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1 Introduction

1.1 The Wastewater Treatment Alternatives 

In 1985, the liquid waste treatment in Europe was about 32.5 %. The objectives defined for 2002 were 65 %, but in 2000 in Europe only 43 % of liquid waste are treated.

In order to obtain maximum utilisation of the available water resources, used water or wastewater must be returned to its original condition. The three main components that must be removed from waste water are carbon, nitrogen and phosphorous. In the waste from alcoholic industries (winery, brewery, distilleries), the major pollutant is in carbon form. 

A wide variety of technologies for waste water treatment is available on the market to perform this carbon removal. They can be divided in two major types : physico chemical and biological solutions. The first solution consist in separate or concentrate the waste from the water e.g. by adding chemical molecules, , or evaporating process. 

The most widespread biological technologies in the treatment of waste water from alcoholic activities are mainly:

· Land application

· Aerated tank.

· Aerobic treatment 

· Anaerobic treatment 

Aerated tank is a very used cheap technology, but there is no control or optimisation of the treatment rate. The aerobic treatment requires a lot of energy for running, nutrient and the high production of sludges constitute the main bottlenecks for its use. 

Whilst methanisation had a low-key start in France in the 1970s and 80s, it became strongly developed in Germany during the 1980s. Today, not only France, but also Italy, Spain, and the rest of the world seem to be rediscovering this technology, which enables production of cheap renewable energy in an environmentally friendly manner. Using fermentable waste or biomass, methanisation allows the production of energy (in the form of gas), and perfectly stabilised compost in reduced quantities.

1.2 The Anaerobic Solution

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

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.

Industrials are unable to exploit full potential of 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. 

Addressing these issues is a great challenge for computer and control sciences to make this process more reliable and usable at industrial scale. 

The TELEMAC solution has managed to overcome these difficulties. 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.

2 The TELEMAC project : 

The TELEMAC project is designing a modular and reliable system supporting a remote telemonitoring and telecontrol of small depollution units with no local expertise. By using a network of smart sensors, robust advanced control procedures, fault detection and isolation techniques, a remote expert will manage the complex non-linear anaerobic digestion process via internet and assist the local technician. The history of the supervised plants will feed a learning data base in order to improve the process management.

The system 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.

2.1 History

TELEMAC is a European research project supported by the IST Program of the European Union (project no. IST-2000-28156), coordinated by ERCIM (F) and the INRIA (F). The project started in September 2001 with 15 partners. Several fields of science were focused on the development of a modular system dedicated to the treatment of the valorisation of wineries wastes.

2.2 Project management

The project required to manage teams from different horizons with different expertise (knowledge dealing with anaerobic digestion, modelling, remote control and monitoring, software development and sensor development). One of the key strength of the system lay on the multi skills available from the research and development team :

Yet, because of the complexity of the TELEMAC project, it took several full time teams in leading research labs disseminated across Europe to come up with a reliable solution able to tame the instabilities and monitor the utter complexity of anaerobic treatment.

Thanks to this project, the TELEMAC technology is now available. It not only brings anaerobic treatment back on the map, but it also offer professionals with a an  reliable solution to  wastewater treatment. With TELEMAC, Anaerobic treatment is no longer an alternative, but rather the optimal solution to the treatment of highly concentred substrates 

2.3 The offer 

The TELEMAC system provide 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. 
The TELEMAC general offer propose all the elements which allow a remote expert to monitor any anaerobic process. This solution includes the sensors, all the software ( local software, database, expert modules and the remote control software). When the system is installed on a anaerobic treatment plant and calibrated, a remote expert can manage the plant through the internet and improve its performance

The different TELEMAC modules can be used as independents elements. The great modularity of these components allow a adapted answer to the demands for an improvement of a plant performance. The elements propose as much as solutions as an efficient control require, thus they can be adapted to any treatment plant at any level ( sensors, data storage, local survey, remote control or diagnosis a the plant). The anaerobic treatment simulator and the Virtual are tools they can be used for training or experiments, as assistants in plant design, control laws and models validation.

With the TELEMAC, the depollution of the threatened areas, even remote, is achievable. project provides SMEs and larger corporations with both the “tool” (efficient anaerobic wastewater treatment plant) and the  “knowledge“( remote expert centre via internet).

Five main assets describe the TELEMAC offer :

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

· Remote control & expertise


To be completed: with a remote centre of expert using internet resources.

· Guarantee a customised depollution system to small and isolated units i.e. characterised by a low cost, plug and play installation and easily portable architecture. The developed solution is flexible and modular solution to 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 is able to improve with a low budget any plant, regardless of its size and equipment (i.e. pH and liquid flow rates measurement). 

· Decrease the depollution cost :

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

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

The cost of the post treatment performed by lagoons or aerobic sludge decreases 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 is reduced through smaller WWTP units, consequence of the higher depollution yield and reliability allowed by the TELEMAC system.

· Improving derived products’ output :

Allowing cogeneration for middle size units (equivalent to more than 20 000 habitants). This is mainly ensured by constant biogas quality (ratio CO2 /CH4) and quantity and by constant working mode of the process (guarantying a constant quality of byproducts, such as tartrate, etc.).

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

2.4 Innovations 

2.4.1 Smart sensors development 

The wastewater treatment field suffers from a major lack of sensors, at the same time reliable, highly informative and cheap. 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 developed system, the reliability of the low information content sensors is enhanced by linking together operational low information level sensors through analytical models. This allows to test the global coherency of the information network and to derive highly informative estimations of some process variables through software sensors (observers). 

2.4.2 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… 

In order to build an efficient control and monitoring procedure, particularly in case of failure, models  were developed especially for abnormal working conditions. 

2.4.3 Coupling diagnosis and advanced control techniques

The  advanced control based on analytical models is coupled with supervision techniques based on artificial intelligence. It improves 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 is 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. 

In addition, the supervision system 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.

2.4.4 A robust set of modular and autonomous components

A key aspect of the TELEMAC system is its ability to adapt to a broad variety of plants and processes. This is mainly achieved by structuring the information in a generic manner. This structure has been optimize to manage information both qualitative (comments, management operations, …) and quantitative (data). The data base has been designed using a DTD specifically dedicated to bioprocesses. In line with the DTD and the database, the XML language allow communication between modules without of risk of data incompleteness or misinterpretation (for example the units are within the files).

2.4.5 Remote supervision of anaerobic digestion processes

The 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 improve the knowledge on plant operation and successfully optimises 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 reduces to the minimum the need of expert intervention during the regular work of the plant. Should live expertise be required, web resources 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.

3 Market profile

3.1 European Market 

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 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.

The AD schemes currently operational in the EU have a total generating capacity of 300MW. The market for AD is increasing, largely due to environmental pressures to improve waste management and, by 2010, AD deployment within the EU is expected to reach 1000-2000MW (see Figure 1below). 
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(source http://europa.eu.int )

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

TELEMAC address these issues and lower depollution cost. Through tele-monitoring, it replaces the need for expensive on site expertise by remote management and  by using IST technology, TELEMAC 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.
3.2 Global Market

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.  

3.3 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. 

Finally, The TELEMAC results allows 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.

4 The TELEMAC offer

TELEMAC allow the expert to control remotely a plant. The all system is composed by the elements, sensors, local and distant software, communication language which allows

4.1 The different TELEMAC modules that composed the TELEMAC offer

The table below presents the different components. 

TELEMAC module
Elements

1. DataBase
Set of Data on various situations


Interfaces to consult the database and database structure


Application of data mining to the monitoring and control of anaerobic WWTPs 

2. Remote Control Software
Software running under a web browser to remote monitor a set of anaerobic plant and transmit data remotely


PlantML, an XML language which can be used in the domain of bioprocess or more widely chemical engineering; to describe information about acquisition, diagnosis, decision, control and exchange this information between distant modules or operators through internet. 

3. Local Control Software
Local software to monitor an anaerobic plant and transmit data remotely

4. Smart automatic management

Module

(ODIN)
Robust interval based software sensors to monitor an anaerobic treatment plant 


Robust automatic control algorithm to regulate the effluent COD of an anaerobic treatment plant, using the available on-line methane measurements


Modular algorithms modules that use evidence theory to diagnose the biological state of anaerobic digestion processes while allowing to manage uncertainty, doubt and conflict in the information source


A decision support system to assist the local user, select the appropriate controller depending on the state of the plant 


New models for anaerobic digestion


A smart module integrating all the algorithms proposed (robust interval based software and new models) and allowing rapid integration of any controller, software sensor, models.

5. AnaSense Sensor
A titrimeter for the on-line detection of VFA, bicarbonate, partial alkalinity and total alkalinity in anaerobic wastewater


A software to estimate the content of an anaerobic sample (total VFA, TIC, NH4, Lactate, …) 

TELEMAC module
Elements

6. Biogas Sensor
A gas sensor for the detection of carbon dioxide and methane in biogas 

7. Acquisition board
Wireless smart acquisition boards that collect the data from the various sensors

8. Training Software
A training software to understand and learn how to manage anaerobic digestion

9. Virtual Plant


A matlab software running any AD model and simulating the sensors and the actuators, and displaying them with a  friendly graphical user interface.. 


A Matlab module based on ADM1, AM2, allowing to simulate an AD


A WEST module based on ADM1, AM2, allowing to simulate an AD

4.2 TELEMAC modules added value/ existing technology

The following table describes the added value of the TELEMAC offer components.

TELEMAC module
SUBResult
Available on the market
Added value/Originality

1. DataBase
Set of Data on various situations
NO
Contains a lot of situations that can be met experimentally and the way they end up.


Interfaces to consult the database and database structure
YES/NO
Personnalisation d’une interface


Application of data mining to the monitoring and control of anaerobic WWTPs 
NO
Efficient collect and data management.

Knowledge management (What are the best solutions ? Description of the new state of the process)

2. Remote Control Software
Software running under a web browser 
NO
Available from anywhere in the world without carrying computer + software


PlantML
NO
Data exchange fiability

Allows a strong modularity

TELEMAC module
SUBResult
Available on the market
Added value/Originality

3. Local Control Software
Local software to monitor an anaerobic plant and transmit data remotely
YES/NO
Local interface adaptable for a non expert user

Allows to run advanced computation for process monitoring and control. 

4. Smart automatic management

Module

(ODIN)
Robust interval based software sensors to monitor an anaerobic treatment plant 
NO
Fault detection of installed sensors.

Knowledge of key parameters without measure.

Sensor invest limited




Modular Matlab framework for process supervision
YES
Accept new modules, possibility to disable any module and to interface the software with deported modules


Robust automatic control algorithm to regulate the effluent COD of an anaerobic treatment plant, using the available on-line methane measurements
NO
Do not require a large set of on-line sensors for efficient process control. 


Modular algorithms modules that use evidence theory to diagnose the biological state of anaerobic digestion processes while allowing to manage uncertainty, doubt and conflict in the information source
NO
Provides a very high process working security.

Exhibits level of uncertainty of diagnosis procedure (better interaction man-computer)


A decision support system to assist the local user, select the appropriate controller depending on the state of the plant 
NO
Decreases the costs by enhancing adapted preventive maintenance and optimises the expert intervention. 


New models for anaerobic digestion 
NO
Can predict the system behaviour even in abnormal working modes.

TELEMAC module
SUBResult
Available on the market
Added value/Originality

5. AnaSense Sensor
A titrimeter for the on-line detection of VFA, bicarbonate, partial alkalinity and total alkalinity in anaerobic wastewater
NO
Do not exist on the market and provides a key information


A software to estimate the content of an anaerobic sample (total VFA, TIC, NH4, Lactate, …) 
NO
Allows to detect anomalous compounds that may have a deep impact on the process

6. Biogas Sensor
A gas sensor for the detection of carbon dioxide and methane in biogas 
YES
Cheap sensor

7. Acquisition board
Wireless smart acquisition boards that collect the data from the various sensors
YES
Strong modularity and low price (?)

8. Training Software
A training software to understand and learn how to manage anaerobic digestion


NO
Training users and teaching tool

9. Virtual Plant


A matlab software running any AD model and simulating the sensors and the actuators, and displaying them with a  friendly graphical user interface.. 
NO
Training users

Tool for reasearch and teaching


A Matlab module based on ADM1, AM2, allowing to simulate an AD
NO
idem


A WEST module based on ADM1, AM2, allowing to simulate an AD
NO
Idem

4.3 Added value of the global TELEMAC system

· A high skilled network of experts in management of anaerobic digestion 

· Modularity (easy to add/remove sensor/pumps, new process..)

· Adaptivity and genericity: can work on any process (CSTR, UASB, …)

· Real remote monitoring system (and not remote connection). Offering a high level of security against viruses hijackers…The information are stored and centralised in a remote server, allowing to have access to a tremendous amount of information at any time (even if the remote connection is down).

· Connection to a worldwide network of experts that can include new partners and face most of the difficult cases.

· Associated training offer; with dedicated tools for training experts, local plant managers and technician. Simulation software allow to test the effect of specific actions on a virtual plant.

4.4 Anaerobic treatment of industrial waste : Targets

· Winery 
 (e.g. South East of France <1%)

· Brewery1
· Distillery Company1 

· Waste water Treatment Company

4.5 Anaerobic treatment of industrial waste : Needs

- The remote control system shall help for the maintenance of the plant.

- There must have one responsible/technician on the plant.

- The waste treatment process has to be integrated in the whole production process.

4.6 Main strengths of the TELEMAC system 

Current problems
Existing solution
Main faults
TELEMAC advantages

Process inefficiency
A post treatment is added

The process is oversized. 
High processing cost


Efficient controls 

Monitoring of the process efficiency.



Process instability
On site process managemenent

Bad process regulation
Cost of a local expert

Inefficient treatment
Robust fault detection

One expert can manage several unit all over the wolrd.



High invest costs
Other cheaper processes used
Do not take benefit of the potentiality of the AD process (energy recovery)
Robust control for an effecient energetic valorisation

Decrease maintenance cost (no full time expert)

Process complexicity

Do not take benefit of the potentiality of the AD process (energy recovery)
Remote expert management.

Local interface adapted to a  non expert.

Allows the end-user to focus on the wine process (or other processes)

Maintenance
Manual control of sensors and process
High maintenance costs

High risk of fault.
Sensors fault detection.

Assistance to maintenance with the exploitation of the database

Maintenance costs saving

5 Development Strategy and action plan

5.1 Partners organisation : the front end

This front-end benefits from the support of a network of TELEMAC partners that provide some services. It is in charge of setting up remote monitoring software and hardware (supported by SPES), remote monitoring service (or only remote assistance in case of troubles) for anaerobic plants. It proposes training and formation of operating people from technician to experts. 

The main service provided by the company is the expertise for helping anaerobic digester owners to better manage their plant, and the use of TELEMAC modules are useful tools (but not necessarily mandatory, other new developed more adapted tools could also be used). In such a case this company could use and exploit the tools (at least some of the working  tools) developed within TELEMAC with the support of SPES and others consortium participants when needed.

A trial period has to be considered and as a result the requested fees during this period will be very low to attract potential clients and demonstrate the product interest.

5.2 External dissemination 

· Scientific Publications

· 54 conference proceedings

· 14 publications in scientific journals
· Magazine on depollution

· International Environmental Technology, July 2004

· Asian Environmental Technology, September 2004

· Water and Wastewater International, September 2004

· Water science and technology, 2005

· Decision environnement, December 2004

· L'eau, l'industrie les nuisances, November 2004

· La lettre de l'environnement, November 2004
· Environnement et techniques, November 2004
· Magazine on wines, beer and alcohol production

· La revue des œnologues, December 2004

· La feuille de houblon, December 2004

· La vigne, 2005

· Major European event (fairs, congres, ) on depollution or alcohol

· Pollutech 

· Vinitech 

· Web sites in europe on depollution or alcohol production

· IWA Internationale Water Association

· European Environmental Press : www.eep.org

· www.infobiere.net

· Other :

· CD-ROM. A demonstration CD was produced. It describes the TELEMAC project. Some key publications are available, and the anaerobic treatment simulator, ANASIM, can be played directly from the CD, in any web browser. Anasim is a software to learn the basics of wastewater treatment using AD and which described risks associated to rejection of toxic products in the wastewater 
· IST Results, September 2004 -  Remote expertise for wastewater treatment http://www.innovations-report.de/html/berichte/umwelt_naturschutz/bericht-34048.html
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· ERCIM news 56, January 2004

· Telemac partners: annual report
· End-user workshop, INRA, 20-23 December 2004, Advanced Supervision of Anaerobic Processes

· Collaboration with other EC funded projects

· Coras - IST-2000-25031 - Telemac benefited from the methodology for model-based risk analysis of security-critical systems

· Eoli - Inco - ICA4-CT-2002-10012 - Focus on Efficient Operation of Urban Wastewater Treatment Plants  and will benefit from the Telemac Odin module

· Hycon - IST - 511368 - On Hybrid Control: Taming Heterogeneity and Complexity of Networked Embedded Systems. This project will benefit from the Telemac Virtual plant

5.3 Congress and shows

· Conference on sustainable wineries, Barcelona, May 24th-26th 2004.
· AD10 conference, August 29- September 2, 2004, Montreal, Canada.
· Forum Intech Sophia Antipolis "Grands défis de l'épuration de l'eau: vers des centrales de production d'énergie ?" Wednesday 19 May 2004, Sophia Antipolis, France - http://www-sop.inria.fr/intech/environnement/index.html
5.4 Partners research 

As a result of the sending out of the Telemac questionnaire, the following companies showed an interest in the Telemac full product or some of its components:

· Costal (P) -> Costs reduction
· CIVC (F) -> Maintenance, risk reduction
· Veolia (F) -> Small plants market 

· Anjou Recherche (F) -> Modeling aspects in AD

· Agro-Environnement (F) -> Process integration 

· Chambre d’agriculture du Lot (F) -> Process stability
· Ternois environnement (F) -> Exploitation
· Kennedy/Jenks consultants (US) -> Different categories of wastes
· Biothane Corp (USA) -> Control aspects of AD

· Universidad Nacional Autónoma de México (M) -> Global system

· Pontificia Universidad Catolica de Valparaíso(Ch) -> Remote management
· SCA Packing (I) -> Global system 
In parallel, the system is under testing in Spain in a non Telemac partner, the  Estrella de Galicia - A Coruña - Beer brewery.

Two external spin-off from Telemac are interested to use the Telemac offer and will benefit from (i) the contacts already taken by the Telemac consortium and from (ii) the telemac partners expertise when needed.

1. 3R Ingeniería Ambiental - SJ Compostella (Spin-off from USC)

This spin off targets small or isolated depollution units using both aerobic and anaerobic processes. This company wants to implement and test the Telemac system in 3 different pre-industrial plants with an emphasis on the local and remote software. The 3 selected plants are:
· Martin Codax - Cambados - Wine

· Artabra - Arteixo - Food industry 

· Condes de Albares - Cambados - to be finalised

On top of this, 3R Ingeniería Ambiental will be the contact point for the Telemac technology in 2005

2. ENEA spin-off

This company should be created in January 2005, the file has been prepared by two employees of ENEA and has been positively pre-evaluated. This company will benefit from the already existing contacts developed by ENEA with wastewater treatment plants.

6 Conclusion

TELEMAC proposes a system that provides the maximum level of autonomy to the anaerobic plants, and that efficiently complement this automatic management with an expert human supervision.

Some of its component are already used and/or commercialised such us the Anasense sensor currently commercialised by Applitek, the Telemac software & Acquisition board deployed by SPES and the West module for ADM1 developed by BIOMATH. 

In 2005, Lemaire and Allied Domecq will validate the Odin module at industrial scale.

Regarding the exploitation of the results for research activities, INRIA, INRA, CCLRC, USC, UDG, Biomath and CESAME will continue to use and improve the existing products.

Finally, a training session will be organised end of 2005 by Allied Domecq using most of the training material developed for the December training session hosted at INRA.

The consortium is thus confident that this platform will (i) allow a network of anaerobic digestion experts to better sell their know-how and their expertise through remote management of anaerobic plants around the world and (ii) may contribute to the dissemination of this process at large scale, addressing both the problem of water resource protection and of renewable energy.
Appendix 1 to the Exploitation plan

Author : ERCIM

Date: 
Version 1 - November 8th 2004

Version 2 - 14 January 2005

Contributors : Applitek, BIOMATH, CCLRC, INRIA, INRA, SPES, USC.

TELEMAC components catalogue

Introduction

This document describes all the TELEMAC components. The system is composed by 9 main modules, each of them divided in sub-results. 

For each sub-result, are given the following informations :

· Potential use and application

· Keywords

· General description

· Restriction for an efficient use (Run autonomously or need for other TELEMAC elements)

· Required user skills

· Selling price

Goals of this catalogue 

· State of the art of TELEMAC's main results

· Results ownership

· Exploitation propositions

TELEMAC results catalogue

TELEMAC module
N°
Sub-Result
Type
Owners and responsible
Contact
Page n°

1. DataBase
1.1
Set of Data on various situations
D
INRA, USC, Agralco, ENEA, ALLied Domecq, Sauza, Lemaire
LAMBERT Simon

CCLRC
4


1.2
Interfaces to consult the database and database structure
M
INRA, SPES




1.3
Application of data mining to the monitoring and control of anaerobic WWTPs 
F
INRA, CCLRC



2. Remote Control Software
2.1
Software running under a web browser to remote monitor a set of anaerobic plant and transmit data remotely
M
SPES, 

INRIA (php)
Paulo Ratini

SPES


9


2.2
PlantML, an XML language which can be used in the domain of bioprocess or more widely chemical engineering; to describe information about acquisition, diagnosis, decision, control and exchange this information between distant modules or operators through internet. 
U
INRA, SPES



3. Local Control Software
3
Local software to monitor an anaerobic plant and transmit data remotely
M
SPES
Paulo Ratini

SPES
13

4. Smart automatic management

Module

(ODIN)
4.1
Robust interval based software sensors to monitor an anaerobic treatment plant 
F
INRIA, UdG
Jean-Philippe STEYER INRA


14


4.2
Robust automatic control algorithm to regulate the effluent COD of an anaerobic treatment plant, using the available on-line methane measurements
F
INRIA, UdG




4.3
Modular algorithms modules that use evidence theory to diagnose the biological state of anaerobic digestion processes while allowing to manage uncertainty, doubt and conflict in the information source
F
INRA, INRIA




4.4
A decision support system to assist the local user, select the appropriate controller depending on the state of the plant 
M
INRA




4.5
New models for anaerobic digestion 
U
INRIA, INRA, UdG




4.6
A smart module integrating all the algorithms proposed in 4.1 to 4.5 and allowing rapid integration of any controller, software sensor, models.
M
INRA, INRIA



5. AnaSense Sensor
5.1
A titrimeter for the on-line detection of VFA, bicarbonate, partial alkalinity and total alkalinity in anaerobic wastewater
M
Applitek Nv ,  INRA
DE NEVE Kristof

Applitek


22


5.2
A software to estimate the content of an anaerobic sample (total VFA, TIC, NH4, Lactate, …) 
F
Biomath



6. Biogas Sensor
6
A gas sensor for the detection of carbon dioxide and methane in biogas 
M
Applitek Nv
DE NEVE Kristof

Applitek


25

7. Acquisition board
7
Wireless smart acquisition boards that collect the data from the various sensors
M
SPES
RATINI Paolo

SPES


26

TELEMAC module
N°
Sub-Result
Type
Owners and responsible
Contact
Page n°

8.Training Software

8
A training software to understand and learn how to manage anaerobic digestion
M
INRIA
BERNARD Olivier

INRIA
27

9.Virtual Plant

9.1
A matlab plateform to run any model, simulate sensors and actuators and configure the system with a friendly graphical user interface. 
M
INRIA
BERNARD Olivier

INRIA
28


9.2
A Matlab® module based on ADM1, AM2, allowing to simulate an AD
U
USC INRA- -INRIA




9.3
A WEST module based on ADM1, AM2, allowing to simulate an AD
F
BIOMATH



Type:  M: main result, U: underlying principle, F: functionality, D: data

1. Database

Responsible : S.Lambert
· Potential use and application :

It is important to distinguish the general TELEMAC database management system from its contents (the data itself). The former is reusable in future installations of the TELEMAC system at WWTPs and TCCs. It can even be extended for other bioprocesses.

The latter is clearly specific to the plant or set of plants on which it was collected, but nonetheless might serve as a basis for algorithms tests and calibration at further plants, depending on their similarity. It can be a mine for model development, calibration of fault detection systems or software sensors on several type of plants (CSTR, UASB, Fixed bed, etc.)

· Keywords :

Database, Sensor data, Time series

· General description :

The TELEMAC system has databases at the local plants and the TCC. These essentially store a history of what has happened on the plants, including of course sensor readings but also other sources of information (such as offline measurements) and actions taken on the plant. The TCC database differs in that is larger, covering multiple plants over a longer time period.

The databases are queried by other TELEMAC components (typically MATLAB modules) to obtain the information they need to perform their computations about the process states. The databases are implemented in MySQL. They are accessed via MySQL query, which allows remote querying.

· Restrictions for an efficient use :

None known.

· Required user skills :

To set up the database, the user will need skills in MySQL. When the TELEMAC system is running, no special skills are required, since a simple interface is provided for the TCC and remote experts to query and display results, e.g. a selection of sensors over a specified time interval. Files corresponding to the request results can be easily downloaded

· Selling Price :

Not applicable. So far it is not intended to sell the database as a separate product (market seems to be too small), but to incorporate it into the TELEMAC platform for installation.

Sub result : 1.1 Set of Data on various situations
Responsible : J.M. Lema, E. Roca, G. Ruiz and J. Rodríguez
· Potential application :

The set of experimental data produced from different scale plants and under many diverse conditions provides an important amount of useful information for many purposes. Structure and parameter identification of current and future models can be carried out with help of these set of data. The use of models for anaerobic plants design and optimal operation should be more reliable after calibration of those models with an enough set of experimental data.

Another important application when many data are available is the training of heuristic models or controllers. Neural networks or fuzzy systems, for diagnosis and supervision can be trained using the data set produced.

· Keywords :

Experimental data, anaerobic plants, model calibration

· General description :

The set of experimental data consists of lists of measured data from several anaerobic treatment plants (CSTR, Hybrid –UASB/AF- and UASB) at lab, pilot and industrial scales.  Data measured on-line together with those measured off-line are provided.

Data corresponding to normal operation of the plants are provided together with data measured under transient conditions as overloads, toxicity situations, failures etc.... in order to have a set of data reproducing most of the possible situations in an anaerobic digestion plant.

· Technical description :

Measurement of variables as pH, temperatures, gas and liquid flow rates are typically measured online while analytical measurement as concentrations of species are typically measured off-line since they require normally work in the laboratory.

· Environment : 

The data produced must be stored in a properly structured database to be accesible and suitable for any purposes.

· Restrictions for an efficient use :

The use of the data must take into account that they were obtained from a particular type of wastewater treatment plant (UASB, CSTR and Hybrid) a particular scale (lab, pilot and industrial) or even the type of the process (agro-food industries wastewater).

· Required user skills :

Users of the data set must have certain knowledge of anaerobic treatment but if data are used for other purposes as e.g. data mining, even this knowledge is not required.

· Selling Price :

It is offered free but customers or users must reference the authors in future applications.

Sub result : 1.2 Interfaces to consult the database and database structure

Responsible : Jean-Philippe Steyer  
· Potential application : 
These interfaces are useful for real time and possibly remote consultation and graphical representation of different sources of information (on-line sensors, off-line measurements, maintenance,...) of dynamic plants. They provide easy to perform access to the TELEMAC database (through an internet provider or a Wap phone)

· Keywords : 

database, Web access, Wap

· General description :

 The database structure provides the management of measurements, the measurement methods, equipments histories (faults, stamp,...), and static informations like the bioprocess design, purpose, responsibility...of several plants. Interfaces are multi-languages (english, spanish, italian and french) and they provide graphical visualisation on web browsers and dynamic tables. Any exchange and store of informations in the TELEMAC project can be based on the database structure. 

· Technical description :

The database structure is implemented in standard SQL. The principals technical software components are PHP (scripting language) MySQL (database management system) and APACHE (http server) because they are open, they provide a very good integration of different tools, portability (linux, windows) and they are easy to learn. A PHP module was written for database insertion from PlantML fluxes. MySQL queries can be perform from Matlab® or HTML forms and a lot  of standard softwares. It allows remote querying for different finalities. The JPGRAPH (php library) performs the graphic generation in PNG image format. This technical choices are generics and the WAP interface in WML was developed with the same organisation and tools.   

· Environment : 

It is easy to adapt the database structure and interfaces to consult the database for other standard and open software components  like PostgreSQL, SQLServer, Python, Perl, Java...

· Restrictions for an efficient use :

Internet access

· Required user skills :

A good knowledge of bioprocees measurements.

· Selling Price :

Not applicable. It will not be sold as a separate component, but exploited in the context of the TELEMAC framework, e.g. consultancy on installation of TELEMAC at a plant or TCC

Sub result : 1.3 Application of data mining to the monitoring and control of anaerobic WWTPs
Responsible : Simon Lambert
· Potential application :

There are two possibilities for applying the data mining results: (a) assistance with set-up/calibration of the FDI system on a TELEMAC-enabled plant; (b) installation of a component generated by data mining which runs directly at a plant or TCC to monitor the process state and generate warnings.

The results should also be exploitable as consultancy and development for a wider range of environmental applications.

· Keywords :

Data mining, Process control

· General description :

Several lines of investigation have been followed in applying data mining to the control of anaerobic WWTPs, and they have produced valuable results. Historical sensor data has been processed using a variety of data mining techniques with a view to detecting patterns and relationships. The techniques include clustering applied to process states, and prediction of sensor values (either for missing sensors, or predicting into the future from current state). The results may be regarded as either “new knowledge” about the behaviour of the process, which can be taken into account in installation, or as methods for generating predictors for certain values. They may be applied to further installations of TELEMAC, as outlined below.

These results are expected to be applicable in future installations of the TELEMAC system in telecontrol centres, complementing other approaches within TELEMAC.

· Technical description :

The chosen data mining tools read data from the TCC database (or an equivalent source) and run algorithms such as clustering, neural nets and rule induction. The toolkit used within the project is Clementine (from SPSS), but other options are possible. It should be possible to use MATLAB, if the general form of the expected relationships is known. The results of two kinds correspond to the two roles of data mining within a TELEMAC system. The first of these relates to findings about clustering or sensors that can be used during set-up of the TELEMAC system at a plant or TCC, for example to select sensors to install, or to explore the historical behaviour of the plant. It may also be used for calibration of FDI modules (setting thresholds). The process might be repeated occasionally after the initial installation, for example if the operating regime of the plant changes substantially. The second kind of result is a software module, generated by data mining, such as a neural net, that runs directly at a plant or TCC. It will read data in real time and generate alerts accordingly. Clementine generates C code or, in more recent versions, PMML (Predictive Modelling Markup Language). At the time of writing (August 2004) the issue of integrating such modules into the TELEMAC system is still under investigation.

· Environment : 

The data mining tools require access to the TELEMAC TCC database. As explained above, the process needs a data mining toolkit, currently Clementine though others are possible. If generating directly runnable modules, these will need to integrate into the local system or the TCC system, just like other MATLAB® modules in TELEMAC.

· Restrictions for an efficient use :

Good results have been obtained on individual plants but it is not yet known how much scope there is for useful generalisation across plants

· Required user skills 

For system set-up, a good familiarity with data mining techniques and the toolkit are required.

· Selling Price

Not applicable. It will not be sold as a separate component, but exploited in the context of the TELEMAC framework, e.g. consultancy on installation of TELEMAC at a plant or TCC
2. Remote control software

Responsible : Paolo Ratini
· Potential use and application: 

Remote monitoring and control.

· Keywords : Remote control, Internet, Web Server, XML

· General description : 

It is a software environment able to remotely interact with several plants logged to the system. The system provides a set of functionalities to interact with the plant in order to implement actions for monitoring and control.

· Restrictions for an efficient use :

The system needs a server machine to be implemented and an internet access on the plant.

· Required user skills : 

Skilled users can be identified as the experts in action in the control centre: their skills and expertise are concerning with policies for management and control of complex dynamics plants, but no specific skills are required for the use of the software.

· Selling Price : To be defined

Sub result : 2.1 Software running under a web browser to remote monitor a set of anaerobic plant and transmit data remotely
Responsible : Paolo Ratini
· Potential application: 

Any remote monitoring and control application for the management of a network of complex dynamic plants.

· Keywords : Remote control, Internet, Web Server

· General description: 
This is a software environment able to interact with the several plants logged to the system exchanging data and commands by the way of XML files using Internet as media. Data and commands are stored in a database implemented in MySQL. The system provides a set of functionalities to interact with the database in order to enable the control of the plants, the graphical representation and the downloading of the data and commands. The system is accessed throw an interface based on web pages available using both Windows and open source Internet browsers.

· Technical description: 
The software is developed and implemented using an open source environment: Apache is used as Web Server, the XML parser and the Internet pages are implemented using PHP technology, the database is implemented in MySQL. The remote interface is available. It enables: the selection of a variable and its method, the graphical representation on a plot (up to four variables on the same plot and/or several plot windows), the representation of the data on a table, the download of the data on the remote PC, the input of maintenance actions for a plant, the input of MATLAB® modules parameters (up to five) for a plant, the view of the plant area from a webcam frame. This interface is available using both Windows and open source Internet browsers. An other interface is provided to the expert operators located in a control center for the interaction with the Server/Database. It is an enlarged and empowered version of the remote interface, with the same features for data management, but with added windows and functionalities enabling a full access and interaction with the database, regulated by a system of priorities based on user name and password. It is intended to be shared on a LAN connection, enabling a multipoint access useful for team co-operation between a server machine and several PC workstations inside the building of the control center. It is designed to avoid the use of the server machine directly as a terminal for multi-operators interaction. The same interface (enabled with user name and password) makes possible the intervention into the control center work and activity of an expert connected by Internet from anywhere. The software comes along with a local PHP module that can read the data acquired by another software,convert them to XML and send them to the TCC.

· Environment : 

The software can work autonomously as long as the software in charge of the local plant supervision and control can write a XML (text) file in accordance with the PlantML DTD, to be used for the data exchange and transfer. It is also to be noticed that the data exchange and transfer, implemented used the PlantML DTD, has to be congruent to the TELEMAC database format.

· Restrictions for an efficient use :
The system needs a server machine to be implemented and an internet access on the plant.

· Required user skills : 

Skilled users can be identified as the experts in action in the control centre: their skills and expertise are concerning with policies for management and control of complex dynamics plants, but no specific skills are required for the use of the software.

· Selling Price : To be defined

Sub result : 2.2 PlantML

Responsible : Jean-Philippe Steyer
· Potential application : 

Any remote supervision of complex dynamic plants where formalisation of information fluxes is important.

· Keywords : XML, internet, remote control

· General description : 

PlantML is an extensible mark-up language (XML) which can be used in the domain of bioprocess or more widely chemical engineering. PlantML can be used to formally describe information about plant configuration, operators grants, data acquisition, diagnosis, control and exchange this information between distant modules or operators through internet. Several generic mark-ups have been defined for on-line measurements, off-line measurements, observers, controllers and diagnosis approaches. PlantML allows the careful supervision of any bioprocess through internet, WAP phones, or any remote access protocols. Link with on-line databases has been included and modular and evolutive language structure has been defined to easily apply this language to any bioprocess.
· Technical description :

The PlantML langage defines the vocabulary and the grammar for remote supervision within "document type definition" (DTD). A PlantML file  is a text file written according to the hierarchised mark-ups defined in this DTD.

As a consequence, each software developed within the TELEMAC project is able to read and process these PlantML files and thus exchange information with other TELEMAC softwares through PlantML.

· Environment :

PlantML can work autonomously as long as a software in charge of the plant supervision at the local level can write a text file in accordance with the PlantML DTD. However, PlantML has no use as such and thus "autonomously" is not an appropriate term: "in synergy" with other softwares would be more correct.

It is also to be noticed that the PlantML DTD is congruent to the TELEMAC database format.

· Restrictions for an efficient use : PlantML needs an internet access

· Required user skills 

A skilled user is required to implement PlantML  (knowledge in database, php, mysql, internet) but no specific skills are required for the final end users.

· Selling Pricem: Free, but the TELEMAC project should be mentioned for any use of PlantML.

3. Local control software

Responsible: Paolo Ratini
· Potential application: any local monitoring and control application for the management of a complex dynamic plant.

· Keywords : monitoring, control, GUI

· General description : 

It is a software environment able to interact with the plant, gathering data from sensors and probes and sending commands to the actuators. Data and commands are stored in a database implemented in MySQL. The system provides a set of functionalities to interact with the database in order to enable the control of the plants, the graphical representation of the data and commands. The system is accessed throw an interface based on graphical panels.
· Technical description: 

This software environment has been developed using Visual C++. It is based on graphical user interfaces. An open source database (MySQL) is used to store the data. These are the features implemented: local MySQL database interfacing and management: offline data input, graphical representation of the data (instantaneous and historical), input of maintenance actions, chat with the a remote control centre – a simple tool for messages exchange, control Panel for manual switching of actuators, enrolment and management of MATLAB® modules. A MATLAB® interface enables the use of MATLAB® modules for the implementation of software sensors, models, controllers, FDI etc.

· Environment : 

The software needs an embedded digital hardware platform, developed to interface within an integrated environment probes and sensors, to work properly and can be empowered in its functionalities and performances with the optional addition of other software modules, such as Matlab® modules for supervision and control.

· Restrictions for an efficient use : no particular restrictions

· Required user skills : no specific skills are required for the final end users.

· Selling Price : to be defined

4. Smart automatic management module

Responsible : Jean Philippe Steyer 
· Potential use and application : 

Advanced control and supervision of anaerobic plants. The software is a platform allowing to access the measurements acquired by the set of sensors, to trigger manually or automatically the desired controllers, to run fault detection algorithms or software sensors that estimate the non-measured variables. The information issued from these algorithms is then displayed to the user in a user friendly environment. The software is very modular and addition or removal of a new component is straightforward.

· Keywords : Advanced supervision, anaerobic digestion, modularity, GUI

· General description : 

The software is a modular GUI including a generic and modular interface. The software allows to activate or inactivate the various components of the supervision system. It allows the management of each of the modules, getting information about their properties and possible parameters changes. The applied controller is displayed with the input variables. The acquired data can also be consulted with all the classical graphical functionnalities. The predictions of the software sensors together with the confidence level of the measurement can be displayed.  The state of the process can be diagnosed, and the failures identified. Index associated to the management strategy can be provided. The Odin software can easily be coupled with the virtual plant. Simulations of future process evolution can be run. The Odin software can work alone (receiving data directly from the plant) or in synergy with the developed local software. It can work locally in a computer related to the plant or can work remotely acquiring the plant data using the PlantML protocol.
· Required user skills : 

Expert skill for including new algorithms, no specific skill for using it at the local level.

· Restrictions for an efficient use :none

· Selling Price: To be determined.

Sub result : 4.1 Robust interval based software sensors to monitor an anaerobic treatment plant
Responsible : Olivier Bernard
· Potential application :
The developed principle of the software sensor can be applied to any bioprocess, provided that a model is available and that the main associated uncertainties are characterised. The software sensor combines the information provided by the on-line hardware sensors to a model of the plant and estimates the non measured quantities. It allows to optimize the information issued from a limited set of sensors and proposing cheap assistance to process monitoring. Several software sensors dedicated to the anaerobic digestion process are proposed depending on the available on-line sensors. Some predictions can be also proposed when no sensor is available. A series of software sensors works with gas measurements (flow rate and composition) to determine VFA and total COD. Another class of soft sensors predicts the COD from VFA and Gas measurements.

· Keywords : Observers, software sensor, modelling.

· General description : 

The proposed software sensors are based on the principle of interval observers that explicitly take the uncertainty into account and that predict bounds on the state of the process. These software sensors are indeed a system of differential equations with inputs model parameters, influent range of concentration and available on-line measurements. The principle is that one set of equation determines the upper bound of the variable to be estimated and the other set of equations determines the lower bounds. These equations are detailed in Deliverable D2.5, and some of these algorithms have been published. The outputs of these software sensors are also confidence index that allow the user to characterize the confidence he can have in the estimate.

· Technical description : See deliverable D2.5. for details

· Environment : 

As algorithms they can be programmed in any language. They are available as Matlab® programs, without need of any toolbox. They are also available under the form required by the smart management module Odin.

· Restrictions for an efficient use : Model well calibrated and validated available.

· Required user skills : Expert for a use outside Odin, and no specific skill when used inside Odin (calibration may require an expert).

· Selling Price : Not available outside Odin

Sub result : 4.2 Robust automatic control algorithm to regulate the effluent COD of an anaerobic treatment plant, using the available on-line methane measurements
Responsible : Olivier Bernard
· Potential application : 

The proposed algorithms propose an automatic regulation strategy based on the available information for computation of the influent flow rate and alkalinity to be added in the digester. Such advanced controllers guaranty a robustness of the wastewater treatment plant by calculating wise loading conditions. The set of controllers ensure either the stability of the COD in the effluent, the stability of the methane flow rate, or the recovery of the system after an inhibition.

· Keywords : non linear controllers, fuzzy controllers

· General description : 

The proposed sets of controllers are of two types. On one hand they are based on the analysis of the differential equations of the process model coupled to the controller equation. On the other hand they rely on the expert knowledge that was formalised under the form of fuzzy logic based equations. Depending on the considered configuration, these controllers can use data either from 1) the methane flow rate (meaning thus measurement of gas flow rate and composition) 2) VFA concentrations and alkalinity 3)COD measurements. If these measurements are not available they can be estimated by using software sensors (see 4.1).

· Technical description : 

The details of these controllers are reported in deliverable D3.3, where the proof of their convergence is studied.

· Environment The proposed algorithms can be used as such by an expert, but they are implemented in the Odin software running in the Matlab® environment.

· Restrictions for an efficient use : 

The choice of the best controller is process dependant and should be first assessed by an expert depending on the criterion to optimize and of the type of plant.

· Required user skills : 

User must be an expert in control for controller set-up and calibration. Once Controller is implemented an expert in management of AD can handle it.

· Selling Price: Not available outside Odin

Sub result : 4.3 Modular diagnosis modules 

Responsible : Jean-Philippe Steyer
· Potential application : 

On-line supervision and diagnosis of any complex dynamic processes accounting for different sources of information (sensors, off line measurements, human judgement, mathematical models,…) and allowing uncertainty management.

· Keywords : diagnosis, fault detection and isolation, evidence theory,  fuzzy logic, uncertainty management
· General description :

The on-line diagnosis is a key requirement in biological processes. This is particularly true in the case of anaerobic digestion processes due to the composition of media, the requirements of operating conditions and the wide variety of possible disturbances that necessitate careful and constant monitoring of the processes. Moreover, because only partial information is available in an on-line context and because of the technical and biological complexities of the involved processes, specific characteristics are required for diagnosis purposes. Several approaches like quantitative model based, qualitative model based and process history based methods were applied over the years. We developed a methodological framework based on Evidence Theory to manage the fault signals generated by conventional approaches (i.e., residuals from hardware and software redundancies, fuzzy logic based modules for process state assessment) and to account for uncertainty. The main advantages of using evidence theory are its modularity and the possibility to detect conflict and doubt in the information sources.

· Technical description :

We have developed a generic and modular framework to handle anaerobic digestion processes. This framework contains 10 different fuzzy logic based modules which can be activated dynamically according to the available sensors/measurements available on the process. Each module has measurements as inputs and it provides process states evaluations. The inputs/outputs of these modules are presented in the following figure. 

From a technical point of view, these modules are integrated in Odin and the inputs/outputs have to be in accordance with its nomenclature.

· Environment : 

The diagnosis modules have been developed in Matlab®. Matlab® is thus mandatory together with the Matlab® Fuzzy Logic and Spline toolboxes and besides this, it can be used autonomously (i.e., as a Matlab® toolbox) requiring thus expert knowledge but is more efficient if connected to the other Telemac softwares especially the ODIN graphical user interface.

· Restrictions for an efficient use : See above

· Required user skills : This module is dedicated to experts. Since only a rough graphical interface has been developed, a user that knows Matlab® is needed. 

· Selling Price : Not available outside ODIN

Sub result : 4.4 A decision support system to assist the local user
Responsible : Jean-Philippe Steyer
· Potential application : 

This module provides a help to the human operator at the local level through explanations about the current status of his process

· Keywords : Decision support system, human operator

· General description :

The purpose of the decision support system (DSS) in TELEMAC is, in essence, to provide automated assistance to the local operator at a plant about what to do in a given situation. It is the responsibility of that operator to take actions to ensure the safe and efficient running of the plant, and those actions require specific decisions, which should be supported by the TELEMAC system. Decision support is part of the fault diagnosis and identification (FDI) function of TELEMAC, since the actions that the operator must take are related to dealing with faults or other abnormal conditions (whether actual or anticipated).

When the digestion process is in an abnormal condition, an important part of support to the operator is simply saying what the condition is. The action or range of actions to take might follow trivially from this. For example, the abnormal condition ‘hydraulic overload’ implies that the inflow rate should be reduced, while ‘toxicity’ implies that some toxin has entered the digester and should be eliminated. Thus the link with FDI described in sub-result 4.3 is a close one.

· Technical description :

Basically, the DSS lies on the FDI described in sub-results 4.3. As a consequence, the inputs of the DSS are the outputs of the FDI modules while the outputs of the DSS are (i) advice to the human operator provided in the form of off-line measurements recommended to distinguish among uncertain situations or sentences that explain in understandable terms the situation (ii) decision  to turn on/off controllers according to the status of available informations and dynamic evaluation of the performance of the controllers (iii) decision to always turn off the observers since they will never work.

· Environment :  This module is directly connected to the diagnosis modules described in 4.3.

· Restrictions for an efficient use : See 4.3

· Required user skills : See 4.3

· Selling Price : Free

Sub result : 4.5 New models for anaerobic digestion
Responsible : Olivier Bernard
· Potential application : 

The developed models can be used to run simulations that will reproduce the plant behaviour. As such they are used in virtual plants or module for user training.  They can also be used to base advanced algorithms (software sensors, automatic controllers, …). 

· Keywords : Dynamical models, differential equations, identification, validation

· General description :

3 models of increasing complexity (1D, 2D and 6D) for normal working conditions have been developed to reproduce the anaerobic system behavior. These models have been validated and their use at all scales demonstrated. These models can serve as a basis for process monitoring, control, forecasting or diagnosis. Associated to these models identification procedure allow the model calibration from a data set. From the models, a related algorithm estimates the risk of biological failure associated to a working mode.

· Technical description : 

The set of models are based on differential equations with 1 to 6 state variables. The simplest one describes only the evolution of the COD while the more complicated model also reproduces dynamics of two class of biomasses (acidogenic and methanogenic), VFA, alkalinity, COD and dissolved inorganic carbon. These models have been validated in several situations (normal and abnormal working modes) on various plants. Identification procedures have been developed to calibrate these models either on the basis of steady state data or on the basis of dynamical data sets. Associated with the calibration a confidence index allows to estimate the quality of the calibration procedure. The models have been used in the design of the software sensors, of the automatic controllers, and also their analyses has led to the determination of indices that characterise the risk associated to a working mode.For more details see deliverable D3.1b.

· Environment : 

Autonomous or needs for other Telemac component(s) ? Need for other softwares. As such the models can be implemented on any software. They have been implemented in a Matlab® environment, and within the virtual plant.

· Restrictions for an efficient use : Models must be calibrated.

· Required user skills : Expert (except when it is embedded in the training software)

· Selling Price: The model are published and access won't be restricted

Sub result : 4.6 A software to run observers, controllers, FDI and other algorithms
Responsible : Olivier Bernard
· Potential application: 

Advanced control and supervision of bioprocesses. The software is a platform to easily implement a plant model, sensor models, control, monitoring and fault detection algorithms. The information issued from these algorithms is then displayed to the user in a user friendly environment. The software is very modular and addition or removal of a new component is straightforward.

· Keywords : Matlab® GUI, platform, simulation, control, observation, fault detection, supervision.

· General description :

The software is a modular GUI including a generic and modular interface. The software allows to activate inactivate the various components of the supervision system. It allows the management of each of the modules, getting information about their properties and possible parameters changes. The applied controller is displayed with the input variables. The acquired data can also be consulted with all the classical graphical functionnalities. The predictions of the software sensors together with the confidence level of the measurement can be displayed.  The state of the process can be diagnosed, and the failures identified. Index associated to the management strategy can be provided. The Odin software can easily be coupled with the virtual plant. Simulations of future process evolution can be run.

· Technical description : 
The Odin software is a platform to run advanced algorithms (observers, controllers, FDI,…) that provides the user with estimates of the state of the process, estimate and displaying of the nonmeasured variables, computation of the influent flow rates and components to be added. Besides these functionalities dedicated to the plant superviser, the Odin software is also a tool for experts, where the definition of a new component (observer, controller, …) is easy thanks to a very generic interface. This interface proposes to define any of these algorithms by defining successively and generically the initialisation procedure (with several possibilities), the type of requested information, the underlying computations (discrete or continuous), and a confidence index. The coupling with the virtual plant for trials or training is straightforward. More details will be available in D3.4.

· Environment:. 

Matlab® is requested, with the toolboxes needed to run the submodules (software sensors, controllers, FDI, ). It can be run autonomously or in synergy with the local monitoring software.

· Restrictions for an efficient use: Must be calibrated

· Required user skills : Expert skill for including new algorithms, no specific skill for using it at the local level.

· Selling Price: To be determined.

5. Anasense sensor

Responsible : DE NEVE Kristof 
· Potential use and application : 

With the AnaSense( analyser 4 key parameters in the anaerobic process can be monitored: VFA, bicarbonate, Partial Alkalinity (PA) and Total Alkalinity (TA). The obtained measurement data from the AnaSense( Analyser can be processed using a software module (Buffer Capacity Software) in order to acquire more information about the anaerobic wastewater. Potential extra information is the concentration of ammonia, phosphorous and Lactate.
· Keywords : 

On-line Analyser, Volatile Fatty Acids (VFA), Bicarbonate, Ammonia, Lactate

· General description : 

The On-line Analyser AnaSense( and the Buffer Capacity Software can be integrated to obtain more information from the anaerobic process. 

· Restrictions for an efficient use : See sub results 5.1 and 5.2

· Required user skills :  See sub results 5.1 and 5.2

· Selling Price: See sub results 5.1 and 5.2

Sub result : 5.1 AnaSense( Analyser

Responsible : Kristof De Neve
· Potential application : 

Measurement of Volatile Fatty Acids (VFA), Bicarbonate and Alkalinity in the anaerobic process.

· Keywords: Volatile Fatty Acids (VFA), On-line Analyser, instrumentation

· General description: 

The on-line Analyser (AnaSense() offers the industry a better solution for the monitoring problem of the anaerobic process. This algorithm-based analyzer measures in about 10 to 15 minutes, the concentration of VFA, bicarbonate & alkalinity in a harsh environment, allowing the operator to keep the process stable while the process is optimized.
· Technical description :  

The AnaSense( analyser contains two compartments. The first compartment is the analysis compartment. In here, all the sample processing occurs. In the second compartment (data processing compartment), the incoming data are processed and stored. Output signals of 4-20 mA for connection with a remote control center are available.

· Environment : 

The AnaSense( analyser works autonomously from other Telemac modules. For the installation of the analyser, an appropriate housing and climate conditions (e.g. stable operating temperature and low Relative Humidity) are necessary. 

· Restrictions for an efficient use: 

For some applications, sample pre-treatment (e.g. filtration) is required.

· Required user skills: 

The analyser uses a touch screen and can be managed by inexperienced personnel. Maybe for maintenance issues some experience with on-line analysis is recommended.

· Selling Price: 16000 euros

Sub result : 5.2 BCS, Buffer Capacity Software to quantify pollutants in an anaerobic sample

Responsible : Peter Vanrolleghem
· Potential application : Any wastewater treatment plant in which pollutants with a buffering capacity (e.g. volatile fatty acids, bicarbonate, ammonia, lactate, phenol, sulphide, nitrite and phosphates) can be monitored with this software system that interprets the results of simple titration curves of wastewater samples, e.g. collected by the AnaSense® analyser (Applitek NV, Deinze, Belgium).

· Keywords : Sensors, instrumentation, wastewater treatment

· General description : 

The Buffer Capacity Software (BCS) combines a new automatic initialisation procedure with the existing software sensor Buffer capacity Optimal Model Builder (BOMB) to determine the concentrations of buffers from a titration experiment. Examples of buffers that can easily be detected are volatile fatty acids and bicarbonate, but also ammonia, phenol, nitrite, etc. The new extension has been integrated as a software layer around BOMB. The resulting Buffer Capacity Software (BCS) increased the robustness of the software sensor for on-line application and increased the ability of the software sensor to detect and quantify accurately a wide range of buffer combinations. The BCS has been tested and is now working with off- and on-line titrimetric analysers (e.g. AnaSense® analyser).

· Technical description :

The measurement principle is to successively measure pH as function of stepwise acid or base addition. In this way the titration curve is built. From this measured titration curve (typically around 30 to 50 points), the buffer capacity at each pH point is calculated as the derivative of the amount of base or acid needed to change the pH by one unite (meq l -1 pH-1 ), and a buffer capacity curve is produced. Based on the developed initialisation procedure, a buffer capacity model is defined and a model optimisation is initialised. The concentrations of pollutants and pKa values are estimated by fitting the model to the buffer capacity curve. The estimation results and indicators of the quality of the titration curve are logged and presented to the user in order to provide a level of confidence to each of the reported concentration values.

· Environment : 

The software can work with any data series consisting of amounts of acid/base added to a sample as function of pH with a reasonable range (3-4 pH units covering the buffering action of the component to be quantified) and with 20-30 titration points.

· Restrictions for an efficient use: 

Titration curves should be collected under conditions that allow the equilibration of the chemical reactions between consecutive acid/base additions. Typically a time interval of 20 seconds between consecutive additions is recommended.

· Required user skills:  

The system is fully automatic. Only for the initialisation to a new application, expert help is needed by the software provider.

· Selling Price: A license to the BOMB software is needed (Hemmis NV, Kortrijk, Belgium). The additional cost for the full BCS installation is 1000 Euro.

6. Biogas sensor

Responsible : DE NEVE Kristof 
· Potential application : Measurement of CO2 and CH4 in biogas

· Keywords : Biogas, Anaerobic Wastewater Treatment, Cogeneration

· General description: 

A gas sensor for the on-line detection of the concentrations of carbon dioxide and methane in biogas. The working principle of the device is based on the difference in the thermal conductivity of the gases in the biogas. It is expected that this sensor will allow to monitor in a simple way the biogas in order to control the anaerobic plant.
· Technical description : 

Biogas can be considered as a binary gas of CO2 and CH4. For measuring the concentrations in the binary mixture, the sensor uses the difference in thermal conductivity of the two gascompounds. There are two resistors in the sensor head: Rm and RT . The sensing resistor Rm is located under a membrane that isolates Rm. Rm is heated by a current of 4.7mA. The membrane is heated to a temperature of 60-80°C. The temperature of the membrane is dependent on the gas composition. Gases which have a higher thermal conductivity than a reference gas cause a decrease on the surface membrane temperature. On the other hand, gases with a lower thermal conductivity increase the temperature of the measuring resistor. (The reference resistor RT makes a correction for the temperature of the gas). The output signal is proportional to Rm/RT and is linear with the target gas concentration.  The output signal is then processed by a PLC and the results can be read on a small display and output signals of 4-20 mA for connection with the remote control center are available. To protect the Thermal conductivity sensor from corrosion, a module for moisture removal (Peltier Cooler) and a hydrogen sulfide absorber are used. 

· Environment : 

The biogas analyser works autonomously from other Telemac modules. For the installation of the analyser, an appropriate housing is necessary. 

· Restrictions for an efficient use: The biogas needs to be a binary gas mixture.

· Required user skills: None

· Selling Price: 3500 euro

7. Acquisition board

Responsible : Paolo Ratini 
· Potential application : 

Any local monitoring and control application for the management of a complex dynamic plant.

· Keywords : Embedded electronics, wireless

· General description : 
The set of boards (main and slave ones) represent a solution for the implementation of local monitoring and control of a plant based on the use of embedded electronics: to realise smart sensors (software sensors) able to extract advanced information from the probes on site or however from low cost probes; to implement, using most of this information upgrade, an adaptive control system as regards changes of the working condition. The Hardware medium is characterised by low cost and easy portability architecture (microcontroller), in order to allow the implementation of spread intelligence architecture over the plant, submitted to a PC supervisor. This architecture represents an integrated approach to improve the efficiency and performance of the plant by low cost solution.

· Technical description: 

The solution proposed implements a digital plant platform, which means : to equip each sensor with an electronic board that has the task to acquire and perform a first conditioning of the signal and, if required, to carry out periodical operation of diagnosis, such as detection of probe faults, and auto-calibration; to develop the electronic main board of the plant able to communicate (using a serial RS485 or RF wireless link) with the boards that equip the sensors to gather the acquired data directly on a digital support and to store them; this board is equipped with a serial PC interface. This architecture dramatically simplifies the framework and the software management of the whole system. Actually for the TELEMAC set of sensors we have only one kind of wiring (RS485 or RF wireless) with only one communication protocol. From the communication point of view, the PC is the master and the main board of the plant is slave: at fixed time interval the TELEMAC local software acquires data, via RS232 serial port, from the board. In this way the PC will only implement one communication protocol and will interface only one hardware board. This solution is really modular, because any new component (sensor) of the system can be added assigning it a code for the enrolment into the TELEMAC software. The increase of complexity is a priori defined and the same for any kind of sensor. It is a real plug and play solution, because it only requires, to be installed, that the slave boards are connected to the sensors and the main board to the PC via RS232. Then the enrolment of the sensors is performed into the TELEMAC software, with no need to modify o interact with the PC operating system or to run set-up or installation software. The solution is thus simpler from the hardware point of view (the number and kind of devices involved are significantly less) and reasonably more robust.

· Environment : The boards work in synergy with the software for local monitoring and control developed by SPES.

· Restrictions for an efficient use: No particular restrictions

· Required user skills:  Minimal skills are required compared to setup of classical acquisition boards.

· Selling Price :  to be defined

8 Training software

Responsible : Olivier Bernard 
· Potential application : 

Training of any user from technician to expert that may have to interact with an anaerobic digestion plant.

· Keywords : Dynamical models, Java

· General description  :

The software has been developed to train a new expert to use an anaerobic plant. It must help him to understand how to avoid the risk of overloading. It should also help him to understand how the automatic controller can manage the plant. A scenario of problems (biomass inhibition by toxic, process starting, leaks, etc) can be reproduced in order to test the ability of the user to maintain the process in good health despite these disturbances. The software has been thought as a game with a strong didactical component; the user rapidly becomes a player that tries to improve his score, i.e. to progress in his ability to manage the depollution system. 

· Technical description : 

The software has been developed in Java. It allows to run a model (AM2 or  AMH1) of anaerobic digestion.  The principle of the software is to let the player (plant manager) play with the possible controls (influent flow rates, alkalinity addition, …) in order to avoid plant overloading and maintain an acceptable effluent pollution and a quality of biogas suitable for cogeneration. The ability of the user to properly manage the plant is assessed by a score based on three criteria: environment, economical and risk taken. There are several possible levels that can easily be programmed. The levels corresponds to various scenarii of influent flow rates and concentration, biomass inhibitions, failures, etc. These scenarii can be programmed by another JAVA module using a GUI to generate the scenarii. Therefore it can be tailored to the user to be trained and serve to teach a technician e.g. why white spirit should not be thrown in the effluent.  It can also train an expert e.g. to manage a forthcoming high effluent flow rate.

2 different versions are available. A simplified version working in a web browser (but without possibility of disk interaction, i.e. no saving, downloading or generation of a scenarii), and the full version that runs autonomously. 

· Environment : A (free) Java Engine.

· Restrictions for an efficient use : None

· Required user skills : Minimal, thought as a game.

· Selling Price : Free, it is considered as an advertisement for TELEMAC.

9. Virtual Plant

Responsible : Olivier Bernard
· Potential use and application : 

Realistic simulation of AD plant, possibility to couple the virtual plant to the smart module for testing of the developed algorithms (controllers, software sensors, fault detection and isolations,…). The virtual plant can also be a more professional simulator dedicated to training users in realistic conditions.

· Keywords: Simulation, test, education

· General description: 

The virtual plant is a software that allows to simulate a model of anaerobic digestion and to display the results. The influent concentrations and flow rates can be chosen and designed or downloaded from real experimental data. The model to be run can be selected among the complex ADM1 model (with improved pH computation) or the simpler AM2 model. The virtual plant generates data that can be accessed through the web where they appear as for a real plant. It can thus be used to create exact conditions of remote management.

· Restrictions for an efficient use: None

· Required user skills : Expert in modelling.

· Selling Price : To be defined.

Sub result : 9.1 A matlab plateform to run any model and simulate sensors and the actuators
Responsible : Olivier Bernard
· Potential application: 

Simulation of any process. The software is a platform to easily implement a plant model, with sensor models. The results are then displayed to the user in a user friendly environment and can be compared with real data. The software is very modular and addition or removal of a new component is straightforward.

· Keywords: Simulation, Matlab, modularity, GUI

· General description:

The software is a modular GUI including a generic and modular interface. Any model can be described in terms of state variables, inputs, initial conditions and parameters. Then the sensors can be defined based on relationship with the state variables, a sampling frequency and addition of a noise or of a bias. Actuators can also be defined. The virtual plant can easily be coupled with the Odin software. If data exist they can be displayed to compare model and experiments.

· Technical description:
 The simulation platform allows running any model defined by differential equations. The implementation of the model is straightforward, and the outputs can easily be connected to the state variables. The very generic interface is generated automatically from the model definition. Parameters, initial conditions, etc. can easily be modified. The coupling with the smart management module, which is also generic, is straightforward. More details will be available in D5.3c.

· Environment: 

Matlab® is requested, with the toolboxes needed to run specific models (ADM1 runs under Simulink). It can be run autonomously or in synergy with the smart management software.

· Restrictions for an efficient use: None

· Required user skills : Modelling expert.

· Selling Price:  To be defined.

Sub result : 9.2 A Matlab® module based on ADM1, AM2, allowing to simulate an AD 
Responsible: G.Ruiz
· Potential application: 

Simulation of anaerobic digestion. The software allows to run an anaerobic digestion plant model, with sensor models. 

· Keywords : 

Models, ADM1, AM2, simulation

· General description : 

Matlab® implementation of models ADM1 and AM2.

· Technical description: 

The ADM1 model is implemented using simulink with improved pH calculation. AM2 is directly implemented using the interface described in Subresult 9.1. 

· Environment: 

Need for other softwares Model ADM1 can run autonomously using Simulink. For a better interface, configuration simplicity and efficiency the simulation platform described in Subresult 9.1. is proposed. Model AM2 works with the generic simulation platform described in Subresult 9.1

· Restrictions for an efficient use :
None

· Required user skills : 

Modelling expert

· Selling Price

Not available outside the Virtual Plant.

Sub result : 9.3 A WEST module based on ADM1, AM2, allowing to simulate an AD 
Responsible : Peter Vanrolleghem
· Potential application : 

Simulation of anaerobic digestion processes in different levels of detail. The software allows to create models of anaerobic digesters or, by combining it with other modules of the WEST simulator, complete treatment plant systems where AD is part of the whole. Control systems can easily be modelled by inclusion of sensor and control models available in WEST.

· Keywords :

Mathematical Modelling, Anaerobic Digestion, Simulation

· General description : 

An advanced, numerically efficient implementation of the ADM1 and AM2 models in the state-of-the-art modelling and simulation software for wastewater treatment systems, WEST® (Hemmis NV, Kortrijk, Belgium). Errors in the ADM1 description reported by Jeppsson and Rosen in 2002 have been eliminated.

· Technical description : 

A task group of the International Water Association (IWA) presented the industry-standard Anaerobic Digestion Model Nr. 1 in 2002. Jeppsson and Rosen reported errors in the official model description later that year. In the implementation of this model in WEST the corrected model was implemented in the WEST Model Specification Language (MSL) with a C-routine that allows very efficient calculation of the pH at each time step. In many implementations this calculation may slowdown calculation speed tremendously. 

The AM2 implementation in WEST is also using MSL.

· Environment : 

The models run autonomously in WEST. 

· Restrictions for an efficient use :

None

· Required user skills:

Basic wastewater treatment modelling and simulation experience is sufficient.

· Selling Price :

ADM1: 1000 Euro

AM2 : free


































� - In such a case an anaerobic digestor has to be already in use.
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