

This will create job opportunities in Europe and intensify economic collaboration with non-European countries. Technicians, mathematicians, anaerobic experts will be needed to run, optimise and calibrate the systems. The demand for an efficient and low cost depollution process is huge. Therefore it can be forecasted that once operational, the company’s activity will skyrocket, along with employment.

In order to support this development, the company will have to focus on an efficient dissemination on different levels:

· Local: to target specific activities and offer a customised service.

· International: to ensure a broader distribution of the system (thank to remote technology)

· Scientific: diffuse the scientific information obtained (models, smart sensors) through publications to advertise the system’s innovative aspect.

· Governmental: to  get full support of local authorities to develop this activity in order to protect the country’s fresh water resources and fight pollution effectively.

· Industrial: to advertise the TELEMAC service to private companies that might not have heard about its capabilities and efficiency.

Coupling Governmental and Industrial diffusion is similar to the “Push and Pull” marketing theory:

Indeed, the first effect will be to advertise the TELEMAC system’s assets to industrial companies. Presenting a low cost, efficient and reliable process, will PUSH the TELEMAC service towards industrial customers.

The second effect of this strategy is to get full governmental support. When informed about the system’s capability and efficiency, a local government might impose stronger tax penalties and depollution constraints, especially if its pollution level is calling drastic measures. This will PULL industrial companies towards the  TELEMAC depollution solution.

8.2 Dissemination

Therefore the dissemination of results and progress of the project requires the establishment of different communication channels between the project and users, industries, governmental and academic institutions.

The action of dissemination is moreover composed of different activities:

· Papers related to the work will be presented at workshops and conferences, and will be submitted for publication to the broader scientific community. In particular the results could be published in Water Research and, Water Science and Technology ,which have a deep impact on the wastewater treatment field.

· The major regular national and European meetings will be attended, and reports will be produced for the benefit of non attending consortium members as appropriate.

· Workshops on issues related to the work will be attended by team members.

· it will be taken care of the diffusion of information at national level through the associated Companies of winery: a CD ROM containing the project results, will be prepared and diffused;

· the creation of an Internet page of the project, links to all partner web site will be provided;

· When the first company offering the TELEMAC service will be operational, all the traditional advertisement supports can be used: specialised magazines, mailing, direct marketing…. Because it will be offering a new service, the company will have to adopt an offensive and pro-active communication strategy to impose its unexpected “product”. 

The TELEMAC project has been designed accordingly to  a broad panel of end user requirements. It will provide a new service answering SMEs’ demand not only in Europe, but also beyond EU boundaries.

8.3 European Market expectations

The viticulture production in Europe is approximately 60 % of the total production of the world. The number of winery companies is very relevant: in France, Italy, Spain, Portugal, Germany and Greece, there are more than 4.000 companies which have an individual output higher than 30.000 hectolitres per year. The production of alcohol and fine brandy is also very high in Europe. There are many distilleries in all the above mentioned countries. The ecological problems caused by these activities are an important issue.

The TELEMAC project is suitable for the several kinds of European distilleries (a majority of them do not have any wastewater treatment process). It is also suitable for winery companies with a production of more than 30.000 hectolitres per year. From an economic point of view, in the European viticulture production and distillery sectors, there is a very high demand for innovation in WWTPs; to improve  the management and the maintenance of these plants, in an effort compatible with SMEs’ resources.

The treatment of the spend wash (vinasses), heavily loaded effluents, is currently achieved through various processes, from concentration to anaerobic plants or fully aerobic solutions. Some of the plants are even at the early stages of treatment and have to choose a way forward. The benefits expected from this project are seen as a breakthrough for anaerobic technology, to build the confidence and support for more of these digesters.

Actually, these anaerobic plants represent the best solution in terms of energy consumption over long term perspective. The difficulties in their stabilisation and the high initial investment have until now been a limitation to their development in Europe and in the world. By improving reliability and efficiency TELEMAC project resolve these two issues.

Nowadays, the application of control and optimisation methods in WWTPs has been mainly developed for urban  wastewater treatment (aerobic activated sludge). So far, this was done in configurations exceedingly over dimensioned for both cost and performances and only easily used by an expert or trained worker. This is the most important reason for the SMEs to reject this approach.

TELEMAC will address these issues and lower depollution cost. Through tele-monitoring, it will replace the need for expensive on site expertise by remote management and  by using IST technology, TELEMAC  will optimise the process. 

Therefore the European companies that will be in charge of the tele-monitoring of wastewater process can also supervise treatment of wastes from industries outside Europe. The market therefore extends far outside the European community. This market may be very important in less developed countries (Mexico, Brazil, ...) that produce high amount of alcohol which cause severe environmental damages.
8.4 Global Market demand

The South American TELEMAC industrial partners have expressed their interest in such a system. Because their substrates are highly pollutant and because no efficient policy has been implemented yet, there is a huge demand for an efficient depollution system, all the more so as in some regions, the depollution norms are likely to be strengthened as some fresh water resources are already threatened.

Therefore the alcoholic beverage industries in countries such as Mexico and  Brazil, represent a very interesting market for the tele-monitoring technology of this project. In these countries, high amount of alcohol are produced in the elaboration processes of their traditional beverages. It also should be mentioned that the general alcohol production in Brazil is a very large market as sugar-cane alcohol is used as an additive in car fuel. 

The production process generates even higher amount of vinasses which cause severe environmental damages. For instance, in the production of tequila, 7 litres of vinasses are generated per litre of tequila produced. It is clear that the environmental problem reaches enormous proportions if we consider that the production of these beverage was nearly 200 million of litres in 1999. 

These figures have led  the Mexican government to impose stringent conditions in the water disposal facilities of all local tequila factories. As a result of the tequila vinasses norm, these factories agreed to have a proper wastewater treatment system working by the end of 1999. Such factories, however, did not meet the environmental standards of the tequila vinasses disposal norm.  They claimed that in order to solve the problem, they need more time to understand the complexity of the tequila vinasses and to operate the anaerobic digestion of such wastes in a proper manner. They have hired environmental contractors from the U.S.A. and France to consider the major environmental problem caused by tequila vinasses; up to now, they have had no or very little success.  

The main reasons for this are the lack of knowledge on tequila vinasses and the lack of appropriate sensors for monitoring the system variables. This is the reason why we included Mexican teams (the University of Guadalajara and a Tequila producer) to the TELEMAC project (some of the TELEMAC partners already worked with them). UDG has been working in a joint project with LBE , Narbonne, to develop and implement monitoring and robust control techniques for similar anaerobic systems. SAUZA, on its side,  is trying to meet the tequila vinasses disposal norm  and to have a positive environmental impact on the Tequila region. They already have been working in a semi-pilot facility to understand the anaerobic digestion of tequila vinasses and on the scaling up of such a process.

We believe that TELEMAC will have a deep impact in the solution of the problem. On the one hand, it will provide the necessary technology to measure or estimate key variables to improve the operation of the anaerobic digestion and reduce the environmental damage.  On the other hand, it will give TELEMAC partners the possibility to apply innovative and advanced control techniques on the system through the net.  

8.5 Other competitive Advantages 

The TELEMAC project through the optimisation of the WWTP performances, is improving the reliability and efficiency of the anaerobic process.  Optimising this process will increase depollution, not only for the wine and spirits industry, but also for other agricultural activities such as industries dealing with pigs’ rejections, the olive oil residues, etc.

When fully operational, TELEMAC will be able to produce constant quantity and quality of biogas. It then makes consistent the idea to equip  middle size plants with  a small cogeneration unit based on biogas (of at least 250 kW). This will lead to a significant reduction of the energy running cost, but not only. 

Global warming and the signing of the Kyoto Protocol will create a world-wide market for new electrical generation equipment that could exceed $100 billion per year. The challenge of sustainable development will be to minimise the environmental impact while maintaining the necessary energy service levels. The world's electricity systems will increasingly be based on small, localised power projects such as cogeneration and renewable energy. This will bring economic and environmental benefits compared to traditional, remote and centralised power systems.

Cogeneration contributions will come from gas turbines, diesel and gas engines, fuel cells, and microturbines, leading to a multi-billion dollar per year combined cogeneration equipment market in the US and Europe. Global cogeneration capacity in 1998 was about 200 GW, a little more than 6 percent of world generation capacity. That fraction is close to that of the US cogeneration percentage. The portion climbs as high as 60 percent in Sweden and falls to 2.5 percent in France.

Distributed cogeneration technologies will engender new multi-billion dollar markets that will change forever the way that societies furnish themselves with electricity, heat, and cooling. Sales of these microcogenerators could total $10 billion in a decade as they power homes, small businesses and industries, and remote sites. Therefore projects like TELEMAC are important and are a necessary step to any real life application. The main objective is to ensure the wider dissemination of the obtained results. 

Finally, The TELEMAC results will allow the firms to implement an Environmental Management System (EMS) to meet International Standards, and in particular to obtain the ISO 14001 certification that will guarantee new markets and improve their customer image.
9. Workplan

9.1 General description
9.1.1  Description and motivation
Traditional industrial plant management

The depollution processes are usually managed along a classical scheme. The process is monitored by a few sensors (pH, liquid flow rates, …) that provide raw data. This information is directly used by a human operator to tune the actuators (pumps, electrovalves, …). Even if this is the most widespread management approach, it has a lot of weaknesses and gives rise to low depollution performance. 

It is generally acknowledged that controlling such a complex non-linear system as anaerobic digestion can not be done at view, and that its behaviour is not intuitive at all. Indeed, due to the unstable nature of the process, if the operator was to let the system run outside the standard operating points, the dynamical behaviour of the process might change radically (this can occur e.g. after an overloading, or after inhibition of the bacteria that degrade the organic matter).  

The destabilisation is due to an accumulation of intermediate compounds resulting from an imbalance between two bacterial populations that play different roles in the organic degradation process. This phenomenon is pernicious since it is hard to detect with the few measurements actually available on the plants. When detected, it is too late and almost impossible (at least for a human operator) to put the process back on operating track. The destabilisation is often caused by a problem on the plant (pump failure, leak, biomass inhibition) that is not detected early enough. Managing an anaerobic plant manually increases the risk of failures. After such a problem, it takes weeks (and eventually months) to restore the anaerobic plant’s efficiency. This corresponds to the period necessary for the biomass to recover by having the appropriate balanced bacterial florae . 

The usual consequence of human management is that in order to reduce these risks, the process is used way below its optimal capabilities. Most of the time, the outcome is a low depollution efficiency. Nevertheless, even in these safe conditions of under-exploitation, a process destabilisation can still occur. 

Resulting from the risk of process failure and bad depollution quality, the wastewater processing cost is very high, and most wastewater treatment plants are over dimensioned. Moreover, the quality of the biogas produced is not adapted to the cogeneration requirements. 

In  lab advanced management 

In some trial applications, a second level of anaerobic digestion processes management has been performed (Bernard et al. 2000, Steyer et al. 2000, Punal et al. 2000, Alcaraz-González et al. 2000 ). It consists in using the available process measurements to feed an automatic controller that commands the actuators in order to regulate a chosen variable around a set point. 

In the scientific literature, some solutions have been proposed (analytical model, neural net or fuzzy logic based controllers) to control depollution processes, such as anaerobic digestion. Such controllers have occasionally worked in parallel with a fault detection and isolation process in order to detect major problems as early as possible. On this specific point, a European project has been run in order to develop this principle. 

In this second management level, a major step toward process security and depollution quality has been made. Nevertheless, the solutions were almost never adopted by industry. The reason for this is that the control and supervision system developed is very complex. It relies on advanced control and supervision algorithms that are based on a theoretical representation of the process. It turns out that maintaining such a complex system without local expertise is almost impossible. And this is all the more crucial as  these depollution processes are regularly updated and modified. On top of this, the models used for the controller (despite the automatic parameter identification procedure) also need a regular recalibration. Even in lab study, it is very rare to run the same control system  more than a few months without human intervention. Therefore a qualified person must be involved in the supervision and control process. 

In fact, the main reason why this second level was not implemented at industrial scale  is because it was relying on the idea that the expert system and the controllers required no live expert support. To use this solution at large scale, human expertise should have maintained both the control and supervision system, which was not realistic, particularly for SMEs. This is all the more true when the depollution processes are regarded as being non productive and are therefore granted a minimal budget. 

Remote advanced management proposed by the TELEMAC project 

To improve security and depollution quality without requiring a local expert, the TELEMAC project proposes to rely on a remote expert to manage the process. From the Remote advanced management point of view, the process is  now observed by the available sensors and the information obtained is used by a system including adaptive and coupled modules.

 The Fault Detection and Isolation system checks that no problem is appearing. In normal working conditions, the TELEMAC system optimises the depollution efficiency and the by-products recuperation (gases for co-generation, tartrates, entocianes, …). If a problem occurs, an alarm is activated, the most suitable model for the situation is chosen and provided to the advanced control module. This model is used by the controller to help the process recover or to manage it in abnormal conditions. The supervision system then decides whether the problem can be addressed locally by a technician, or if an expert is required. 

In the first case, an interactive user friendly environment will help the technician to locate the problem and guide him through repairing the failure. In the other case, regarding major failures, an expert is alerted and given advanced information to identify and solve the problem. If needed, the expert may have to communicate directly with the local technician and interact with him/her.

The underlying ideas of the TELEMAC project is that the monitoring cost of one expert will be shared by the different plants he/she supervises. Supervision in itself will then be cheaper, as the depollution costs  will shrink thanks to improved maintenance and reduced failure risks. The TELEMAC solution will then provide a more reliable way to manage a depollution plant, and it should help the industrial to obtain the ISO14001 certification.
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Figure 1: The TELEMAC management solution

9.1.2.  Functionalities of the TELEMAC System

Adaptability and customisability

To achieve a better depollution quality, regularity and improve by- exploitation, the TELEMAC system has to be adapted to the SMEs requirements. It must provide a customisable and adaptive solution which will be replicable and fault tolerant. 

The supervision system must be designed to adapt to the various technologies among which a homogeneous or spatially distributed fermenter, free or attached bacterial biomass, etc. The possibilities to act on the process can vary (liquid flow rates, recirculation rates, product addition,…) and different types of sensors should measure various elements. The proposed solution must then be modular and customisable, with respect to all these process components. 

The installation of the TELEMAC components on the site must be done rapidly within a short period of time. But it must also adapt to the requirements and budget of the end-user. For some plants that do not need a high depollution quality, a simple solution may be designed, based on some available measurements. For the industrials which are aiming at the ISO 14001 certification, and which are using the biogas for cogeneration, or whose substrate is difficult to degrade, it may lead to a more complex system that will ensure optimal quality and security, and for which additional sensors may be implied. 

Because of potential changes in the general process manager objectives (that can evolve due to the changes in the environmental norms), the chosen solution has to be adaptable rapidly and easily. To address this issue of anaerobic process diversity, WP1 consists in providing data, testing and validating the developed algorithms and sensors from end-users that represent a wide diversity of plants and wastewater. The adaptivity and modularity requirement will be the guide line along the project.

More information from sensors

For the remote control and monitoring system, the sensors must provide a precise idea of the process state to a remote expert.  This is the objective of Workpackage 2 and the corner stone to achieve efficient control and supervision of the process. 

On-line information for a depollution process is often very limited since informative, reliable and cheap sensors are very rare. We propose then to improve the quality and quantity of available information by providing three new functionalities. 

First, new sensors must provide highly informative measurements at a reasonable price. These sensors must be based on robust techniques for them to be routinely implemented on-line. Of course, the use of these new sensors will be conditioned by the budget devoted to the depollution process (cf. adaptability requirement). It may be specific to high performance process management. 

Second, the information given by the available sensors in validating the measurements has to be improved, by setting alarms if the sensor seems to be out of order and developing autocalibration routines (smart sensors). 

The third and last point, is to combine the information available from the sensors with the process model in order to check the consistency between all the measurements and estimate the non measured variables (software sensors).

Optimise the process operation and help recovery

The TELEMAC solution must provide tools to optimise the process operation. Workpackage 3 will be focusing on this aspect. This optimisation must be performed along the three following criteria: security, depollution and cost. These correspond to conflicting objectives, leading therefore to a trade-off. The security aspect consists from a mathematical point of view in remaining in the attraction basin of the functioning point and apply control actions that guarantee a large stability margin. 

The quality of depollution must guarantee that the effluents fit the environmental norms. The variability of the effluent around its reference value must also be minimised. 

Finally, the costs induced by the control action (energy, product added to the wastewater,…) must be minimised and the process by-products (biogas, tartrates, entocianes,…) value must be maximised. The control action must not only optimise the process operation, but it must also help the system to recover in case of problem. Usual advanced control techniques are limited by the fact that they are based on a single process model. In case of failure, this model is often no longer adapted and the control algorithms based on it become inefficient. 

The novelty in TELEMAC is that once a problem will be identified by the Fault Detection and Isolation (FDI) module, a model specifically developed for this case will be chosen in the  model base, to allow the appropriate controller to operate.  

Three level fault detection

Workpackage 4 will ensure that the TELEMAC system will be able to detect a failure on the process, and to identify its causes. The fault detection must be performed at three levels. 

The first level is the one which is traditionally considered. It concerns the sensors, actuators, and the physical components of the plants (pipes, vessel, etc…). Finding a failure in these components is the classical way to treat the FDI problem for wastewater treatment plants. 

However, the two other fault levels are more innovative. 

The second level of problem concerns the biochemical part of the process. Detecting an abnormal behaviour of the bacteria responsible for degradation of pollutants is a more complicated problem. 

The third level concerns the control and supervision algorithms used to manage the process. In other words, we also expect from the FDI process to be able to detect if a controller does not fulfil its task or if a model is not appropriate, and this constitutes a brand new approach. In fact, in this third level, all the algorithms that are used by the supervision system are considered as devices that can fail. 

Another requirement for the fault detection system is that it must detect the fault corresponding not only to usual problems, but also to the drifts of the system itself. An early detection of these drifts (for the three considered levels) will support preventive maintenance and will be an important progress for a depollution process.
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Figure 2. the three fault levels that must be tested

Adapt to the absence of local expertise

The TELEMAC system must provide services to avoid the need for local experts. In that sense, the process must be entirely managed through the web, as stated in Workpackage 5. It must therefore be robust when facing problems caused by the remote management. In particular, it must be secured to certify that only the expert will be able to perform actions that may have a strong impact on the process and risk major damage both on the depollution plant and on the environment.

The TELEMAC system must also ensure that the process is still working in safe conditions even if the network has a failure. The advantage of the remote monitoring is that the information and history of several plants can be stored simultaneously in a data base, and exploited to improve the process management. 

Finally, even if an expert is in charge of the process, a local technician is required. He shall intervene to change a component on the plant, perform some necessary maintenance operations, etc. Therefore it is very important for this technician  to find his place in the monitoring system. He must be able to adopt the supervision system and make  it his. This will be done by giving him a partial freedom in some choices regarding the plant management, and by developing a user friendly environment. This aspect will be stressed in the project, and a special corollary will de made to develop a simulator to train both the technician and the expert to use the TELEMAC system.  
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Figure 3: scheme of the TELEMAC system

9.1.3  Methodology

Overview

During its realisation, the TELEMAC project will enhance inter-disciplinary collaboration. It will require skills in mathematics, control science, environmental technology, computer science and biochemistry. This multi-disciplinary project will focus on an environmental problem, i.e. wastewater treatment.

TELEMAC is run by a consortium of European and South American partners. The already existing collaboration between partners in Europe and between Europe and Latin America will ensure the quality and efficiency of the collaboration.

In order to facilitate the realisation of an operational system at the end of the project, the TELEMAC partners have chosen to split the technical issues into five sub-systems dealing respectively with Experimentation/Validation, Smart Sensors,  Advanced control, Supervision and Remote monitoring. To each of these technical sub-system will correspond a specific workpackage, independent, yet relying upon one another to move forwards. 

The modules produced by these workpackages are connected together in a user friendly environment, and take benefit of the Internet possibilities for tele-monitoring in WP5. The modelling, development and testing of algorithms and sensors will be performed thanks to  workpackage 1 dedicated to running of experiments at lab, pilot and industrial scale. Workpackage 6 is dedicated to the result exploitation and WP7 deals with management.

The workplan includes many interactions and information fluxes between the workpackages to help the partners to strongly collaborate.

Every workpackage has been assigned one Leader. In fact, every technical workpackage relies on two main partners, one of them being the leader. This will give the TELEMAC team additional stability and improved co-ordination.
Experimentation and validation

Workpackage 1 is dedicated to the experimental work. It is at the same time the starting point (data supply) and the final point (validation) for most of the workpackages. The experimental work will be performed on a variety of anaerobic processes present in the project, and will cover 3 considered scales: lab (USC), pilot (ENEA) and industrial scale (partners Agralco, Sauza and Domecq BR). The experiments at industrial scale will be monitored and supervised by LEMAIRE using the first TELEMAC version, that will then be upgraded  with the last version of the modules as they are validated.

On this last point, AGRALCO will be more concentrated on the cogeneration aspect. SAUZA will allow to test the system with a very difficult substrate (Tequila vinasses) for which no treatment process is routinely working. DOMECQ BR will focus on the by-product recovery (biogas, tartrate,…), it will also particularly represent an isolated unit. DOMECQ UK is representing 13 distilleries in Europe. This will provide the TELEMAC project with sufficient end users perspective to better assess their expectations and needs. This network will play a major role in the validation phase.

The experiments will first consist in observing the process reaction to modifications of the influent concentration and flow rate. Both the transients and the steady states will be observed. The model used for the advanced control (WP3) will be developed on the basis of the data generated by these experiments. The smart and software sensors of WP2 will be calibrated and tested during these experiments. 

Then experiments will be performed to reproduce accidents (pump failure, overloading, …) that could occur and lead to process destabilisation. At lab scale, total process destabilisation will be reproduced. These innovative experiments will serve to establish the models that will be used in WP2 and WP3. The fault detection system will also take benefit of the generated experimental data and an accident simulation will test it. When a first version of the TELEMAC software developed in WP5 is available (second year), it will be tested along with the experiments. 

The security information process for the Internet will then be operated on the pilot plant. Experiments to test the performance of the advanced control and fault detection system will consist in pushing the system to its limit (for the pilot scale) and verify whether the controller works properly and that faults are detected. 

Part of  workpackage 1 will be dedicated to the estimation of an optimal protocol allowing to rapidly deploy (i.e. to set up and calibrate) the TELEMAC system on any plant. This is a necessary step to guarantee that the TELEMAC system can rapidly adapt and be duplicated to any industrial plant. The efficiency of the determined protocol must be proved at the industrial scale.

Finally, the performance and the gain expected by the TELEMAC supervision system (depollution quality, cost of treatment, reliability, cogeneration improvement) will be evaluated through the results obtained in this experimental phase for each anaerobic fermenter represented by the partners.

Smart sensors network

Workpackage 2 has a determinant impact on the success of the project. The information provided by already existing sensors will be improved to estimate concentrations of key components in the influent wastewater and in the fermenter. A data validation and filtering approach will be lead to minimise the noise and remove aberrant values. The innovative idea here is to consider globally the information provided by the sensors in a “sensor network” (figure 4). The low level information from the sensors will be amplified and validated using models that link the various measurements.

On a first level, simple models based on physico-chemical constraints consideration will be used to check the coherency between several measurements. On a second level dynamical robust models of the process (developed during WP3) will serve to estimate the coherency between all the data as well as between the model and the data (Boudaoud A.N and Masson 1998).  This method can also be combined with artificial neural networks (Steyer et al. 1997). It will therefore allow to perform an automatic recalibration and provide alarms that will indicate a failure. The error residuals will be used for the Fault Detection and Isolation (WP4). The sensor network will thus provide an estimation of the data coherency and at the same time provide values for the un-measured variables. 

A second direction will be followed by partners AppliTek and Biomath, in order to develop new sensors that provide determinant information to improve the process management. This information will be extracted  from aspecific sensors that are based on reliable measurements (UV, IR, pH, gas flow…). In particular, the concept of in-sensor-experiment (Vanrolleghem and Coen 1995) will be explored for anaerobic digestion. The methodology consists in using a measuring system in which it is possible to conduct short, dedicated experiments with a sample taken from the process to be monitored (e.g. a mixture of wastewater and anaerobic sludge taken from the reactor). The characteristic of these aspecific sensors is that they need frequent calibration. For this, we will take benefit of the information provided by the sensor network which will enhance the possibility of automatic calibration. An important point of both the hard and soft sensors is that they must provide an estimation of the uncertainty of the measurement. 

The concept of predictive sensors will also be introduced. An estimation of the state of the process provided by the software sensor will be used by the model to predict its evolution in the future. This tool can be used to improve the process management. 

Finally, a study of the sensor’s optimal location for processes that present a strong spatial distribution will be included. It will be associated with an estimation of the distribution of the biochemical quantities in the fermenter using software sensors for distributed systems. 

The hard and soft sensors will be tested and validated along with the experiments performed in WP1. The quality of the measurements generated by this workpackage will be a very determinant aspect to detect a failure in the process (WP4) and to achieve the control objective (WP3). The hardware and software sensors will then be integrated in the TELEMAC software developed during WP5. 
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Advanced control

In workpackage 3 the anaerobic process will be modelled by partners INRIA and UDG, using classical ordinary differential equations (ODE). An intermediate description will be required for the model to be used for control and monitoring purpose.  The models will rely on consideration of the main mass transfer between the chemical and biological species (Bastin and Dochain 1990) and will be supported by the data collected in WP1. 

First, a model will be developed to represent the system in normal working conditions. The model will be based on an improvement of existing models (Costello et al. 1991, Batstone et al. 1997, Bernard et al. 2000).  New models will be designed to represent the cases of process failure. Hybrid models including neural networks will also be considered. The model parameters will be identified offline (during the TELEMAC system set-up in the industrial phase), and the parameters that mostly influence the process (determined by a sensitivity analysis) will be on-line estimated. 

The different models will be used to design the controllers, on the basis of the available measurements (WP2). The control approach must be robust to the large uncertainties characterising the biological field. To guarantee robust properties for the model, we propose to apply the bounded error approach based on work that has been performed these recently (Gouzé et al. 2000, Hadj-Sadok and Gouzé 2001). Instead of considering punctual values to determine concentrations, biomass and parameter values, we will deal with ranges of values: we will choose the interval based approach recently appearing for observers and controller design. This approach is a kind of “worst case analysis” that will guarantee the process stability in the worst possible case. This explains why an important output of WP2 is the estimation of the actual measurement and its standard deviation. In that sense the controller is the central element since it will ensure that the systems fulfils its role. 

However, to guarantee that the advanced control is efficient, even if the interval approach is a very robust method, it must be based on the appropriate model corresponding to the actual working conditions of the process. Therefore the controller choice must be strongly coupled with the fault detection (WP4). Indeed, the model retained for control will depend on the working state of the process estimated by the FDI module (normal, start up, overloading, …). The efficiency of the control algorithms will be demonstrated and evaluated in the experiments performed in WP1. Finally the controller module will be implemented in the TELEMAC software developed in WP5.

Supervision System

The objective of Workpackage 4 is to develop a system to check that all its components work properly. Otherwise it should detect a fault and isolate it. The fault detection developed by INRA will take benefit of the measurements provided by the hard/soft sensors (WP2). It will be based on algorithms used in artificial intelligence techniques (neural network, fuzzy logic) that will generate fault signals (Frank 1994, Isermann and Ballé 1997). 

The fault detection will also rely on data mining from the data base stored in the remote centre, to determine if the behaviour is unusual with respect to the past history. The data base will include records from several plants, and the history of the other plants will also be exploited by CCLRC for detection of abnormal operation.  

The fault detection system must work at the three above mentioned level: the physical components of the plant, the biochemical part and the control and supervision algorithms themselves. Addressing the first point is a usual issue, and the main innovation will be to develop rules that will adjust themselves by identifying the fault threshold. The determination of an abnormal state of the bacteria will refer to a model of the process (WP3) and to the analysis of the past history contained in the data base. The results of the software sensors (WP2) will be used to detect the problem (strong biomass decrease, imbalance between the different bacterial species,…). To judge on-line if an algorithm does its job properly, the actual process behaviour must be compared with its known theoretical behaviour that would be obtained if the algorithms would work correctly. Criteria must identify the required performance, and estimate a discrepancy with this theoretical behaviour. 

When a problem is detected (abrupt failure or drift outside the tolerance domains), the decision must be taken to treat it locally (automatically, or with the help of  the local technician) or to refer to the remote monitoring centre. This can require interaction with the local technician to fix the problem. The solution of the problem will be a series of actions. It will also consist in updating the model and then select the corresponding controller (WP3), and software sensor (WP2). The supervision system must then be implemented in the TELEMAC software (WP5).

Software integration

The final TELEMAC product will mainly be produced in Workpackage 5 (Software Integration) by partners CCLRC and SPES. It will consist in developing a user-friendly software that will guarantee the security of the process, that will take benefit of all the functionalities offered by Internet in order to include the modules developed during WP2, WP3 and WP4. 

The TELEMAC software will be made of two parts: one located on the plant which will include the sensors’ interconnection, advanced control and local supervision system. The other part will be located in the remote monitoring centre that will be able to manage several plants in parallel and that will store the past history of the monitored plants in a data base. 

The TELEMAC life cycle will consist of several versions of software that will progressively be upgraded. The first version will contain only a simple interface with visualisation of the plant structure and of the measurements on the plant. In the second version the validation and filtering data procedure will be integrated (WP2), it will be possible to pilot the process actuators manually and the alarms on the different process components will be represented. This second version will then integrate the smart sensors modules, control modules and supervision module as they are validated. The way to progressively update the supervision system must follow the protocols that will be later applied to modify the software modules on the remote plant.

9.1.4  Risks and contingency plans

The success of the project will be strongly dependant on the level of information that can be extracted from the sensors. In particular the use of models to connect the sensors together, test the data consistency and extrapolate the unmeasured quantities is dependent on this step. To increase the chances of having  reliable and informative measurement, the development of new sensors is an important challenge. But if the sensors have a prohibitive cost, simpler (but also less optimal) solutions will be considered, based on traditional less informative sensors.

The second issue deals with  algorithms not robust enough to be used in the framework of the biological variability. The use and development of methods designed to deal with uncertainties typical of these biological processes should solve this problem. But to guarantee that model based approaches can still be applied despite the biological and process variability, the coupling and the harmony with the supervision system must be very strong.

If it turns out that some models are too difficult to validate, or if that it is impossible to completely manage the variability with the bounded error approach, we must migrate to simpler models that will be easier to calibrate and validate, and try to compensate this deficit in theoretical representation by sensor improvement.

The experiments to test the ability of the controller in helping the system to recover may lead (at the pilot scale) to process conditions very close to destabilisation. During these experiments the risk of biomass elimination cannot be excluded. This may induce a period to restart the fermenter and involve a lag of several months in the experimental phase. In order not to endanger the outcome of this project, multiple test sites are included in the project proposal, making a certain lag in evaluation less critical to the overall project result.

Third, the TELEMAC project has been designed  with the intention to integrate Mexican partners, SAUZA  and Universidad de Guadalajara (UDG), respectively  representing the local Industry and Research domains.

Both these partners will be working with European funded institutes and companies on this project. 

UDG will get financial support from CONACyT for the TELEMAC project and a complementary study describing what is occurring internally during the anaerobic digestion of tequila vinasses. This study will allow to derive and validate a mathematical model of the process and hence to design better control schemes. Nevertheless, UDG still has to write a proposal to CONACyT in order to get such a support. The funding is approved but CONACyT has not yet opened the program to finance research projects. This program is expected to open late this month and the final answer to be given by the end of August. 

Regarding SAUZA, this company  is trying to get financial support from another CONAcyT program, called PAIDEC, which is completely devoted to technology innovation.  Discussions are currently under way to decide the best course of action to reduce the uncertainties of this financial support. Therefore, in order to maximise the funding chances, a proactive attitude is being adopted, focusing on an efficient promotion of the project targeting financing institution. This promotion is relying on several points :

- Research and cooperation with  Europe

- Efficient wastewater treatment

- European Funding acceptation

However, should the Mexican partners not be funded by their government, ERCIM, as co-ordinator of the project, could help them in submiting part of their budget (travels) to the European Commission under the « Accompanying Measures » scheme. This should allow both partners to keep an active role in the project. If this submission was to be rejected, a new proposal could be submitted either to the European Commission INCO-DC programme or to the Worldbank Infodev programme. And finally, if every attempt to preserve the funding of these partners was to fail, our Industrial partners have informed us that the TELEMAC project will still have access to the Mexican site of SAUZA for data gathering and sensor testing and that little manpower will still be devoted to the project. Therefore, the work-programme has been designed so as to obtain an operational but less elaborate TELEMAC system if the project was to evolve with very limited Mexican contribution.
9.2 Workpackage list and use of manpower

	 WP no
	workpackage Title
	Leader
	Person-months 
	Start Month
	End Month
	Deliverable No



	1
	Experimentation and validation 
	USC
	134.6
	1
	36
	D1.1, D1.2,

D1.3a, D1.3b, D1.3c, D1.3d, D1.4, D1.5

	2
	Smart Sensors Development
	AppliTek
	97.7
	1
	36
	D2.1, D2.2, D2.3, D2.4, D2.5, D2.6, D2.7

	3
	Advanced Control
	INRIA
	71.5
	1
	36
	D3.1a, D3.1b, D3.2, D3.3, D3.4

	4
	Supervision System
	INRA
	68.8
	1
	36
	D4.1, D4.2, D4.3, D4.4, D4.5

	5
	Software Integration
	CCLRC
	56
	1
	36
	D5.1a, D51.b, D5.2a, D5.2b, D5.3a, D5.3b, D5.3c, D5.3d

	6
	Dissemination and result exploitation
	ERCIM
	26.7
	1
	36
	D6.1, D6.2, D6.3, D6.4, D6.5, D6.6, D6.7

	7
	Project Management
	ERCIM
	15.9
	1
	36
	



9.3 Workpackage Description
9.3.1. Working Package 1 :  Experimentation and Validation.

Start date or starting even : t0

Lead contractor : USC

Total person months : EC: 96.7, LA: 37.9 (total: 134.6)

Person-months per participant :

INRIA: 2 – BIOMATH: 6.5 – USC: 26.5 – ENEA: 21.5 -  AGRALCO: 21 – LEMAIRE: 16 – SAUZA: 18.9 DOMECQ UK: 3.2  - DOMECQ BR: 19

Objectives 

· To provide data at laboratory, pilot and industrial scale that should allow the best identification and modelling of the process during normal and abnormal functioning.

· To define a protocol identifying the models of the process.

· Setting-up the TELEMAC system for any industrial plant.

· To validate the control and supervision system at lab, pilot and industrial scale.

· To evaluate the performance of the TELEMAC system.

State of the art

In the research area
The anaerobic technology is widely applied for the treatment of wastewater and it has been proved to be specially suitable for the treatment of concentrated waste waters (Fernandez et al., 1995). This process is very complex as it involves many micro-organisms and metabolic pathways for the degradation of organic matter into a gas mixture, the main components of which are methane and carbon dioxide (Lema et al., 1991). However, the control of anaerobic wastewater treatment plants at industrial scale is reduced to a number of physico-chemical parameters -pH, temperature, etc.- (Heinzle et al., 1993), by using single type controllers (on-off, PID, etc) and, in many cases, these plants are managed manually by a local operator.

The problem of automation and monitoring of fermentation processes, in particular anaerobic wastewater treatment, is the lack of sensors and/or analysers, which could in a reliable way give on-line information for estimating the state of the degradation process (Renard et al., 1988). The development of monitoring, supervision and control systems for anaerobic wastewater treatment plants requires not only the knowledge of e.g. mathematical or artificial intelligence tools, but also a deep knowledge of technical aspects of the equipments and behaviour of anaerobic process. Therefore, a control system for anaerobic treatment plants should be the result of combining the on-line available data, off-line measurements and detailed knowledge of the process.

Solid phase measurements (biomass kinetic parameters, methanogenic activity) give information directly linked with the state of the biomass, but unfortunately, it is not possible to carry out these measurements on-line or in a short period of time (off-line) according to the time constant of the process (Switzenbaum et al., 1990; Hickey et al., 1991).

Liquid phase parameters are very commonly used (Soto et al., 1993a, b). pH, Volatile Fatty Acids (VFA), and alkalinity measurements can indicate the occurrence of a destabilisation and the buffer capacity of the system. Substrate concentration (COD or COT) is not considered to be a sufficient indicator to forecast a destabilisation state by itself (Weiland and Rozzi, 1991). VFA concentration increase when acetogenic and methanogenic phases are not well balanced, typically in stress situations.

A decrease in alkalinity is directly linked to the accumulation of VFA and, therefore, with the destabilisation of the bioreactor. A number of authors (Powell and Archer, 1989; Hawkes et al., 1993, 1994; Guwy et al., 1995; de Haas y Adam, 1995) showed that alkalinity is an useful parameter for rapid detection of overloads and for the control of anaerobic digesters (Ripley et al., 1986; Moosbrugger et al., 1993a, 1993b; de Haas y Adam, 1995; Wilcox et al., 1995; Buchauer, 1998). Besides, there is a lack of reliable devices for its on-line determination, allowing to work in industrial environments and at a lower cost.

In general, gas phase variables can be measured on line due to the availability of well adapted sensors (CH4, CO2, CO, H2). Gas production and methane concentration give rapid information about the state of the process. However, in most cases, the variation of the methane production is  only detected in advanced destabilisation states (Switzenbaum et al., 1990; Hickey et al., 1991).

Other compounds - CO and H2 - have been proposed as state indicators for anaerobic processes. These intermediates are found at low concentrations in the gas phase and they could be indicators of imbalances between trophic groups and, therefore, being useful for diagnosing destabilizations. However, in spite of the promising results reached, the incomplete knowledge of their production linked to the behaviour of the microorganisms make necessary to increase the research effort in this field (Denac et al., 1988; Guiot et al., 1995; Guwy et al., 1995; Soto et al., 1993a; Vanrollenghem, 1995). There is, therefore, a need also for developing reliable sensors for analysis gas phase compounds.

There is an important published work dealing with the treatment of industrial wastewater of very different origins, operating at lab, pilot and industrial scales (Garrido et al., 2000; Guerrero et al., 1999; Puñal et al., 1998; Puñal et al., 1999). However, there is not enough information of the behaviour of the system during unsteady state conditions, especially when modifications of the quality of the effluents or the operating parameters occurred. 

Experimental accident simulation for an anaerobic process is very rare in the literature, and only the beginning of an overloading phase has already been reproduced and studied (Dochain et al., 2001). Some work has also been performed to better understand the start-up of the reactor (Puñal et al., 2001).

In most cases, there is a lack of specific sensors for on-line monitoring and no relevant data concerning the failures due to breakdown of specific devices or sensors of the plant are found in the literature or technical handbooks. 

At industrial scale
There are more than 1,000 digesters based on anaerobic technology treating wastewater mostly from industrial origins. Many of them are applied for the treatment of residues from agro-industrial (sugar, wine, corn processing, etc) and food and beverages industries (bear, wines, canning, distilleries...) although many other types of wastes from other origins are considered (petrochemical, wood processing,...). 

Currently, Upflow Anaerobic Sludge Blanket (UASB) reactors are the more popular ones although other technologies as Anaerobic Filter (AF), Anaerobic Contact process (AC) and hybrid (UASB-UF) are also widely applied. New recent developments such as EGSB systems  are used at industrial scale.

In most cases, instrumentation of the reactors is very simple, comprising sensors for pH, Temperature and flow (gas and liquid) meters and only in few occasions some gas analysers are installed. There is a real need for developing and applying robust, reliable and low cost sensors enabling the monitoring of the system. 

The control systems are, in most cases, simple closed –loops for controlling pH and Temperature. The actuators consists on automatic flow valves or variable motor speed pumps. The operator of the plant has a empirical knowledge, insufficient in most cases for a proper operation.

The main problems concerning the operation of industrial AD comprise three main points: 
a) Low efficiency. In many cases reactors are operated at an organic loading rate (OLR) lower than the permissible by the system. The lack for a reliable control systems made the operators working under the safest conditions (low load). This implies higher running and investment costs.

b) Unstable operation. At industrial operations scale, the characteristics of wastewaters change frequently, even depending on the hour of the day. Besides, the activity of sludges is naturally varying during the day. On top of this, as time passes, they become covered by an inorganic layer from precipitates. Lastly, equipment failures  are bound to occur at some point .
c) Inefficient gas utilisation. This feature is not compatible with a proper operation of the co-generation unit. The causes for that are: i) Frequently, gas flow quantity is not maintained at a constant  level because of the problems inherent to the variability of the process. ii) In many cases, gas composition quality can vary widely during the operation.

When analysing the specific point concerning control, there are four weak points which need to be addressed, all of them directly targeted by the TELEMAC approach:

· Lack of reliable sensors applicable in industrial environments and at a low cost

· Lack of information concerning unsteady state operation and concerning the actions what should be taken to attain the stability of the process and to prevent dangerous failures.

· Lack of “knowledge” in WWTP operators. It would be necessary to implement an assisted-decision support, helping the operators to take the best decisions in managing the WWTP.

· Control strategies currently applied are: i) Too empirical; ii) Too simple (on/off in many cases); iii) Too slow (The actions taken are very often implemented too late).

Starting point

The starting point to begin WP1 consists in:

· knowledge of the partners concerning the anaerobic process. 

· data recorded by the partners over the last years at pilot or industrial scales

· available digesters at lab, pilot, pre-industrial, and industrial scales (more details can be found in the partners starting point):

· USC: lab digesters (5l) and lab measurement devices

· ENEA: pilot digester (600l) and lab measurement devices,

· Pre-industrial digester 
In Europe: Agralco (40 m3) to be instrumented at the beginning of the project

In South America: Sauza facilities (20m3) instrumented and monitored by LEMAIRE

· Industrial digester 
In Europe: Agralco (2000 m3) instrumented and monitored by LEMAIRE, 

In South America: Sauza facilities (5000m3) should be finished for 2002, Domecq BR (450m3)

None of the partners use cogeneration for the time being.
Description of work

WP 1.1 Optimal experiment design for modelling and supervision set-up (EC: 7, LA: 1.3 Total: 8.3 MM).

Participants: BIOMATH: 2, USC: 1, ENEA: 0.5, AGRALCO: 0.5,  LEMAIRE: 2, SAUZA: 0.8, DOMECQ UK: 1, DOMECQ BR : 0.5

In this task, the experimental protocol to be carried out will be defined. 

· Collect and analyse information from the existing literature

· Collect and analyse the available data from anaerobic wastewater treatment plant (AWT) measurements. 

· Collect and study the structure of industrial plants (used sensors, actuators, type of digester, etc) 

· Define the set of measurements that will be performed in the AWT.

· Define a protocol to reproduce the main features occurring in the AWT (organic loading rate changes, influent flows, etc.).

· Collect the main process failure causes and define a protocol reproducing them experimentally. 

· Determine an experimental protocol to reproduce the starting up of the process. 

· An experimental protocol for validation and evaluation of the different modules developed in WP2, WP3 and WP4 (smart sensors, controllers, FDI) will be proposed as well as a protocol allowing the validation of the TELEMAC system.

· Estimation of an optimal protocol allowing to rapidly deploy (i.e. to set up and calibrate) the TELEMAC system for any plant. This is a necessary step to guarantee that the TELEMAC system can rapidly adapt and be duplicated to any industrial plant. For that purpose, a minimum number of sensors to be installed in any plant will be defined. The set of possible perturbations to be performed on an industrial treatment plant will also be identified. The protocol will be optimised by mathematical analysis and by running the  models simulation developed in WP3, in order to maximise the amount of information obtained during set-up experiments. 

Work splitting between partners

BIOMATH: Provide know-how for the optimal design of the experiments for modelling (i.e. what variables should be measured and where, at what frequency and for how long). To do it is necessary to have a basic model of the process since the experimental design procedure is based on simulation studies with different experimental designs.

BIOMATH will also help in the optimal design of the experiments to be used in the procedure for a fast set-up of the TELEMAC supervision system. Here, a more advanced process model will probably be required because different possible process configurations will have to be modelled adequately to evaluate different experimental designs by simulation.

Effort: 2 MM

USC (task leader):  Co-ordinate and collect the information for the optimal experiment design for modelling and supervision set-up. Collecting and analysing of available data from anaerobic wastewater treatment plant (AWT) measurements, especially those from the AMOCO project. Defining a protocol to reproduce the main features occurring in the AWT, the set of measurements and the sampling rate. Defining a protocol to reproduce the main failures of AWT experimentally. Identifying the set of possible perturbations to be performed on an industrial treatment plant to maximise the obtained information. Identifying the process parameters and the most suitable set-up of the AWT and defining the best protocol for the supervision system to be implemented on a new plant.

Effort: 1 MM.

ENEA: Participation to optimal experiment design for modelling and supervision set-up. Defining the set of measurements that will be performed in the AWT. Collecting the main process failure causes and defining a protocol to reproduce them experimentally. The experimental protocols to reproduce the starting up of the process should be determined.

An experimental protocol for validation and evaluation of the different modules developed in WP2, WP3 and WP4 (smart sensors, controllers, FDI) will be proposed as well as a protocol allowing the validation of the TELEMAC system

Effort:  0.5 MM.

AGRALCO will Participate to the specification of the experiments that can be performed at the pre-industrial scale (20m3) and at the industrial scale (2000m3). Definition of the instrumentation and type of actuators to be implemented on the pre-industrial digester.

Type of actions that can be realised to reproduce failures, start-up, overloading, etc. 

Collect of the available data and of the failures that appeared to the plant. Analysis of the communication problems. 

Effort: 0.5 MM

LEMAIRE:

· Collection of previous recorded data and formatting of data to the format defined for the data base developed in WP4. 

· Participation to the definition of experiments for modelling of the process, and set-up of the supervision system for the 4 considered scales  (lab (5l), pilot (1m3), pre-industrial (20m3) and industrial (2000 m3).

· Identification of the main troubles and failures on the process. This will result of a study et classification of the failures that happened during the 3 last years. 

· Contribution to the definition of experiments to reproduce a failure on the process, to reproduce the start-up phase, acidification phase, etc.

Effort: 2 MM
SAUZA will participate to the specification of the experiments that can be performed at the pre-industrial scale (20m3) and at the industrial scale (5000m3). Type of actions that can be realised to reproduce failures, start-up, overloading, etc. Collect of the data available from the plant start-up in August, 2000. Analysis of the communication problems. 

Effort: 0.8 MM

DOMECQ UK:

· Participation to the optimal experiment design for modelling and supervision set-up. Definition of the industrial constraints that must be taken into account to perform the experiments at industrial scale. 

· Definition of the reasonable duration and actions to set-up the TELEMAC system on a new industrial plant. 

· Report on the panel of technologies used for anaerobic digestion in the Domecq group, with respect to the organic charge and to the type of wastewater.

Effort: 1 MM

DOMECQ BR: Participation to the specification of the experiments that can be performed at the industrial scale (450 m3). Collection of the problems that disturbed the digester during the last 3 years. Type of actions that can be realised to reproduce failures, start-up, overloading, etc. 

Effort: 0.5 MM

WP1.2. Experiment running (EC: 66.4, LA: 32.6 Total: 99 MM)

Participants: BIOMATH: 3.5, USC: 20, ENEA: 17.5, AGRALCO: 16.9,  LEMAIRE: 8.5,  SAUZA: 16.1, DOMECQ BR:16.5

The development of models, smart sensors, fault detection systems, expert system for supervision and advanced controllers, requires a deep knowledge of the behaviour and trends of the process, as well as its reaction to different perturbations.  Besides it is necessary to acquire knowledge in both steady and transient states. The experiments will be ran at three levels: lab, pilot and industrial scale for the following reasons. In lab scale operations, more serious modifications can be performed. Even, experiments can be run in parallel in order to observe the different behaviours under two different conditions or in two different systems. Pilot (and pre-industrial) scale is still flexible, but many restrictions concerning the experiments appear, especially since complete destabilisation must be avoided. Finally, industrial operation is very restrictive because the AWTP treat the real effluents and no polluted discharges are allowed.

The first step will consist in implementing the instruments of lab, pilot and industrial scale reactors developed in WP2 (smart and software sensors). During the first period of the project, where smart and software sensors are not available, the corresponding operations will be performed manually. 

The experiments will first consist in observing the process reaction to modifications of the influent concentration and flow rate (organic and hydraulic overload). Both the transients and the steady states will be observed. Then experiments will be performed to reproduce accidents (pump failure, overloading, temperature changes, modification of feeding composition, entrance of toxic compounds that occasionally may enter into the AWTP  …) that could occur and lead to process destabilisation.

The lab, pilot and industrial plants will progressively receive and test the results of the other tasks (smart sensors, advanced controllers, FDI system) which will be implemented along the project. The models used for the advanced control (WP3) will be developed on the basis of the data generated by these experiments. The smart and software sensors of WP2 will be calibrated and tested during these experiments.

At lab scale, total process destabilisation will be reproduced. These innovative experiments will serve to establish the models that will be used in WP2 and WP3. The fault detection system will also take benefit of the experimental data generated and will be tested through accident simulations. 

Experiments at lab scale (USC) will be conducted on two systems: UASB and UAF, two of the more popular at industrial scale. The differences between their behaviour when their environmental conditions are modified will be determined. This will probably have direct implications on the model developed as different hydraulic characteristics are expected in both cases. The reactors will be fully instrumented in order to follow extensively all variables needed (and also other non directly needed but that can be valuable for explaining some behaviours). For that, a COD on-line analyser will be bought. Other important systems, as mass spectrometry for on-line gas analysis will be available. Sensors and flow meters and a direct line for tele-controlling will  also be available. 

The experiments at pilot scale (ENEA) will be conducted in a UASB pilot or UAF in controlled conditions (600 L methacrylate column with a height of around 6 meters will be used) to fully simulate the behaviour of a full scale plant. A strong relationship with the lab scale experimental run will allow to better address the pilot scale experimental run. Moreover, specific condition related to the full scale process that will be tested in the field will be strongly taken into consideration in the definition of the experimental run and of the operational plant conditions. Flow measurement systems (liquid flowmeter, biogas flowmeters and IR CH4 and CO2 analyser) and sensors for pH, Temperature etc. are also available. Besides a line for data transmission and reception is also available. However some specific measurement devices have to be bought and charged to the project. The kind of experiments is similar to the applied at lab scale although additional information concerning the hydraulics and the dynamics of the system at higher scale will be obtained. Important data concerning gas utilisation for co-generation (mainly based on biogas composition and average daily fluctuation) will be obtained from those experiments.

Once a first version of the TELEMAC software developed in WP5 is available (second year), it will be tested along with the experiments. Besides, the developed sensors will be also tested at lab and pilot scale. The security of the process will then be tested on the lab plant. Experiments to test the performance of the advanced control and fault detection system will consist in pushing the system to its limit (for the lab and pilot scale) and verify whether the controller works properly and whether faults are detected. 

In the final phase of the project, the control strategies will be implemented in the industrial reactors, already provided with the necessary sensors and measurement devices, and tele-controlled. For that purpose, three reactors, working in industrial environments will be operated (AGRALCO, SAUZA and DOMECQ). AGRALCO and SAUZA will operate first in a digester of a pre-industrial size. In that case an influent with an organic load of about 30,000 mg COD/m3 will be treated. Then, once the overall control system has been validated, full-scale plants will be operated. For that purpose the digesters in Agralco (2000 m3) Sauza (5000 m 3 ) and Allied Domecq Brasil (450 m3) will be instrumented and equipped with the necessary sensors and control system. In that phase all the aspects related to co-generation will be checked and validated. 
	
	Lab (5l)

USC
	Pilot (600l)

ENEA
	Pre-industrial (40m3)

AGRALCO*
	Industrial (2000m3)

AGRALCO*

	Normal working

Steady and transient responses
	XXXXX
	XXXX
	XXXX
	XXX

	Overloading
	XX
	X
	X
	

	Start-up
	XX
	X
	XX
	

	Failure 1
	XX
	XX
	XX
	X

	Failure 2
	XX
	XX
	X
	

	Failure i
	XX
	X
	
	

	Test of the optimal controller
	X
	XX
	X
	X

	Test of the controller and supervision system for overloading
	XX
	XX
	X
	

	Test of the controller and supervision system for start-up
	XX
	X
	XX
	

	Test of the controller and supervision system to recover after failure i
	X
	XX
	X
	

	Validate the fault detection system
	X
	X
	X
	X

	Validate the protocol to set-up the TELEMAC system
	
	X
	X
	XX

	Validate the ability of the controller to regulate the biogas
	X
	XX
	XX
	X

	Validate the security of the TELEMAC system
	
	XX
	X
	X


Indicative table of the main type of experiments that will be performed, as they will be precisely defined in WP1.1. Each X represent approximately 1 month of experiment. *Note that the experiments at industrial scale should be jointly performed by the South American partners SAUZA and Domecq BR.

Work splitting between partners

BIOMATH: In this sub-task, the contribution of BIOMATH will consist of supporting the installation of the new sensors on the plants and help the interpretation of their raw and processed signals. It can be expected that re-iterations will be necessary on the measuring set-up and this re-design of the experiments as data are collected is contained in our contribution in this WP.

Effort: 3.5 MM

USC (task leader): The lab scale plant will progressively receive and test the results of the other tasks (smart sensors, advanced controllers, FDI system) which will be implemented along the project. Experiments defined by protocols to reproduce normal operation, overload, start-up and process failures and to validate the tele-monitoring system and obtain the best information quality for the identification of the process parameters at lab scale will be run. 

Effort: 20 MM.

ENEA: The experiments at pilot scale will be conducted in a UASB pilot or UAF in controlled conditions (600 L methacrylate column with a height of around 6 meters will be used) to fully simulate the behaviour of a full scale plant. A strong relationship will be taken with the lab scale experimental run in order to better address the pilot scale experimental run. Moreover, specific condition related to the full scale process that will be tested in the field will be strongly taken into consideration in the definition of the experimental run and of the operational plant conditions. Flow measurement systems (liquid flowmeter, biogas flowmeters and IR CH4 and CO2 analyser) and sensors for pH, T etc. are also available. Besides a line for data transmission and reception is also available. However some specific measurement devices have to be bought and charged to the project. The kind of experiments is similar to the applied at lab scale although additional information concerning the hydraulics and the dynamics of the system at higher scale will be obtained. Important data concerning gas utilisation for co-generation (mainly based on biogas composition and average daily fluctuation) will be obtained from those experiments and from the data  provided by the on-line chromatographic gas analyser.

Effort: 17.5 MM

AGRALCO:

· Instrumentation of the pre-industrial digester (actuators, sensors).

· Experiment running at pre-industrial scale to better understand the degradation process and to reproduce abnormal working modes (overloading, start-up, failures, reproduction of normal operation and process failures). 

· Test of the sensors existing on the market and developed in WP2,  the diagnosis system and the advanced control module. 

· Completion of the instrumentation of the full-scale plant 

· Application and validation of the protocol developed in WP1.1 to rapidly set-up the TELEMAC system on a new plant

· Experiments at the industrial scale (2000m3) to test the control efficiency by introducing perturbations to the system and evaluating its responses (COD, VFA, cogeneration, etc.). These experiments should respect the production constraints.

Effort: 16.9 MM

LEMAIRE: Remote programming of the experimental protocols and monitoring of the experiments aiming at

· Reproduce normal and abnormal process working (failures, acidification, start-up, etc)

· test the sensor efficiency and accuracy with respect to the remote management requirements

· test and calibrate the  controllers

· test and calibrate the FDI and DSS system

· Interpretation of the obtained results

These experiments will be performed at the following scales:

· Pre-industrial scale; using first Lemaire’s software and then the successive updated versions of the TELEMAC software 

· Use of the TELEMAC software in its last version to perform the experiments (compatible with the production constraints)  at industrial scale 

LEMAIRE will be in charge of the telemonitoring of the experiments in the industrial sites (AGRALCO, SAUZA,DOMECQ Brazil)

Effort: 8.5 MM
SAUZA:

· Instrumentation supplementation for the pre-industrial digester (actuators, sensors).

· Experiment running at pre-industrial scale to better understand the degradation process of tequila vinasses and to reproduce abnormal working modes (overloading, start-up, failures, reproduction of normal operation and process failures). 

· Test of the sensors existing on the market and developed in WP2,  the diagnosis system and the advanced control module. 

· Instrumentation of the full-scale plant 

· Application and validation of the protocol developed in WP1.1 to rapidly set-up the TELEMAC system on a new plant

· Experiments at the industrial scale (5000m3) to regulate the anaerobic process to a pre fixed set point.

Effort: 16.1 MM

DOMECQ BR:

· Instrumentation of the digester (actuators, sensors).

· Set-up of the first version of the remote monitoring system

· Experiment running of the protocols determined in WP1.1 (normal operation and study of the start-up phase) to reproduce normal and abnormal working modes (overloading, start-up, failures, reproduction of normal operation and process failures). 

· Study of the process during  the rest periods (without production).

· Test the diagnosis system and the advanced control module. 

· Application and validation of the protocol developed in WP1.1 to rapidly set-up the TELEMAC system on a new plant

· Experiments to regulate the quality of the biogas despite variation in the influent.

Effort: 16.5 MM

WP1.3 System validation and result evaluation (EC: 23.3, LA: 4, Total: 27.3MM)

Participants: INRIA: 2, BIOMATH: 1 ,USC: 5.5, ENEA: 3.5, AGRALCO:3.6, LEMAIRE: 5.5, SAUZA: 2, DOMECQ UK: 2.2, DOMECQ BR: 2

Once the results of the operation at lab, pilot and industrial scale, with the implemented monitoring, supervision and control system are available, the suitability of obtained TELEMAC product for controlling AWT plants will be evaluated:

· Defining a framework for evaluation of the system on the pilot sites

· Validating the integrated system against the system requirements.

· Quantification of the results obtained for the pilot, pre-industrial and industrial facilities:

· Soluble COD reduction, quantity and quality of biogas and organic loading rate in the Fermenter with the optimal control action.

· Improvement of by-product recovery

· Economical feasibility of the sensor set-up with respect to the plant size and to the expected Improvement, in particular for cogeneration.

· Off-line analysis to be avoided and expected gains if the developed sensors (smart sensors or software sensors) are used.

· Reliability of the system and its auto-calibration aptitude.

· Required maintenance and local expertise

Work splitting between partners

INRIA: Results evaluation. Verification that the TELEMAC system reaches his objectives. Elaboration of a method to audit the system and quantify the obtained results.

Effort: 2 MM

BIOMATH will contribute helping to set-up the framework for evaluation of the system at pilot sites.

Effort: 1.0 MM

USC: Performing evaluation of the system at the lab scale plant in terms of COD removal and reliability.

Effort: 5.5 MM

ENEA (task leader):  System validation and result evaluation. Performing evaluation of the system at the pilot scale in terms of COD removal, reliability, cogeneration improvement and by-product recovering.
Effort:  3.5 MM

AGRALCO: On site validation of the developed control system and evaluation of the results (safety increase, COD removal, cogeneration, etc.).

· Analysis of the gains obtained with the cogeneration.

· Analysis of the gains obtained for the depollution, the reliability, the security and the maintenance aspects.

Effort: 3.6 MM.

LEMAIRE: At the industrial scale, and on the basis of the 3 monitored sites, validation of the various functionalities of the TELEMAC system. 

Evaluation of the obtained results for the pre-industrial et industrial units in term of reliability, maintainability, depollution efficiency, cogeneration, etc.

Effort: 5.5 MM

SAUZA: System validation and result evaluation

· Test of the TELEMAC system at full scale and validation of its ability to meet the strong legal norms for the rejection of COD. 

· Analysis of the gains obtained for the depollution, the reliability, the security and the maintenance aspects.

· Evaluation of the on site module by the local technician.  

Effort: 2 MM

DOMECQ UK: Result evaluation with respect to the objectives of the TELEMAC project. Quantification of the results:

· Soluble COD reduction, quantity and quality of biogas and organic loading rate in the fermenter with the optimal control action.

· Economical feasibility of the sensor set-up with respect to the plant size and to the expected improvement, in particular for cogeneration.

· The off-line analysis that can be avoided and the expected gains if the developed sensors (smart sensors or software sensors) are used.

· The reliability of the system and its autocalibration aptitude.

· Required maintenance and local expertise

Effort: 2.2 MM

DOMECQ BR: Analysis of the gains obtained for the depollution, the reliability, the security and the maintenance aspects. Analysis of the ability of the TELEMAC system to provide expertise and monitoring for an isolated unit.

Effort: 2MM

Deliverables 

Nº
Deliverables
Date

D1.1
Experimental protocol specification to reproduce normal and abnormal working


Conditions
T0+6

D1.2 
Protocol to set up the TELEMAC system on a new plant.
T0+24

D1.3a
Experimental data sets at laboratory
T0+12

D1.3b
Experimental data sets at pilot and pre-industrial scale
T0+20

D1.3c
Experimental data sets at industrial scale
T0+30

D1.3.d
Final data sets
T0+36

D1.4
Instrumented plants piloted with the TELEMAC software
T0+33

D1.5
Reports on TELEMAC system validation and evaluation
T0+36

Milestones

· Start of the experiment running

· Optimal experimental protocols to reproduce normal operation overload, start and process failures

9.3.2. Working Package 2 :  Smart sensor development

Start date or starting event : t0

Lead contractor : APPLITEK

Total person months : EC: 88.9, LA: 8.8 (total: 97.7)

Person-months per participant :

INRIA: 13.3 - APPLITEK: 24 - BIOMATH: 25.5 - CESAME: 10 - SPES: 8.3 - USC: 4.5 - LEMAIRE: 2.4 - UDG: 8.8 - DOMECQ UK: 0.9

Objectives 

· Specify requirements for new monitoring systems and develop sensor validation and data quality assurance systems.

· Develop and build new hardware sensors in which adaptive aspecific sensors based on robust probes (e.g. pH, gas flow) are used to obtain highly informative, reliable data on relevant (bio)processes in the WWTP.

· Design and evaluate robust software sensors that predict the evolution of the process using raw data collected at optimal sensor locations. 

· Integrate fault residues in the sensors and provide confidence information for use in the control system.

· Validate and integrate optimally located sensors in lab and full-scale TELEMAC implementations.

State of the art

In the research area
The problem of automation and monitoring of anaerobic wastewater treatment, is the lack of sensors and/or analysers, which could in a reliable way provide on-line information about the degradation process.

During the last ten years, great academic effort has been done on the study and development of monitoring, fault detection, diagnosis and control systems of anaerobic processes (see Table 2.1). However, control strategies were based on the monitoring of a number of process indicators, mainly based on the gas phase, whose informative content is not sufficient.

Solid phase measurements (biomass kinetic parameters, methanogenic activity) give information directly linked with the biomass, but unfortunately these measurements cannot be carried out on-line or in a short period (off-line).

In some cases other important parameters in the liquid phase are monitored off-line. These parameters are volatile fatty acids (VFA) and alkalinity. Measurements of these parameters (VFA and alkalinity) can provide indications about the occurrence of destabilisation and the remaining buffer capacity of the system. In the laboratory titrimetric methods are used for their analysis, although some research has been conducted on the on-line use of highly sophisticated HPLC measuring systems (see Table 2.2). Although this research proved that this is indeed possible and highly informative, no practical use of such systems has been reported, probably due to their complexity.

It was also shown in academic research studies that gas phase variables can be measured on-line thanks to the availability of well adapted sensors. Gas production and methane concentration give rapid information about the status of the process. CO and H2 appear to be relevant indicators for anaerobic process. These coumpounds, found during the gas phase could be indicators of imbalances between trophic groups. However, the knowledge of their production linked to the behaviour of the biomass is up to now limited.

Finally, some attempts have been made to obtain a direct measure of the in situ methanogenic activity in anaerobic digestion sludge or granules. These studies were based on the on-line analysis of specific fluorescence of the methanogen’s F420 factor (references, see Table 2.2).

Table 2.1: General literature on sensors for anaerobic digestion


	Authors
	Title
	Journal

	Anderson G.K. and Yang G. (1992b)
	pH control in anaerobic treatment of industrial wastewater.
	J. Environ. Eng., 118, 551-567.

	Beaubien A., Jolicoeur C. and Alary J.F. (1988)
	Automated high sensitivity gas metering system for biological processes.
	Biotechnol. Bioeng., 32, 105-109.

	de Haas D.W. and Adam N. (1995)
	Use of a simple titration procedure to determine H2CO3* alkalinity and volatile fatty acids for process control in waste-water treatment.
	Water SA, 21, 307-318.

	Guiot S.R., Frigon J.C. and Tartakovsky B. (1995)
	Hydrogen as a key parameter for control of anaerobic digesters: Liquid- versus gas-phase monitoring.
	In: Proceedings International Workshop on Monitoring and Control of Anaerobic Digestion Processes. Narbonne, France, December 6-7 1995. 18-22.

	Guwy A.J., Hawkes D.L. and Hawkes F.R. (1995)
	On-line low flow high precision gas metering systems.
	Wat. Res., 29, 977-979.

	Guwy A.J., Hawkes D.L., Hawkes F.R. and Rozzi A.G. (1994)
	Characterization of a prototype industrial on-line analyzer for bicarbonate/carbonate monitoring.
	Biotechnol. Bioeng., 44, 1325-1330.

	Hawkes D.L., Wilcox S.J., Guwy A.J., Hawkes F.R. and Rozzi A.G. (1995)
	Use of an on-line bicarbonate sensor to monitor and control organic overloads in anaerobic fluidised bed reactors.
	In: Proceedings International Workshop on Monitoring and Control of Anaerobic Digestion Processes. Narbonne, France, December 6-7 1995. 13-17.

	Hawkes F.R., Guwy A.J., Hawkes D.L. and Rozzi A.G. (1994)
	On-line monitoring of anaerobic digestion: Application of a device for continuous measurement of bicarbonate alkalinity.
	Wat. Sci. Tech., 30(12), 1-10.

	Hawkes F.R., Guwy A.J., Rozzi A.G. and Hawkes D.L. (1993)
	A new instrument for on-line measurement of bicarbonate alkalinity.
	Wat. Res., 27, 167-170.

	Owens J.M., Pullammanappallil P., Chynoweth D.P. and Svoronos S.A. (1992)
	NAD(P)H and F420 fluorescence monitoring in anaerobic digestion.
	In: Modeling and Control of Biotechnical Processes. Eds. Karim M.N. & Stephanopoulos G., Pergamon Press, Oxford. 29-33.

	Pauss A. and Guiot S.R. (1993)
	Hydrogen monitoring in anaerobic sludge bed reactors at various hydraulic regimes and loading rates.
	Water Environ. Res., 65, 276-280.

	Pauss A., Guiot S., Perrier M. and Dochain D. (1993)
	Hydrogen as a key-parameter for the monitoring and control of methane producing processes.
	In: Proceedings Workshop Modelling, Monitoring and Control of Wastewater Treatment Processes. Med. Fac. Landbouww. Univ. gent, 58, 2011-2017.

	Peck M.W. and Chynoweth D.P. (1992)
	On-line fluorescence-monitoring of the methanogenic fermentation.
	Biotechnol. Bioeng., 39, 1151-1160.

	Rozzi A., Di Pinto A.C. and Brunetti A. (1985)
	Anaerobic process control by bicarbonate monitoring.
	Environ. Technol. Lett., 6, 594-601.

	Rozzi A., Di Pinto A.C., Massone A., Pistilli A. and Tomei M.C. (1995)
	The Anaerobic RANTOX biosensor.
	In: Proceedings International Workshop on Monitoring and Control of Anaerobic Digestion Processes. Narbonne, France, December 6-7 1995. 8-12.

	Rozzi A., Tomei M.C., Di Pinto A.C. and Limoni N. (1997)
	Monitoring toxicity in anaerobic digesters by the Rantox biosensor: Theoretical background.
	Biotechnol. Bioeng., 55, 33-40.

	Strong G.E. and Cord-Ruwisch R. (1995)
	An in situ dissolved-hydrogen probe for monitoring anaerobic digesters under overload conditions.
	Biotechnol. Bioeng., 45, 63-68.

	Vanrolleghem P.A. (1995)
	Sensors for anaerobic digestion: An overview.
	In: Proceedings International Workshop on Monitoring and Control of Anaerobic Digestion Processes. Narbonne, France, December 6-7 1995. 1-7.

	von Zumbusch P., Meyer-Jens T., Brunner G. and Märkl H. (1994)
	On-line monitoring of organic substances with high-pressure liquid chromatography (HPLC) during the anaerobic fermentation of waste-water.
	Appl. Microbiol. Biotechnol., 42, 140-146.


Table 2.2: Literature concerning laboratory titration methods 
used in anaerobic digestion monitoring


	Authors
	Title
	Journal

	Anderson G.K. and Yang G. (1992a)
	Determination of bicarbonate and total volatile acid concentration in anaerobic digesters using a simple titration.
	Water Environ. Res., 64, 53-59.

	Bisogni J.J.jr. (1994)
	Measurement of volatile acid concentration in anaerobic processes by least squares regression of overdetermined titration data.
	Water Environ. Res., 66, 16-20.

	de Haas D.W. and Adam N. (1995)
	Use of a simple titration procedure to determine H2CO3* alkalinity and volatile fatty acids for process control in waste-water treatment.
	Water SA, 21, 307-318.

	Moosbrugger R.E., Wentzel M.C., Ekama G.A. and Marais G.v.R. (1993)
	A 5 pH point titration method for determining the carbonate and SCFA weak acid/bases in anaerobic systems.
	Wat. Sci. Tech., 28(2), 237-245.

	Powell G.E. and Archer D.B. (1989)
	On-line titration method for monitoring buffer capacity and total volatile fatty acid levels in anaerobic digesters.
	Biotechnol. Bioeng., 33, 570-577.


A key ingredient of the Telemac sensor network, the idea of using measuring systems in which specific so-called in-sensor-experiments are conducted was already shown to be very useful in different types of wastewater treatment plants, especially in activated sludge systems to monitor such problematic unit processes as nitrification, denitrification and settling (references, see Table 2.3). Recently, an initial attempt was also made to use the same principle to detect toxicity in anaerobic digestion processes. However, the investigations so far remained with some initial lab testing and theoretical analysis of its potential.

Table 2.3: Literature concerning on-line measurement systems 

working along the principle of in-sensor-experiments


	Authors
	Title
	Journal

	Aivasidis A., Hochscherf H., Rottmann G., Hagen T., Mertens M.T., Reiners G. and Wandrey C. (1992)
	Neuere Konzepte zur Prozessüberwachung und -regelung bei der biologischen Stickstoffelimination.
	AWT, 5/1992, 48-55.

	Bogaert H., Vanderhasselt A., Gernaey K., Yuan Z., Thoeye C. and Verstraete W. (1997)
	A new sensor based on the pH-effect of the denitrification process.
	J. Environ. Eng., 123, 884-891.

	Gernaey K., Vanrolleghem P. and Verstraete W. (1998)
	On-line estimation of kinetic parameters of NH4+ oxidizing bacteria in activated sludge samples using titration in-sensor-experiments.
	Wat. Res., 32, 71-80.

	Gernaey K., Verschuere L., Luyten L. and Verstraete W. (1997)
	Fast and sensitive acute toxicity detection with an enrichment nitrifying culture.
	Water Environ. Res., 69, 1163-1169.

	Massone A., Antonelli M. and Rozzi A. (1996)
	The DENICON: A novel biosensor to control denitrification in biological wastewater treatment plants.
	In: Proceedings Workshop Modelling, Monitoring and Control of Wastewater Treatment Plants. Med. Fac. Landbouww. Univ. Gent, 61/4a, 1709-1714.

	Massone A.G., Gernaey K., Rozzi A. and Verstraete W. (1998)
	Measurement of ammonium concentration and nitrification rate by a new titrometric sensor.
	Water Environ. Res., 70, 343-350.

	Ramadori R., Rozzi A. and Tandoi V. (1980)
	An automated system for monitoring the kinetics of biological oxidation of ammonia.
	Wat. Res., 14, 1555-1557.

	Rozzi A., Di Pinto A.C., Massone A., Pistilli A. and Tomei M.C. (1995)
	The Anaerobic RANTOX biosensor.
	In: Proceedings International Workshop on Monitoring and Control of Anaerobic Digestion Processes. Narbonne, France, December 6-7 1995. 8-12.

	Rozzi A., Tomei M.C., Di Pinto A.C. and Limoni N. (1997)
	Monitoring toxicity in anaerobic digesters by the Rantox biosensor: Theoretical background.
	Bitoechnol. Bioeng., 55, 33-40.

	Sekine T., Tsugura H., Urushibara S., Furuya N., Fujimoto E. and Matsui S. (1989)
	Evaluation of settleability of activated sludge using a sludge settling analyzer.
	Wat. Res., 23, 361-367.

	Vanrolleghem P.A. (1994)
	The adaptive sensor concept: On-line modelling of the activated sludge process with optimal In-Sensor-Experiments.
	In: Proceeding 3rd IEEE Conference on Control Applications, Session on Environmental Process Control. Glasgow, UK, August 24-26 1994. 1017-1022.

	Vanrolleghem P.A. (1994)
	On-line modelling and control of activated sludge processes: Development of an adaptive sensor.
	PhD. Thesis. Faculty of Agricultural and Applied Biological Sciences. University Gent, Belgium. pp. 201.

	Vanrolleghem P.A. and Coen F. (1995a)
	Optimal design of in-sensor-experiments for on-line modelling of nitrogen removal processes.
	Wat. Sci. Tech., 31(2), 149-160.

	Vanrolleghem P.A., Kong Z., Rombouts G. and Verstraete W. (1994)
	An on-line respirographic biosensor for the characterization of load and toxicity of wastewaters.
	J. Chem. Technol. Biotechnol., 59, 321-333.

	Vanrolleghem P.A., Van der Schueren D., Krikilion G., Grijspeerdt K., Willems P. and Verstraete W. (1996)
	On-line quantification of settling properties with In-Sensor-Experiments in an automated settlometer.
	Wat. Sci. Tech., 33(1), 37-51.

	Yuan Z. and Bogaert H. (2000)
	A titrimetric respirometer measuring the nitrifiable nitrogen in wastewater using in-sensor-experiment.
	Wat. Res., 35, 180-188.


The Telemac project will also take benefit of software sensors, that appeared for non-linear systems in the 90’s (Bastin and Dochain, 1990, Gauthier et al. 1992). These so called observers have been used for some biological systems (Bernard et al. 1998), but still suffer from a lack of robustness and are very sensitive to the model biases. A software sensor has been specifically developed for the anaerobic digestion process during the AMOCO project (Bernard et al. 1999, Bernard et al. 2001) but it requires a frequent calibration that must be performed by an expert. It used the measurements of gaseous and liquid flow rates, the gas composition, and the measurement of the influent composition (COD, alkalinity) to predict the COD, VFA, alkalinity and biomasses in the digester. Nevertheless, it was based on a modelling of standard  working conditions that was no more valid in case of accident, so that the sensors was not available when it was crucial to have an estimate of the process state. Recently, interval based observers developed (Gouzé et al 2000, Hadj-Sadok and Gouzé, 2001) in the INRIA team have allowed to better manage the variability inherent to the partially known systems, its application to the depollution processes seems promising.  
At industrial scale
In practice, no on-line analysers to monitor VFA are known to be in used in wastewater treatment in general and certainly not in anaerobic digestion. Typically, VFA’s are measured off-line using gas chromatography or laboratory titrimetry.

On the other hand, several on-line analysers are available to determine alkalinity and ammonia in wastewater and are being applied considerably in activated sludge systems for nitrogen removal, at great expense and maintenance needs (see Table 2.4).

For alkalinity, automatic titrolysers can be used, whereby an automatic titration is performed. For ammonia also this titrolyser can be used or another analyser, in which the ammonia is determined by an ion selective electrode or a colorimetric experiment (see Table2.4).

Currently, no single measuring system is available which can simultaneously monitor all three parameters (VFA, alkalinity and ammonia) on-line.

Finally, no industrial application of software sensors or in-sensor-experiment based devices is known in anaerobic treatment plants.

Table 2.4: Literature concerning on-line use of 
ammonia and alkalinity sensors in industrial practice


	Authors
	Title
	Journal

	Londong J. and Wachtl P. (1996)
	Six years of practical experience with the operation of on-line analysers.
	Wat. Sci. Tech., 33(1), 159-164.

	Sen D., Randall C.W. and Grizzard T.J. (1990)
	Alkalinity and turbidity measurements as feedback controls to improve performance of a biological nitrogen and phosphorus removal system.
	In: Advances in Water Pollution Control. Ed. Briggs R., Pergamon Press, London. 291-298.

	Teichgräber B. (1990)
	Alkalinity and pH-control in activated sludge plants with nitrification.
	In: Advances in Water Pollution Control. Ed. Briggs R., Pergamon Press, London. 179-185.

	Vanrolleghem P.A. and Verstraete W. (1993b)
	On-line monitoring equipment for wastewater treatment processes: State of the art.
	In: Proceedings TI-KVIV Studiedag Optimalisatie van Waterzuiveringsinstallaties door Proceskontrole en -sturing. Gent, Belgium, October 21 1993. pp.22

	Wacheux H., Million J.-L., Guillo C. and Alves E. (1996)
	NH4 automatic analysers for WWTP: Evaluation test at lab. and field level.
	Wat. Sci. Tech., 33(1), 193-201.


Starting point

It is clear from the state of the art that parameters like pH, temperature and gas/liquid flow should be monitored in order to have a rudimentary control of the anaerobic process. In our next step, other important parameters like VFA concentration, alkalinity and biogas composition must be monitored.

Alkalinity and VFA concentration can be measured with titrimetric sensors. Titrimetric sensors include all kinds of systems where consecutive acid or base additions to a sample, followed by a pH measurement, are performed. A titrimetric sensor basically consists of two different parts : a ‘wet’ part (sample preparation, pH adjustment and titration) and a ‘data processing’ part’. Despite the fact that this technology is well suited for field applications, most of the titrimetric systems found in literature are based on laboratory set-ups. Experience with the engineering of such automated laboratory set-ups is available at Applitek.

It is straightforward to see that the data analysis of a titration is the real heart of a titrimetric sensor. Some publications only discuss chemical and mathematical aspects of titration data, without pointing to a specific application field. The application fields for titrimetric sensors are twofold. First, there are the on-line applications used for process control purposes. These titrimeters often work with only a few titration points and a simplified and robust data interpretation. Second, there are the off-line applications, where the data processing often is more complicated. It is in this latter part that considerable developments were done at the BIOMATH department with the PhD work of Van Vooren (2000): Buffer capacity based multipurpose hard- and software sensor for environmental applications).

In the TELEMAC project the lab bench titrimetric sensor developed at the Biomath department will initially be used to study the titrimetric technique for use in anaerobic digestion processes. Based upon these tests the sensor specifications for the new on-line sensor will be set. Next to VFA’s and bicarbonate alkalinity, this titrimetric sensor is also expected to be able to monitor ammonium, which is a toxic component for the biomass.

The considerable experience that Applitek has in the engineering of advanced measuring systems for wastewater treatment applications (e.g. Settlometer) will be key to the success of the translation of the laboratory experience and potential into a robust measuring device for use in anaerobic digestion systems.

Also biogas composition will be monitored, because this provides information concerning the anaerobic process. For these measurements specific gas sensors (for CO2 and CH4) are commercially available. These sensors can be divided in groups dependent on the measuring principle : catalytic, semiconductor and thermal conductivity gas sensor. The properties and specifications of these different sensors (e.g. their sensitivity to the presence of H2S) must be evaluated in order to implement them in the new monitoring system.

Concerning software sensors, the starting point will be the software sensor developed during the AMOCO project, for standard working (Bernard et al. 2001) which  uses the measurements of gaseous and liquid flow rates, the gas composition, and the measurement of the influent composition (COD, alkalinity) to predict the COD, VFA, alkalinity and biomasses in the digester. The recently developed interval based approaches that allow to propagate the uncertainties in the state estimation (Hadj-Sadok and Gouzé, 2001, Maloum and Rapaport, 2001) will also serve as a basis to make the software sensors efficient in the industry.

Description of work 

WP 2.1. : Sensor specifications (EC: 4.6, LA: 0, Total: 4.6 MM)

Participants: APPLITEK : 1.8, BIOMATH : 1, USC : 0.5, LEMAIRE :0.4, DOMECQ UK :0.9.

A wide range of sensors have been developed and have been tested on lab- and full-scale treatment plants. For several reasons many of them have not yielded the expected results. The collective experience of the partnership will be extracted and combined with reported investigations to set up an overview of the state-of-the-art of practically usable sensors, the maintenance requirements, investment and operation budget and the measurement quality. More importantly, a list of technical specifications of sensors for (future) use in wastewater treatment will be compiled.

Work splitting between partners

AppliTek (task leader) has a lot of experience with robust on-line sensors/analysers used in wastewater treatment plants and will discuss the sensor specifications (like accuracy, response, costs, …) with the other partners involved in this WP.

Effort: 1.8 MM

BIOMATH’s contribution is to bring in its experience with respect to monitoring systems for wastewater treatment plants and help to:

· Extract the collective experience of the partnership to report the state-of-the-art of practically usable sensors 

· Create from these characteristics a list of specifications for measuring systems for (future) use in WWTP.

Effort: 1.0 MM

USC: Participation to sensor specifications. Review of the currently used pre-treatment filtration processes.

Effort: 0.5 MM.

LEMAIRE: Sensors specification. Participation to sensor specification

Effort: 0.4 MM

DOMECQ UK: Sensors specification. Participation to sensor specification to ensure that the sensors can be directly used in the industry. Specification of the tolerable costs with respect to the expected improvements.

Effort: 0.9 MM

WP 2.2. :  Data validation  (EC: 7.5, LA: 0, Total: 7.5 MM)

Participants: BIOMATH : 7.5.

One of  the main problems with the current state-of-the-art sensors is still that quite a large fraction of data is still insufficiently trustworthy. In a first stage, the quality of data collected at different full-scale plants will be assessed by confronting them with off-line measurements or by taking advantage of known interrelationships between different measurement data sets (e.g. as encapsulated in simple mass balance models). In a second stage, a critical review of existing methods and techniques for data validation and consistency checking will be made in view of their on-line use in the new measuring systems. Since measurement noise is inherent to any sensor, attention will in a third stage be focused on more advanced noise and spurious data filtering techniques. In this way, the disturbing effect of low signal to noise ratio’s would be alleviated. Finally, in a fourth stage drift and spike detection techniques will be evaluated and prepared for use in the smart sensors to be developed in WP2.3.

Work splitting between partners

BIOMATH’s (task leader) role in this workpackage concerns the 

· Critical review and development of methods for data validation and filtering techniques 

· Development of data consistency checking algorithms for use in smart sensors to be developed in WP2.3 and 2.4.

Effort: 7.5 MM

WP 2.3. : Adaptive aspecific sensor based on robust probes (pH, gas flow) (EC: 28.7, LA: 0, Total: 28.7 MM)

Participants: APPLITEK : 15.7, BIOMATH : 13,

Among the different possibilities to develop new sensors, the In-Sensor-Experiment (ISE) concept will be investigated. Measuring devices will be built around robust sensors that have proven to be reliable in the harsh environment of anaerobic treatment, i.e. pH, gas flow and pressure measurements, ...

Around the basic ISE idea, an adaptation system can be built in which the In-Sensor-Experiments are adapted depending on the time-varying state of the system that is being monitored. By adaptation of the operation of the measuring device, the data quality can be maximised. On-line optimal experimental design methodologies will have to be developed, tested and implemented to achieve reliable adaptation of the ISEs.

Since model-based analysis is typically used to interpret the raw data collected within this type of measuring systems, uncertainty analysis and uncertainty propagation techniques can be used to quantify the confidence in the outputs. This quantified confidence can subsequently be used as an input to an alarm generating system that would be part of the measuring system. Regular, well-designed, calibration ISEs are additional inputs for this alarm generation system.

The following 5 stages will be followed:

· Study the lab bench titrimetric sensor available at Biomath to know limitations and capabilities. Analyse the technical requirements of the measuring set-up and evaluate experience so far.

· On the basis of optimal experimental design theory, develop the adaptation algorithm for the ISE’s such that the information content of the produced data remains maximal; develop an uncertainty analysis and propagation methodology for use in the measuring system.

· Implement the developed titrimetric methodology in an on-line adaptive sensor; construct the analyser and develop software for automation of its operation. 

· Study available gas sensors for robustness, capabilities, interferences (e.g. H2S); develop software to operate the simple, robust gas-based anaerobic digestion sensor and provide data together with confidence information.

· Test the measuring system by comparison with standard methods (e.g. VFA measurements on gas chromatograph).

Work splitting between partners

Together with Biomath AppliTek will perform research & development for the new on-line sensor(s), based on titrimetry and gas sensing devices, for monitoring VFA concentrations, alkalinity and biogas composition. Study influence of H2S on the gas sensing devices.

· study lab bench titrimetric sensor available at Biomath to know limitations, capabilities.

· implement titrimetric methodology in on-line sensor; building analyser; use bioreactor for anaerobic environment; development process control software for automation of the analyser.

· testing analyser with comparative measurements for VFA on gas chromatograph, for alkalinity and ammonia with standards.

· study of the available gas sensors for robustness, capabilities, interference (e.g. H2S); development software to control sensor and provide data.

Effort: 15.7 MM

Here the main contribution of the BIOMATH (task leader) team is made. It concerns the 

· Design and development of an In-Sensor-Experiment based measuring system that is built around probes that have proven their robustness. Most work will be done around a titrimetric measuring technique that will be made applicable to the simultaneous monitoring of bicarbonate alkalinity, VFA’s and ammonia, all three important variables in anaerobic digestion state assessment.

· To guarantee data quality, on-line adaptation of the sensor operation will be pursued and evaluated in view of data quality maximisation.

Effort: 13 MM

WP 2.4. : Software sensors (EC: 17.1, LA: 6.8, Total: 23.9 MM)

Participants: INRIA : 11.3, SPES : 5.8, UDG : 6.8

For the set of developed process models and for the set of possible process configurations (number and type of on-line measurements) the observation properties will be studied and the set of variable estimates that can be reconstructed on the basis of the available measurements will be determined. 

· Mass balance based observers will be designed for each developed model in order to predict the evolution of the process. Several observers will be developed for each working condition, depending on the possible available set of on-line measurements. These observers will be constructed in such a way that a minimal impact of uncertainties can be expected (model uncertainties, influent uncertainties and measurement uncertainties). 

· Estimation of the confidence interval for the state predictions, built on the principle of positive system theory. We will take advantage of the confidence intervals provided by the hardware sensors and model parameter uncertainty estimation. 

· Comparison of the predictions from the various software sensors that can be designed from the set of available measurements. Generation of a fault residue that will allow to test the consistency of the measurements within the sensor network.

· A fuzzy logic based backup software sensor will be designed to provide the minimum information when all the model based software sensors failed. This sensor is expected to have the minimum maintenance requirement. Definition of a set of rules on the base of the experience of the experts of the process and of the biochemical knowledge; if the amount of data available is significant, these rules can be also be determined using an iterative process based on training techniques such as that used for neural networks.

· Validation of the software sensors with extensive simulations and confrontations with off-line data. 

· The estimated state of the system will be used to forecast the future state of the process regarding a scenario of future influent concentration and flow rate, and using the models developed in WP3.1.

Work splitting between partners

INRIA (task leader): Based on the process configuration and process models (simplified and standard), the observation properties will be studied and observers will be constructed in such a way that a minimal impact of uncertainties can be expected (model uncertainties, influent uncertainties and measurement uncertainties). Moreover, the software sensors will be designed in order to provide confidence intervals using interval based estimation. Validation of the software sensors through extensive simulation, and off-line measurements. Comparison of the predictions from the various software sensors that can be designed from the set of available measurements within the sensor network. Use of these cross-predictions to generate residues that will allow to test the consistency of the measurements.

Effort:11.3MM

SPES: Design of backup software sensors based on fuzzy methods.

The first step will be the selection of the signal to measure looking for an observer of the quantity that is not directly accessible. Then a set of rules have to be defined on the base of the experience of the experts of the process, of the on site operators and of the biochemical knowledge; if the amount of data available is significant, these rules can be also determined using an iterative process based on training techniques such as that used for neural networks.

Effort: 5.8 MM

UDG:  Based on the process configuration and considering the detailed model for anaerobic digestion, the observability properties will be studied and observers will be constructed in such a way that a minimal impact of uncertainties can be expected (model uncertainties, influent uncertainties and measurement uncertainties). Moreover, the software sensors will be designed in order to provide confidence intervals using interval based estimation. Validation of the software sensors through extensive simulation, and off-line measurements. Comparison of the predictions from the various software sensors that can be designed from the set of available measurements within the sensor network. Comparison of the predictions with the software sensors based on simpler models. Use of these cross-predictions to generate residues that will allow to test the consistency of the measurements. The estimated state of the system will be used to forecast the future state of the process regarding a scenario of future influent concentration and flow rate, and using the models developed in WP3.1

Effort: 6.8 MM

WP 2.5. : Sensors validation and location (EC: 22.5, LA: 2, Total: 24.5 MM)

Participants: INRIA: 2, APPLITEK: 2.5, BIOMATH: 4, CESAME: 10, USC: 4, UDG: 2

The new adaptive and software sensors developed in WP2.3 and 2.4 will be validated by performing tests under lab-scale and full-scale conditions. These tests will be started as soon as prototypes are available and even before, for instance, the confidence information generating modules or the ISE adaptation mechanism are ready.

The optimal location of a wide range of sensors in anaerobic treatment facilities will be studied, in view of data relevance and quality. Using mathematical models of anaerobic digestion systems and sensor specifications (WP2.1), together with priorities on selection of certain types of sensors and/or the number of sensors to be possibly used, an optimal measuring set-up will be deduced using CESAME dedicated software and extensive simulation runs.

Work splitting between partners

INRIA: Software sensors validation. Tuning and validation of the software sensors with on-line measurements at pilot and industrial scale.

Effort: 2MM

AppliTek: As the manufacturer of the new sensors, AppliTek will provide assistance for the validation experiments of these sensors/analysers used in pilot set-ups.

Effort: 2.5 MM

In view of the activities of BIOMATH (task leader) in relation to sensor specifications and development, it is of paramount importance that it is also involved in the decision making concerning the optimal location of sensors in anaerobic digestion plants. Its experience in optimal experimental design methodology is of assistance in this, but most of the work will be subcontracted to CESAME (UCL) that has specific experience and software for location of sensors in distributed parameter systems. Supervision of this task is done by BIOMATH. 

Finally, BIOMATH will also be involved validation of sensors, especially of the adaptive and software sensors that it has helped develop in WP2.3 and 2.4. Validations will be performed both in lab-scale and full-scale conditions.

Effort: 4 MM

CESAME: The study concerning the sensor location will be based on the mathematical models of the studied anaerobic digestion processes and on the type of available sensors (including those developed within the project). These models can possibly cover different type of reactors, e.g. fixed bed reactor models, with or without recycling (the presence of recycle may a source of time delays and/or spatial gradients in the whole system reactor + recycle loop).  

The study will be performed in different steps.

· Collection of the information about the mathematical models and about the available sensors.

· Encoding of the models on the computer network of the CESAME : this includes the reduction of the models of the anaerobic digestion reactors (described by partial differential equations) into a format that is appropriate for numerical simulation. Different reduction methods will be considered, including finite differences and weighted residuals methods (orthogonal collocation).

· Encoding of the tools for evaluating the best sensor locations : this approach will privilege methods that consider the conditioning number and the determinant of sensitivity matrices and of model observability matrices.

· Extensive simulation runs to evaluate the best sensor location.

· Evaluation of the results with the other partners of the consortium.

· Possible redefinition of the problem (including the mathematical model and the choice of sensors) at the light of the obtained results, and re-running of steps 1 to 5.

Effort: 10  MM +  8 MM permanent staff (not charged in the contract)

USC: Sensor validation at lab-scale. Extensive test of the sensors on the bioreactor. Report on the sensor accuracy and reliability.

Effort: 4 MM 

UDG: Software sensors validation. Tuning and validation of the software sensors with on-line measurements at pilot and industrial scale.

Effort: 2MM

WP 2.6. : Sensors integration (EC: 8.5, LA: 0, Total: 8.5 MM)

Participants: APPLITEK: 4, SPES: 2.5, LEMAIRE: 2

Once the new In-Sensor-Experiment based measuring devices and software sensors have shown their ability to provide increasingly reliable data (thanks to the added adaptation mechanism, confidence information and alarm generation modules), they should be taken advantage of within the TELEMAC supervision system in which they should be integrated using the optimal sensor location results of WP2.5. Once the hardware connections are made to the supervision system that is prepared in advance for this, testing can be completed and the potential confirmed.

Work splitting between partners

AppliTek (task leader):  As manufacturer of the new sensors AppliTek is responsible for the input-output signals from these sensors/analysers. The new sensors will be integrated in the Telemac system: the data from the sensors will be used to provide information in order to control the whole anaerobic treatment plant. 

Effort: 4 MM

SPES: Sensor integration within the TELEMAC supervision system

The work devoted to this package can be focused on two points:

· the development of a digital platform for the hardware integration of the sensors to build a consistent information framework for the system;

· the software integration of the sensors in the TELEMAC supervision system, defining criteria and developing algorithms to determine in each encountered operating condition a subset of sensors that can provide the most reliable information.

Effort: 2.5 MM

LEMAIRE
· Participation to sensor integration in the various sites and test of their performances.

· Validation of the compatibility of the sensors with the remote monitoring constraints. 

Effort: 2M

Deliverables 

Nº
Deliverables
Date

D2.1
Tables summarising the characteristics of sensors in terms of budget, measuring 
quality and maintenance needs leading to a list of specifications for existing and 
future hard and software sensors
T0+3

D2.2
A procedure to validate, filter and check sensor data consistency
T0+18

D2.3
First report on parameters distribution within the fermenter
T0+20

D2.4
Adaptive sensor based on robust probes with confidence interval
T0+27

D2.5
Software sensors for state forecasting accompanied with fault residues 
T0+27

D2.6
Final report on optimal sensors locations
T0+33

D2.7
Report on full-scale performance of the sensors within TELEMAC.
T0+36

Milestones

· Hardware prototype of the adaptive sensor with robust probes


· Validation of adaptive and software sensor with confidence intervals on outputs


9.3.3  Working Package 3  : Advanced Control

Start date or starting event:
t0



Lead contractor:  INRIA






Total person months: EC: 45.3, LA: 26.2 (total: 71.5)

Person-months per participant:

INRIA: 26.7 - BIOMATH: 4.5 - SPES: 9.7 - LEMAIRE: 4 - UDG:26.2 - DOMECQ UK: 0.4

Objectives 

· Provide a series of validated models for ordinary working conditions, and also models for the determined process failures (overloading, biomass inhibition, pump failure, … ) or for process start-up.

· Provide algorithms to provide an on-line estimation of the main model parameters.

· Design robust  controllers to achieve an optimal control strategy in normal working conditions of the process, to recover  in the main cases of failure and to support the starting phase of the plant

State of the art

In the research area

There is in the literature a broad variety of models dealing with anaerobic digestion (Graef and Andrews, 1974, Hill and Bart, 1977, Costello et al. 1991, Batstone et al. 1997). Most of these models are nevertheless very complex and have rarely been validated for a large spectrum of experimental conditions. More recently, during the EC AMOCO project, a model has been developed and validated to deal with normal operating conditions of anaerobic digestion (Bernard et al. 2000). This model works only under normal operating conditions and cannot predict any inhibition effect. Neither does it describe the dynamics of hydrogen which are easily measurable and probably very informative.

The parameter identification is a delicate point for biological models. If an off-line identification strategy has been determined, the on-line parameter identification is far more difficult. Validation of biological system is another difficult point. The INRIA team has developed qualitative criteria (Bernard and Gouzé, 1995, 1999) that allow to detect whether the model diverges from the actual system.

Artificial Intelligence methods such as knowledge-based systems or fuzzy logic have brought new insights and introduced a "biological dimension” into control and supervision of biological processes (see for example Kiupel and Frank, 1996, Marsilli-Libelli and Muller, 1996). But the results are not guarantied from a theoretical point of view.

Finally, the methods issued from non-linear control theory have found some applications in wastewater treatment (Dochain and Perrier, 1993, Perrier and Dochain, 1993, Bernard et al. 2001). But these methods are based on models developed for normal working conditions and are not able to help the process to recover in abnormal working conditions (accident). Moreover, the existing algorithms are too sensitive to the model uncertainties that characterise biological systems, and more robust algorithms are required. No control algorithm has been developed to guaranty the applicability of cogeneration.

At industrial scale
Despite this widespread applicability and numerous installations, the control of anaerobic wastewater treatment plants at industrial scale is limited to the regulation of a number of physico-chemical parameters (pH, temperature, liquid/gas flow), by using simple on-off controller based on static timing, estimated on the base of the plant dimensions and of the bio-chemical characteristics of the effluent or PID controllers, migrated from industrial appliances.

 All these tools are not able to make the control of the plant adaptive in order to face the hydraulic and pollutant load variations typical of wastewater and are not efficient enough to avoid a destabilisation of the process. They lead to under exploitation of the anaerobic process and don’t succeed to produce a constant biogas quality.

Starting point

The work performed in this workpackage will rely on:

· Existing data sets (literature, previous data recorded by the partners), 

· The model developed during the AMOCO project for normal conditions (Bernard et al. 2000)

· The controller developed during AMOCO project to control the process alkalinity in standard conditions  (Bernard et al. 2001)

· The recently developed interval based approaches that allow to manage the uncertainty basing the controller on a robust worst case analysis (Hadj-Sadok and Gouzé, 2001, Maloum and Rapaport, 2001)

Description of work 

WP3.1 Process modelling with respect to the process working mode (EC: 11.5, LA: 6.5, Total: 18 MM)

Participants: INRIA: 9.5, LEMAIRE: 2, UDG: 6.5

The originality of the modelling will lie in the fact that we will not use a single model, but a bench of models that will describe the various encountered conditions (normal, failure, start-up…). Moreover, to deal with the uncertainties that characterise the wastewater treatment, we will develop 3 levels of modelling: simplified,  standard (like in AMOCO) and refined. The simple model, more tractable, should allow to perform a detailed mathematical analysis, since the more refined will predict more precisely the concentration of the main VFA (acetate, propionate), and the relationship between hydrogen production and overloading.

In a first step of preliminary work, we will:

· Specify the objectives of the models for the ordinary situation and for the main failure cases identified in WP1

· Review the existing models in the literature

· Investigate the data from the experiments currently performed in WP1 and from previous experiments. 

The modelling is an iterative process consisting in 1) setting hypothesis, 2) proposing the corresponding equations, 3) compare the model results with the available data, and finally resume to step 1 if the model predictions do not match the experimental data. The work during a single iteration will imply to:

· Develop mass balance based models that will represent the main mass transfer throughout the fermenter for the various considered working conditions (normal and abnormal). 

· Study the obtained models and determine their mathematical properties (stability, transient behaviour, etc).

· Validate the models on the basis of collected data. 

· Characterise the model uncertainties and the range of model validity.

	
	Simplified models

(~2 variables)
	Standard models

(6 variables)
	Refined models

(~10 variables)

	Normal working
	Haldane
	AMOCO
	X*

	Start-up
	X
	X
	

	Overloading
	X
	X
	X

	Failure 1
	
	X
	

	Failure 2
	
	X
	

	…
	
	X
	


Indicative table representing the models to be developed and locating the existing models (Haldane, AMOCO) X: models to be developed within TELEMAC, X*: some models with fine description exist in the literature but were never validated and identified

Work splitting between partners

INRIA (task leader) will be in charge of the development of the bench of models dealing with abnormal situations (simplified model and standard model). The models will then be studied from a mathematical point of view to derive their theoretical properties (stability, transient behaviour, etc) and check that it correspond to what is expected. The model will then be validated on the basis of a comparison with experimental data. The model uncertainties will be characterised.

Effort:9.5 MM

LEMAIRE: Definition of the model objectives, specification of the variables that must be predicted by the model, and specification of the tolerances for the predictions.

Determination of data sequences recorded in the past that represent the working mode that we want the model to reproduce.

Effort: 2 MM

UDG will be in charge of the development of detailed model dealing with normal working and overloading. The models will then be studied from a mathematical point of view to derive their theoretical properties (stability, transient behaviour, etc).and check that they correspond to what is expected. The models will then be validated on the basis of a comparison with experimental data. The models uncertainties will be characterised.

Effort:6.5 MM

WP3.2 Parameter identification and model validation (EC: 7.5, LA: 3, Total: 10.5 MM)

Participants: INRIA: 3, BIOMATH: 4.5, UDG: 3

To estimate the model parameters and the uncertainty associated with each parameter, we will for each model developed during WP3.1:

· Study the model identifiability on the basis of the available measurements to prove that each parameter can be estimated and to determine its respective influence.

· Design an identification procedure to estimate the parameters value on the basis of off-line measurements. 

· Classify the parameters mainly influencing the model by a sensitivity analysis

· Design for the parameters mainly influencing the model an on-line identification procedure. 

· Determine the uncertainty domains for the main parameters. 

· Validate the algorithms on extensive simulations and on the available data sets. 

· Provide criteria to on-line check the adequation between the identified model and the data

Work splitting between partners

INRIA: Off line parameter identification. Develop a strategy to estimate the model parameters on the basis of off-line measurements. The method will provide an estimate of the parameters of all the models (simplified and standard) in all the possible working modes. The method must also apply to derive the parameters of the software sensors and of the controllers.

Effort: 3 MM

BIOMATH’s contribution in WP3.2 concerns parameter identification where the methods of identification analysis will, for the first time, be applied to typical anaerobic digestion models. Further, an autocalibration procedure will be developed by BIOMATH to estimate, after a sensitivity analysis, the main parameters (and their uncertainty) on the basis of the off-line collected measurements.

Effort: 4.5 MM

UDG (task leader):  Off line parameter identification. Develop a strategy to estimate the detailed model parameters on the basis of off-line measurements. The method will allow to estimate the parameters in all the working modes. The method must also apply to derive the parameters of the software sensor and of the controller.

Effort: 3MM

WP3.3 Control design with respect to a set of objectives (EC: 18.4, LA: 13.7, Total: 32.1 MM)

Participants: INRIA: 12, SPES: 5, LEMAIRE: 1, UDG: 13.7, DOMECQ UK :0.4.

A set of controller will be developed depending on the structure of the process (available sensors and actuators) and on the functioning mode of the process. The control algorithms will be designed as follows: 

· Specify the control objectives and the control actions for various objectives (depollution, cogeneration, by-products exploitation…). 

· Provide  cost criteria that will be minimised by the control action. These criteria should take into account the depollution quality, the used energy, the recovered  energy and the stability margin of the digester.

· Study the controllability of all the models. Determine if, from a theoretical point of view, the control actions are sufficient to reach the control objectives. Find out the attraction basins of the steady-states and understand the possible effects of various control actions.

· Define an optimal strategy to optimise the considered cost criteria. 

· Develop robust output feedback controllers (using the estimates provided by the hardware/software sensors of WP2)  to achieve the optimal strategy.  

· Develop for each model a robust controllers to recover in the main cases of failure identified in WP1 and to assist the process start-up.

· Develop a simple and robust backup fuzzy logic controller to face off conditions in which all the other model-based controllers fail. Using a very conservative control strategy it should maintain the process in a safe area in the case none of the models would be relevant to the encountered situation. Its maintenance should be minimum. A set of rules, based on the available data and experience of plant operators will be defined to produce, from the input data, the output configuration to maintain the plant in a safe condition of operation.

· Validate the control algorithms through extensive simulations, and through experiments performed in  WP1.

· Provide criteria to test on-line the quality of the different controllers and quantify their performances. This will be achieved by comparing the theoretical behaviour of the system with the controller and its actual performance.

Work splitting between partners

INRIA (task leader): Model based control design. For each model, and each process configuration (sensors and actuators) a robust controller that takes into account the process uncertainties will be developed. The optimal controller will be developed for the standard working mode (with cogeneration and depollution objectives). The goal of the other controller will be to help the process to recover. 

Effort:12 MM

SPES:  Backup fuzzy control design

This control system is thought to face off conditions in which all the other model-based controllers fail, for  its effectiveness it is requested to:

· define a set of inputs among the signals that can provide the most significant amount of information related to the requirements fixed for such a particular condition of the control;

· define a set of outputs choosing those actuators that could have a more sensitive influence on the plant operation;

· define a set of roles, based on the available data and experience of plant operators, able to produce, from the input data, the output configuration to maintenance the plant in a proper condition of operation.

Effort: 5 MM

LEMAIRE: Specification of the controller objectives. Quantification of the goals and  estimation of the corresponding costs (energy, maintenance, investment) and expected gains (depollution, cogeneration). From this information (jointly provided by Domecq) provide a global criterion to be minimised by the control action.

Effort: 1 MM

UDG:  Model based control design. The detailed models, and each process configuration (sensors and actuators) a robust controller that takes into account the process uncertainties will be developed. Development of robust Lyapunov based control algorithms. The optimal controller will be developed for the standard working mode (with cogeneration and depollution objectives). The goal of the other controllers will be to help the process to recover. 

Effort:13.7MM

DOMECQ UK: Specify control objectives, control actions and provide cost criteria. The cost criteria must include: cost of the pollution taxes, security cost (estimation of the risks), maintenance cost, energy cost, raw material cost, initial investment, etc. It must also take into account the energy recovered by co-generation, the gains for reducing the need of post-treatment, etc.

Effort: 0.4 MM

WP 3.4 Implementation (EC: 7.9, LA: 3, Total: 10.9 MM)

Participants: INRIA: 2.2, SPES: 4.7, LEMAIRE: 1, UDG: 3.

· Develop a procedure to choose and  activate the algorithms that are compatible with the structure of the process (available sensors, actuators, ...).

· Develop a procedure to choose the best algorithm with respect to the working conditions (accident, normal mode, start-up). This will be performed by neural network methods that will learn which controller is the most appropriate to each encountered situation.

· Integrate and test the algorithms in the framework of the TELEMAC software.

Work splitting between partners

INRIA: Coding and integration of the algorithms within the TELEMAC system. Process to select the model and the controller corresponding to a given configuration and to a working mode.

Effort: 2.2 MM

SPES (task leader): On-line validation and implementation: It is expected to develop an automatic procedure to choose and activate the algorithms that are compatible with the structure, and that turn out to be the best algorithms with respect to the working conditions (fault, normal or start up). This will be performed by neural networks that will learn form the story of the plant.

It is also part of the work to integrate and to test the algorithms.

Effort: 4.7 MM

LEMAIRE: Understanding, simulation and experimental tests of the developed control algorithms.

Effort: 1 MM.

UDG: Integration of the algorithms. Process to select the model and the controller corresponding to a given configuration and to a working mode.

Effort: 3 MM

Deliverables 

No
Deliverables
Date

D3.1a
A set of validated models developed for standard working conditions 
T0+12
D3.1b
A set of validated models developed for failures conditions
T0+22

D3.2
A set of procedures to estimate on-line and off-line the models parameters
T0+24
D3.3
A set of robust controllers designed to optimise the process working, 


to assist the process in recovering after a failure or to improve 


the process start-up
T0+28

D3.4
Final version of the Telemac advanced control module
T0+36
Milestones 
· a set of models reliable and able to describe most of the situations.

· a set of control algorithms able to help the system to recover after most of the accident

· a set of control algorithms able to maintain the system in an appropriate state, propitious for the defined objective (depollution, co-generation, etc.).

9.3.4 Working Package 4 : Supervision System 

Start date or starting event :
t0

Lead contractor :

INRA

Total person months :

EC: 68.8, LA: 0 (total: 68.8)

Person-months per participant :


INRA: 31.5, CCLRC : 8.1, SPES : 15, USC : 9, LEMAIRE : 4, DOMECQ : 1.2

Objectives 

· Provide an adaptive fault detection and isolation (FDI) strategy,

· Build on past experience to improve problem solving,

· Provide effective decision support to the human operators.

State of the art
In the research area

During the operation of a biological wastewater treatment process, many disturbances and faults can occur on a daily basis. The nature of these changes can be either sudden or slow and they can be related to normal or faulty process operation provoking real or apparent deviations from the normal operation. To detect these changes, fault detection and isolation (FDI) procedure is to be developed and can be divided in several steps. First, data containing information (i.e., the symptoms) about the process state are transmitted to the residual generation module. This module generates a vector that carries information about a particular fault. Then, the generated signals are evaluated and filtered in order to extract the primary cause of the observed evolution.

The increasing requirements on reliability and safety of technical processes led to the development of many advanced methods for fault detection and diagnosis. They can be classified into three main groups : a) analytical model-based, b) knowledge-based and c) pattern recognition-based methods, each of them being a combination of a particular type of a priori knowledge and having several advantages and limitations for a particular application.

a) Analytical model-based approaches were first developed in the early seventies (see for example Willsky, 1976) but then, it was mainly theoretical developments and no application in biological processes could be found. These approaches require knowledge to be expressed in terms of input-output models or first principles quantitative models based on mass and energy balance equations and they can be shared into two categories. The first method is based on state estimation. It includes detection filters presented by (White and Speyer, 1987), parity space approaches developed by (Chow et al., 1986, Patton Chen, 1991 and Delmaire et al., 1994) as well as works of Frank, 1993 on diagnostic observer based methods. Parameter estimation techniques, proposed in particular by Isermann, 1984 belongs to the second category. Nevertheless, all these different approaches rely on the modelling and computational efforts and on the restriction that one places on the class of acceptable models. Up to now, only very few references have been related to applications in biological processes and one of the very few papers dealing with anaerobic digestion processes was done by one partner of the TELEMAC project (Aubrun et al., 2000).

b) Knowledge-based diagnosis uses qualitative models in combination with different search techniques. The hypothesis-and-test using causal models, the finite state-space search of fault trees and the search in malfunction hypothesis hierarchy are among the different methods used. They generally explicit knowledge in a form of causal pathways to link the available measurements with the fault origin or in a form of a hierarchy of malfunction hypothesis. They can be used when abundant experience of the process operation is available but not enough detailed to be used in accurate quantitative analytical models. On the other hand, they suffer from the resolution problems related to the ambiguity in qualitative reasoning. In this general framework, there has been rapidly a growing interest for using techniques such as artificial neural networks or fuzzy logic (e.g., Frank, 1994 and Isermann and Ballé, 1997) and few demonstrations of the advantages of fuzzy-based FDI systems can be found in the literature (see for example Montmain and Gentil, 1993, Ulieru and Isermann, 1993, Giraud and Aubrun, 1996 and Boudaoud and Masson, 1998). However, these papers were not related to biological processes nor anaerobic digestion processes. As a matter of fact, only very few papers can be found to allow one to bring new insights into biological process control and to introduce a "biological dimension" (see for example Konstantinov and Yoshida, 1992, Steyer et al., 1993, Siimes et al., 1995, Roca et al., 1996, Steyer et al., 1996, Sanchez et al., 1996 for applications to biological processes in general and Kuipel and Frank, 1996, Steyer et al., 1997, Pullammanappallil et al., 1998, Genovesi et al., 1999, Genovesi et al., 2000, Steyer et al., 2000, Puñal et al., 2000 and Puñal et al., 2001 for specific applications on anaerobic digestion processes, many of them being developed by partners of the TELEMAC project).

Furthermore, general techniques such as data mining and case-based reasoning have been applied to different fields of application – but never to anaerobic digestion processes. Data mining allows the automatic detection of features and trends in data. Time-based data mining for monitoring and analysing evolving trends has developed relatively recently but is now a better understood technology (Chen and Petrounias, 1999). It is a valuable technique for detecting and responding to drifts in sensor performance over time. Integrated with data mining, case-based reasoning are other valuable techniques for abstracting from the data to higher-level representations of conditions of the plant. Case-based reasoning involves matching the actual situation against a library of prior cases, modifying them if necessary, using the important characteristics of each case to perform the matching. Moreover, regarding decision support, it is also important to equip the human decision makers—whether at the local site or the remote monitoring centre—with the information they need to make informed decisions. A whole range of knowledge-based techniques are available for generating explanations based on domain knowledge (e.g. Cawsey, 1992, Clément et al., 1995). However, none of these references were related to applications in biological processes.

c) Pattern recognition-based methods are either statistical (parametric and non-parametric classifiers) or non-statistical (neural-network classifiers). They are based on the process history data and their main advantages rely on their real-time performances, their facility for knowledge acquisition and their applicability to a wide variety of systems. On the other hand, they are limited in their generalisation capability outside the training data and they have difficulties in identifying multiple faults. Very few papers describe the respective advantage of these approaches for wastewater treatment plants in general (see for example Sanchez et al., 1997 and Rosen and Yuan, 2000) and for anaerobic digestion in particular (Cf. Marsili-Libelli and Muller, 1996, Muller et al., 1998, Marsili-Libelli, 1998).

The basis of the theory of these three different approaches was developed initially some years ago (even in the seventies for some of them) and since then, they benefited from research world-wide that made them more robust and more efficient. A recent book summarises all these developments and improvements (Patton et al., 2000). One of the TELEMAC partners is co-author of a chapter specifically dedicated to biological processes.

At industrial scale
When reading the above mentioned book (Patton et al., 2000), it clearly appears that most of the FDI and diagnosis approaches were developed in the field of safety-critical control (i.e., to avoid incidents such as the Three Mile Island accident or the Chernobyl disaster) but only very few studies were performed for biological processes in general – mostly at the laboratory scale – and wastewater treatment plants in particular. In addition, with only fewer exceptions (and one of the TELEMAC partner developed one which was not related to an anaerobic digestion process though), there is no industrial application of FDI and diagnosis for biological processes. This can be explained by the fact that biological systems – because they involve living organisms – require specific developments for diagnosis in general. They are indeed very complex non-linear and time-changing systems (maybe the most complicated systems after the human being !) with only very few on-line measurements to monitor them. As a consequence, trying to apply already developed FDI strategies generally leads to failures and it avoids industrial applications.

TELEMAC’s partners #3 and #9 participated to the AMOCO project. Partner #3 was the workpackage leader concerning the aspects related to fault detection and isolation and partner #9 was the leader of the supervision system. The work performed then demonstrated that specific developments of knowledge-based diagnosis approaches like fuzzy logic and qualitative modelling could be of great interest for anaerobic digestion processes. However, the demonstration was then only performed at the lab scale and to our opinion, there is still a big step before applying it at the industrial scale.

Research that will be performed within the TELEMAC project will rely mainly on developments to be done based on the available literature (Cf. the above “state of the art” section) and, for some part, on the achievements of the AMOCO project. In particular, the advantages of using fuzzy logic (and more precisely the hierarchical organisation of the FDI strategy) will be kept but all the FDI rules developed then will have to be rebuilt. Large improvements have thus to be made to reduce drawbacks highlighted within the AMOCO project :

· First, the FDI and diagnosis procedures developed within AMOCO were fully dedicated to a specific anaerobic digestion process whereas the TELEMAC project must be modular and adaptive to face a very large number of process configurations. This will lead us to study carefully the modularity and the generalisation of the supervision scheme in order to be automatically adapted – or at least easily customised – to any kind of configuration.

· Second, fuzzy logic in itself is not sufficient to tackle all the problems that can be encountered in biological processes. As a consequence, we will have to build a supervision scheme that will handle analytical model-based, knowledge-based and pattern recognition-based methods all together in a synergetic way. Some preliminary results are available in the literature but they have to be integrated in a common framework.

· Last but not least, since the TELEMAC project will have to handle processes poorly instrumented, it will be important to be able to provide diagnosis even in cases where not all the necessary measurements are available (i.e., FDI and diagnosis with partial or at least uncertain information). This was not at all studied in the AMOCO project and, to our knowledge, nothing is done in this respect for biological processes in the literature. In addition to this point, since the diagnosis made on one plant could use information from other plants (i.e., from the database in the remote centre), results from the data mining will have to be accounted for and coherency of these results with the studied process configuration will have to be managed automatically.

· Finally, it is to be noticed that – because it was too dedicated to the processes studied within the AMOCO project, the software developed then will have to be rebuilt from the beginning.

Starting point

As a summary, the work performed in this workpackage will rely on:

· Existing data sets (from literature and from experiments run by TELEMAC partners during WP1), 

· The available scientific literature related to analytical model-based, knowledge-based and pattern recognition-based methods for FDI purposes,

· The strategy to build hierarchical FDI and diagnosis scheme developed during the AMOCO project (but not the FDI and diagnosis rules themselves because too dedicated to specific process configurations),
· Experience of some partners with analytical model-based and knowledge-based approaches for biological processes,

· Experience of some partners with data mining approaches.

Description of work 

One of the main objective of WP4 in the TELEMAC project is the make the step between lab scale and industrial scale and this involves several innovative aspects. Four main subtasks will lead to this goal. 

WP4.1 Supervision System Specifications (EC: 5.3, LA: 0, Total: 5.3 MM)

Participants: INRA: 1, CCLRC:1, SPES: 0.5, USC: 0.5, LEMAIRE: 1.5, DOMECQ UK :0.8.

Before any other consideration, this workpackage will be devoted to carefully specify the requirements for the supervision system expressed by the end users that is :

· Specify the hardware and software structures of the supervision system,

· Define the responsibilities and interactions of the different approaches and techniques to be used,

· Specify the database and knowledge base structure, 

· Define the adaptivity requirements of the supervision system in link with a modular process structure,

· Specify the components of the supervision system that will be implemented on the plant and those that will be located in the monitoring centre.

Then, analysis of these requirements and precise definition of the tasks to be achieved by the supervision system will be proposed in comparison with the control system. These different points are very important since they are the “roots” for the final system to be applied at the industrial scale.

Work splitting between partners

INRA (task leader) will provide its experience from other applications to the supervision system specification and, as a task leader, will gather all specifications from other partners.

Effort: 1 MM

CCLRC will provide its expertise in database and knowledge base structures to help define the specification of the supervision system.  It is important that the structures are sufficiently general and adaptable to enable future customisation of the TELEMAC system.  CCLRC has experience of producing generic knowledge-based structures (e.g. in the WDES project) which allow such customisation.

Effort: 1 MM

SPES: The most of the work will be devoted to define:

· hardware and software structures of the supervision system;

· the components of the supervision system – those located on the plant and those in the remote control centre;

· adaptivity of the supervision system 

These requirements and the definition of the tasks will be put in comparison with the control system architecture and requirements.

Effort: 0.5 MM

USC will participate to the specifications of the supervision system

Effort: 0.5 MM

LEMAIRE will participate to the specifications of the FDI system. Definition of the adaptivity and modularity requirements for the system: which type of process will be considered, which sensors, actuators, etc.

Effort: 1.5 MM

DOMECQ UK: Supervision system specifications with the point-of-view of industrial end-users

Effort: 0.8 MM

WP4.2 Fault detection and isolation (EC: 22.5, LA: 0, Total: 22.5 MM)

Participants: INRA: 17, SPES: 4, LEMAIRE: 1.5

The first step of the overall diagnosis procedure is to detect and isolate faults on the process. This gathers several items :

· After receiving the data from the plants, they will be analysed in order to characterise the faults – and their indicators – that can occur in the hardware and software sensors, in the actuators, in the models and in the controllers. The challenge is here to make this step modular and generic – to be used and maintain at the industrial scale – while handling the “biological dimension” : as already underlined, we will have to develop a specific and generic formalism that is appropriate to the workpackage objectives.

· Specific attention will be also paid to the management of the time between two occurrences of faults since it is recognised to be of high importance (i.e., the persistency of a fault will have to be managed, a fault X that occur after a fault Y may have a different meaning than if it occurs after a fault Z, …). This is another challenging scientific aspects of WP4.2.

· These aspects will then be handled within a qualitative causal model that will allow us to handle the structure of the plant in an easy way. Fuzzy logic methodology will be also part of this task but it will be strongly coupled with model-based and pattern recognition-based methods to made the FDI very modular and very general for anaerobic digestion processes.

· Another very important point will be to provide correct diagnosis even in case of partial or uncertain information. Indeed, if a plant is poorly instrumented, results from mathematical models could be used but not on the same level than on-line measurements. Uncertainty is an important factor that will require specific attention in the FDI strategy. In addition, questions like “which is the best suited model from the collection developed in WP3 in order to detect a fault on one process with one specific configuration ?” or “even though there is no measurements available for this variable and no model can provide correct prediction of its evolution, can it be suspected since other variables are in faulty mode ?”will have to answered automatically by the FDI scheme.

· Last but not least, the development of a learning strategy (mainly based on artificial neural networks and on statistical data analysis) will be studied  in order to easily introduce new faults in the FDI scheme and to facilitate the maintenance efforts at the industrial scale.

Work splitting between partners

INRA (task leader) will be in charge of the following items:
· development of the modular, adaptive and general FDI system with two main objectives: (i) to make it as simple as possible using a representation formalism specifically developed to be used and maintained in an industrial context and (ii) to include the “biological dimension”

· management of the time between two occurrences of faults and of the persistency of a fault 

· providing reliable FDI results even in case of partial or uncertain environment

· building of a highly modular qualitative causal model of anaerobic digestion processes that can be used whether the process is fully or poorly instrumented 

· link the knowledge-based FDI with model-based and pattern recognition-based methods.

Effort: 17 MM

SPES: The task will be the development of a learning strategy (based on AI techniques such as neural networks or on statistical data analysis) to introduce new faults and to facilitate the maintenance effort.

Effort: 4 MM

LEMAIRE: Expert knowledge formalisation to detect a fault. Formalisation of the cause-effect links.

Effort: 1.5 MM

WP4.3 Data base and knowledge base management (EC: 6.5, LA: 0, Total: 6.5 MM)

Participants: CCLRC:4, USC: 2.5.

Within the framework of the TELEMAC proposal, special attention will be paid to data and knowledge management between one plant and another, and also over time. The idea is here to take advantage of previous knowledge in solving new problems. This will need :

· to create an appropriate and modular database/knowledge base containing the structure of the supervised plants and the sensor records (including the conclusions of the supervision system),

· to identify and verify the plant structure so that the supervision system can be automatically associated with this structure,

· to feed the data bases with the data recorded during previous experiments and during those performed in WP1.3,

· to use techniques and tools for data mining in order to analyse the expanding history of data from sensors and its correlation with normal or abnormal conditions of the plant. This will result into a diagnosis help and a better understanding of the underlying mechanisms,

· to manage the conclusions of the supervision system at the level of the database and to help the diagnosis by matching the actual case against a library of prior cases

Work splitting between partners

CCLRC (task leader) will develop a modular database/knowledge base structure for the supervised plants and sensor records. Data will be recorded here and used for data mining so that the TELEMAC system can build on past experience to improve problem solving.

Effort: 4 MM

USC: Data base and knowledge base management. Data base specification and structure. Type of events that can be stored.

Effort:2.5 MM

WP4.4 Quality and coherency check for mathematical calculation (EC: 12, LA: 0, Total: 12 MM)

Participants: INRA: 6, SPES: 2, USC: 4

One specific task of the TELEMAC project is to build appropriate mathematical models in both optimal and faulty situations. In the present workpackage, the determination of the best model from WP3 that fit the working condition determined in WP4.2 will be sought. Attention will also be paid to on-line check and validate the model based algorithms (i.e., software sensors and controllers). The main objective of this task is thus to develop tools to provide on-line criteria on the quality of the used algorithms in order to test if they can be trusted. These points involve :

· definition of qualitative and quantitative quality criteria,

· analysis of the confidence interval associated with model, soft sensors and controllers,

· analysis of the consistency between the available models by FDI residue generation,

· qualitative exploitation of model and soft sensors predictions,

· use the FDI conclusions to detect in which situation is the process (standard, overloading, failure),

· use of artificial intelligence techniques to learn which algorithm provides the best results with respect to influent conditions.

· generate an alarm if none of the algorithm are validated

All these points being of course validated using real life experiments

Work splitting between partners

INRA (task leader) will be in charge of the following items:
· Detect in which situation is the process and on-line validate the used algorithms by check coherency and quality of the mathematical calculations with respect to the objective of the process 

· Define qualitative and quantitative quality criteria

· Use of the confidence intervals associated with model, soft sensors and controllers

· Analyse the consistency between the available models by FDI residue generation

· Use the FDI conclusions to detect in which situation is the process (standard, overloading, failure)

· Generate an alarm if none of the algorithm are validated

Effort: 6 MM

At SPES,  The effort will be devoted to develop:

· tools for qualitative exploitation of the model and soft predictions;

· a learning strategy, using AI (Artificial Intelligence) techniques; to make the system able to learn which algorithm provides the best results with respect to influent conditions.

Effort: 2 MM

USC: On-line check of the consistency of the advanced control modules with respect to their objectives.  Development of a module to detect a steady state of the process.

Effort:4 MM

WP4.5 Decision support system (EC: 13.5, LA:0, Total: 13.5 MM)

Participants: INRA: 7.5, CCLRC: 3.1, SPES: 1.5, LEMAIRE: 1, DOMECQ UK :0.4

Once all the previous points are developed, the objective will be to provide the human operator – either at the local plant or in the remote centre – with clear explanations of the encountered problems through a decision support system (DSS). This will need :

· to analyse the faults detected and isolated by the FDI approach,

· to choose the criteria appropriate to decide upon the most appropriate strategy to recover from the faults,

· to provide criteria to decide to treat locally the problem or to refer to the expert centre,

· to provide information understandable by human operators (i.e., in a natural way and using knowledge of the domain).

Work splitting between partners

INRA (task leader) will be in charge of the following items:
· Use the conclusions of the FDI system for decision support system (DSS). In other words, when a fault is detected and isolated, automatically choose the best suited action for the process to recover. This choice can be based on previous cases from the past, on analytical model prediction that will allow the DSS to automatically forecast the effects of a recovery action or on statistical analysis for the safest action in case of unknown situation.

· Provide explanation to the human operator from the faults previously detected.

Effort: 7.5 MM

CCLRC will assist, on the basis of the knowledge base developed in 4.3, with the selection of the appropriate treatment strategy and its presentation to the operators in an understandable way. The results of data mining will help to determine whether a particular case is similar to those seen before or very different, and therefore what strategy is appropriate.

Effort: 3.1 MM

SPES will

· Provide information understandable by human operator

· Check the coherency between FDI and DSS software modules

Effort: 1.5 MM

LEMAIRE: Expert knowledge formalisation to recover from a fault. What are the actions usually undertaken. Special emphasis to the remote management background.

Effort:1 MM

DOMECQ UK: Specification of the type of information to be provided to the local operator with the point-of-view of industrial end-users

Effort: 0.4 MM

WP.4 6 Supervision system integration (EC: 9, LA: 0, Total: 9 MM)

Participants: SPES: 7, USC: 2, 

Finally, both software and hardware integration of the different FDI modules developed within the project will be studied. This will in particular include the development of a user friendly interface and the testing at a specific plant and at the industrial scale

Work splitting between partners

SPES (task leader) will Co-operate with the WP leader (INRA) the hardware and software integration of the different FDI modules developed will be designed and realised.

The basic issue are:

· hardware integration: the correct interfacing toward sensors and probes to guarantee a coherent signal transmission and decoding;

· software integration

· the correct interfacing between the different modules to guarantee a coherent flow of information and data and a reliable interaction;

· the correct interfacing with the controller, modulating and toning the level of interactivity;

· the full compatibility with the architecture of the overall TELEMAC software.

· the development of graphical user interfaces to provide the human operator with a friendly tool.

Effort: 7 MM

USC: Encoding and integration of the developed algorithms

Effort:2 MM

Deliverables

No
Deliverables
Date

D4.1
Supervision System Specifications
T0+6

D4.2
Data base for measurements recording and plant architecture description
T0+15

D4.3
A set of algorithms ready to be implemented in order to tackle the FDI objectives 


either at the local level or after alerting the expert centre
T0+24
D4.4
First version of the DSS module of the TELEMAC software
T0+30

D4.5
Final supervision system module 
T0+36
Milestones 
· Off-line validation of the FDI strategy is expected at month 24 using recorded data from several pilot plants

· On-line validation of the FDI strategy for industrial plants is expected at month 30 and will be further investigated until month 36.

9.3.5 Work Package 5: Software Integration

Start date or start event: t0

Lead contractor: CCLRC

Total person-months: 
EC: 56, LA: 0 (total: 56)

Person-months per participant:

INRA: 6.5, CCLRC: 11.9, SPES: 21.2, ENEA: 11.5, LEMAIRE: 4, DOMECQ UK :0.9

Objectives

· Analyse the information security issues of the TELEMAC system, make recommendations for priorities and their implementation, and validate towards the end of the project.

· Develop user-friendly Web-based interfaces and communication tools for use by the on-site technician and remote expert.

· Design a generic and customisable architecture for TELEMAC, integrate all the TELEMAC modules into a functioning whole for installation at the pilot sites and validate the software in conjunction with the user partners.

State of the art

In the research area

A popular architecture for integrating complex software components is based on middleware and wrappers. The middleware acts a ‘software bus’ for communication between all components, while the wrappers provide a uniform interface to each component. CORBA is a classic example of middleware; however, Web-oriented approaches using XML for the wrappers are also available. An alternative could be the use of tools based on a data socket approach, for example LabWindows CVI or LabView DSC (by National Instruments). Developing a Client-Server protocol using Internet as the medium, it is possible both to transfer data (including complex data such as images from a webcam) or commands and integrate different modules (e.g. Matlab or database software simply creating virtual instruments using ActiveX), managing the whole system using panels and GUIs. The system is not based on the use of Internet windows but uses Internet Web only as the medium. This significantly improves the access security, the flexibility and the performances (in terms of amount and speed of data transfer).

Environments for computer-supported cooperative working are reaching high levels of sophistication, for example, the Collaborative Virtual Workspace (CVW), originally produced by the Mitre Corporation and now in the public domain, or GMD's BSCW.  The former is based on a metaphor of "floors" and "rooms" in which users interact through a variety of media including text, audio and video, and there are shared virtual whiteboards and recording of interactions.  The latter provides cross-platform cooperation based on a shared workspace, a joint storage facility that may contain various kinds of objects such as documents, tables, graphics, spreadsheets or links to other Web pages.  A workspace can be set up and objects stored, managed, edited or downloaded with any Web browser. The BSCW system will keep the members of a group informed about each others' relevant activities in a shared workspace.

It is clear that the requirements of TELEMAC are much less than full cooperative working across the Internet.  However, some of the features of these systems may be needed -- for example, the recording of all interactions to establish a trail for auditing and post-incident analysis.

The presentation of multimedia information on the Web is attracting attention as Web pages evolve beyond being simple magazine-style static pages. For TELEMAC, the visual aspect is important in the case of leaks, for example, and because many of the processes are poorly instrumented. Webcams are now well established technology; however they still have to be integrated into working and problem solving environments. In particular, there are issues of coordination of tasks and effective selection of modes of display of information and interaction. In this context, computer-supported co-operative working (CSCW) has been studied for many years, but is now taking advantage of Web technologies and multimedia. A good example is the EC-funded MANICORAL project, in which CCLRC was a partner, which investigated the question of what aspects of a scientific meeting can be captured over a computer network.

In a world of increasing reliance on information and communication technology, the issue of security (more generally, trust) is becoming increasingly important.  Efforts are being devoted to improved methods of identifying and analysing possible security threats.  Risk analysis has already been proven as a powerful tool in ensuring safety in transportation, production and industry. However, the increasing complexity of today's systems urges the improvement of existing methods of analysing systems and their security specification in order to increase the likelihood that all possible security threats are taken into consideration.  Consequently, the demand for a more orderly and formal treatment of risks is increasing.  One benefit of this is that risks can be properly ranked and prioritised - it does not imply that every possible category of risk must be addressed, since some might be negligible.  The point is that an adequate consideration of risks means that informed decisions can be taken.

It is not the intention in TELEMAC to develop new techniques in the area of information security. Rather, methods and (where applicable) tools which are already available will be applied. The importance of the task must be stressed because of the need to establish the credibility of the customisable TELEMAC toolkit to its future customers in terms of the security of their sensitive information and safety of their operations.

In recent years there have been a number of attempts to design and put together security mechanisms and technologies to solve security issues connected to distributed systems.  For example, the standardisation efforts connected with the CORBA architecture have improved the understanding of security in an object-oriented setting.  The Internet Engineering Task Force manages related standardisation efforts towards the Internet.  Within ISO there is also a recent standard providing common criteria for information technology security evaluation.

A significant industrial initiative is the Common Criteria for Information Technology Security Evaluation (CC) which has now published Version 2.1 of its publication, which also appears as the international standard ISO 15408. This provides a mechanism for establishing compliance with the security requirements specified therein.

The CORAS project (IST-2000-25031) is developing a base framework applicable to security critical systems that will supply customisable, component-based road maps to aid the early discovery of security vulnerabilities and will provide methods to achieve the assurance of the security policy implementation. It aims to produce results at several levels, from tools to operate over formal UML specifications of processes, to less formal guidelines.

At industrial scale

To our knowledge, the only software dedicated to monitoring of anaerobic treatment plants is the one developed by Lemaire. It consists mainly in copying the screen of the local computer which drives the process on the basis of simple rules (see detailed description in Lemaire’s state of the art). 

Starting point

The work performed in this workpackage will build on:

· The involvement of CCLRC in the project CORAS, which is developing methods and tools for precisely the kind of analysis that must be performed in TELEMAC.

· The involvement of CCLRC in the proposed Faraday Partnership ‘Trusted eServices’. This brings together globally linked technology providers and users , SMEs, and universities, with a view to incorporating trust into the technology of e-services.

· The experience of CCLRC in multi-media and computer-supported cooperative working.

· The experience of SPES in systems integration.

· The role of ENEA in communicating to the software developers the needs of the plant operators.

· The experience of LEMAIRE in teleprocessing via Internet.

Description of work

WP5.1 Information security (EC: 6.4, LA: 0, Total: 6.4 MM)

Participants: INRA: 2, CCLRC: 2.4, SPES: 1, LEMAIRE :0.5, DOMECQ UK :0.5

The aim of this task is to perform an analysis of the security aspects of the TELEMAC software. The task will take as its basis the system design produced in WP5.3. This will be subjected to analysis to highlight key security issues, prioritise them and produce recommendations. Towards the end of the project, the task will re-examine the work that has been done to provide assurance that the highlighted issues have been addressed.

It is important to recognise that information security refers not only to network security, for example, the risks that arise through loss of data in case of network failure, but also to issues such as control of access, protection of sensitive data, data integrity, and authorisations to access resources according to roles. In general it is difficult to imagine in advance which of these issues will be of importance for particular applications. Thus it is necessary, in safety-critical applications such as TELEMAC, to perform a study of the security risks, prioritise them and propose approaches to managing them. This is particularly important when the communication is carried out remotely across the Internet, with possibilities of interruption, interception or loss of performance. The approaches may include modifying processes—giving guidelines about changes—or reducing risks in the network infrastructure. There are various methods available or under development for performing such studies, from relying on the existence of a full UML specification of the underlying process, to less formal analyses based on guidelines.

It is clear that network failure will be one concrete security risk. The process has to be maintained in safe conditions at the local level and, when the network is back to normal, data might have been lost. In such a case, we have to determine what happened during this period where no measurements were available and knowing only the history of the process before network’s shutdown and the present situation after the repair.

The task will involve:

· Study the overall security goals and requirements.

· Analyse the TELEMAC system design in the light of these goals and requirements.

· Produce recommendations for security priorities and how to implement in TELEMAC.

· Validate the work done in accordance with the recommendations.

Work splitting between partners

INRA will mainly study the safety of the process in case of network failure. Indeed, in such a case, the process has to be maintained in safe conditions at the local level and, maybe more importantly, when the network is back to normal, data might have been lost. In such a case, we have to determine what  happened during this period where no measurements were available and knowing only the history of the process before network’s shutdown and the present situation after the repair. 

Effort: 2 MM 

CCLRC (task leader)  will carry out the security analysis on the basis of the system design.  This will identify and prioritise security risks and make recommendations relating to them. The implementation will be validated towards the end of the project.

Effort: 2.4 MM

SPES contribution will be strictly linked to the design and development of the software platform of TELEMAC, concerning security specification and methodology to implement security priorities in TELEMAC.

Effort: 1 MM

LEMAIRE Participation to the security specification. 

Effort: 0.5 MM

DOMECQ UK:  Security specification. Participation to the definition of security requirements. Evaluation of the risks generated by an erratic management of the plant.

Effort: 0.5 MM
WP5.2 Web technologies and user interfaces (EC: 15.4, LA: 0, Total: 15.4 MM)

Participants: INRA: 0.5, CCLRC: 4.5, SPES: 4, ENEA :5.5, LEMAIRE :0.5, DOMECQ UK :0.4

This task is devoted to assisting both the local technician and the remote expert at their respective places of work, and the communication between them, using Web technologies. There will be emphasis on user-friendly interfaces, for example, the most effective medium for presentation of information of different classes of information. 

The task will involve:

· Review existing tools suitable for information gathering on the plant.

· Review existing tools for exchanging information and co-operative working between the technician and remote expert.

· Select and acquire suitable tools and incorporate into the TELEMAC architecture.

· Investigate the user interface needs and determine the most effective ways of interacting with the users for various tasks.

· Design and develop ergonomic user interfaces.

· Put in place the selected tools and interfaces at the pilot sites.

Work splitting between partners

INRA’s role will here be mainly devoted to provide user interface specification about how to integrate results from FDI and diagnosis module in an easily understandable manner.

Effort: 0.5 MM

CCLRC will integrate the communication between the local user and the central expert into the database/knowledge base developed in WP4.3. 

The actions taken by the humans in the system are an important part of the history of the plant, its problems, the diagnoses, actions taken and results, and must therefore be incorporated in the database/knowledge base. 

Since the communication link is via Internet, it will be possible to monitor the interaction and abstract what is happening, at a suitable level for representation and storage.

Effort: 4.5 MM

SPES (task leader):

The need is to study a different distribution of the computational resources to make possible anyhow monitoring and control action reducing cost, but also the number and the required expertise of the plant workers. To reach this objective, it is necessary to assist both the local technician on the site and the expert in the remote control centre and to provide the latest the tools to interact with the automatic control on the plant and to communicate with the local technician. This will be done using Web technologies.

The issues for SPES are:

· review existing tools for exchanging information and co-operative working using Web resources, to make the remote control centre able to act its supervision role, monitoring and, if it is necessary, reconfiguring the control policy, over more plants;

· select and acquire suitable tools and incorporate into the TELEMAC architecture;

· design and develop ergonomic user interfaces;

Effort: 4 MM

ENEA will ensure a link between the design and the development of the TELEMAC software. On the basis of the experience of the pilot plant experimental campaign ENEA will communicate to the software developers the need of plant operators.

The activity consists in:

· review of existing tools suitable for information gathering on the plant.

· investigation for defining a user interface and to determine the most effective ways of interacting wit the users.

· Install and assemble the selected tools and interfaces at the pilot sites.

Effort: 5.5 MM

LEMAIRE:  Participation to the interface specification for the software both for the local module (interface with a technician) and for the remote module (interface of the remote expert). Definition of the data to be communicated, possible actions, etc. 

Effort: 0.5 MM

DOMECQ UK: Specify the interface requirement for local technician. Specification of the type and the level of information that must be communicated to the technician. Specification of the type of actions that the local technician can perform on the local TELEMAC module.

Effort: 0.4 MM
WP5.3 TELEMAC software (EC: 34.2, LA: 0, Total: 34.2 MM)

Participants: INRA: 4, CCLRC: 5, SPES: 16.2, ENEA :6, LEMAIRE: 3, 

This task is concerned with the software architecture and integration of the modules. It is critical for the success of the project.  It is not sufficient for TELEMAC to produce a set of loosely integrated tools for telemonitoring; an important advance is to produce a customisable toolset which will be readily exploitable an adaptable at new locations.  Thus it is important to establish a system architecture that distinguishes what is generic from what is site-specific, and provides a framework for development of applications at a wide variety of sites with different technical capabilities.  The list of activities shows that a strong effort is needed to achieve the project's goals in this area:

· Define the software architecture, including the means of communication between modules, for the local site and the monitoring centre, and for the communication between them (data transfer protocols). Address the adaptivity and modularity requirements.

· Define a strategy and structure for managing several plants from a single remote monitoring centre, manage the priorities between the problems that can appear in several places.

· Define a strategy to manage several processes from a network of experts being specialised in various field (process, control, sensors, etc).

· Define protocols to modify the codes from the monitoring centre.

· Define and develop an hardware platform to simulate the sensors and actuators input/output dedicated to validation of the code modifications

· Implement the middleware and integrate the modules.

· Produce customised versions of the integrated system for the pilot sites.

· Debug and test the versions of the TELEMAC software

· Produce and use a framework for validation of the TELEMAC software, in conjunction with the user partners.

· Develop a benchmark version of the TELEMAC software for advertisement and education purposes.

Work splitting between partners

INRA will study in collaboration with LEMAIRE a strategy to manage several plants in parallel. Protocols to use the knowledge on various fields (sensors, models, IA, etc) dispatched through a network of experts will also be studied.

Effort: 4 MM

CCLRC will provide input from its expertise in Internet technologies into the system design. It will also be responsible for a method for validation of software components in the TELEMAC system. It is clearly necessary that when software is developed or modified, it should not introduce faults. 

Lemaire will develop a device to reproduce the I/O from the sensors and the actuators, while CCLRC will develop a method for applying this to validate modified software components before release to a real application.
Effort: 5 MM

SPES  (task leader)
The task is the design and development of the core of the TELEMAC software, based on a client server protocol using Internet as the medium and managed by user friendly interfaces, thought to integrate all the several modules of the system, (supervision system, control system, data base) located both on the plant and in the remote control centre and also all the Internet tools useful for interaction between the local technician and the remote expert (web cams, microphones).

The effort will be devoted to:

· design and develop the software architecture, including the means of communication between modules and the data transfer protocols;

· define and develop a structure for managing several plants from a single remote control centre;

· implement the middleware and integrate the modules;

· produce customised versions of the integrated system for the pilot sites.

Effort: 16.2 MM

ENEA will verify, debug and validate the software, defining, producing and using a framework for validation in relationships with the end users.

Effort: 6 MM

LEMAIRE

· Participation to the definition of a strategy to manage in parallel several units. Strategy of priority management. Strategy to distribute the problems among the various experts (material, biology, algorithms, softwares) grouped in the remote control centre or disseminated in various centres.

· Validation protocol for the developed system. Design of a simple automaton simulating the fermenter and the signals produced by the sensors to test and validate the I/O of the TELEMAC system. Validation scheme and methodology to test the effects of a change in the TELEMAC code using an automaton simulating the digester (both for the local and remote modules). 

· Design of a lecture to teach how to use and calibrate the TELEMAC system 

Effort: 3 MM

Material: 1 PC with acquisition cards, electronics to simulate the I/O reproduced by the sensors or actuators. Automaton to test and validate the system for the set-up on a new plant (including sequence recorder)

Deliverables

No.
Deliverable
Date

D5.1a
Initial report on security issues
T0+12

D5.1b
Final report on security issues in the light of experience in the project
T0+36

D5.2a
Selection and acquisition of tools for information gathering and co-operative 


working
T0+12

D5.2b
First functioning user interfaces
T0+18

D5.3a
Initial system architecture and system management strategies
T0+6

D5.3b
First functioning middleware and integrated systems on pilot sites 
T0+18

D5.3c
Final functioning middleware and integrated systems on pilot sites 
T0+30

D5.3d
Customisable software and final report on TELEMAC software 
T0+36

Milestones and expected results

· Specification of the software architecture

· View of user interfaces and Web-based tools

· First TELEMAC software version

· Final TELEMAC software

9.3.6  Working Package 6  : Exploitation and Dissemination

Start date or starting event:
t0



Lead contractor:  ERCIM






Total person months: EC: 20.9, LA: 4.1 (total: 25)

Person-months per participant:

ERCIM: 3 - INRIA: 1 - INRA: 2 - APPLITEK: 1 - BIOMATH: 1 - CCLRC: 1 - SPES: 1 - USC: 1 - ENEA: 2  AGRALCO: 2,5 - LEMAIRE: 3 - SAUZA: 2.1 - UDG: 1 - DOMECQ UK:2.4 - DOMECQ BR: 1
Objectives 

· Dissemination of the scientific results

· High participation of end-users

· Preparation of the implementation phase
Description of work 

Dissemination activities

Aside from the usual dissemination vectors, such as brochures and presentations during specialised conferences and symposiums, the project team will develop and use specific means for project results dissemination :
· The project Web server will provide information material on wide basis, enabling easy access by any person interested, and with link to the co-ordinator e-mail when specific information is requested ; The web server will be hosted by ERCIM (www.ercim.org) with a mirror site in Latin America. This server will have public pages for general information about the activities of the project, and restricted access pages, for project members only. The project Web site to be created will be actively maintained.

Public pages include 
· a general description of the project

· links to partners Web sites

· links to related projects (in particular in European programs)

· new events

· information concerning on-going activities

· link to the demonstrations of the project

Restricted pages include 
· the entire proposal

· meetings reports

· agenda for future meetings

· deliverables and reports 

· guides and forms explaining administrative and financial procedures of the European Commission

· co-ordinates of the partners

· The participation of the consortium to concertation meetings organised by the European commission and the collaboration with the European Environment Agency http://www.eea.eu.int/frdocu.htm
· Exchange of information with other European projects financed by the European Commission e.g. 
· Large public diffusion
· Publication in scientific or popular magazines .

Exploitation of the results

Three aspects of TELEMAC ensure that the project results will be exploited and disseminated : 

· Involvement of the end-users from the beginning to the end of the project, in particular close implication to realise the final System ;

· Design of the System as a modular System ;

· Conception and realisation of the system by industrial partners.

End users are involved in the TELEMAC project. They are them self in close collaboration with other potential end users.
The project will benefit form the involved industrial partners networks to set up user groups both in Europe and Latin-America. Involving user groups from the beginning of the project will give the consortium a clear definition of end-users requirements : objectives of the control and supervision, final output of the system, representation of the final output and platform interface. A benchmark for education will be implemented to allow management simulations of an anaerobic digester. 

A end-user workshop will be organised, in order to provide more detailed and targeted information to selected organisations and potential users, and to collect feedback from them. This will increase TELEMAC notoriety, and provide useful input for future improvements of the system.

The continuous and interactive dialogue between end-users, providers of expertise, and developers, ensures the adequacy between the final System and the end-users requirements. 

Direct implication of industrial partner in the development and in the realisation of the Integrated Information System will also be a driver to this issue.

Technology implementation plan 
The technology implementation plan will define the outlines of the actions to be done during the five years after the end of the project in order to implement the Integrated Information System in the « world » of the end users. A first draft of the TIP will be provided at mid-term of the project. The final TIP, including a market analysis,  is due to the end of the project. 
Work splitting between partners

ERCIM (Task Leader):  ERCIM  will devote efforts to ensuring an efficient dissemination using supports such as ERCIM News. A specific web site will be developed, designed not only to be a working tool for the TELEMAC partners (restricted access pages, a document repository) but also to give information on the project to visitors (public pages, downloadable fact sheet…)

Being an Consortium of European Research Institutes, ERCIM will also disseminate information about the project to all is members for a broader dissemination in the European Scientific Community.

A particular attention will be paid to publications and meetings participation.

ERCIM will ultimately coordinate and contribute to the writing of the final Technological Implementation Plan.

Effort:3 MM

INRIA: Dissemination, publications and meetings participation. Participation to the benchmark for education.

Effort:1 MM

INRA: An important part will be also dedicated to the dissemination of the scientific results (i.e., publication in scientific or popular magazines, presentations during specialised conferences and symposiums, …)

Effort: 2 MM

AppliTek: Exploitation and Dissemination

Effort: 1 MM

BIOMATH: Exploitation and Dissemination

Effort: 1 MM

CCLRC: Dissemination activities through conference presentations, ERCIM workshops, etc.

Effort: 1 MM

SPES: Dissemination, publications and meetings participation

Effort: 1 MM

USC: Dissemination, publications and meetings participation

Effort: 1 MM

ENEA: ENEA will contribute to the successful exploitation and dissemination of the TELEMAC results.

Effort: 2 MM

AGRALCO: In particular, Agralco will contribute in disseminating TELEMAC’s results and technologies within the network of wineries.

Effort: 2.5 MM.

LEMAIRE: dissemination, meetings participation, collect of  industrials interested in the TELEMAC system and interested to have his site tele-monitored.

Effort: 3 MM

SAUZA: Dissemination and meetings participation. Specific issue for dissemination in Mexico.

Effort: 2.1 MM

UDG:  Dissemination and meetings participation. Dissemination in Mexico. 

Effort: 1MM

Domecq UK: Dissemination and meetings participation. Set-up of the TELEMAC system on Allied Domecq plants for which it is justified and dissemination of the TELEMAC technology  in Allied Domecq. Publication of the results in Allied Domecq environmental report. Permission to use the Allied Domecq digesters as reference for new potential markets. 

Effort: 2.4 MM

Domecq Br: Dissemination and meetings participation. Dissemination in Brazil. 

Effort: 1MM

Deliverables

No
Deliverables
Date

D6.1
Web site opening and project presentation
T0+3

D6.2
Dissemination and use plan
T0+6

D6.3
Draft of TIP
T0+24


D6.4
Benchmark for education
T0+36

D6.5
Report on the end user evaluation
T0+36
D6.6
Final TIP document
T0+36
D6.7
Web site
T0+36

Milestones and expected result 

· Web site dissemination

· End users requirements and evaluation of the system

· Technological implementation plan

9.3.7  Working Package 7  : Project Management

Start date or starting event:
t0



Lead contractor:  ERCIM






Total person months: EC: 17.6 LA: 0 (total: 17.6)

Person-months per participant:

ERCIM: 11.6- INRIA: 6

Objectives 

The objective of this Workpackage is to ensure the scientific and administrative co-ordination of the project to:

· Create the necessary conditions for successful work and results according to the contract

· Take care of the quality insurance for the action

· Organise the project review

The consortium structure

· The scientific co-ordination is ensured by Olivier Bernard. 

· The administrative and financial co-ordination is ensured by Bruno Le Dantec. 

· Each workpackage has a leader.

· Dissemination actions will be organised both in Mexico and in Europe.

Description of work 

The co-ordination task  has to:

· Establish the overall organisation for the Project within the IST Program requirements. It shall formalise and define the main processes to produce a Project Management Plan

· Ensure institutional exchanges with the Commission representatives

· Maintain the project plan 

· Organise the Management Committee and Technical Boards  meetings

· Ensure efficient communication flow among partners and among work packages and more specifically make sure that the synergy between the artificial intelligence and advanced control techniques teams is efficient.

· Set up a communication environment dedicated to the Project which will include all the necessary elements for the management of the proposal

· Formalise and up-date the Project’s database : main information features, reports, working documents

· Handle all the administrative tasks connected with the activities of the consortium : management of human and material resources involved in the Project, planning and monitoring of activities, record keeping, reporting, administration and invoicing...

(   Supervise and review the writing of the deliverables and organise their dissemination

Mechanism for continuous evaluation and modification of direction 
Project Reviews will take place on request by the European Commission throughout the project duration. The documents to be used by the reviewers are the deliverables, the Quarterly Management Reports, the periodic progress reports and the cost statements. 
A project management committee and a technical board will be set up. Their role is to control, review and verify the correct development of Telemac project plan, and when necessary to adapt appropriate actions to correct the deviations from the schedule. (see project Management, section 9)

Quality assurance measures

For the System quality the approach will be to adopt common standards as much as possible in order to guarantee internal consistency of the design choices, the specification units, the developed programs and the software documentation. 

The approach will rely on a “Master Apprentice” model for process improvement.: model for the set of good practices, the master spreads practices to local apprentices, Appentices acquires and the new practices. 

The domain of competence identified to start can be defined as documentation, program handling, specification reviews and inspections, incremental development.

Work splitting between partners

ERCIM (Task Leader) : In this workpackage ERCIM will establish the overall organisation for the Project within the IST Program requirements and define the main processes to produce a relevant project management plan. 

Emphasis will be put on ensuring institutional exchanges with the Commission representatives as well as organising the various  technical and management meetings. Ensuring an efficient communication flow among partners and among workpackages is another aspect of the tasks to be fulfilled  by ERCIM under this workpackage.

Finally, ERCIM will perform all the administrative tasks connected with the activities of the consortium while supervising and reviewing the writing of the deliverables, and organising their dissemination

Effort:11.6 MM

INRIA:  Scientific coordination

Effort:6 MM

Deliverables 

· Quarterly report each 3 months

· Annual reports, edited annual report and costs statement every 12 months.

· Final report two months after the end of the project.

Milestones and expected result 

Project review every 12 months. 
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9.4 Deliverables list

	Del. No.
	Deliverable Title
	WP 
	Leader
	P/M
	Delivery months
	Type
	Dissemination 

	
	WP1: Experimentation and validation
	
	
	
	
	
	

	D1.1
	Experimental protocol specification to reproduce normal and abnormal working conditions
	1
	USC
	3
	6
	Report
	R

	D1.2
	Protocol to set up the TELEMAC system on a new plant
	1
	BIOMATH
	5.3
	24
	Report
	R

	D1.3a
	Experimental data sets at laboratory
	1
	USC
	12
	12
	Data base
	R

	D1.3b
	Experimental data sets at pilot and  pre-industrial scale
	1
	USC
	36
	20
	Data base
	R

	D1.3c
	Experimental data sets at industrial scale
	1
	USC
	12
	30
	Data base
	R

	D1.3d
	Final data sets
	1
	USC
	18
	36
	Report
	R

	D1.4
	Instrumented plants piloted with the TELEMAC software
	1
	ENEA
	21
	33
	Demo
	R

	D1.5
	Report on TELEMAC system validation, and evaluation
	1
	ENEA
	27.3
	36
	Report
	R

	
	
	
	TOTAL
	134.6
	
	
	

	
	WP2: Smart sensor development
	
	
	
	
	
	

	D2.1
	Specification for hard and software sensors
	2
	APPLITEK
	4.6
	3
	Report
	R

	D2.2
	A procedure to validate, filter and check the consistency between data provided by the sensors
	2
	BIOMATH
	7.5
	18
	Report
	R

	D2.3
	First report on parameters distribution within the fermenter
	2
	CESAME
	5
	20
	Report
	R

	D2.4
	Adaptive sensor based on robust probes with confidence interval
	2
	APPLITEK
	31.7
	27
	Report
	R

	D2.5
	Software sensors for state forecasting accompanied with fault residues
	2
	INRIA
	23.9
	27
	Report Soft
	R

	D2.6
	Final report on optimal sensors location
	2
	CESAME
	5
	33
	Report
	R

	D2.7
	Report on full-scale performance of the sensors within TELEMAC
	2
	LEMAIRE
	20
	36
	Report
	R

	
	
	
	TOTAL
	97.7
	
	
	

	
	WP3: Advanced control
	
	
	
	
	
	

	D3.1a
	A set of validated models developed for standard working conditions
	3
	INRIA
	7
	12
	Report
	R

	D3.1b
	A set of validated models developed for failures conditions 
	3
	INRIA
	12.5
	22
	Report
	R

	D3.2
	A set of procedures to estimate on-line and off-line the models parameters
	3
	BIOMATH
	9
	24
	Report
	R

	D3.3
	A set of robust controllers whose objectives are to optimise the process working, to assist the process to recover after a failure or to improve the process start-up
	3
	UDG
	32.1
	28
	Report
	R

	D3.4
	Final version of the Telemac advanced control module
	3
	SPES
	10.9
	36
	Soft Report
	R

	
	
	
	TOTAL
	71.5
	
	
	


	Del. No.
	Deliverable Title
	WP 
	Leader
	P/M
	Delivery months
	Type
	Dissemination 

	
	WP4: Supervision system
	
	
	
	
	
	

	D4.1
	Supervision System specifications
	4
	USC
	5.3
	6
	Report
	R

	D4.2
	Data base for measurements recording and plant architecture description
	4
	CCLRC
	6.5
	15
	Data base
	R

	D4.3
	A set of algorithms ready to be implemented in order to tackle the FDI objectives either at the local level or after alerting the expert centre
	4
	INRA
	24
	24
	Report
	R

	D4.4
	First version of the DSS module of the TELEMAC software
	4
	CCLRC
	13.4
	26
	Soft
	R

	D4.5
	Final supervision system module
	4
	SPES
	19.6
	36
	Soft Report
	R

	
	
	
	TOTAL
	68.8
	
	
	

	
	WP5: Software integration
	
	
	
	
	
	

	D5.1a
	Initial report on security issues 
	5
	CCLRC
	4.8
	6
	Report
	R

	D5.1b
	Final report on security issues in the light of experience in the project
	5
	CCLRC
	1.6
	36
	Report
	R

	D5.2a
	Selection and acquisition of tools for information gathering and co-operative working
	5
	SPES
	4.4
	12
	Soft

Report
	R

	D5.2b
	First functioning user interfaces
	5
	SPES
	11
	18
	Soft
	R

	D5.3a
	Initial system architecture and system management strategies
	5
	CCLRC
	5.5
	6
	Report
	R

	D5.3b
	First functioning middleware and integrated systems on pilot sites
	5
	SPES
	13.5
	18
	Soft
	R

	D5.3c
	Final functioning middleware and integrated systems on pilot sites
	5
	SPES
	9.7
	30
	Soft
	R

	D5.3d
	Customisable software and final report on TELEMAC software
	5
	SPES
	5.5
	36
	Soft

Report
	R

	
	
	
	TOTAL
	56
	
	
	

	
	WP6: Exploitation and dissemination
	
	
	
	
	
	

	D6.1
	Web site opening and project presentation
	6
	ERCIM
	0.8
	3
	Web 
	Pu

	D6.2
	Dissemination and use plan
	6
	ERCIM
	0.8
	12
	Data base
	R

	D6.3
	Draft of TIP
	6
	ERCIM
	1.4
	24
	Report
	R

	D6.4
	Benchmark for education
	6
	ERCIM
	3
	36
	Soft
	R

	D6.5
	Report on the end user evaluation
	6
	ERCIM
	4
	36
	Report
	R

	D6.6
	Final TIP document
	6
	ERCIM
	1.4
	36
	Report
	R

	D6.7
	Web site
	6
	ERCIM
	2.2
	36
	Web
	Pu

	
	
	
	TOTAL
	13.6
	
	
	


9.5 Project planning and timetable 
	
	               Year 1
	               Year 2
	                Year 3
	

	
	t0
	T6
	t12
	t18
	T24
	t30         
	t36

	WP 1.1
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	WP 1.2
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	WP 1.3
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	WP 2.1
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	WP 2.2
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	WP 2.3
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	WP 2.4
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	WP 2.5
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	WP 2.6
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	WP 3.1
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	WP 3.2
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	WP 3.3
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	WP 3.4
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	WP 4.1
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	WP 4.2
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	WP 4.3
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	WP 4.4
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	WP 4.5
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	WP 4.6
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	WP 5.1
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	WP 5.2
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	WP 5.3
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	WP 6
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	WP 7
	
	
	
	
	
	
	

	
	t0
	T6
	t12
	t18
	T24
	t30         
	t36


9.6 Graphical presentation of project components (Pert diagram) 

9.7 Project management

9.7.1 Management structure

Project management and technical co-ordination are ensured by the Scientific Project Manager (O. Bernard) and the Administrative and Financial Project Manager (B. Le Dantec). The project manager and the Workpackage managers will work together as a technical and administrative team to co-ordinate the whole project. 

The project is organised around work packages. Each Workpackage has a Manager.

	Task
	Title
	Manager 

	WP 1
	Experiment design and running
	Juan Lema, USC

	WP 2
	Smart sensor development
	Kristof De Neve, APPLITEK

	WP 3
	Advanced control
	Olivier Bernard, INRIA

	WP 4
	Supervision system
	J.P. Steyer, INRA

	WP 5
	Software Integration
	Simon Lambert, CCLRC

	WP 6
	Dissemination and implementation
	Bruno Le Dantec, GEIE-ERCIM

	WP7
	Project management
	Bruno Le Dantec, GEIE-ERCIM


The definition of an appropriate management structure (self-assessment and management) is crucial to the success of the TELEMAC project. Experience with previous projects suggests that a simple and dependable management Organisation can facilitate:

1. 
Effective decision making

2. 
Useful and satisfactory internal communication

3. 
Clear external communication

4. 
Project control (technical - administrative)

The project management structure is as follows. Two levels of management are proposed:
Project Management Committee (PMC) 
The management and direction of the project is the responsibility of the Co-ordinator, ERCIM. The PMC consists of one representative of each partner. In case of conflict, or on request from a representative of a contracting partner, normal voting is limited to the representative of contracting partners under the condition defined in the Consortium Agreement. The project manager represents the Co-ordinating partner, and chairs the PMC. The PMC has full authority for taking decisions on project management, on request of any of its members. It is responsible for modifying (if needed) the project workplan and the task allocation among partners. 

The following matters will be considered by the PMC:

1. Discussion and solution of contractual and administrative matters.

2. Work package commencement and use of the project resources; identification of a person responsible for every work task/work package.
3. Control and review the financial and technical progress. 

4. Verification of the correct development of the Telemac project plan and when necessary, adoption of appropriate actions to correct the deviation from the schedule.

5. Discuss and approve the detailed plan for the next six months/years activities.

6. Decide on proposed modifications to the work plan and allocation of resources.

7. Stimulate the establishment of contacts with other relevant external projects. 

8. Participation to promotion activities will be encouraged especially in the second year of the project. 

9. Promote and approve the attendance and presentation of papers at conferences and symposiums.

The Technical Board (TB) 

The control of the technical directions and activities in progress, will be under the responsibility of the Technical Board (TB). The TB will be composed by the Telemac project manager, and of the Work Package leaders. The TB members will meet at regular intervals to:

1. 
Co-ordinate the activities of the different Tasks.

2. 
Discuss and resolve technical issues.

3. 
Define the technical directions of Telemac project and identify new solutions.

4. 
Control and review technical work carried out in the Tasks.

5. 
Notify for the PMC approval, technical modifications in accordance with the aims of the project and reallocation of resources.

6. 
Verify the correct implementation of the Telemac project and adopt appropriate actions to correct technical deviations.

7. 
Evaluate and approve the final technical results.

8. 
Ensure the implementation of the plan and notify the PMC committee of deviations from the technical plan.

9. 
Establish standards for the reports, presentations, papers, and deliverables.

10. Collect and assemble the deliverables.

11. Information flow and project reporting.

At the end of every six month a report will be produced, approved by the PMC containing:

(a) 
Summary of the last six months activities,

(b) 
List of deliverables,

(c) 
Problems, proposed modifications for the next six months,

(d) 
Administrative and financial information.

All the technical documentation, produced during the project, will be accessible through the web, http://www.ercim.org/telemac to the Telemac partners to ensure an appropriate internal/external dissemination of ideas and know-how.

9.7.2  Management tools 
The Project File

The Project File will contain all documents related to the management and progress of the project and in particular: (a) correspondence with the CE, (b) minutes of all meetings of the Project Management Board, (c) technical reports, (d) software produced by the project and associated documentation. Privates pages will be accessible through the web, http://www.ercim.org/telemac to the TELEMAC partners. 

Dispute Resolution

All conflicts will be resolved as locally as possible (i.e. within the workpackages). At the last resort, the Management Board will call an exceptional meeting with the responsible of each partner so as to resolve the conflict. There will be a democratic vote, one vote per member partner. The Co-ordinator vote can be used to break ties. In case where for any reason a partner wants to withdraw from the Consortium, or if a conflict cannot be resolved, then the Commission will be informed.

Co-operation Europe Latin-America

There has already been prior collaboration between European and South-American participants:

- SAUZA and LEMAIRE have already been in contact to develop an anaerobic digester at the pilot scale in order to explore the possibility of processing Tequila vinasses.

- USC has maintained research activities with the following universities from Latin-America: Mexico ( UAM and CINVESTAV), Chile (Universidad Católica de Valparaiso, Universidad de la Frontera, Universidad de Concepción and Universidad Federico Santa María). USC and Metropolitan Autonomous University of Mexico have performed a common research project in the framework of INCO programme on the Nitrogen Removal from Wastewaters. Furthermore the two institutions are involved in an ALFA project (BIO-EURAM network) for co-operation in post-graduate students exchange. USC and CINVESTAV, in Mexico, maintain a common research project on biotreatment of gases in the framework of a spanish-mexican co-operation program.
- INRA and UDG already involved since 1997 in a common 4 years ECOS project (i.e., "Evaluation, orientation de la Cooperation Scientifique (Colombie, Mexique, Venezuela)") This project (number M97B01) is dedicated to "Modelling, validation and control of an anaerobic digestion process for the treatment of tequila vinasses". In this framework, Victor Alcaraz Gonzalez, as associate professor of UDG, is studying at the LBE since December 1997 for his PhD.

Moreover, ERCIM was awarded a European grant from the EC to organise IST conferences in Latin-America in the first months of 2000. One of the main conclusions of this activity was that local researchers and industry from Latin-America are eager to participate to EU projects. During their visit in Mexico, ERCIM representatives discussed the Mexican participation to the IST programme. On March 17th 2000, during a meeting organised with the Director General of CONACYT, Lic. Carlos Badzrech accepted to sign the "Letter of Intention" with the IST programme. The participation of Mexican IT representatives to IST project should be now directly funded by CONACYT.

Deliverables (Reports)

· Quarterly Management Report are due each 3 months to the EU summarising progress, new results, deviations from the work plan and corrective actions to be taken, and work plan for the succeeding period. These reports will be arranged by workpackage tasks, there will be an executive summary prepared by the Co-ordinator and a table summarising the resources spent per partner per workpackage in the reported activity.

· Annual reports will contain a detailed account of progress made during the reported period, resources employed, results obtained, deviations from the work schedule – when occurred and planned modifications to the work schedule for the next reporting period - where necessary.
· Edited annual reports for publications 
· Cost statements: There will be a cost statement each 12 months from the commencement date.

· Final Project Report: Report at month 36 to the EU that will summarise the overall achievements of the project.

9.7.3  Communication flow within the Consortium

The consortium has already worked with each other during previous common projects and also during the process of putting the proposal together. Among the twelve European participants, four have long experience in collaborating with Latin-America. Thus we expect that the good relations among partners will allow to provide synergy. A kick-off meeting with all partners will be organised within the two months following the project start. 

Internet and Web technology will be used as the principal tool for the information management of the project:

· exchange and archives of internal documents (Internet)

· management, calendar internal activities (Collaborative tools)

· diffusion of information (published articles, conferences, web, etc)  

All documents of confidential and restricted status will conform to a common editorial style and be composed and stored electronically. They will be accessible to the project partners in accordance to their respective IPR statute.

The internal exchange and dissemination of information will be achieved by using the above dedicated Web site, with access restricted to the participants of the project. This site will centralise and archive all documents, provided both from Latin-American and European partners. They will be registered with a classification system, that clearly indicates the provenance, its authorship, its subject area, its version number. This registry will cover all documentation and deliverables (text, software, etc) generated by the project, in electronic format. In addition, a printed version of all text documents will also be archived. 

Moreover, internal dissemination of information will be achieved via the exchange of staff and students between the participating organisation, in particular between Latin-America and Europe.

9.7.4  Quality insurance measures

The Project Manager will:

· establish the overall organisation for the Project within the IST Programme requirements. He shall formalise the procedures defining the main processes

· formalise and up-date the Project’s database : main information features, reports, working documents, ...

· sets up a communication environment dedicated to the Project which will include all the necessary elements for the management of the proposals

· ensure management of the Project within the established requirements, mainly : communication activities, management of human and material resources involved in the Project, planning and monitoring of activities, record keeping, reporting, administration and invoicing.

9.7.5  Legal and ethical obligations

This project aims at improving scientific and technical collaboration between European and Latin-American partners through an applied research on environmental problems. It should have only positive consequence on waste water treatment. Moreover, the nature of the processed information and the precise identification if the Institution which will consult them should keep this project away from any danger concerning ethic.
10. Clustering
· The participation of the consortium to concertation meetings organised by the European commission and the collaboration with the European Environment Agency http://www.eea.eu.int/frdocu.htm
· Exchange of information with other European projects financed by the European Commission e.g. 

· INCO 2 – Medusa Water: Mediterranean usage of biotechnological treated effluent water (ICA-1999-00010)

· IST- CHS: Distance information technologies for home care (CHS IST-1999-13352)

· IPS-1999-00042 ANDIGNET : Pilot testing of water recycling technologies to enable the scale-up of land-based fish farming methods networking of technology providers and users, impact assessment and business planning for innovative anaerobic digestion of citrus-processing residues

· IST-1999-21069 WAMODAT : Advanced monitoring station trial for WAter MOnitoring and DATa acquisition in water supply and waste water treatment

· BM./00123/98 NNE-THERMIE C: A 27 MWE Refuse Derived Fuel (RDF) Gasification Plant at Ano Liosia.

· ENK5-2000-00094 OSCOGEN : Optimisation of Cogeneration Systems in a Competitive market Environment

· Other projects will be selected in the current IST and EESD programme using the CORDIS database. Regular exchange of information with the Telemac project officer will lead to a more focused approach.

11. Other contractual conditions
11.1  Sub contracting

Three partners, one European and two Latin American have included costs for subcontracting activities. These activities rely 

· to the functioning of the existing or  to be implemented plants, e.i. adaptation of the plant to support some new sensors, automation system…

· to the cost of the chemical analysis to be performed during the project life. 

AGRALCO

Mont. Ind. Tomelloso
Inox pipe welder 
5000 €

T. Lamaison
Pipe welder 
1600 €

FIJA
Electrician  (powershelf installation…)
4000 €

SAUZA

Ecotec-Gomco
Lab Analysis
10 600 €

DOMECQ BR

ALAC
Lab analysis
10 600 €

11.2  Durable equipment

	 N°
	Partner
	Nature of the expense
	Used in WP
	Date of acquisition
	 Amount charged to the Project

	4
	APPLITEK
	LABORATORY Gas Chromatograph
	WP2
	0
	10 759

	4
	APPLITEK
	BIOREACTOR 3L
	WP2
	6
	3 842

	4
	APPLITEK
	BIOREACTOR 7L
	WP2
	6
	5 379

	
	
	
	
	Total
	19 980

	5
	Biomath
	Portable PC
	WP1  WP2  WP3 
	0
	3 000

	
	
	
	
	Total
	3 000

	8
	SPES
	PC 
	WP2
	0
	1 700

	8
	SPES
	PC Notebook
	WP1- WP5
	6
	1 467

	8
	SPES
	PC
	WP4  WP3  WP5
	8
	850

	8
	SPES
	16bit EMULATOR
	WP2
	0
	4 070

	8
	SPES
	8bit EMULATOR
	WP2
	8
	510

	
	
	
	
	Total
	8 597

	9
	USDC
	On-line COD
	WP1 WP2
	0
	25 000

	9
	USDC
	PLCs & Computers
	WP1
	0
	2 593

	9
	USDC
	Flow meters
	WP1
	0
	4 232

	
	
	
	
	Total
	31 825

	10
	ENEA
	Automatic control system for daily flow fluctuations
	WP1
	0
	4 500

	10
	ENEA
	on-line gas chromatographic gas analyzer
	WP1
	0
	20 000

	10
	ENEA
	Autom control system
	WP1
	0
	11 047

	10
	ENEA
	feeding and recycling pump, heating sytem
	WP1
	0
	4 500

	
	
	
	
	Total
	40 047

	11
	AGRALCO
	electric interface, converters,powershelf
	WP1
	0
	5 258

	11
	AGRALCO
	pumps,  filters,  electrovalves
	WP1
	0
	4 000

	11
	AGRALCO
	Sensor Phase 1 (IR gas analyser)
	WP1
	0
	8 000

	11
	AGRALCO
	Sensor Phase 2 (developped from WP2)
	WP1
	12
	10 000

	11
	AGRALCO
	PC + cards
	WP1
	0
	2 000

	
	
	
	
	Total
	29 258

	12
	LEMAIRE
	2 Computers
	WP1  WP5
	0
	7 000

	12
	LEMAIRE
	Cards of data acquisition
	WP1  WP5
	0
	1 850

	12
	LEMAIRE
	Robotic of process
	WP5
	0
	6 000

	12
	LEMAIRE
	robotics mobile
	WP5
	6
	3 124

	
	
	
	
	Total
	17 974

	13
	SAUZA
	Sensors Phase 1 (IR gas analyser)
	WP1
	1
	11 000

	13
	SAUZA
	Lab equipment
	WP1
	1
	10 000

	13
	SAUZA
	PC, printer, modem
	WP1
	1
	4 000

	13
	SAUZA
	Electronis cards
	WP1
	1
	5 000

	13
	SAUZA
	Sensors Phase 2 (developped from WP2)
	WP1
	12
	20 000

	
	
	
	
	Total
	50 000

	14
	UDG
	3 Computers
	WP 2  WP3
	0
	10000

	
	
	
	
	Total
	10 000

	15
	DOMECQ BR
	Sensors Phase 1 (IR gas analyser)
	WP1
	1
	11 000

	15
	DOMECQ BR
	Lab equipment
	WP1
	1
	10 000

	15
	DOMECQ BR
	PC, printer, modem
	WP1
	1
	4 000

	15
	DOMECQ BR
	Electronis cards
	WP1
	1
	5 000

	15
	DOMECQ BR
	Sensors Phase 2 (developped from WP2)
	WP1
	12
	20 000

	
	
	
	
	Total 
	50 000

	
	
	
	
	Total EC
	150 681

	
	
	
	
	Total L.A.
	110 000

	
	
	
	
	General Total
	260 681


11.3  Consumables

	N°
	Partner
	Nature of the expense
	
	Total

	4
	APPLITEK
	SOFTWARE LICENCES
	
	2 602

	4
	APPLITEK
	CHEMICALS & TUBINGS
	
	13 634

	4
	APPLITEK
	ELECTRODES/TRANSMITTERS/CAPTORS/HARDWARE
	83 764

	
	
	
	
	
	100 000

	5
	BIOMATH
	Literature (Journals, Books) & Copies
	2 400

	5
	BIOMATH
	Software Licenses (Matlab, WEST, LAbView)
	1 600

	5
	BIOMATH
	Small Lab equipment, chemicals, repair
	12 000

	
	
	
	
	
	16 000

	7
	CCLRC
	Hardware maintenance
	
	2 400

	7
	CCLRC
	Software purchases and maintenance
	13 300

	7
	CCLRC
	Miscellaneous consumables
	
	2 400

	
	
	
	
	
	18 100

	8
	SPES
	Electronic Devices
	
	5 464

	8
	SPES
	software
	
	
	2 700

	
	
	
	
	
	8 164

	9
	USDC
	Glass equipment (glass unit reactors)
	10 000

	9
	USDC
	Chemicals, solvents, Pure gases, electrodes, probes,...
	19 000

	9
	USDC
	GC,LC,TKH & TOC accessories
	11 000

	
	
	
	
	
	40 000

	10
	ENEA
	Laboratory reagents
	
	6 000

	10
	ENEA
	Maintenance pilot and bench scale plants
	2 000

	10
	ENEA
	Spare parts
	
	
	1 000

	
	
	
	
	
	9 000

	11
	AGRALCO
	MEASUREMENT MATERIALS
	
	7 500

	
	
	
	
	
	7 500

	12
	LEMAIRE
	Measurement Material
	
	2 000

	12
	LEMAIRE
	Softwares
	
	
	2 000

	
	
	
	
	
	4 000

	13
	SAUZA
	Chemical and organic for industrial tests
	2 800

	13
	SAUZA
	Chemical for lab analysis (reference solutions)
	1 900

	13
	SAUZA
	Small consumable equipment (membranes, glass)
	2 800

	
	
	
	
	
	7 500

	16
	Domecq BR
	Chemical and organic additives for industrial tests
	2 500

	16
	Domecq BR
	Chemical for Lab analysis (reference solution)
	1 900

	16
	Domecq BR
	Small consumable equipment (membranes, glass)
	2 800

	
	
	
	
	
	7 200

	
	
	
	
	Total EC
	202 764

	
	
	
	
	Total L.A.
	14 700

	
	
	
	
	General Total
	217 464


11.4  Travel  outside the EU Member States

Travels to Mexico 

	Partner
	Cost basis (Euro)
	Nber of travel(s)

1st year
	Nber of travel(s) 2nd year
	Nber of travel(s)

3rd year
	Total (euro)

	ERCIM
	1000
	2
	2
	2
	6000

	INRIA
	1000
	2
	2
	2
	6000

	INRA
	1000
	1
	
	1
	2000

	APPLITEK
	1000
	1
	
	1
	2000

	BIOMATH
	1000
	1
	
	1
	2000

	CCLRC
	1000
	1
	
	1
	2000

	SPES
	1000
	1
	
	1
	2000

	USC
	1000
	1
	
	1
	2000

	ENEA
	1000
	1
	
	1
	2000

	AGRALCO
	1000
	1
	
	1
	2000

	LEMAIRE
	1000
	2
	2
	2
	6000

	SAUZA
	1000
	
	
	
	

	UDG
	1000
	
	
	
	

	DOMECQ UK
	1000
	2
	2
	2
	6000

	DOMECQ BR
	1000
	1
	
	1
	2000


11.5 Other Specific Costs

	N°
	Partner
	Nature of the expense
	Total cost (Euro)

	1
	ERCIM
	Meeting costs (renting meeting rooms…)
	2 600

	1
	ERCIM
	External experts
	2 500

	12
	LEMAIRE
	Financial Guarantee expenses
	3000

	13
	SAUZA
	Adaptation of existing installations
	31 900

	16
	Domecq Br
	Adaptation of existing installations
	31 900

	
	
	Total EC
	8 100

	
	
	Total L.A.
	63 800

	
	
	Total
	71 900


Appendix A - Consortium description

A1 Description of the consortium 

The consortium includes one European partner (ERCIM), three French partners (INRA, INRIA, LEMAIRE), two partners from Belgium (APPLITEK, BIOMATH), two partners from England (CCLRC, DOMECQ UK), two Italian partners (SPES, ENEA), two Spanish partners (USC, AGRALCO), two Mexican partners (SAUZA, UDG) and one partner from Brazil (DOMECQ BR).

AGRALCO, SAUZA and DOMECQ BR will not only provide test sites for live validation experiments. DOMECQ UK manages 20 distilleries world-wide, among which 13 are located in Europe. They will represent a variety of anaerobic technologies, automation level and different wastewater composition nature. They represent also various interest for energy or by-product recovery (biogas for cogeneration, tartrate, entocianes,…). Together with LEMAIRE, these partners will also bring their expertise as industrial end users. This will allow to match their expectations from the beginning of the project in order to design a technological tool adapted for end users. This will drive the pilot operations, the output of the system as well as the design of the interface with the user.

USC and ENEA, will run series of lab and pilot experiences and ensure the testing and the validation of the sensors developed and algorithms. The final validation will be done through on-site live testing, in collaboration with Industrial partners
INRA will emphasise on fault detection and isolation and decision support systems. INRIA and UDG will provide a series of validated models that will be used for the advanced control system including optimal controllers and software sensors. 

BIOMATH and APPLITEK will work together to design smart sensors, that combine traditional but low informative sensors to get a more reliable and accurate information. The connection of the sensors in a network will rely on tested and validated models. New sensors will also be developed based on the concept of In-sensor experiments. The wastewater treatment processes often present strong spatial distribution: CESAME will determine where and how to get the optimal information with the sensors in this distributed medium.

CCLRC and SPES will  be in charge of the integration of the various elements (outputs) of each partner. A user friendly integration software will be developed. Both partners will also handle tele-monitoring to design a complete and reliable  remote  supervision system.

The management of the project, both technically and administratively, will be under the responsibility of ERCIM.  This research consortium aims at fostering collaborative work within the European research community and increasing co-operation with the European Industry. 

	Nb
	Organisation
	Country
	    Web Site

	1
	ERCIM
	Europe
	http://www.ercim.org

	2
	INRIA
	France
	http://www-sop.inria.fr/comore/COMORE-eng.html

	3
	INRA
	France
	http://www.ensam.inra.fr/narbonne/Presentation.html

	4
	BIOMATH 
	Belgium
	http://biomath.rug.ac.be/

	5
	APPLITEK 
	Belgium
	http://www.applitek.com

	6
	CESAME
	Belgium
	http://www.csam.ucl.ac.be/CESAME/

	7
	CCLRC 
	UK
	http://www.itd.clrc.ac.uk/Home/

	8
	SPES 
	Italy
	http://www.spes-scrl.com

	9
	USC
	Spain
	http://www.usc.es/enxqu/ingles.htm#inicio

	10
	ENEA
	Italy
	http://eboals.bologna.enea.it/ambtd/

	11
	AGRALCO, S. COOP 
	Spain
	http://www.ucan.es/ucan/comarca_4.htm

	12
	LEMAIRE
	France
	http://perso.infonie.fr/pierre-lemaire/

	13
	SAUZA 
	Mexico
	http://www.sauza.com.mx/

	14
	UDG
	Mexico
	http://www.udg.mx

	15
	DOMECQ UK
	UK
	http://www.allieddomecqplc.com/flashed.htm

	16
	DOMECQ BR
	Brazil
	


A2. Description of the participants
P1: European Research Consortium for Informatics and Mathematics (ERCIM)  

General presentation

The European Consortium for Informatics and Mathematics (ERCIM) is an EEIG. Through this unique structure, Thirteen different research organisations in as many European countries are able to participate in joint projects, keeping the management simple and effective. ERCIM has its central office located in France with expertise in all scientific matters having set up strong internal and external channels for solicitation and dissemination. ERCIM members are all research organisations, or national consortium of research organisations and universities, with strong activity in I.T. research. Members are (in alphabetical order) :

CCLRC (U.K), CRCIM (Czech Republic), CWI (The Netherlands), CNR (Italy), FORTH (Greece), GMD (Germany), INRIA (France), SARIT (Switzerland), SICS (Sweden), SRCIM (Slovakia), SZTAKI (Hungary), TCD (Ireland), VTT (Finland)

State of the Art

For the co-ordination and management aspect of the project, the state of the art will be presented through ERCIM’s capacity to manage and implement projects.
The table below provides detailed information on some of the contracts co-ordinated by ERCIM that have started between 1996 and 2000. It has to be stressed that this list does not incorporate all the contracts managed by ERCIM, but only gives information on the most important ones.

	Title of operation
	EC Budget line
	Amount (euro)

EC funding
	Date of award

	THETIS
	Telematics
	1.299.959
	1.07.1998

	CRUCID
	INCO-DC
	   200.000
	1.12.1998

	INFODEV
	World Bank
	     90.000
	1.12.1998

	QUANTUM
	Telematics
	     65.000
	1.10.1998

	Latin America Initiative      for Cooperation in IST                                 
	DG1
	   175.000
	1.06.1999

	ANFAS
	IST
	1.599.997
	1.01.2000

	C-Web
	IST
	   171.200
	1.01.2000

	Delos Thematic Network
	IST
	   950.000
	1.01.2000

	EU-US Collaboration
	IST
	   495.000
	1.01.2000

	Scholnet
	IST
	   949.318
	1.11.2000

	Wadi
	INCO-MED
	1.000.000
	1.01.2001

	Cyclades
	IST
	1.200.555
	1.01.2001


Starting point

The contribution of ERCIM in TELEMAC started in the earliest stages of the project by gathering partners,  skills and expertise before designing the project together with all the partners. 

What ERCIM will bring to the consortium is its experience of management of multi-disciplinary, multi-cultural research projects.  It will also focus on giving the partners a clear understanding of the various proceedings in the running of such a project. ERCIM will also be the interface between all the partners involved and the European Commission.

Therefore ERCIM’s co-ordination role task implies to have an overall but accurate view of the project, of the participants. It also requires keep track of the rhythm and ensure that all deliverables and progress report are handed in time.

What ERCIM will perform under the co-ordination aspect of the project is:

· Mediation among partners 

· Mediation with the European Commission

· Supervision and quality assessment of the work 

· Ensure efficient communication among partners and among workpackages

· Enable strong visibility of the project (web sites, ERCIM News)

· Handle Administrative and Financial issues (costs statements…)

Key persons 

Jean-Luc Gouzé. Born 5/21/58 in Tours, France.

1980 Graduated from the engineering school Ecole Centrale de Paris 

1980-1983 Doctoral Thesis from the Paris XI University; Advisors: J.P. Changeux (neurobiologist, Institut Pasteur) and J.M. Lasry (mathematician, Paris IX) ; Title: A mathematical model of synaptic network.

1983 Researcher at INRIA - mathematical modelling in biology

1996 Tenure (Habilitation à diriger les recherches), Nice University

1997 Research Director at INRIA and head of Comore group

Bruno Le Dantec was born in 1963 in Rennes, France. He has a degree in law and finance. Since 1992 he is deputy manager of the EEIG-ERCIM. At the time, his main activities consist in

- assistance/expertise for ERCIM partners for proposals to be submitted to the European Commission

- management of European contracts (IST, Esprit, Telematics, Inco-DC...)

- organisation of workshops in the IT domain

- administration of EEIG-ERCIM. 

Rémi Ronchaud was born in 1974 in Paris, France. He obtained his MBA at Warwick, England. He was graduate in 1998 at E.S.S.E.C. (Ecole Superieure des Sciences Economiques et Commerciales)- Paris, France. He worked in 1999/2000 as a tariff analyst / Pricing - Revenue Management, at Air France in Paris, and in 1998/1999 he was the assistant to the Central Africa Manager for Air France in Libreville, Gabon. 

Peter Kunz was born in 1965 in Hornberg/Schw., Germany. He obtained a master of science degree (Dipl.-Ing. FH) at FHD Stuttgart in Germany. His skills are: design and production in the field of communication technologies, printed and electronic media. He gathered experience in a broadcasting company, in film and video production, and in the press. He is currently in charge of the printed and electronic publications of the EEIG-ERCIM.

P2: INRIA

General presentation

INRIA (National Institute for Research in Computer Science and Control) is a French public-sector scientific and technological institute operating under the dual authority of the Ministry of Research and the Ministry of Industry. INRIA's missions are "to undertake basic and applied research, to design experimental systems, to ensure technology and knowledge transfer, to organise international scientific exchanges, to carry out scientific assessments, and to contribute to standardisation".

The research carried out at INRIA brings together experts from the fields of computer science and applied mathematics covering the following areas: Networks and Systems; Software Engineering and Symbolic Computing; Man-Machine Interaction; Image Processing, Data Management, Knowledge Systems; Simulation and Optimisation of Complex Systems. 

Its budget is roughly 90 MEuro, 20% of which comes from research and development contracts, royalties and sales. Industrial relations are strategic for INRIA:

Industrial contracts and European Projects

Numerous industrial partners contract with the Institute for collaborative research. They are French or foreign companies, of all sizes. 400 such contracts are presently active. Roughly 40% of these contracts are European funded ones. Since 1984, 250 European Framework-Programme (FP) projects have been executed.

Technology companies

as the ultimate step in technology transfer, researchers are party to the setting up of companies in order to implement their technology on the market. Thirty seven spin-off companies have been created since 1984. In 1999, INRIA has launched two subsidiaries to promote high-tech start-up companies: INRIA-TRANSFERT deals with early accompaniment of the future companies, whereas I-SOURCE GESTION provides for "seed-money".

INRIA is a member of ERCIM EEIG, European Research Consortium for Computer Science and Mathematics. Outside Europe, INRIA also has a significant activity: it has created joint research laboratories (Russia and China), signed cooperation agreements  (NSF, India, Brazil, etc.) and promotes intensive scientific exchanges.

State of the art
The research team COMORE (Modelling and Control of Renewable Resources) at INRIA Sophia-Antipolis develops and applies methods from control theory (feedback control, estimation, identification, optimal control, game theory) and from the theory of dynamic systems to understand the working of the living exploited resources (renewable resources) and to manage them. The main research themes are the modelling of biological systems, the study of the properties of nonlinear dynamical biological systems, the design of robust observers, and the control of biological systems, mainly biological wastewater treatment processes. The COMORE team developed specific methods to manage the uncertainties and the variability inherent to the biological systems (dynamical qualitative analysis, interval based observers and controllers). In particular, a thesis has been recently defended whose results will be largely exploited for the TELEMAC project (Z.Hadj-Sadok (1999), Modelling and estimation of bioreactors; taking into account uncertainties: application to wastewater treatment, University of Nice)
The methods developed by the INRIA team have been tested and validated in the framework of the biological wastewater treatment processes (activated sludge and anaerobic digestion).

Software sensors

The INRIA team has been working for 10 years on software sensors for biological systems. O.Bernard and Z. Hadj-Sadok developed a software sensor for the anaerobic digestion process during the AMOCO project (Bernard et al. 1999, Bernard  et al. 2000), but it required a frequent calibration that must be performed by an expert. Moreover, it was based on a modelling of standard  working conditions that was no more valid in case of accident, so that the sensors was not available when it was crucial to have an estimate of the process state. Recently, interval based observers developed (Gouzé et al. 2000, Hadj-Sadok and Gouzé 2001) in the INRIA team have allowed to better manage the variability inherent to the partially known systems, its application to the depollution processes seems promising.  

Advanced control

The INRIA team has 15 years experiments in the field of modelling ecosystems and bioreactors.  Recently, during the EC AMOCO project, a model has been developed and validated by O.Bernard to deal with normal operating conditions of anaerobic digestion (Bernard et al. 2000). This model works only under normal operating conditions and cannot predict any inhibition effect. Neither does it describe the dynamics of hydrogen which are easily measurable and probably very informative.

Validation of biological models is another difficult point for which the INRIA team has developed qualitative criteria (Bernard and Gouzé 1995, Bernard and Gouzé 1999) that allow to detect whether the model diverges from the actual system.

Starting point
Most of what INRIA brings to TELEMAC is in the form of knowledge, experience and expertise in the minds of the project team. Some work developed during the FAIR AMOCO project, that have been published will serve as basis for some development performed in the TELEMAC project:

· Methodology developed in the INRIA team for the modelling of biological systems 

· Model developed during the EC AMOCO project (Bernard et al. 2000). 

· Software sensor developed during AMOCO project (Bernard et al. 2001)

· Methodologies in software sensors for biological systems and in particular recent developments in the field of interval based observers 

Key persons 

Jean-Luc Gouzé. Born 5/21/58 in Tours, France.

1980 Graduated from the engineering school Ecole Centrale de Paris 

1980-1983 Doctoral Thesis from the Paris XI University; Advisors: J.P. Changeux (neurobiologist, Institut Pasteur) and J.M. Lasry (mathematician, Paris IX) ; Title: A mathematical model of synaptic network.

1983 Researcher at INRIA - mathematical modelling in biology

1996 Tenure (Habilitation à diriger les recherches), Nice University

1997 Research Director at INRIA and head of Comore group

Olivier Bernard was born in Lyon, France, in 1968. He received the Engineering degree from the Ecole Centrale de Lyon in 1992 and his master degree in Control Science in 1992. He obtained a Ph.D. degree in Biological Oceanography from the University Paris VI in 1995.

From 1996 to 1999 he was a postdoctoral Fellow at  the Centre for Systems Engineering and Applied Mechanics (CESAME), Université Catholique de Louvain-la-Neuve in Belgium. Since 1999 he is a researcher in the COMORE team. He participated actively to two European projects EU FAIR Agrovanillin (with G.Bastin), and EU FAIR AMOCO (with D.Dochain). The CESAME team was in charge of the management of AMOCO.

Recent Publications relevant to the project :

· O.Bernard O., Sallet G. et Sciandra A. High gain observers for biological loop systems. Application to the Droop model. IEEE Trans. Autom. Contr. 43 : 1056-1065 (1998).

· Gouzé, J. L., Rapaport, A., and Hadj-Sadok, Z. (2000). Interval observers for uncertain biological systems. Ecol.modelling. 133, 45-56

· Hadj-Sadok, M. Z. and Gouzé, J. L. (2000). Estimation of uncertain models of activated sludge process with interval observers. Journal of Process Control. to appear. (2000) 

· A.Karama, O.Bernard, J.-L. Gouze, A. Benhammou and D.Dochain. Hybrid neural modelling in an anaerobic digester with respect to biological constraints. Wat. Sci. Tech. Accepted for publication.

Publications more specifically related to the AMOCO project :

· O.Bernard, Z. Hadj-Sadok and D.Dochain (1999) Dynamical modelling and state estimation of anaerobic digestion wastewater treatments plants. In Proc. ECC99, F1028-1

· O. Bernard, Z. Hadj-Sadok et D.Dochain. (2000) Advanced monitoring and control of anaerobic wastewater treatment plants : II- Dynamical model development and identification, Proc Watermatex 2000, 3, 57-64.

· O. Bernard, M. Polit, Z. Hadj-Sadok, M. Pengov, D. Dochain, M. Estaben, P. Labat. (2000) Advanced monitoring and control of anaerobic wastewater treatment plants: III-SoFtware sensors and controllers for an anaerobic digestor, Proc Watermatex 2000, 3, 65-71. 

P3: INRA 

General presentation

The "Laboratoire de Biotechnologie de l'Environnement" (LBE) is a research laboratory located in Narbonne, France, and it belongs to the "Institut National de la Recherche Agronomique" (INRA - French National Institute in Agronomic Research). It is now the INRA’s national public center concerning the treatment - using the biological pathways - of both liquid and solid wastes.

This laboratory is working on this topic for more than twenty years. Its concerns are both carbon, nitrogen and phosphorus removal from industrial and agricultural wastes and wastewaters. Through the presence in the laboratory of a research group in Process Engineering And Control Engineering (i.e., the PEACE group including 4 scientific researchers, 1 technician and 4 Ph.D. students in 2000), the LBE-INRA has developed a large expertise in the monitoring and control of biological wastewater treatment processes. In particular, two different automatic control systems have been developed for anaerobic digestion processes and validated at the industrial scale.

Other experience of the PEACE group includes its active participation to an other European project called AMOCO (i.e., acronym for “Advanced MOnitoring and COntrol of the operation of wastewater treatment processes of the wood industry in order to improve the process efficiency") in the framework of the fourth European research program (project FAIR-CT96-1198). The results are an integrated control and decision support system for the treatment of wastewaters from the wood industry (J.P. Steyer was the workpackage leader concerning the aspects related to diagnosis).

State of the art

INRA (i.e., partner #3) has a long experience in operating anaerobic digestion processes. For more than 20 years now, it is indeed the main research activity of the “Laboratoire de Biotechnologie de l’Environnement ” where all the work related to the TELEMAC project will be performed.

INRA is the work leader of WP4 dealing with supervision system (including fault detection and isolation and diagnosis) in the TELEMAC project. INRA will also be involved in WP5 and WP6.

Dr. Steyer is the “key person” of this partner for the TELEMAC project and he is working since 1988 in the field of advanced on-line diagnosis for biological systems. In 1993, he implemented a real time expert system to help the control of an industrial pharmaceutical bioreactor for the “Elf Sanofi Chimie” company. He received then the award for the “best 1993 application of Artificial Intelligence to a process industry” from the “Société Française de Génie des Procédés” (SFGP) and the “Société de Chimie Industrielle” (SCI). However, after this successful industrial development, Dr. Steyer left the company to work for INRA. One of the lesson withdrawn from this application is that an efficient diagnosis system has to be very reliable, of course, but also very simple. Indeed, few months after the departure of Dr. Steyer, the company stopped the use of the expert system because nobody in the company could maintain the expert system nor make it evolve. To avoid this will be one main challenge of the workpackage 4.

Another background information about partner #3 is its participation to a former European project called AMOCO run in the framework of the fourth European research program (project FAIR-CT96-1198). Dr. Steyer was the workpackage leader concerning the aspects related to fault detection and isolation and the work performed then – in collaboration with USC in the TELEMAC project and also partner of the AMOCO project – demonstrated that specific developments of knowledge-based diagnosis approaches like fuzzy logic and qualitative modelling could be of great interest for anaerobic digestion processes. However, the demonstration was then only performed at the lab scale and to our opinion, there is still a big step before applying it at the industrial scale.

Starting point

INRA’s tasks will mainly focus on the supervision systems (mainly in WP4 but also in WP5). Its experience with this respect will be the “root” for further scientific developments to make the step between lab scale and industrial scale, which is the main objective sought by INRA in the TELEMAC project, by providing modular and general but easily customised FDI framework in partial and uncertain measurement context. However, beside its knowledge and experience in this respect, INRA dose not have any already developed software or algorithm to be used in the TELEMAC project.

Key persons 

Dr. J.-P. Steyer received his Ph.D. degree in process control from the University of Toulouse, France, in December 1991. In 1992, he was sent by the “Elf Aquitaine” company at Lehigh University, USA, to study the coupling of kinetic and mixing models in bioreactors. In 1993, he implemented a real time expert system to help the control of an industrial bioreactor for the “Elf Sanofi Chimie” company. He received the award for the “best 1993 application of Artificial Intelligence to a process industry” from the “Société Française de Génie des Procédés” (SFGP) and the “Société de Chimie Industrielle” (SCI). Since October 1993, he is the scientific co-ordinator of the PEACE research group. His research interests include fuzzy logic, artificial neural networks and decision support systems for the advanced monitoring and diagnosis of biological processes. He participated in the writing of seven books and in about 90 scientific papers in journals in international conferences. In January 1998, he also obtained his diploma of "Habilitation à Diriger des Recherches".

Recent Publications relevant to the project :

· J-Ph. Steyer, P. Buffière, D. Rolland, R. Moletta : "Advanced control of anaerobic digestion processes through disturbances monitoring", Water Research, vol. 33, n°9, pp. 2059-2068, 1999.

· Genovesi, J. Harmand, J-Ph. Steyer : "A fuzzy logic based diagnosis system for the on-line supervision of an anaerobic digestor pilot-plant", Biochemical Engineering Journal, vol. 3, pp. 171-83, 1999.

· Genovesi, J. Harmand, J-Ph. Steyer : "Integrated fault detection and isolation : application to a winery's wastewater treatment plant", Applied Intelligence Journal (APIN), vol. 13, pp. 207-224, 2000.

· J-Ph. Steyer, N. Bernet, P. Lens, R. Moletta : "Anaerobic treatment of sulfate rich wastewaters : Process modeling and control", Chapter 9 of the book "Environmental Technologies To Treat Sulfur Pollution", IWA Publishing, P. Lens and L. Hulshoff Pol Eds, pp. 207-235, 2000.

· K. Bousson, J-Ph. Steyer, B. Dahhou, L. Travé-Massuyès : "Monitoring and diagnosis of fermentation processes", chapter 18 of the book "Issues of fault diagnosis for dynamic systems", Springer-Verlag, R.J. Patton, P.M. Frank and R.N. Clark Eds., pp. 517-546, 2000.

P4: AppliTek 

General presentation

AppliTek was founded in 1985 and employs about 25 people, it is a SME specializing in the r&d, producten and start-up of on-line sensors for use in waste water treatment processes and industrial processes. AppliTek has its own production, r&d, application lab, after-sales service and sales & marketing departments.

Their analysers are being exported through their own sales channels throughout the world. Their product range consists of a total nitrogen analyser, a total phosphorous analyser, a BOD analyser, a TOXICITY analyser, a SettloMeter (measuring in real time the sludge settling characteristics), a SludgeSeeker (for detection of the sludge blanket height).

Most of the major companies, governmental authorities and universities have ordered several of our instruments and are appreciating our objectives to excel in quality and service : TOTALFINA ELF, Exxon, Monsanto, Repsol, Smithkline Beecham, Volvo, Bayer, BASF, Cargill, Johnson & Johnson, AppliTek has been awarded the ENVIRONMENTAL INNOVATION AWARD on Oct. 24, 2000 by a group of scientific organisations and official governmental bodies. AppliTek has been selected out of 30 participants with their innovative on-line analyzer : TONI (Total Nitrogen Analyser combined with Total Phosphorous).

AppliTek is currently participating in an EUREKA PROJECT (E!2121) BWARE "Biological Module Platform for Water Recycling".

State of the art

AppliTek has developed the ‘Nutrient Removal Control Kit (NRC-K)’. The design of the NRC-K was based on experimental work done at the Lab for Microbial Ecology (University Gent). During this experimental work, titrimetric sensors were developed which allowed a detailed monitoring of the aerobic nitrification process (BRAM sensor) and the anoxic denitrification process (DECADOS sensor) in activated sludge samples. The operating principle of both sensors is based on the pH effect of aerobic and anoxic biological nitrogen removal processes.

Basic idea of the NRC-K is to combine 2 DECADOS and 2 BRAM sensors. However, the sensors are just a component of the ‘data collection’ part of the NRC-K, as the NRC-K will be fed also with other data from the plant to be monitored (e.g. influent and recycle flow data, ...). The combined data provided by the titrimetric sensors of the NRC-K and the other sensors available on the plant itself will be processed by the NRC-K software and control laws, to generate the appropriate information and signals needed to control the plant.

Starting point

· The experiments of AppliTek in on-line sensors for use in waste water treatment processes

· The experiments of AppliTek in titrimetric sensors ( NRC-K sensor)

· Experience with the engineering of automated laboratory set-ups.

Key persons

Kristof De Neve was born in 1972. 

1990 – 1994 : Lic. Chemistry, University Ghent, 1994 – 1999 : Ph. D. Science, Chemistry (option Analytical Chemistry), University Ghent. He started in April 1999 at AppliTek in the department R&D and Application. As R&D manager he is responsible for the development of new analysers, such as the TONI (Total Nitrogen analyser). As an application specialist he also does support for industrial applications for existing chemical analysers (XRF, NIR, automatic titrators).

Annick Beyaert was born in 1976. 1995 – 1999: Industrial engineer, Chemistry option Biochemistry, Hogeschool Gent

Since october 1999 she works at AppliTek in the department R&D and Application. She does support for industrial applications for existing chemical analyzers (automatic titrations, colorimetry, dynamic standard addition). She also works on the development of new analyzers such as TONI (Total Nitrogen Analyzer) and TOPHO (Total Phosphorus Analyzer).

Relevant publications
· De Neve K., Strijckmans K., Vandeputte K., Dams R. Deuteron activation analysis for the determination of carbon in iron and copper oxide, reagents for 14C-dating by accelerator mass spectrometry. J. Radioanal. Nucl. Chem., Art., 221 (1997) 79-83 

· De Neve K., Strijckmans K., Dams R.  Feasibility study of cyclic charged particle activation analysis. Nucl. Instr. and Meth. A, 431 (1999) 366-377 

· De Neve K., Strijckmans K., Dams R. Feasibility study on the characterisation of thin layers by charged particle-activation analysis Anal. Chem., 72 (2000) 2814-2820 

P5: University of Gent (UG)

General presentation

The BIOMATH department (i.e. partner #5) has focused for 3 decades on the development and application of quantitative techniques for optimisation of bioprocesses. The key research areas are Modelling and simulation methodologies, Fault tolerant bioprocess control, Biometrics, Optimal experimental design, and Sensor technology that is simple and robust. The application areas for these methods are in particular environmental systems with a focus on biological wastewater treatment. Its main scientific contributions have been the development of new sensor technologies (respirometry and titrimetry), efficient model calibration techniques with emphasis on better experimental designs, process-oriented and fault-tolerant control strategies for nitrogen removal and the development of a user-friendly software tool for modelling and simulation of wastewater treatment plants. 

BIOMATH has very close collaboration with industry allowing it (i) to validate the new methods it has developed and (ii) to keep in touch with the research needs of practice. It collaborates with sensor manufacturers (Kelma NV, Applitek NV), IT companies active in environmental applications (Hemmis NV), environmental consulting companies (Belconsulting NV, Epas NV) and wastewater treatment plant engineering (Biotim NV) and operating firms (Aquafin NV, Janssen Pharmaceutica NV, Procter & Gamble ETC). 

Prof. Peter Vanrolleghem will guide and supervise the BIOMATH activities within TELEMAC. Previous projects he was responsible for involved model-based optimisation of nutrient removal from industrial wastewaters. During his PhD that focused on activated sludge wastewater treatment he developed the key idea of In-Sensor-Experiments that allow greater flexibility for high-quality data generation using simple, robust probes. He showed the potential of on-line optimal experimental design to adapt the in-sensor-experiments for maintaining data information content. Devices that were developed along these concepts were in a first instance geared towards activated sludge systems. In collaboration with the above mentioned industrial partners this has resulted in the commercialisation of the sensors (Bram-Anita(, Nitrox(, Rodtox(, Settlometer(). Considerable lessons concerning the practical elements for a successful implementation of these devices were learned when these devices were going through their initial tests in industrial environments under his supervision. 

State of the art

Since 1990 work was initiated on the development of sensors that worked according to the in-sensor-experiment concept. These included advanced respirometers, settlometers and titrimetric devices. It is especially the latter that are of great interest in the TELEMAC project as the experience gained and the software developed can form the starting point for a new measuring device for anaerobic digestion. Experience was gained during the PhD study of Dr. Van Vooren under the supervision of Prof. Vanrolleghem to analyse bicarbonate alkalinity, ammonia and phosphate in different types of samples, i.e. ranging from digested manure, surface waters and effluents. In principle, the numerical methods for interpretation of titration data should be adaptable to deal with titration curves collected on anaerobic digestion samples.

Starting point
BIOMATH’s experience with sensors, modelling and control, and optimal experimental design will be shared with other partners of the TELEMAC project. Especially the practical aspects of modelling, monitoring and control of industrial facilities will be an essential component of BIOMATH’s contribution.
Key persons 

The responsible scientist, Prof. Peter Vanrolleghem, was born in 1964 and graduated in 1987 as a bioengineer from Ghent University. From 1987 till 1990 he was a staff member of the Katholieke Universiteit Leuven in the Laboratory of Biotechnological Modelling. Between 1990 and 1994 he was working as a research assistant at the Laboratory for Microbial Ecology of Ghent University. Projects he was responsible for involved odour abatement from manure and optimisation of nutrient removal from medium loaded wastewaters. At the same time he prepared his PhD which he obtained in February 1994. The subject of this work was the on-line modelling of activated sludge processes using a measuring device operating according to a new principle, i.e. In-Sensor-Experiments. Immediately after that he was granted a one year postdoctoral fellowship at the Delft University of Technology, Department of Bioprocess Technology where he studied the use of metabolic models in biotechnology. Since March 1st 1995 he has become a staff member of the University of Gent as a postdoctoral researcher at the BIOMATH department. His main research subjects are the monitoring, modelling and control of biotechnological processes in agriculture, food and feed industry, and, mainly environmental systems. Since October 1st 1997 he became associate professor at Ghent University, responsible for the discipline Bioprocess optimisation. He has published over 70 papers in peer reviewed journals.

Recent Publications relevant to the project

· Coen F., Vanderhaegen B., Vanrolleghem P.A. and Van Meenen P. (1997) Improved design and control of industrial and municipal nutrient removal plants using dynamic models. Wat. Sci. Tech., 35(10), 53-61.

· Gernaey K., Vanderhasselt A., Bogaert H., Vanrolleghem P. and Verstraete W. (1998). Sensors to monitor biological nitrogen removal and activated sludge settling. J. Microbiol. Meth., 32, 193-204.

· Vanderhasselt A., De Clercq B., Vanrolleghem P., Vanderhaegen B. and Verstraete W. (1999). On-line control of polymer addition to prevent massive sludge wash-out from the settler. J. Environ. Eng., 125(11), 1014-1022.

· Van Impe J.F., Vanrolleghem P.A. and Iserentant D. (1998) Advanced Instrumentation, Data Interpretation and Control of Biotechnological Processes. Kluwer Academic Publishers, Dordrecht, The Netherlands. ISBN 0-7923-4860-5. pp. 464.

· Yuan Z., Bogaert H., Devisscher M., Vanrolleghem P.A. and Verstraete W. (1999) On-line estimation of the maximum specific growth rate of nitrifiers in activated sludge systems. Biotechnol. Bioeng., (in Press).

P6: Césame

General presentation

The CESAME (Centre for Systems Engineering and Applied Mechanics) is a  research centre of the Catholic University of Louvain (UCL) in  Louvain-la-Neuve. It has a long experience in the system analysis, dynamic  modelling, monitoring and control design and applications for a large  variety of systems, more specifically in the analysis, design and  application of monitoring and control strategies to (bio)chemical  processes, including environmental systems. Its activities ranges from  fundamental research to technology transfer. It is also the leader in a  Belgian PAI-IUAP (InterUniversity Attraction Pole) in Modelling, Simulation  and Control of Complex Systems, which gathers laboratories of the  universities of Brussels (VUB), Gent (RUG), Leuven (KUL), and Louvain (UCL). 

This expertise has been gathered over the past thirty years. It requires large computation facilities. These have been organized within the Center under the format of computing network that allows to use large computing facilities for heavy scientific computations. The running and the maintenance of the computer network is managed by several persons, typically 3 technicians and 3 scientific officers. The present implication of the CESAME in the TELEMAC project requires the use of these facilities in order to perform the numerical simulations that are the central part of its task within the project.

The Research Group in Process Control of the CESAME has been involved in  different EEC projects related to (bio)process monitoring and control, in  the BAP programme (" advanced monitoring and computer control of  biotechnological processes "), in BRITE-EURAM (" optimisation of penicillin  production "), in COST actions (682, " Integrated Wastewater Management ",  and 624, " Optimal Management of Waste Water Systems "), in Agriculture  and Fisheries (FAIR programme)(" Design and scale-up of a bioprocess for  the production of natural vanillin from agricultural bioproducts ", and "  Advanced Monitoring and Control of Wastewater Treatment Processes "), and  in a HCM network in Chemical Process Control (The CESAME has been the  co-ordinating institution of the last two abovementioned projects), as well as in a Research Training Network entitled "Knowledge-Driven Batch  Production" (BatchPro) starting early in 2000. 

State of the art. 

The CESAME has a long expertise in distributed parameter systems (i.e. systems whose dynamics is described by partial differential equations) at the theoretical level (analysis of the properties of distributed parameter systems, design and analysis of software sensors and control algorithms for distributed parameter systems), at the numerical level (numerical simulation of distributed parameter systems via finite differences and weighted residuals methods (orthogonal collocation), analysis of the properties of weighted residuals methods, analysis of sensor location on the basis of reduced models) and at the application level (application of software sensors and control algorithms to environmental processes and to water treatment processes). We give here below some references related to these topics. 

Starting point 

Expertise in distributed parameter systems and in simulation of distributed parameter models. 

Key persons
Denis Dochain received his Electrical Engineering degree, his Doctor in  Applied Science degree, and his Th E8se d'Aggrégation de l'Enseignement  Supérieur from the Université Catholique de Louvain (UCL),  Louvain-la-Neuve, Belgium in 1982, 1986 and 1994, respectively. He has been  Professor at the Ecole Polytechnique de Montréal, Canada in 1987-88 and  1990-92. He also spent 4 months as a "chercheur associé" of the CNRS at  the LAAS, Toulouse during the spring '89. He is presently Professor at the  UCL, and honorary Research Director of the FNRS. He is the co-author of a book and of more than 100 papers in refereed journals and conference  proceedings. His current research interests include parameter and state  estimation, and adaptive control of nonlinear and distributed parameter  systems with application in particular to water and wastewater treatment pr ocesses. 

Recent Publications relevant to the project 

· BABARY J.P., S. BOURREL, M.T. NIHTILA and D. DOCHAIN (1996). Sur la représentation d'état des systèmes à paramètres répartis. In A. Rachid (Ed.), Systèmes de Régulation, Masson, 317-336.

· QUEINNEC I. and D. DOCHAIN (2001). Modelling and simulation of the steady-state of secondary settlers in wastewater treatment plants. Wat. Sci. Technol. (to appear). 

· LAABISSI M., M.E. ACCHAB, J.J. WINKIN and D. DOCHAIN (2001). Trajectory analysis of nonisothermal tubular reactor nonlinear model. System and Control Letters, 42(3), 169-184. 

· DOCHAIN D. (2000). State observation and adaptive linearizing control for distributed parameter (bio)chemical reactors, to appear in International Journal of Adaptive Control and Signal Processing, Special Issue on Distributed Parameter Systems. 

· LEFEVRE L., D. DOCHAIN, S. FEYO DE AZEVEDO and A. MAGNUS (2000). Analysis of the orthogonal collocation method when applied to the numerical integration of chemical reactor models, Computers and Chemical Engineering, 24 (12), 2571-2588. 

· BOURREL S. and D. DOCHAIN (2000). Stability analysis of two linear distributed parameter bioprocess models. Mathematical and Computer Modelling of Dynamical Systems, 6(3), 267-281. 

· WINKIN J., D. DOCHAIN and Ph. LIGARIUS (2000). Dynamical analysis of a class of distributed parameter tubular reactors, Automatica, 36(3), 349-361. 

· WALDRAFF W., D. DOCHAIN, S. BOURREL and A. MAGNUS (1998). On the use of observability measures for sensor location in tubular reactors. J. Process Control, 497-505. 

· BONNET B., D. DOCHAIN and J. Ph. STEYER (1997). Dynamical modelling of an anaerobic digestion fluidised bed reactor. Wat. Sci. Technol. , 36/5, 285-292. 

· BOURREL S., D. DOCHAIN, J.P. BABARY and I. QUEINNEC (2000). Modelling, identification and control of a denitrifying biofilter. Journal of Process Control , 10, 73-91. 

· BOURREL S., J.P. BABARY, S. JULIEN, M.T. NIHTILA and D. DOCHAIN (1998). Modelling and identification of a fixed bed denitrification bioreactor. Systems Analysis, Modelling, Simulation, 30, 289-309. 

· DOCHAIN D., N. TALI-MAAMAR and J.P. BABARY (1997). On modelling, monitoring and control of fixed bed reactors. Comp. Chem. Eng,, 21/11,1255-1266. 

· DOCHAIN D. and B. BOUAZIZ (1994). Approximation of the dynamical model of fixed bed reactors via a singular perturbation approach. Mathematics and Computers in Simulation, 37 (2-3), 165-172. 

· AOUFOUSSI H., M. PERRIER, J. CHAOUKI, C. CHAVARIE and D. DOCHAIN (1992). Feedback linearizing control of a fluidized-bed reactor. Can. J. Chem. Eng, 70, 356-367. 

P7: Council for the Central Laboratory of the Research Councils (CCLRC)
General presentation

The Council for the Central Laboratory of the Research Councils (CCLRC) operates the Rutherford Appleton Laboratory (RAL), located near Oxford in the south of England, as well as Daresbury Laboratory in the north-west. It supports research projects in a wide range of disciplines, and actively participates in collaborative research, development and technology transfer projects. CCLRC employs around 1720 people, of whom about half are professionally qualified scientists and engineers, and has an annual turnover of about £95 million.

CCLRC has produced several spin-off companies to exploit its research products including Vector Fields Ltd, Bookham Technology Ltd and Qudos Technology Ltd. It has also been supportive of start-up companies being created to exploit the research results of European funded projects, such as Oratrix Development BV founded in the Netherlands to exploit the results of the Esprit IV project Chameleon in which CCLRC participated. However, the main route to exploitation used is to license it to companies with existing market positions, from which about £1M income per annum is acquired.

The Information Technology Department employs about 120 staff and has considerable experience in European projects funded under Esprit II, III, IV, IST, Telematics, RACE and ACTS programmes, as well as commercially funded work. ITD houses the UK office of the W3C organisation and is actively involved in guiding the development of the WWW, and the technologies it employs, in Europe and the UK.

The Information Science and Engineering Group of the Information Technology Department offers IT research and development expertise using leading-edge technologies and methodologies. The focus of the group is in the design and development of IT systems which organise and deliver information within and between organisations. The distinguishing feature of the group’s activities is that they involve the design and development of systems that organise and deliver information (as distinguished from data) across heterogeneous and distributed sources. The general expertise of the group is in the modelling of the information at different levels of abstraction and formality, and the use of these models in the design and development of information systems. The ISE Group has expertise in the following areas:

· integration of Web and database technologies for organisation and presentation of information;

· the use of principled software design techniques;

· the use of OO and formal methods for the modelling of information and software;

· the development of knowledge-based systems.

State of the art

CCLRC is a research institute with a long history of involvement in European projects in ESPRIT, IST and other programmes. TELEMAC builds on past experience and current work in the areas of information security, knowledge-based systems and databases.

CCLRC has a strong history in formal methods applied to information systems, for example work on the Z and B languages/tools for formal specification. More recently information security and trust has become prominent. As well as working on the CORAS project (see below), CCLRC is involved in a UK Faraday Partnership between universities and industry in this area.

CCLRC has developed many knowledge-based systems for decision support, including:

· WDES (Water Distribution Expert System) for a consortium of water supply companies, for assisting in the control of a water distribution network;

· In the ESPRIT project I-SEE, developing a toolkit for enhancing information systems with cooperative, explanatory behaviour to make their reasoning more transparent to their users;

· Applying the I-SEE toolkit to an application for flood control in Bordeaux in the ESPRIT Trial Application TAP-EXTRA.

CCLRC is the home of the UK office of the World-Wide Web Consortium (W3C).

Starting point

Most of what CCLRC brings to TELEMAC is in the form of knowledge, experience and expertise in the minds of the project team. However, it is expected that there will be cross-fertilisation with another IST project, CORAS (IST-2000-25031), which is developing a framework that will supply customisable, component-based road maps to aid the early discovery of security vulnerabilities, inconsistencies and redundancies and will provide methods to achieve the assurance of the security policy implementation. The two pilot studies in CORAS are in e-commerce and tele-medicine; hence the different application in TELEMAC is of great interest. The framework and methods of CORAS will be applied in TELEMAC.

CCLRC has developed a number of systems with cooperative, explanatory capabilities for decision support. Although the general approaches of these systems will be applicable to TELEMAC, it is not expected that there will be direct reuse of software.

Key persons

Simon Lambert is a member of the Information Science and Engineering group in the Information Technology Department at RAL. He has been working in the field of knowledge-based systems and related areas since 1983, first with the companies SPL and Systems Designers, and then at CCLRC’s Rutherford Appleton Laboratory. He has been the CCLRC project leader on a range of projects including the development of an advanced KBS for a consortium of water supply companies, and projects under the European ESPRIT and IST programmes (I-SEE, F3, TAP-EXTRA, ANFAS). In these roles he has conducted requirements analysis, knowledge acquisition, system design and implementation, user trials and the writing of documentation. He has specific expertise in knowledge representation and reasoning, architectures for knowledge-based systems, aspects of human factors, knowledge acquisition and requirements analysis, and industrial/business applications.

Dr. Theodosis Dimitrakos is a research scientist at RAL. He has a PhD in Computing from Imperial College, London. He has expertise in the development of compositional structuring mechanisms for the specification and modelling of complex information systems, and the development of rigorous frameworks for accommodating a quantification of trust in the development of security critical internet dependent services. He has considerable industrial experience in requirements analysis and architecture design and has worked towards developing scientific and commercial software. In the past he worked in the Electronic Commerce Group of Logica UK. He is currently leading CCLRC’s participation in the IST project CORAS (http://www.itd.clrc.ac.uk/activity/CORAS) which will develop a base framework to aid the early discovery of security vulnerabilities, and methods to achieve the assurance of the security policy implementation. He is actively supporting the advancement and technology transfer of formal software engineering techniques.
Recent Publications relevant to the project 

· Lambert, S.C., "Water, wanted and unwanted: decision support in environmental applications", Systems Analysis Modelling Simulation (to appear).

· Lambert, S.C. and Ringland, G.A., "Co-operative, explanatory capabilities in an information system for flood control: the TAP-EXTRA project", invited paper at European Commission Workshop on Water and European Society, Brussels, November 1997.

· Lambert, S.C. and Ringland, G.A., "Achieving comfort and security in the use of software systems", in: Varghese, K. and Pfleger, S. (eds.), Human Comfort and Security of Information Systems, Springer 1997.

P8: SPES 

General presentation

SPES is a company founded in 1997 by a team of young professional men graduated in technical-scientific doctrines.

The main goal is to provide high-tech design and consultant services, in the field of electronics and information technology, mainly addressed to small and medium enterprises and devoted to develop innovation technology based projects.

The hardware and software design and consultant services offered by SPES are concerned on:

· research and design about electronic control system based on fuzzy logic and neural networks;

· applied research to develop sensors and actuators consistent with fuzzy logic control methods;

· carrying out of specific apparatus for real time emulation of control systems and acquisition of data process;

· development of prototypal electronic control system based on microcontroller, DSP and PC;

· tele assistance systems using Internet resources;

· systems for the automatic test.

The competence in electronic and automation matters is supported by a permanent partnership for design of control system and hardware prototyping with the University of Ancona – Department of Electronics and Automatics.

Specific competencies of SPES referred to biotechnological processes are:

· signal digital analysis applied to identification and control problems;

· non linear system modelling characterised by troubles of structural and practical identifiability;

· development of calibration methods based on simplex and genetic algorithms;

· development of graphical user interfaces for the automation of laboratory instrumentation;

· employment of fuzzy logic and neural networks to develop software sensors and in the design of control systems.

In the field of the automation of wastewater treatment plants, SPES is working out an automatic neural networks based control system on a SBR plant joint together with ENEA research centre of Bologna – Department of Environmental Engineering and Technology (Dr G. Bortone).

State of the art

A wide variety of software sensor, supervision systems and telemonitoring appliances can be found in industrial applications and in many fields of the applied research. They rely on reliable techniques developed during the last 20 years in the field of automatic control and AI (Artificial Intelligence).

In front of this, the State of the art about monitoring and control appliances in WWTP is fixed to 30 years ago if we consider the technical solution normally applied on large scale plants: the most significant control actions can be focused on the monitoring of some basic quantities (pH, temperature, flow rate) and on on/off switching often managed by human operators. Sometimes simple PID controllers are implemented.

Also telemonitoring and remote control in general are applied only at a row level and in experimental contexts.

All the advanced solutions proposed and developed at a lab or pilot plant meet difficulties to be welcome because of their complexity, cost and experience required the on site operators.

This is a strong limit for the optimisation of WWTP to improve their performance and to reduce their running cost.

Starting point

Most of what SPES brings to TELEMAC is in the form of knowledge, experience and expertise in the minds of the project team. Some industrial project, that have been carried on by SPES in the last few years in the field of automation and control, will serve as basis for some development performed in the TELEMAC project:

· research and design about electronic control system based on fuzzy logic and neural networks;

· use of neural networks to develop self learning systems for pattern recognition, referred in particular to the vocal pattern recognition in home automation, and  for control switching;

· applied research to develop sensors and actuators consistent with fuzzy logic control methods;

· development of software sensor based on fuzzy logic for industrial appliances in the field of home automation, motion control and cooling;

· carrying out of specific apparatus for real time acquisition of data process and embedded digital systems for monitoring and control;

· development of prototypal electronic control system based on micro-controller, DSP and PC;

· tele assistance systems using Internet resources;

· systems for the automatic test (ATE).

Specific competencies of SPES referred to biotechnological processes are:

· signal digital analysis applied to identification and control problems;

· non linear system modelling characterised by troubles of structural and practical identification;

· development of calibration methods based on simplex and genetic algorithms;

· development of graphical user interfaces for the automation of laboratory instrumentation;

· employment of fuzzy logic and neural networks to develop software sensors and in the design of control systems.

Key person 

Paolo RATINI was born in 1966 in Ancona, Italy. He obtained his degree licence in Electronic Engineering at the University of Ancona. Since 1999 he works in SPES scrl. At this time his main activities and skills consist in:

· design of high level software;

· design and development of embedded systems;

· system analysis and process modelling, using CAD tools (Matlab – Simulink), applied to non linear systems simulation, parametric identification, optimal and adaptive control design based on fuzzy logic and neural networks;

· development of ATE (Automatic Test Equipment).

P9: University of Santiago de Compostela (USC)

General presentation

The group involved in the present project has published more than 120 papers in international journals and specialised books since 1985. The main scientific expertise of the group includes: environmental biotechnology, biodegradation and toxicity, anaerobic treatment of wastewater, advanced control of anaerobic bioreactors, biological nitrification and application of fungal technology for degradation of recalcitrant compounds.

The group has participated actively in projects founded by the European Commission. Now follow the more recent ones:

· Oxydative Enzymes for the Pulp and Paper Industry. (OXEPI). Fair CT95-0805 (1995-98).

· Advanced Monitoring and Control for improved stable operation of wood processing wastewater treatment plants.(AMOCO). Fair CT96-1198 (1997-99). 

· Improved bioreactor design for waste gas treatment. ERB-CT96-923 (1997-99). 

· Biological removal of nitrogen: From biofilms to bioreactors (BIOTOBIO).(TMR Network)

· Reduction of Environmental Impacts of Leather Tanneries (EILT) .INCO-ERB IC 18-CT98-0286) (1998-2001)

State of the art

The group from University of Santiago de Compostela (USC) has been involved since 1985 in a number of projects dealing with the treatment of different types of wastewater with anaerobic reactors. The interest was focussed on the biodegradability of wastewaters containing particular compounds (dyes, formaldehyde, bleaching effluents for pulp factories) and on the development of technology for design and operation of efficient bioreactors. Some policies for the optimal operation of these systems have been proposed including feeding and control strategy. 

Besides, the group has a wide experience in full instrumentation of anaerobic bioreactors to obtain the relevant information for supervising this process. The knowledge acquired was used for implementing a base of rules for diagnose the state of anaerobic wastewater treatment processes. Most particularly, an expert system based on fuzzy logic was proposed for the supervision of anaerobic wastewater treatment plant.

The research carried out by the group in the last five years in this topic is compiled in a wide number of papers listed below:

Starting point

USC group will provide to TELEMAC project know-how and information in different areas of anaerobic treatment:

· Analytical protocols for characterisation of wastewater and for off-line determination of different compounds and metabolites, these methodologies could proposed in some cases to be implemented on-line.

· Methodologies for biomass characterisation and activity test.

· Strategies and protocols for start-up and feeding anaerobic bioreactors.

· Information about on-line equipments for lab, pilot and industrial scale plants.

· Documentation about software for controlling and supervising similar waste-water treatment plants (expert-system) developed by USC Group.

The material and methodology available for the project now follows:

1.- Bioreactors. Two different types of bioreactors will be used:  Anaerobic Filter (AF) and Up-flow Anaerobic Sludge Bed (UASB). These two bioreactors of 2 litters of volume each one will be used to assay different operation strategies and compare their behaviour.

2.- An specially important equipment for the project is a gas/mass spectrometer (Thermo quest) which will be used for on-line monitoring of the gas phase parameter (H2, CO2, methane, etc.) during the experiments with anaerobic reactors at lab scale.

3.- Process equipment: Devices for batch and continuous biodegradability and toxicity assays. Shaking baths (New Brunswick Innova 4000, Adolf Kühner, New Brunswick Innova 4100 and Gallenkamp INR 2000).

4.- Analytical equipment: TOC and TIC analyser (Shimatzu TOC 5000); Total and Inorganic N analyser (Dohrman-Rosemount 1001). HPLC (Hewlett-Packard-1090 WIN with diode array and RI detectors); F.P.L.C (Pharmacia); Capillary Electrophoresis (Waters, Quanta 4000). Electrophoresis (Fast System, Pharmacia);. Gas Chromatography (Hewlett-Pack5890A with TCD, Hewlett-Packard HP-5890A FID with sampler 7673ª); Spectrophotometers V- UV (Hitachi U-2000 with sampler. Shimadtzu UV-160);  Centrifuge Beckman JS-21. MICROTOX; NTK (Gerhardt KB8S-VAP12); Environmental lab (COD, DBO, Jar-Test, ORP, N-NH4). Microbiology lab (Microscope Nikon, laminar flow chamber, autoclaves). Access to other heavy equipment available in the Univ. of Santiago de Compostela: NMR, GC/MS, elementary analysis, etc.

Key persons 

Prof. Juan M. Lema

Professor Juan M Lema is head of the Department of Chemical Engineering at the University of Santiago de Compostela. His research activities cover a wide range of topics from Environmental Engineering (industrial wastewater treatment, advanced reactor systems, monitoring and control of anaerobic systems, nitrogen and organic matter removal in advanced reactors, etc.) to aspects of “Biotechnology” (production of ligninolytic enzymes, application of ligninolytic enzymes to the pulp and paper industry, stability of recombinant micro-organisms, etc.).  So far he supervised 22 Ph.D. and 40 MSc thesis and has been expert in environmental engineering of UNIDO (Vienna). He has been involved in 12 National (CICYT) and 9 European Projects (FAIR, INCO, TMR; LFA), and many contracts with industries, as well. 

Dr. Enrique Roca (Associate Professor)

Dr. Enrique Roca is a senior scientist member of the Environmental Engineering and Biotechnology Group, as well as Associate Professor in the Dept. of Chemical Engineering of the University of Santiago de Compostela. His research activity has been focussed especially in the field of environmental biotechnology and, especially in the area of control of biological processes. He has actively been implied in the Project AMOCO that dealt with the optimum control of anaerobic wastewater treatment

Recent Publications relevant to the project :

· A.Puñal, R. Méndez y J.M. Lema (1998). “Multi-fed upflow anaerobic filter: development and features”. Journal of Environmental Engineering. 124 (12): 1188-1192

· A.Puñal, A. Lorenzo, E. Roca, C. Hernández y J.M. Lema (1999). "Advanced monitoring of an anaerobic pilot plant treating high stregth wastewaters". Water Science and Technology. 40 (8): 237-244

· L. Guerrero, F. Omil, R. Méndez y J.M.Lema (1999). "Anaerobic hydrolysis and acidogenesis of wastewaters from food industries with high content of organic solids and protein". Water Research. 33 (15): 3281-3290

· F. Omil, D. Méndez, G. Vidal, R. Méndez, y J.M.Lema (1999). "Biodegradation of formaldehyde under anaerobic conditions". Enzyme and Microbial Technol. 24: (1) 255-262

· Puñal, J. Rodríguez, A. Franco, E.F. Carrasco, E. Roca y J.M. Lema (2000). "A fuzzy-based expert system for the diagnosis and supervision of an anaerobic pilot plant treating high streanth wastewater". Water Science and Technology. (En prensa)

P10: ENEA

General presentation

ENEA is the Italian National Agency for New Technologies, Energy and the Environment. It is one of the largest scientific and technological state-owned Italian institutions (with about 3500 employees) with a specific mission in applied research activities, technology transfer and dissemination of innovation to companies. The main addressees of ENEA's activities are SME's of the so-called mature sectors, because of their importance for the Italian economy.

The Waste water Treatment and Water Cycle Unit of ENEA in Bologna has fifteen years of research experience in the field of anaerobic digestion and of biological nutrient removal, with references to animal, agro-industrial, industrial and municipal waste and waste waters.

The experimental bench scale reactor campaign will be carried out at laboratory facilities of the Unit of the Waste water Treatment and Water Cycle of ENEA in Bologna (Italy). The laboratories cover an area of 700 m2, with a large experimental hall for small plants that can be hosted in several thermostatic chambers, and with microbiological and chemical labs equipped with all the principal instruments for waste water and waste analysis and characterisation. In the workshop and in the electronic lab, experimental reactors and specific instruments are built.

The specific instrumentation of the laboratory allows to carry out any kind of biodegradation study, to analyse degradation products and to quantify reaction kinetics and stochiometry.

State of the art

Since 1985  ENEA is operating pilot scale anaerobic digestion reactors for the treatment of wine distillery vinasses, distillery slopes and other kind of agro-industrial wastewater In the ENEA’s Lab there are several fully instrumented process with measurements of liquid flow rates, gas flow rate, temperature, pH, gas composition (CH4, CO2) This allowed ENEA to have a large and unique experience of managing anaerobic digestion processes. In particular, many control and diagnosis approaches were tested and validated using real life experiments.

Starting point

· experience in the field of anaerobic digestion and instrumentation of anaerobic digester

· a 600L pilot (methacrylate column with a height of around 6 meters) 

· Flow measurement systems (liquid flowmeter, biogas flowmeters and IR CH4 and CO2 analyser) and sensors for pH, temperature etc. 

· a line for data transmission and reception is also available. 

Key persons 

Dr. Girolamo Beone, Director of the Section of Environmental Engineering and Technology of ENEA, authorised signatory, responsible of the budget.

Dr. Giuseppe Bortone head of the ENEA Waste water Treatment and Water Cycle Unit, is involved since 1983.in research activities on biological nutrient removal and on aerobic and anaerobic waste water treatment  He has published several national and international publications on these topics. Member of IAWQ. He is the scientific responsible on the EU Life Environment 1997 “Aquasave Project”. He is also the national contact for the COST 624 Programme on “Optimal Waste water Management”. He will be the scientific responsible of the research programme.

Dr. Gilberto Garuti is actively involved in research activities on waste and waste water treatment processes since 1985. Internationally well known for his research work in the field of anaerobic digestion and constructed wetlands.

Nicola Mazzone, laboratory technician, will be charged of the execution of chemical analyses.

Gianni Massano, technologist, will be responsible for the design and assembly of the Lab reactors and data acquisition.

Luca Luccarini, technologist, will be responsible of the software and hardware implementation.

Recent Publications relevant to the project :

· Tilche A., Bortone G., Forner G., Indulti M., Stante L., Tesini O. (1994) Combination of anaerobic digestion and denitrification in a Hybrid Upflow Anaerobiic Filter intregrated in a nutrient removal treatment plant. Wat. Sci. Tech., 30, 12, 405-414.

· Marsili-Libelli S., Gioli B., Bortone G., Galli F. (1998) On-line control of the DEPHANOX Process for nutrient removal. FAB 1998. Brugge, Settembre.

· Marsili Libelli S. Spagni A., Ratini A., Bortone G. (In press) Implementation, study and calibration of a modified ASM2d for the simulation of SBR processes. Accepted for publication Water Science and Technology 

· Tilche A., Bortone G., Malaspina F., Piccinini S., Stante L. (In press) Biological nutrient removal in a full scale SBR treating piggery wastewater: results and modeling. Accepted for publication Water Science and Technology.

· Spagni A., Ratini A., Buday J., Bortone G. (In press) Experimental consideration on monitoring ORP, pH, conductivity and dissolved oxygen in nitrogen and phosphorus biological processes. Accepted for publication Water Science and Technology

P11: AGRALCO

General presentation

AGRALCO, S.COOP was constituted as a co-operative in 1962, to treat the solid and liquid wastes of 180 wine producers from two important Spanish wine areas: La Rioja and Navarra. Its main activity is the production of vinic alcohol and calcium tartrate. It has 35 employees, an annual turnover of 10 Meuro (million euro), and treats a volume of 43,000 tons of wine marcs per year (1999).

AGRALCO is characterised by their continuous search for new products, of which an example is tartrate production and colourings extraction, as well as the targeted antioxidants extraction. It is also engaged with environment protection. This was the reason to carry out and lead the INNOVATION project No IN10128 entitled “Integral Treatment for Waste-Water in Distilleries (TIARED)” in the period 1996-1998, that has been successfully finished.

State of the art

AGRALCO is leading some important changes in the Spanish distilleries sector, mainly by means of searching for new products and for the most advanced technical solutions for their specific problems. In the TIARED Project it was installed in AGRALCO anaerobic digestor with telematic management, being the first Spanish distillery with this kind of technology for waste wine treatment.

Since 1997 the software is used for the control of an anaerobic digester industrial of a volume of 2 000 m3  processing  200 m3 of wastewater per day. The digester is managed through a modem from France and the instructions and the parameters of operations are modifiable (alarm level pH-meters, temperature, volume to be treated or of the working load). It is also possible to intervene on some electromechanical elements (pump, valve).

3 years after its first implementation of this technique, experience has shown that the behaviour of such a digester is very hazardous and very unstable. The need to use  new physical sensors resisting to this highly aggressive environment and to develop other virtual captors able to analyse and forecast any perturbation and modification of such a fragile bacterial environment, is for us an additional motivation to join a project such as Telemac.

Two experience years allow to AGRALCO to know the strong and weak points of telematic control applied to digestor management. AGRALCO has a high qualification for the project, since they have already had the experience of the previous INNOVATION project mentioned.

Starting point

AGRALCO will bring into the TELEMAC project

· his experience as user of anaerobic digestion and user of a tele management system.

· his digesters at the pre-industrial scale (40 m3) that must be instrumented and at industrial scale with a CSTR (2 000 m3) whose characteristics follows:

· Daily influent flow rate: 100 to 200 m3/day

· Soluble influent COD: 25000 to 35000 mg/l

· Soluble effluent COD: 2500 to 4500 mg/l

· Digestion completed with 2 aerobic plants (1000m3). 

· The biogas is burned to dry the tartrates 

The pilot is equipped with sensors (temperature, pH, gas flow rates, introduced vinasses volumes) and actuator (pumps, heater) monitored by Lemaire’s Software.

Key persons

Fermín Esandi.

· Agronomic engineer by the University of Valencia.

· 6 years experience as Project Manager in the Spanish ANGEL LUENGO Group.

· General Manager of AGRALCO since 1987.

· Project Co-ordinator of the INNOVATION project TIARED 1996-1998.

José Antonio Martínez

· Technician in Industrial Telematics.

· 11 years experience in development of sensors for cosmetics sector customers (L’Oreal, Channel, Dior).

Eusebio Díaz.

· Agronomic engineer by the University of Valencia. 

·  Assistant Professor in the Public University of Navarra. Project responsible of the INNOVATION project TIARED 1996-1998. 

P12 :  P. LEMAIRE 
Brief description

P.Lemaire is a private company that started its activity in 1980. At the head of this liberal activity is Pierre Lemaire, who has designed and ensured the maintenance of anaerobic digesters. The company also  designed and developed a software for the embryo of remote maintenance and the surveillance of the digesters.

It was awarded with the Prize for the contest « Biogas and Farming » organised by the AFME and the ministry of agriculture. It realised of a digester of 150 m3 for the treatment of wastewater of 1200 pigs in the dairy co-operative of GROISY ( F-74). Successful attempts were made towards the beginning of automation of an anaerobic digester.

P. Lemaire achieved in 1984 of a digester pilot process for the wastewater treatment of a cheese dairy (LES FERMIERS SAVOYARDS) in FRANGY(F-74). It was the first digester managed by microcomputer. It meant writing the software and designing the material of interface.

1990 at 1995 development of the software and design of smart modules allowing the detection of the sensors defects, such as (pH-meter, Thermometer, … etc.), and to compensate for their defection. The basis of data available to these modules are built from live situations and facts which really occurred, and which can therefor be recursive.

State of the art

The first software of teleprocessing was written in 1996, it was used for control of a experimental digester for the wastewater treatment of a cellar viticultural (CAVE DES HAUTS DE GIRONDE) in MARCILLAC (F-33). This installation was the subject of a scientific follow-up by the CEMAGREF department of GIRONDE during two years. The conclusions of the report confirms the reliability of the software and the feasibility to teleprocess an anaerobic digester.

Since 1997: teleprocessing for the control of an industrial anaerobic digester of a volume of 2 000 m3 located in Spain at distillery AGRALCO in ESTELLA (NAVARE).  This distillery produces 200 m3 of vinasses per day.  The digester is remote controlled from France, all the instructions and the parameters of operations can to be treated (alarm thresholds of the pH-meters, the temperature, volume or the working load …), it is also possible to intervene on a few electromechanical element (to start or stop  pumps…)

Currently:  Teleprocessing via Internet (from France) and technical accompaniment for the control of a pilot digester built in Mexico for TEQUILA SAUZA (group ALLIED DOMECQ).  This pilot digester was the subject of a contract divided into two distinct phases. 1: design and technical follow-up of a  digester pilot of a volume of 20 m3 whose the results allowed. 2: after 6 months of tests and controls, to prove feasibility to treat the vinasses of tequila by anaerobic way.

Following the results obtained, the second phase was validated on February 14 2001, with the objective to conceive and bring into service an industrial unit with a digester for the treatment of 450 m3 vinasses produced per day, and supplemented by an aerobic treatment to obtain a final effluent in conformity with the standards of rejections imposed by the Mexican administration.  The aerobic part will treat also waste water of distillery, 150 m3 per day.  The whole of this unit is the subject of a contract of remote maintenance.

Definition of the current remote control system

The remote monitoring software is relying on modular electronic material allowing autonomous monitoring of some fundamental parameters for the control of an anaerobic digester. It can implement the transmitters associated, take simultaneously measurements and recordings of levels, flows, pH, temperature, volume of produced biogas, carry out calculations, scaling, calibration of the probes, set values average, minimal, maximum, schedule and total day data, transfer,  carry out monitoring starting from programmed threshold values and emit alarms on the site eventually by automatic phone call, emit or receive control commands by digital displays, and finally  transmit or receive information with a distant computer.

Vectors  of programming.

On the site:  by transfer of data disk to hard disk or entries by the keyboard.

Remotely:  by telephone link and modem.


Principle of the acquisition of measurements.

Synchronised with programmable intervals of regular times  ( 1 to 15 mn).

Interpretation of the data, by the software, starting from a programmable minimum variation.

Storage of the parameters.

On hard disk or by daily transfer to the distant computer, RAM memory autonomy safeguard by inverter:  3 hours.

Monitoring principle and alarm threshold.

Is done at programmable intervals of regular times. It is possible to define several thresholds of comparison per entry, such as:  threshold value, crossing growing or decreasing, basic value to modify or output to activate, opening or closing, release of an alarm on the site,  immediate or differed phone call, according to the range from pre-set parameters.

Principle of phone alarm

Automatic phone call with three successive recalls in the event of failure, several numbers can be assigned according to an order priority. These alarms are transmitted towards distant computers, in the event of failure of telephone link alarm is maintained on the site.

Principle of acquisition of the data.

On the site:  by copy on magnetic medium or impression.

Remotely:  by telephone link and modem.  Password restricted access.

Principle of visualisation of the data.

On the site:  on the  computer screen, with synoptic of the installation and visualisation of the last recorded parameters and of the various functions, 

Remotely:  by telephone link and modem, with visualisation on computer screen of the last recorded parameters.
Instantaneous values:  time averages, pH, temperature, and total schedule, introductions, draining, production of biogas.

Remote-controlled actions

Manual modifications of the pumps set points, according to the interpretation of the measurements transmitted by the supervised site, if programme logic rules are not able correct them.
Remote control of actions for physical purposes, opening or closing of a valve or starting or stop of a driving function.

Starting point

· Lemaire’s unique experience of the remote management of anaerobic plants

· The software for the remote management. This software allows to read the information on a PC located on site (Temperature, pH, gaseous and liquid flow rates) and to act on the pumps and electrovalves. A simple system of data filtering remove the irrelevant values and can activate an on site on/off controller. It will be used when the first version of the TELEMAC software is not available.

· A connection with the sites of Sauza and Agralco 

Key persons
Pierre Lemaire, born in 1942.

Secondary studies: Self-taught 

Expertise and achievements of anaerobics digesters : 

- Dairy : 1980 GROISY (F)

- Cheese dairy : 1984 FRANGY (F)

- Distillery : 1997 AUCH (F) – Expertise for the general council of the department of the GERS

Indirect participation in the European project N° IN10128 entitled « Integral Treatment for wastewater in Distilery (TIARED) » 1996-1998 - designer for CHALVIGNAC (F) central processing unit AGRALCO (SP) – design, engineering, startup, software, monitoring and telemonitoring.

Designer anaerobic pilot for wastewater in Distilery TEQUILA SAUZA (MEX) (group Allied Domecq), design, engineering, startup, software, monitoring and tele-monitoring.

P13:  Tequila SAUZA S.A.de C.V.   (SAUZA)

General presentation

The tequila Sauza company is dedicated to the production of tequila spirits from the cactus agave, it distills everyday of the year the equivalent of 60 thousands tons of agave.

It is located in the demarcated area of Tequila, in the town of Tequila, province of Jalisco in Mexico. The raw material is received from around 2000 small producers who are in contract with the company. Its products sold under the brand of tequila SAUZA are sold around the world, but more specifically in Mexico, USA and Europe.

With 258 employees, Sauza reaches a turnover around 20 millions Euro. The SAUZA team involved in TELEMAC in is made of personnel from the plant normally involved in the process which will need to concentrate on this new challenge always in addition to their current activity.

Doctor in chemistry, Industrial engineer, Mechanical engineer, Biologist, Electrician, Computer expert, Operator 

The company is ISO 9002 certified and is preparing the ISO 14001 certification for 2002.

During the year Sauza produces an average of 600000 litres of vinasses per day with a COD load of around 40000 mg. Up to now, like all other producers in the town and with temporary authorisation, it has been disposing of all the waters, either vinasses or water from the process, into a local small river.

As a long term and valid solution, contrary to the choice of most other producers, Sauza has chosen to treat the water in a wastewater treatment plant.

The plant will include an anaerobic phase in digesters and lagoons for the aerobic treatment. A pilot plant with a digester of 20000 litres capacity in which the controls are pH, suspended solids and biogas production. This pilot plant has started from early July 2000. The next step is to build the industrial plant immediately after the results of the pilot during the end of 2000 and beginning of 2001.

This is a very large investment. Very little is known about the anaerobic treatment of cactus vinasses and Sauza is very interested in the outcome of the TELEMAC project because it wants its plant to work in the best possible conditions and we want to benefit from all the byproducts, in particular biogas.

This example is already interesting the local authorities which see the benefits of such a solution and are prepare to impose anaerobic digesters to more companies if it is proven reliable and efficient with this unusual raw material.

State of the art

Nobody in the world treats the vinasses from agave, there are some small experiments which all have been a fiasco.
Sauza on the opposite to its competitors in this demarcated area has decided to choose a long term solution, the anaerobic digestion of agave spend wash. There are more than 30 distilleries in the close area, which at the moment use the rivers for spend wash or irrigation to get rid of them.

It is well known that irrigation, specially in such a dry climate, should be limited at least as much as it is in Europe. The cost of transport and the lack of acceptance from the farmers will become insurmountable obstacle.

Since July 2000  Sauza has started a semi industrial anaerobic digester (20m3) to study the specificity of agave spent wash and has accumulated enough information to feel confident enough to decide the construction of a large anaerobic treatment plant.

This plant will be the example of best practice for the area and there is no doubt that new anaerobic digesters of the same type with the same state of art will develop in this area and a revolution to the current practices.

The coincidence of the construction and start of such an anaerobic digester will be an excellent field of experimentation for the sensors, the interpretation of the data and the real improvement of communication. 

The current Lemaire’s telemonitoring used with the pre-industrial plant is very useful but limited and unreliable because of saturation of the telephone lines and Internet.

Starting point:

Two digesters processing tequila vinasses. The industrial plant is not yet constructed.

· A pre-industrial CSTR plant (20m3), start-up July- August, 2000

· Daily influent flow rate: 1000 to 2000 litres/day

· Soluble influent COD: 25000 to 40000 mg/l

· Soluble effluent COD: 5000 to 7000 mg/l

· Digestion completed with an aerobic pilot. 

The pre-industrial digester is equipped with sensors (temperature, pH, gas flow rates, introduced vinasses volumes) and actuator (pumps, heater) monitored by Lemaire’s Software.

· An industrial CSTR plant (5000m3), start-up for March, 2002

· Daily influent flow rate: 250 m3/d for 2002 moving up to 450 m3/d for 2005

· Soluble influent COD: 25000 to 35000 mg/l

· Expected soluble effluent COD: 5000 to 7000 mg/l

· Digestion completed with an aerobic plant. 

· Expected final rejected COD: 400mg/l

Key persons: 

Eduardo Vallado, Operation Manager

Jean Francois Lavigne, Director for Environmental and Technical Affairs 

P14: The University of Guadalajara (UDG)

General presentation

The University of Guadalajara (UDG), with around 150,000 students, is the second biggest university in México.  Its structure is composed of a general administration, 12 campus throughout the state of Jalisco and a medium high education (high school) system with complete state coverage. The administration of UDG is concentrated in a hierarchical structure presided by a General Rector and a Council composed of a Vice-Rector,  a General Secretary, the Campus Rectors and the Director of  the Medium High Education System.  

El Centro Universitario de Ciencias Exactas e Ingenierías (CUCEI – the Exact Sciences and Engineering Campus) is one the 12 campus of the UDG network. and is located in Guadalajara, the state capital.    Its student population is 11,000 students in the B.S. level, distributed in 12 academic departments which are co-ordinated by 3 Divisions.  CUCEI has also 500 graduate students enrolled in its 22 graduate programs.   Lectures are being carried out by 1100 professors (part time and full time).

The Department of Chemical Engineering belongs to the Engineering Division.   Around 750 students are enrolled in the  B.S. degree in Chemical Engineering and 90 graduate students are currently involved in the M.S. and Ph.D. programs (Chemical Engineering, established in 1975 and Biotechnology Processes, established in 1992) offered in this Department.  Faculty members are 75 full time professors (40 Ph.D. and 35 M.S.) and 20 part time professors (most of them engineers from industry).  

The  M.S. and Ph.D. programs in Chemical Engineering (ChE) and Biotechnology Processes (BioPro) belong to the CONACyT excellence graduate program list.   This list only includes those Mexican graduate programs with a faculty capable to carry out innovative research, a highly active publication record, and the experimental and computing infrastructure to support all research activities.  CONACYT recognizes Polymer Science and Technology, Material Science, Optimization and Control, Fluid Mechanics, Electrochemistry and Chemical Reaction Engineering as the main research areas in the ChE programs.   In the BioPro programs, the main research areas are Environmental Engineering, Enzymology, Solid State Fermentation, Cell Tissue Culture, Biochemistry, Molecular Microbiology, Food Engineering and Science and Food Safety. 

The Control and Optimisation research group is a multidisciplinary and multi-institutional group.   Researchers from the aforementioned graduate programs and from other institutions (CINVESTAV- Unidad Guadalajara, UASLP, UAM-Iztapalapa) participate in this group.  The main objective  of this group is to design, develop and implement robust control strategies in chemical and biochemical processes.   Such studies have been published in journal such as Chemical Engineering Science, American Institute of Chemical Engineers Journal, Bioprocess Engineering,  Computers and Chemical Engineering, Process Biochemistry, etc. 

Research activities are carried out mainly by graduate students which are supervised by the faculty members (who write the research proposals and are the leading researchers).  B.S students are also involved in research activities (they usually do their thesis in research labs).   Research activities are supported by different national and international agencies.    Research grants come mainly from CONACyT, SIMORELOS (a grant provider created by CONACyT and the state governments of Jalisco, Nayarit, Colima and Michoacan) and the Ministry of Education (through the Higher Education Fund for Modernization – FOMES).   Other grants come from NSF (USA), ECOS Nord (France), FDA (USA), the Spanish Government, DAAD (Germany),  The Third World Academy of Sciences, etc.

State of the art

The UDG team worked on tequila vinasses for the last 10-15 years.  They have conducted o broad range of studies: Anaerobic digestion (AD) in batch reactors, chemical and Biological characterisation of vinasses, use of different micro-organisms in the AD, solid state fermentation of tequila vinasses for biomass production to be fed to animals (pigs, cows, goats, etc.).  In the last years they have conducted anaerobic digestion in fluidised bed bioreactors (lab scale) in order to identify what stages of the AD actually controlled the reaction (acidogenesys, methanogenesys or acetogenesys) and if there are diffusion limitations.  

The Control and Optimisation research group is a multidisciplinary and multi-institutional group.   Researchers from the aforementioned graduate programs and from other institutions (CINVESTAV- Unidad Guadalajara, UASLP, UAM-Iztapalapa) participate in this group.  The main objective  of this group is to design, develop and implement robust control strategies in chemical and biochemical processes.   Such studies have been published in journal such as Chemical Engineering Science, American Institute of Chemical Engineers Journal, Bioprocess Engineering,  Computers and Chemical Engineering, Process Biochemistry, etc. 

Key persons 

Víctor González-Álvarez was born in 1956 in Guadalajara, México.  He obtained his B.S. degree in 1980 at Guadalajara, México (UDG) and his Ph.D. in 1987 at Minneapolis, MN. USA. (University of Minnesota), both in Chemical Engineering.  He has over 20 research articles published in the area of control and optimization of chemical and biochemical processes.  15 MS students have graduated under the direction of Dr. González-Alvarez and 5 MS and 7 PhD Students are currently working in their thesis under his direction.  He has served as a consultant to various wastewater treatment engineering firms. He is now in charge of two CONACyT projects related to modelling and control of chemical processes.  He is also the mexican leading researcher for the ECOS-ANUIES project (MB97/B01).  Since 1996 he is in charge of all administrative aspects of research at CUCEI which include the yearly proposal of the CUCEI FOMES project.  He is also a member of the technical committee of graduate programs- research at UDG, chairman of the SIMORELOS engineering and technology area and  member of the State Council of Science and Technology. 

Carlos Pelayo Ortiz was born in 1966 in Santa Rosalía, México.    He holds a B.S. (1987) and M.S. (1991) degrees in chemical engineering  from UDG and a Ph.D. degree (1986)  from the INP Toulouse, France.  He has published 7 articles in scientific journals.  His skills are: design and development of nitrification and denitrification processes in the wastewater treatment area, mathematical modelling of biotechnology processes, improvement of biotechnology processes by using immobilized cells.  He is the main researcher in a CONACyT project related to the use of immobilized bacteria in the production of propionic acid. He is currently in charge of all academic activities in the Biotechnology Processes Graduate Programs.  10 B.S. and  5 MS students have graduated under his direction and 5 MS and 3 Ph.D. students are currently working in their thesis under his direction.

Bernardino Castillo Toledo was born in 1966 in Oaxaca, México.  He holds a B.S and M.S. degrees in electrical engineering from National Polytechnical Institute (México) and CINVESTAV-Unidad Ciudad de México.  He also holds a Ph.D. degree in Control from the Universitá La Sapienza, Rome Italy.  He has published over 20 research articles in control theory and applications.  He has graduated 15 MS students and 2 Ph.D´s.  His research interest are focused on the applications of robust  nonlinear  control techniques and control theory.

Recent Publications relevant to the project :

· V Alcaraz G. y V. Zuñiga Partida (1994)  mathematical model of a fermentation process carried out in a fluidized bed bioreactor En el libro Advances in Bioprocess Engineering. Galindo y Ramírez (eds.) Kluwer. Pag. 349. 

· F. Ramírez, M. Crespo, D. Meier, O. Faix y V. Zuñiga (1997)  Ammoxidized Kraft lignin as slow-release fertilizer tested on Sorghum vulgare Bioresource Technology 61,43-46 Con..

· B. Castillo Toledo y J.A. Luna Gutiérrez (1999). Robust Nonlinear Control of a Fermentation Reactor. Chemical Engineering Technology 22, 8, 1 

· P.Steyer, C. Pelayo-Ortiz, B. Bonnet and A. Bories (1999) Neural Network Modelling of a Depollution Process. Bioprocess Engineering.
· F. Ramírez, A. Ramos, O. Faix, D. Meier and V. Zuñiga (2000). Slow Release Performance of N-Functionalized Lignin Treated on Two Consecutive Fodder Sorghum Crops.  Bioresource Technology,
P15:  ALLIED DOMECQ SPIRITS & WINE LTD. (DOMECQ UK), 

General presentation

In volume, Allied Domecq is the world’s second largest spirits company. It is a global company, producing and marketing in 46 countries. It owns and operates 20 distilleries (grain, wine, wine lees and pomace, agave for tequila), in countries such as Argentina, Brazil, Canada, France, Mexico, Spain, UK. Most of the distilleries use a process of concentration of spend wash (vinasses).

It fully owns and operates 28 plants and has a number of joint ventures for production operations in remote countries like India, Korea, Japan, China, Vietnam, some of which include distillation. As per today it has 17 plants certified ISO 14001 and intend to have the rest in a near future.

It has 9000 employees around the world and has a turnover of 4.2 billions Euros.

Its produces and distributes around the world brand such as Ballantines whisky, Beefeater gin, Kahlua coffee liquor, Sauza tequila, Candian Club whisky, Courvoisier cognac, Teachers whisky, Presidente & Don Pedro mexican brandies,  DYC whisky and many others.

It is mainly represented in this project by  Jean Francois Lavigne (Director for Environmental and Technical Affairs), who is responsible, as part of his technical responsibility, for the performance of the company in the environmental area . He sees a number of potential applications of the TELEMAC results in the distilleries located in remote areas. The new process will not only be more user friendly but save large amount of energy, through the efficient production of high quality biogas.

Policy elements (extracts from Environment performance 2000 report)

Allied Domecq is committed to minimising any adverse effects of its activities on the environment and to continuing to improve its performance in this area.

The company Board first established a framework for addressing these issues in 1986 and since then has published a number of reviews on progress in its implementation. The Environment performance 2000 report demonstrates the commitment throughout the company to measure up to our environmental responsibilities, and its content reflects the fact that the policy set by the Board is implemented at every level.

The central feature of the new system has been the implementation of ISO 14001 as the environmental standard for all manufacturing locations. ISO 14001 publicly commits the company to a process of continual improvement.

Domecq's motivations

The treatment of the spend wash (vinasses), heavily loaded effluents, is currently achieved through various processes, from concentration to anaerobic plants or fully aerobic solutions. Some of the plants are even at the early stages of treatment and have to choose a way forward.

The benefits expected from this program are seen as a breakthrough for anaerobic technology, to build the confidence and support for more anaerobic digesters.

These represent the best solution in terms of energy and a long term choice.

The difficulties in their stabilisation and the high initial investment have until now been a limitation to their development in our group and in the world. By improving the reliability and efficiency this project resolves these two issues.

The role of co-ordination inside the group Allied Domecq is required for a project in which communication with two end users will be fundamental to create a coherence in the approaches and understanding as well as a support in the future decisions for investments. In some countries where Allied Domecq operates these types of implantation will be a best practice reference and very well received by the local populations.

State of the art

Allied Domecq Spirits & Wine Limited centralises the operations of a number of wine and spirit companies over UK, France, Spain, Canada, USA, Mexico; Brazil, Argentina, etc... 

These companies produce from raw material finished products which are bottled and then branded. Whisky, Gin, Brandy, Bourbon, Canadian Whiskey, Coffee liquors, Tequila, Cognac, Champagne, Port, Xerez, Wines.

For these  productions which include, most of the time, the whole process from raw material to finished products.

Allied Domecq has used last year:

- 800,000 metric tons of grapes

- 300,000 metric tons of grain

- 80,000 metric tons of agave

Most of the products are the result of a distillation, the vinasses are treated through 3 different processes.

- anaerobic treatment in-house ( Brazil ) or through third party (Cognac, Spain).

- aerobic treatment, aerobic digester (USA), lagoons (Brandy Mexico).

- concentration of the vinasses and addition to the dark grain for animal food ( Scotland, Canada, Spain).

If the anaerobic treatment can be made more robust and easy to run, there is a clear incentive to develop it in new areas like the grain distillation and, instead of spending a lot of energy to concentrate the spend wash, ferment them in anaerobic digester to produce reusable biogas and in some countries to avoid taxes and use credit from future Carbon-Credit schemes.

We need to increase the confidence of being able to run a number of anaerobic digester without a highly specialised local structure. 

Starting point
· Allied Domecq put industrial installations at the disposition of the work to be done for experimentation. One of them will be built during the first year of the project, the digester will start from scratch and all the parameters will be measured from the first moment, this will give an invaluable quantity of first hand information which will be the base for the understanding of the evolution of the process.

· Allied Domecq bring his experience of distillation and all the specificity of the various raw material in particular here agave and grapes.

· Allied Domecq presence in Mexico and Brazil immediately increases the potential of dissemination of this new technology. The company is also taken as an example by several of our competitor, the tequila example is the most visible.

Key person

Allied Domecq is mainly represented in this project by his Director for Environmental and Technical Affairs, Jean-Francois Lavigne. Ingénieur Agronome ENSAM, Oenologue diplômé, who is responsible, as part of his responsibility, for the performance of the company in the environmental area and see a number of potential applications in the distilleries located in remote areas

P16:  Allied Domecq Brasil Industria e Comercio Limitada (DOMECQ BR)

General presentation

Allied  Domecq Brasil has a production activity of Domecq wine brandy and a commercial activity of distrubution of other Allied Domecq products from other companies of the group. It has a turnover of 50 millions Euro and 159 employees.

The production is located in a new distillery in Garibaldi in the province of Rio Grande del Sul. The distillery is equipped with an anaerobic plant followed by 3 aerobic lagoons. The quantity of vinasses is 70m3 per day during 120 days per year, it does not justify aspecialist for anaerobic treatment permanently. The company sells only in Brazil and has only one production unit.

State of the art

Allied Domecq Brazil has a distillery for brandy with an anaerobic digester and lagoon system. The digester works during four months every year and remains full during the rest of the year.

This plant is relying upon two depollution steps:

· anaerobic with a sealed digester of 450000 litres, producing biogas that is burnt into the atmosphere. The reduction of COD is 80%, down to 5000.

· aerobic, made of three successive lagoons with separation of the sludge in a decanter between each stage. The last lagoon is planted with aquatic vegetation.

The plant rejects the treated water in a small river course with a COD of 200.

There has been a heavy investment to treat the water in the best conditions but there is still need for some improvements.

The anaerobic digester requires constant attention and the team does not have access to enough expertise in the area. The biogas production is irregular in quantity and quality and the manager cannot rely on it for use.

This is why the company is very interested in taking part in the project TELEMAC to find ways to improve the efficiency and stability of the digester and probably obtain a more consistent production of biogas which could be used in our distillery boilers.

Brazil has a lot of distilleries and this environment caring project should generate emulation among the local distilleries.

An overloading accident had recently very severe consequences, leading to the complete emptying of the digester and re inoculation. Moreover the post treatment performed by lagoons also suffers from lack of reliability of the anaerobic step and present very high pH. 

Starting point

The CSTR digester (450m3) set-up in 1998 is fed with wine vinasses from columns which produce Brandy. 

· Daily influent flow rate: 50m3/day during 150 days

· Soluble influent COD: 25000 to 29000 mg/l

· Soluble effluent COD: 6000 to 8000 mg/l

· Digestion completed with a lagoon. 

An on/off controller regulates the pH and the temperature

The biogas production is not reliable enough to be used.

Key persons

Manuel Buj, Operation Manager

Jean Francois Lavigne, Director for Environmental and Technical Affairs 
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Figure 4: Scheme of the principle of the sensor network and the fluxes of information.
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