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SCIENTIFIC QUALITY OF THE PROJECT

B1.1 Research topic

The PROMATCH initiative has been launched based on the need to develop a new generation of “complete” researchers in the field of modelling and process control, building the capacity to bridge the gap between fundamental research and industrial applications. An interdisciplinary research approach will be required to actually realise the model centric philosophy fostered by the PROMATCH partners. Currently researchers are educated in traditional first principle modelling based on their knowledge regarding basic chemical and physical processes and laws. As such chemical and physical researchers are not used to neither capable of taking into account the purpose and the longer term application objectives of such process models. The objective of model centric process engineering, control and optimisation therefore requires researchers that have insight in both chemical, physical and computational modelling principles as a basis to develop and apply the new modelling methodology that will emerge from the PROMATCH research activities. As the new methodology should be applicable in principle to any production process (chemical, petro-chemical, polymers, glass, electronics, continuous, batch etc.) the PROMATCH proposal will involve case studies from different industrial sectors. 

Recently, through EU (INCOOP G1RD-CT 1999-0146) and IMS projects (SINC-PRO G1RD-CT 2002-00756) European scientists and companies have made significant advances in methodologies for the creation of dynamic models of complex continuous flow and batch industrial processes. This new knowledge is not yet applicable in real life situations for a number of reasons:

· dynamic process models are (too) cumbersome to create using current state-of-the-art methodologies, making them too expensive for application in any but the largest production facilities;

· current dynamic process models require too much calculation capacity for real-time process prediction: simulation at multiple times real time, required for closed loop dynamic optimisation is not feasible;  

· maintenance of models has to be done manually, making it time consuming and expensive to support high-performance models over a prolonged period of time;

· in general, models are not formulated taking into account their applications and the computational requirements resulting from applied solution strategies;

· models applied within various application areas are developed independently, which is time consuming and expensive and makes the models often inconsistent and hard to maintain.

The PROMATCH research network is built by setting-up clusters of interdisciplinary researcher teams from three different disciplines (chemical process technology, process dynamics and numerical computation) that closely collaborate towards the identification of a new breakthrough generic modelling and model reduction methodology.
The vision of the PROMATCH partners is that on the medium to longer term industry will shift from using multiple separately defined process models for engineering, control and optimisation, to a more holistic approach in which one single process model formulation will be the base for multiple applications. This implies that models for various purposes each are derived from this formulation by a tailoring procedure with the intended model purpose as the guiding principle. This could substantially simplify modelling work support the development of (improved) Model Predictive Control (MPC) and Real Time Optimisation (RTO) software and lead to better designs of (modular) processes geared for sustainable production against the economic optimum. To anticipate and contribute to the foreseen paradigm shift of European process industries the PROMATCH-project aims for a major scientific breakthrough towards highly structured modelling procedure in conjunction with reliable techniques for deriving simplified models where the simplified models are to induce extremely low computational costs in simulation and optimisation tasks. These simplified models are tailored for this purpose and are derived systematically from the results of the modelling procedure. Real-time and time-critical tasks of chemical process operation aiming at economically optimal operation need dynamic models inducing extremely low computational load in the optimisation. The systematic approach also will enable low cost maintenance of the models. 

Societal reasons

The PROMATCH-project contributes to a wide range of Community societal objectives, including environment, employment, health, safety, working conditions, et cetera. Below, a short overview will be given of the societal benefits of the project.

Environment, safety and health

The PROMATCH-project provides an important basis for further improvements regarding environment, safety and health. A lack of process understanding, predictability and control is an important contributing factor in a large portion of inefficiencies and accidents. By optimising the operation of complex production processes, energy consumption and emissions in normal operations can be reduced to a minimum and accidents can be avoided. 

· It is estimated that at least 20% energy reduction should become feasible as a result of improved 
model based process control and optimisation. This accounts for a reduction of 2.000 MWh for an 
average European fine chemical and pharmaceutical manufacturer. Hence, the potential impact on a 
European scale considering an application in 1000 companies, is an energy reduction of about 
2.000.000 MWh. This would significantly contribute to save resources and reduce emissions (exhaust 
gas and greenhouse gases) in Europe. 

· Operation of plants within strict operational limits under the guidance of model-based predictive 
control algorithms has as consequence that deviations from normal operation are detected 
automatically and more rapidly, before the deviations have grown to dangerous size. This implies that 
incidents and accidents can be reduced or avoided

· Lower emission levels and fewer, more controlled accidents will directly render health benefits for 
people with respiratory diseases and for those living in the vicinity of process plants.

Employment and working conditions

Working conditions are expected to improve as a result of the research carried out in the PROMATCH-project. Many jobs in process monitoring and control today are necessarily located close to production processes, creating problems with noise levels, excessive temperatures, smell, dust particles and so on. Improved process predictability and control tools will allow for greater distance between the actual production process and the physical location of the operator, which will lead to vastly improved working conditions for many. Furthermore, stress levels in control rooms will be reduced as a result of the availability of reliable real-time data on current process behaviour.

B1.2 Project objectives

The major objective of the PROMATCH project is to foster the development of next generation researchers trained to contribute to realising the emerging model centric approach in process engineering, control and optimisation. A first step in this direction will be taken by recruiting a group of Early Stage and Experienced researchers and train them in the context of concrete European research collaboration between 5 renowned research institutes and 3 SMEs specialised in the development of model based solutions and with strong links to end-user industries. 

The research objectives of this collaboration will be to identify and develop modelling methodologies, techniques and tools for the optimal modelling of industrial processes taking into account the target to realise model centric production in which one single process model can be used for cost efficient

1. Process engineering;

2. Real-time model predictive control;

3. Real-time Model Based Optimisation.


The model-based intentionally transient operation offers great economic savings in the case where market demands require customer-specified product quality at minimum costs satisfying tight quality specifications and strict delivery schedules. 

Optimal model-based operation involves the use of Model Predictive Control (MPC), real-time optimisation (RTO) techniques and this is feasible only if simplified but yet sufficiently accurate dynamic models of industrial chemical processes are available, where each application requires to carefully customise these models for the specific properties of the plant.

The real-time optimisation is computationally feasible only if the used dynamic plant models are of sufficiently low computational complexity. It is much more difficult to formulate simple (in terms of computational simplicity) than full-complexity models. The modelling process, based on the formulation of dynamic conservation laws, relations for reaction kinetics, separation thermodynamics, physical properties and other relevant chemical-physical basic relations normally leads to models consisting of several thousands of differential and algebraic equations. 

Purpose of the present project is to build experience with the systematic development, reduction or approximation of these models by simpler formulations, still representing the underlying physics, but directly concentrating on those macroscopic phenomena that determine the gross global behaviour instead of building macroscopic behaviour through interconnection of many microscopic details. The resulting models should be suitable for real-time on-line applications on a certain logical level of the process automation hierarchy such as model-based control, dynamic economical optimisation or scheduling. Obviously, only those features of the real process have to be captured by the model which are relevant for the intended purpose of modelling. Therefore, the research work in the project will also be concerned with the integrated control and optimisation strategies as well as the numerical solution techniques, which have to be improved to best fit the (reduced) models requirements and vice versa.

This research on reduced modelling for real-time model-based control and optimisation is still rather void and unexplored, notwithstanding its economic relevance. The final objective of the PROMATCH project is to reduce computing intensity of industrial models with a factor 100, while at the same time the functional accuracy is guaranteed. The interrelation of the models and their intended purpose requires special attention, because only an integrated view of modelling, model reduction, control and optimisation strategies and the solution techniques can makes it possible to reach this objective.

The unique research approach in PROMATCH is build on the creation and interaction of three cross-partner research teams (CPT), each featuring an experienced researcher (ER) from one of the three research disciplines in combination with two early stage researchers (ESR) from the two complementary research disciplines. Each research team will work on a different modelling strategy within its proper industrial case study to perform analyses on the causes of computational intensity on three modelling levels (see research methodology) and reduce computational load using a specific reduction technique. Input from the three research disciplines is essential to understand the reasons for computational load and find solutions through “short cut modelling”, “approximate modelling” and “replacement modelling”. Also numerical model simplification will be taken into account by each of the three research teams. However, experience in earlier research collaborations show that in itself this model reduction technology is insufficient to solve the computational load problem. In paragraph B.2.1 the formation of the research teams is outlined in a table.

Objective of CPT 1: Analyse the cause of high computational requirements for the solution of a model of its industrial case study in a specific application context. Apply short-cut modelling techniques which are based on maintaining a full representation of process unit physics but formulated in an aggregated representation. Aggregation could be in time, space or chemical scales.

Objective of CPT 2: Analyse the cause of high computational requirements for the solution of a model of its industrial case study in a specific application context. Derive non-linear approximating models of full-order process unit dynamic models, which maintain the dynamic model quality but replace the physical character of the model by purely mathematical structures.
Objective of CPT 3: Analyse the cause of high computational requirements for the solution of a model of its industrial case study in a specific application context. Derive replacement models which describe the significant phenomena in a unit in terms of simple aggregated describing mathematical/physical models.
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B1.3 Scientific originality of the project
State of the art in process modelling

The complexity of many plants is such that currently only steady states in production processes can be modelled accurately at reasonable low costs. Therefore, process control has always been aimed at sustaining steady state processes with minimal, truly dynamic control interventions. Flexible production of many different products requires many state changes, which under current conditions would lead to long periods of unpredictable process behaviour. This results in lower product quality, poor efficiency (and therefore poor sustainability) and hazards regarding safety of employees and surrounding communities. As a result, the flexible production model currently is not a viable option for many process industries.

Recently, through EU (INCOOP, polyPROMS) and IMS projects (SINC-PRO), European scientists and companies have made significant advances in methodologies for the creation of dynamic models of complex continuous flow and batch processes. Although these experiences have shown that pure mathematical reduction of high fidelity first principle models did result in significant reduction of model complexity, it hardly contributed to the badly needed reduction of process simulation time. Recent research has revealed that pure mathematical model reduction techniques do not bring significant additional reduction of computation time compared to what state-of-the-art numerical optimisation techniques applied in dynamic process simulation already achieve. The reason for this is that the mathematical model reduction techniques exchange model complexity having sparse structures against significantly simpler but dense structures. The end result is just a minor reduction in process simulation time. Robust performance in intentional dynamic plant operation requires high fidelity simulation of all relevant macroscopic plant dynamics, which are tightly integrated with the control and optimisation strategies and numerical algorithms. These algorithms need a speedup towards 100 times real time at least to enable its use for real-time plant performance optimisation. The state-of-the-art model reduction techniques tested so far on industrial scale plants have at best achieved about real time to at most a few times real time simulation (Shell case and Bayer case of the INCOOP project). Experience from these projects revealed that one in fact needs to understand how model formulation decisions have (considerable) influence on computational costs, and conversely we need to understand better how we can make the right decisions during model formulation that lead to lean computational costs in the use of models for optimisation. This will bring computational costs down, but not to the required amount. For that reason, an additional step is required in which the model structures resulting from straightforward physical/chemical models are replaced by cleverly chosen computationally simpler structures. How to do this is by no means obvious, needs research attention and is typically far beyond current industrial practice.  

The research tracks introduced in the PROMATCH-project have to reveal modelling methodologies that achieve a break-through in both model complexity and achievable simulation speed with the approximate models without significant loss of accuracy in the control and optimisation relevant characteristics of the simulated process and overall plant dynamics. The accuracy covers the wide range of dynamics encountered in modern plants with various levels of heat integration and material recovery and recycling loops. The approximate models resulting from the new modelling methodologies have to assure high fidelity simulation of this wide range of dynamics for the full operating envelope of the plant.

This new knowledge is not yet applicable in real life situations for a number of reasons:

· dynamic process models are (too) cumbersome to create using current state-of-the-art methodologies, making them too expensive for application in any but the largest production facilities;

· current dynamic process models require too much calculation capacity for real-time process prediction: simulation at multiple times real time, required for closed loop dynamic optimisation is not feasible; 

· maintenance of models has to be done manually, making it time consuming and expensive to support high-performance models over a prolonged period of time;

· models applied within various application areas are developed independently, which is time consuming and expensive and makes the models often inconsistent and hard to maintain.

Targeted advance in the state of the art

The PROMATCH-project aims for a major scientific breakthrough towards a highly structured modelling procedure in conjunction with reliable techniques for deriving simplified models where the simplified models are to induce extremely low computational costs for the various integrated application areas (model-based control, dynamic economical optimisation or scheduling in simulation and optimisation tasks. These simplified models are tailored for this purpose and are derived systematically from the results of the modelling procedure. The systematic approach also will enable low costs of maintenance of the models.  

Taking a novel approach

The approach to be taken (see also Chapter B1.4 Research Method) will be the combination of fundamental research and the elaboration of several industrial modelling case studies. The fundamental research will concentrate on the parallel study of basically different approaches to arrive at simplified dynamic process models, explained in the next section. 

In the project three sample processes will be selected as case studies:

Case study I:
A plant consisting out of two reactors and six distillation columns with recycle loop, 


producing multiple products. Production is market driven resulting in a flexible and hence 

dynamic operation of the plant.

Case study II:
A batch polymerisation process producing multiple products with different recipes.

Case study III:
A continuous polymerisation unit producing multiple products under different operating 


conditions.

For each of the processes, a detailed first-principles based dynamic simulation model is available. The novel approach to be taken in order to advance the state of the art consist of the following 10 steps:

1. The numerical simulation of these processes will be realised using a available simulation environment

2. The technical steps to initialise these models will be studied, and a formal procedure to bring the model to an equilibrium working condition will be developed;

3. Starting in a single equilibrium condition, verify the main restrictions in the model that determine the allowed input gradients that guarantee numerical collapse-free operation of the model

4. Verify the numerical consequences of the use of available physical properties database libraries as part of the models; evaluate the consistencies, non-smooth behaviour, and computational load involved;

5. On the basis if these simulations, analyse the main computational load associated with a simulation of the models

6. Extend the analysis of computational load towards efficient optimisation including efficient gradient and Hessian computation, minimisation of the number of major optimiser iterations and the selection of a minimum number of control degrees of freedom during discretization of the optimal control problems using dynamic optimisation performance indices based upon constraint violation  and economic performance;

7. Formulate simplified models for the major components and units in both processes. Follow in parallel each of the three approaches as explained in the methodology section (see B 1.4.);

8. Develop criteria, limiting factors at each stage of modelling/model reduction on tailored models for their applications (optimisation, control, etc.)

9. Evaluate the gain in computational load and the loss in accuracy of these models. Also evaluate the improved conditioning and reliability of the simulations of the reduced models, the ease by which these can be initialised.

10. Check applicability (model fidelity, adequacy) of the resultant model for a particular application (optimisation, control, etc.) [D]

Steps 1 – 10 will lead to new insights in the computational impact of three types model elements (physical properties, first principles, process dynamics) and modelling reduction approaches that extend the current research projects in the university groups of the network. 

Each of the university groups brings in specific knowledge and experience, and the fact that researchers will work in various groups over the next 3 years implies that a very effective exchange of experiences, techniques and tools will take place within the project. The proposed approach is deemed to have a high chance of success according to the partners due to the complementarity of researchers that will be especially trained in a collaborative environment between academia and industry, using high tech SME solution providers as a bridge between end-user industries and fundamental research in academia. The establishment of multidisciplinary research teams that collaborate for a period of time at the premises of the SME solution providers guarantees the availability of real-time industrial application knowledge for the team. This novel approach is also expected to stimulate creativity due to input from various research disciplines fostering the innovation process while at the same time contributing to the training of a new generation researchers.

B1.4 Research method
Background of the approach.

The computational speed of real-time software for optimal model-based operation of complex chemical processes basically depends on the following phenomena. Firstly, the current speed of mainframe computers, which is taken here as a given condition. Secondly, the structure and size of the dynamic process models is an important factor. Typically, a sparse structure and low complexity are desired, e.g. not more than a few hundred sparse differential and algebraic equations. Thirdly, the numerical implementation of the simulation and optimisation routines should be efficient for the model structure used. The art of highly efficient numerical simulation and real-time optimisation is generally well understood and can be exploited up to its limits. Consequently, in the PROMATCH approach the focus is on gaining orders of magnitude in computational speed by replacing the full-scale chemical/physical model representations by well-approximating crudely simplified models. There does not exist much of a theory for the replacement of complex non-linear models by simplified models while keeping an approximation error small. One could use insight into the functions of the physical and chemical phenomena to make simplified dynamic representations. One could utilise mathematical techniques from approximation theory. In general, the approximation will be valid with small approximation error only over a restricted domain of process operational conditions. The results that can be obtained will strongly depend on process-unit-specific properties. This implies that considerable experience must be build with the application of these ideas to various process units and processes before a generally applicable set of model reduction tools can be realised.

Overall research methodology

The approach to be taken will be a combination of fundamental research and the elaboration of several industrial modelling case studies. The fundamental research will concentrate on the parallel study of basically different approaches to arrive at simplified dynamic process models. These approaches include:

1. Analyses of simulation, optimisation and control calculations that use existing first principle based dynamic process models to identify simulation steps that are responsible for the high calculation load of state of the art models. In this phase, three model levels are applied: 1) Dynamic process behaviour, 2) First principles mechanisms and 3) Physical Properties. The calculation complexity of the model levels is exponentially expanding;

2. Experimentation with three model reduction techniques (short-cut, approximation and replacement) on computational intensive model elements to reduce computational load while safeguarding the functional accuracy of such models for simulation, control and optimisation purposes;

3. Validate and compare model reduction approaches and techniques resulting from phase 2 to identify the most efficient and effective modelling approach and reduction techniques for different industrial case studies (develop generic modelling approach and reduction techniques). This will be done in combination with the analysis of the interrelation of model reduction on the one hand and optimisation strategy and numerical algorithms on the other. Objective is to find a perfectly fitting solution strategy for the models considered and test the resultant model with applications at hand (optimisation, control, etc.) [D] and re-iterate.

The three levels on which the computational load is investigated refer to the main steps that are encountered in a real-time process optimisation task. First, the principle relations that define the basic model relations contribute to the computational costs. The complexity of the spatial discretization, the number of trays in a separation column, the number of components in a mixture, these all contribute to the computational complexity of a simulation model. Further, the implementation of a physical properties database determines the efficiency in which these algebraic relations are coupled to the basic model relations. Finally, the dynamic process behaviour defined by these relations is to be used in an optimisation context which numerically implies that gradient and Hessian expressions have to be evaluated. This is indicated by the ‘dynamic process behaviour’ step: the sparsity of the representation mainly determines the computational load in this evaluation. The three evaluation steps have to be viewed in their mutual interrelation and are subject of the phase 1 investigation.

[1]   A dynamic version of  Fenske/Underwood/Gilliland/Skogestad for distillation

[2] W. Marquardt, Non-linear Model Reduction for Optimisation Based Control of Transient Chemical Processes Chemical Process Control-6, Tucson, Arizona, 7-12.1.2001. Preprints, 30-60.
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[4]   E.D.Gilles, B.Retzbach, Reduced models and control of distillation columns with sharp temperature profiles. IEEE Transactions on Automatic Control, 28 (1983) 5, pp. 628-630
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After phase 1 the research will concentrate on the parallel study of basically different approaches to arrive at simplified dynamic process models. These approaches include:

1. Formulation of short-cut models based on maintaining a full representation of process unit physics but formulated in an aggregated representation. Aggregation could be either in time [A], space [B] or even chemical [C] scales e.g. [D,1];

2. Deriving non-linear approximating models of full-order process unit dynamic models. The dynamic model quality is maintained as good as possible, but the physical character of the models is replaced by a purely mathematical structure. Examples for such approaches include projection methods such as proper orthogonal decomposition [E], the parameterisation of non-linear kinetics by simple multivariate functions or by trend models, or the replacement of the physical model fully or in part by means of Wiener-Hammerstein structures - e.g. [2];

3. Deriving replacement models that describe the significant phenomena in a unit in terms of simple aggregated describing mathematical/physical models, e.g. [3,4];

The industrial model cases that will be studied constitute dynamic modelling efforts where high order dynamic models have been formulated, but for which it has not yet been possible to derive good quality reduced order dynamic models. The candidate approaches will be elaborated on these plant models, and the parallel work will bring understanding of the relative merits and achievements possible by each of the model reduction approaches.

The following figure schematically outlines the overall research phases.
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Figure 1‑1 PROMATCH research phases
The partners for the PROMATCH proposal have been carefully chosen to be able to deliver the necessary knowledge for such a complementary approach to solving one of the most pressing barriers towards model centric manufacturing, the problem of realising industrial process models that are suitable for Model Predictive Control and Real Time Optimisation. Below the complementarity of the partners is outlined: 

Fields of expertise
PROMATCH partner
Complementary input

Chemical process technology
NTNU (Norway)
Short-cut reduction techniques


RWTH (Germany)
Approximation techniques and replacement techniques

Dynamic process technology
EUT (the Netherlands)
Process knowledge based process control and optimisation


TUD (the Netherlands)
System theory approach to control and optimisation of process units

Numerical computation
Imperial College (UK)
Translation of models to computer simulations


Cybernetica (Norway)
Simulation of Batch Processes


PSE (UK)
Large scale simulations and generic tools (gPROMS modelling tools)


IPCOS Technology
Translation simulation to MPC and RTO


RWTH (Germany) 
Dynamic simulation and optimisation, control applications

Table 1‑1 Complementary research disciplines from partners
B1.5 Work plan

As stated in B1.4, the overall research methodology in order to reach the targeted model reduction objectives follows 3 recurrent and iterative research phases. In order to be able to “crack” the modelling and computational complexity related to real-time control and optimisation using industrial process models, three research disciplines have to collaborate closely:

1. Chemical process technology

2. Process dynamics (system theory)

3. Numerical computation

The PROMATCH research methodology proposes a novel approach by setting-up 3 cross-partner teams (CPT) of interdisciplinary researchers from the three disciplines indicated above that closely collaborate in applying the research methodology towards the identification of a new breakthrough generic modelling and model reduction methodology. The three CPTs each feature an experienced researcher (ER) from one of the three research disciplines in combination with two early stage researchers (ESR) from the two complementary research disciplines. 

Each CPT will work on a different modelling and integrated control and optimisation strategy within its proper industrial case study to perform analyses on the causes of computational intensity on three modelling levels (see research methodology) and reduce computational load using a specific reduction technique and tailored optimisation strategies and numerical algorithms. Input from the three research disciplines is essential to understand the reasons for computational load and find solutions through “short cut modelling”, “approximate modelling” and “replacement modelling”. Also numerical model simplification will be taken into account by each of the three research teams. However, experience in earlier research collaborations show that one model reduction technology is insufficient to solve the problem, and that only a combination of model reduction and corresponding solution techniques can be successful. The interdisciplinary approach is essential, while past research typically only focussed on one of the above disciplines.

.

The project will be carried out through 3 research and 3 human resource oriented project phases.

The research phases consist of:

1. Phase 1: Identify causes for computational load on three model levels

2. Phase 2: Apply three model reduction techniques on computational intensive model elements

3. Phase 3: Validate and compare modelling approaches and reduction techniques in combination with optimisation strategies and the numerical solution techniques.

For each of the three case studies initial detailed rigorous models exists. In the first phase of the project each of the teams works on further development and refinement of the model of their specific case study. In this phase the teams have to get a detailed understanding of what is actually causing the computational intensity in their specific case study.  In the second phase of the project each of the teams studies and develops their specific model reduction approach. The developments of each research team are guided by the experience gathered with application of the technology on their case study (phase 3). In phase three of the project the developed technology is validated both for the team’s own case study as well as for the case studies of the other teams. In work package 9 an unified generic modelling and model reduction approach is developed, based on the results obtained with each reduction approach are evaluated.              

A substantial dependency and interaction exists between the different phases. Optimal cross fertilisation between the different phases is ensured in the planning by a large overlap in time between the end of one phase and the start of the next phase. 

The human resource (HRM) oriented project phases:

1. Setting-up of the training plan and recruiting 

2. Executing the training and academic – industry knowledge transfer programme

3. Validate the academic – industry knowledge transfer programme and dissemination

The following figure provides an overview of the project phases.
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Figure 1‑2 PROMATCH project phases

The research phases each contain 3 Workpackages complemented by 2 HRM oriented project Workpackages.

Work-package WP0 

WP leader: IPCOS

Objective of this workpackage is to oversee all administrative activities within each organisation and the whole project care administrative actions related to the relations of the consortium with the Commission; At least each year or in line with the reaching of major Milestones the Project Management will organise a Network management team meeting involving all partners to evaluate and adopt intermediate results. Each milestone will be defined in such a way that concrete and measurable results shall be available for acceptance in order for the project management to be able to track progress based on output and results.

Furthermore, the leader of this workpackage will propose methods for solving conflicts, and take decisions when no agreement is found (when needed), to manage possible updates to the Workplan; to schedule technical activities and monitor their progress; to propose or solicit countermeasures for technical problems; Quality management; to set up ways for assessing quality of deliverables and intermediate results. A mid-term assessment report will be made in order to report on the progress of the project and to redefine (if necessary) the Project Programme for the remaining part of the contract. 

Work-package WP1

WP leader: Cybernetica

The goal of the work package is to identify causes for computational load of the model of case study I: a plant consisting out of two reactors and six distillation columns with recycle loop, producing multiple products. Production is market driven resulting in a flexible and hence dynamic operation of the plant. An initial model of this plant is present.

In the project two tasks are discerned:
WP.1.1 Refinement of the rigorous model

The case study is based on an existing model. The rigorous model needs further refinement to 

· More accurately fit the actual process behaviour during operation and use the model itself realistically 
in a production environment.

· Change the structure of the model such that the model can be used for applying the model reduction 
techniques proposed.

WP.1.2 Identification of the computational load of the model

Detailed analysis of simulation runs made with the rigorous dynamic process model to identify the steps that are responsible for the high calculation load of the model. 

Work-package WP2 

WP leader: IPCOS

The goal of the work package is to identify causes for computational load of the model of case study II: a batch polymerisation process producing multiple products with different recipes. An initial model of this plant is present.

In work package WP2 the same two tasks are discerned as in work package WP1:
WP.2.1 Refinement of the rigorous model

WP.2.2 Identification of the computational load of the model

Work-package WP3 

WP leader: PSE

The goal of the work package is to identify causes for computational load of the model of case study III: a continuous polymerisation unit producing multiple products under different operating conditions. An initial model of this plant is present.

In work package WP3 the same two tasks are discerned as in work package WP1:
WP.3.1 Refinement of the rigorous model

WP.3.2 Identification of the computational load of the model

Work-package WP4 

WP leader: NTNU

The main goal of this work package is to develop model reduction technology and methodology, based on a short cut modelling approach that enables significant reduction of the computational load of the existing rigorous physical models.

WP.4.1 Inventarisation of the state of the art

In this task an inventarisation is made of the state of art in short cut modelling. Specific attention is to be paid to the following aspects:

· Type of modelling problems for which the shortcut modelling approach is specifically suited.

· Reduction in computational load due to application of the approach.

· Ease of use and expertise needed for application

WP.4.2 Methodology development and implementation

Development of a methodology on how to best apply the short cut modelling approach for computational load reduction. Prototype implementation of tools.  

Work-package WP5 

WP leader: RWTH

The main goal of this work package is to develop model reduction technology and methodology, based on an approximate modelling approach that enables significant reduction of the computational load of the existing rigorous physical models.

In work package WP5 the same two tasks are discerned as in work package WP4:
WP.5.1 Inventarisation of the state of the art

WP.5.2 Methodology development and implementation

Work-package WP6 

WP leader: Imperial College

The main goal of this work package is to develop model reduction technology and methodology, based on a replacement modelling approach that enables significant reduction of the computational load of the existing rigorous physical models.

In work package WP6 the same two tasks are discerned as in work package WP4:
WP.6.1 Inventarisation of the state of the art

WP.6.2 Methodology development and implementation

Work package WP7 
WP leader: TUD

Detailed testing of the modelling method developed by the team itself on the case study also developed by the team.

In the work package per case study a separate task is foreseen:

WP.7.1 Application of the short cut modelling approach on case study I

WP.7.2 Application of the approximate modelling approach on case study II 

WP.7.3 Application of the replacement modelling approach on case study III
Work package WP8 
WP leader: Imperial College

Testing of the two modelling and reductions methods, not developed by the team, on the case study developed by the team.

A separate task is foreseen per case study:

WP.8.1 Application of the replacement - and approximate modelling approach on case study I

WP.8.2 Application of the short cut- and replacement modelling approach on case study II

WP.8.3 Application of the short cut- and approximate modelling approach on case study III
Work package WP9 
WP leader: EUT

Development of an integrated approach for reduced modelling of large and complex processes to reduce the computational load in combination with optimisation strategies and the numerical solution techniques.
WP.9.1. Evaluation of strengths and weaknesses of the modelling approaches

The goal of this work package is evaluation of the results obtained in work package 7 and 8. 

WP.9.2. Methodology development implementation.

Integration of the different modelling techniques to one more general applicable approach 

WP.9.3. Testing on the case studies

Testing of the integrated approach on the different test cases   

Work package WP10 

WP leader: TUD

Realisation of a program for knowledge transfer and dissemination that enables to present the main results of the research projects to the industrial and scientific community. 

WP 10.1 Information on the website of the consortium

WP 10.2 Presentation of results (overview of the theory, applications and software developed) at conferences

Table 1-2 provides an estimate of how the effort from different partners will be allocated to the various project tasks, taking into account effort from Experienced Researchers (ER), Early Stage Researchers (ER) and Own Personnel (OP).

Figure 1-3. provides a barchart showing the planning for each of the project tasks. 
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Table 1‑2 Division of manpower per WP for ESR, ER and OP
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Figure 1‑3 PROMATCH barchart

B2. TRAINING AND/OR TRANSFER OF KNOWLEDGE ACTIVITIES

B2.1 Content and quality of the training and transfer of knowledge programme 

The PROMATCH HRM approach

From a human resource point of view PROMATCH aims to experiment a novel networked approach to the development of human capital in the research community. It is well known that that academia and industry need each other, but there is “confusion as to how to structure this relationship”
. PROMATCH aims to build on an emerging collaboration in which 3 high tech SME solution providers function as a bridge for knowledge transfer from academia to industry. Leading professors in complementary disciplines operating both in the management of the SMEs as well as playing a key role in education of young researchers will provide a linking pin between academia and industry. Cross-partner Research Teams (CPT) will be build around these leading “entrepreneurial researchers” to build on and transfer their experience on research between academia and industry.
Several objectives, which are specifically targeted towards this human resource orientation of the project, can be defined: 

· To provide adequate individual training, in particular for early stage researchers (ESRs) but also for experiences researchers (ERs), to prepare and optimise their collaboration in CPTs. 

· To provide adequate network-wide training for early stage researchers and also for experienced researchers thereby exploiting the network potential and network complementarity. The planned training modules should be in line with the training needs of the involved researchers and functional to the CPTs.

· To transfer existing knowledge between partners through the cross-partners research units and to transfer new knowledge gained during the course of the project between the CPTs.

The above mentioned objectives will be addressed by defining and implementing various training activities and transfer of knowledge activities. These activities are described at the end of this paragraph. 

Real knowledge transfer and training in the context of multiple disciplines and organisations can only be realised though “training by research” in multidisciplinary teams exposing researchers on a day to day basis to the consequences of such an approach. The PROMATCH complementary CPTs built around the SME solution providers, will therefore each feature an experienced researcher (ER) at one of the SMEs in combination with two early stage researchers (ESR) from two complementary research institutes. As such PROMATCH develops an integrated “training by research” and knowledge transfer mechanism that contributes to multidisciplinary learning that empowers young entrepreneurial-minded researchers by linking academia and industry.
The following table outlines how the CPTs will be formatted:

Modelling Strategy
Leading PROMATCH partner
Team formation
Researcher hosted by:

1. Short-cut modelling
NTNU with Cybernetica
ER: Numerical Computation
Cybernetica



ESR: Chemical Process Technology
NTNU



ESR: Process dynamics
TUD

2. Approximating modelling
RWTH with IPCOS
ER: Chemical Process Technology
IPCOS



ESR: Numerical Computation
 RWTH



ESR: Process Dynamics
EUT

3. Replacement modelling
Imperial College and PSE
ER: Process Dynamics
PSE



ESR: Numerical Computation
Imperial College



ESR: Chemical Process Technology
RWTH

Table 2‑1 PROMATCH research team formulation
The philosophy behind the team formation is to place the (experienced) team leader in the research and development environment which generally lacks his specific expertise but strongly complements the ER’s research focus. His research team will then be complemented by Early Stage researchers that ideally are seated in a research environment that helps them develop their skills on their core research discipline. For example, IPCOS’s specific expertise does not include Chemical Process Technology. The Experienced Researcher hosted by IPCOS is therefore specialised in this field, and the research team will be complemented by two Early Stage Researchers in the field of Numerical Computation and Process Dynamics. 

Early Stage Researchers will be educated within one of the academic institutes and more specifically within the faculty of “his” research discipline e.g. a chemical process engineer will be recruited by RWTH or NTNU where he will perform his initial training and research period. After a period of academic training the ESR will be located in the research environment of his (ER) group leader (up to maximum 30% of his research time) to perform collaborative research in a (semi) industrial environment and in close collaboration with a complementary Early Stage researcher. It is expected that especially in the second research phase - in which the specific new modelling strategies will be experimented on the CPT’s case study - it will be beneficial that the complementary research teams join in the same location to work on the development of reduced models. In this way, the network potential is fully exploited while at the same time the researchers will benefit maximally from the knowledge present at the different research teams. Moreover, young researchers will learn from working in an application oriented environment where transferring academic research to industrial applications is the core activity.

As stated before, the researchers will in general have maturity on only a part of these areas and thus extension of basic knowledge is required. The simulation experience within some of the SMEs that is needed in order to identify causes for computational load will have to be brought into a training program. On the other hand, the simulation experience that will be created in the research project is well beyond present state of the art and thus will add value to the SMEs. The universities will bring in expert knowledge on process modelling basics, optimisation theory and experience, dynamic systems under open and closed loop, and real-time aspects of model-based simulation, optimisation and control. 

Rationale for the requested number of person-months for ESR’s and ER’s

The research program involves multi-disciplinary activities covering the fields of Chemical Process Engineering, Systems Theory and Process Control and Real-time Information Processing (numerical computation). Chemical Process Engineering knowledge is required to have detailed process understanding of the main process mechanisms that dominate process behaviour, especially in both steady state and in transition mode of operation. Systems Theory and Process Control knowledge is required to develop robust process control and optimisation systems that support high performance dynamic operation of plants. Real-time Information Processing knowledge is a prerequisite to enable industrial testing and application of the complex systems involving process simulation, state estimation and process control/optimisation. 

6 young researchers and 3 experienced researchers will be recruited to invest a total of 324 person months in research and training. This corresponds to a total of 216 manmonths for young researchers and 108 manmonths for experienced researchers. Such an investment in effort will be necessary to solve the highly complex and multidisciplinary problem of computational load by identifying the simulation steps that are responsible for the computational load (on average 30 manmonths for each case study), experiment with three model reduction techniques (on average 50 manmonths for each strategy for a different case study) and validate and compare model reduction approaches in the various case environments in order to identify a generic modelling approach with recommended reduction techniques (on average 30 manmonths for each research group). A detailed overview of for the requested number of person-months for ESR’s and ER’s is stated in B1.5.

Resources

Each of the participating network teams has adequate resources, both in terms of research infrastructure and experienced personnel to host the recruited researchers and to provide a suitable environment for training and transfer of knowledge. For example, all network teams have extensive experience with successfully coaching / mentoring PhD students. Also, all Network Teams have various international contacts and / or networks. The reader is also referred to paragraph B3.1: Collective expertise of the network teams. 

Personal Career Development Plan

For each recruited researcher, a personal Career Development Plan will be developed, based on the specific training needs of the involved researcher. The planned training activities within this project are in line with the goals defined in the Personal Career Development Plan (see table 2.2. at the end of this paragraph). 

PROMATCH will recruit three types of experienced researchers and three types of Early Stage Researchers (chemical engineering, process dynamics and numerical computation), who will each their own career development plan in order to develop scientific knowledge on his “own” research discipline to be complemented with additional knowledge about the two complementary disciplines in line with the research objectives of the project. Their career development plan will be especially targeted at developing the scientific knowledge. 

The ER will do the same but will pay substantially more attention to the development of management skills and team building in an international and multidisciplinary context. Their focus will be to develop their career towards entrepreneurial and application oriented researchers.

The draft career development plan will be developed at the beginning of the project in line and complementary to the overall project workplan and taking into account the specific role the ER or ESR will have to play in the project. The plan will be discussed with the supervisor of each researcher and the training and knowledge transfer plan will be fine-tuned according to the needs of the researchers. The personal career plan of the ESRs will also be discussed with the leader of “his” cross-partners research team (on of the ERs).

Network activities related to training and transfer of knowledge
As stated before, the research program involves multi-disciplinary activities covering the fields of Chemical Process Engineering, Systems Theory and Process Control and Real-time Information Processing (this is further outlined in the table in paragraph B3.2). The early stage researchers working on this field will have one of the necessary disciplines and need to be trained to get acquainted with the other fields. To realise the research objectives it is necessary to be familiar with state-of-the-art in the various disciplines. The exchange program within the network consisting of leading university groups and supplier companies in the fields of expertise that have worked together already long time will guarantee that people will be trained adequately to get these multidisciplinary skills. In general, the specific training of the early stage researchers will include:

-
Graduate and Postdoc training courses in the various fields provided by the university partners;

-
Training courses on the applied modelling (gPROMS), model predictive control (INCA) and dynamic 
optimisation (PathFinder) courses provided by the participating industrial partners;

-
Transfer of knowledge by a team of senior researchers of the university groups and senior/principal 
consultants of the industrial partners.

The early stage researchers will spend their research time predominantly within the R&D groups of the participating universities, but they will do specific parts of their research in the form of stages done at the high tech SMEs. Twice per year workshops will be organised in which all project members participate. These workshops are intended to exchange status and progress of the ongoing research activities and to jointly discuss difficulties encountered in achieving the research objectives. During the three-year research program two open workshops will be organised for which external researchers and specialists of non-participating companies will be invited.

Below a summary of the workshops and their focus is stated:

· Month 12: workshop to exchange experiences about model elements causing computational impact 
related to first principles and physical properties.

· Month 18: workshop to exchange experiences about model elements causing computational impact 
related to process dynamics.

· Month 24: first workshop to exchange experiences about first experiences related to model reduction 
techniques.

· Month 30: second workshop to exchange experiences about first experiences related to model 
reduction techniques.

· Month 36: cross-validation workshop on model approaches, reduction techniques, load reduction and 
functional accuracy.

· Month 42: final validation workshop.

A. Training activities for Early Stage researchers
For ESR's to become successful researchers, their primary need is to gain scientific knowledge. In addition, they have to learn to write scientific - international- publications, and hold good presentations at international conferences, in good English. Within this network, table 2.2. below shows which training activities are planned to meet the needs of young researchers. 

Furthermore, visits will be planned to several research institutes and SME’s in order to ensure the diversity in training and education. ESR’s will therefore also take courses at institutes other than the CPT where he or she is placed. Special visits of the CPTs will will arranged to industrial end-user companies to reinforce understanding of practical end-user requirements in the context of the specific case-study on which the ESRs and ER perform their research work.

B. Training and Transfer of knowledge activities for experienced researchers

As experienced researchers already have a solid scientific knowledge base, the main scientific training needs for experienced researchers concerns getting informed about new scientific developments and related scientific fields. In addition, to become a successful researcher they have to develop complementary skills related to research management, and more in particular entrepreneurial and application oriented research management in an international and interdisciplinary context.

Experienced researchers recruited in the PROMATCH project will be challenged to contemporarily develop both complementary scientific skills and such management skills. As leader of one of the cross partners’ research groups he will manage two Early Stage Researchers that are placed at one of the (foreign) Universities. Extra skills will be required in managing this group due to the multidisciplinary and multicultural nature of the group, as well as its geographical distribution. Special attention will have to be paid to his team building capacities. Special courses that offer training on these issues are mentioned below. 

The second challenge for the recruited ER, to develop multidisciplinary knowledge, will be filled-in by placing the ER in one of the SMEs with specific complementary skills and focus to his own. The possibility to work shoulder-to-shoulder with experts on process simulation, modelling tools or process control and optimisation will develop his skills towards a multidisciplinary researcher on the edge between academia and industry. The ER will have the opportunity to gain knowledge from the leading entrepreneurial researcher of the specific research SME (the supervisor) in which he will be placed. He will participate to the working meetings in the company and have regular face-to-face coaching meetings with his supervisor to discuss and exchange knowledge.

Management and Team Building training and coaching

Special attention will be paid in the HRM phases of the project to sufficiently support the Experienced Researcher in developing his management and team building skills. This will be done in three complementary manners:

1. Personal assessments and coaching

2. Training on International Project Management

3. On-the-job coaching by the Supervisor

Personal assessments and coaching

In order to develop leadership capacities in entrepreneurial research Experienced Researchers will be offered the possibility to perform an assessment of his personal professional profile. A dedicated subcontractor  - Con7 - will be involved to assist the consortium in this activity. Con7 has developed a (self) assessment methodology and tool and provides coaching for professionals. The assessment tool is based on the Role Diagrammic Approach (RDA) developed as a result of 10 years of scientific research in the field of labour psychology. The research has been performed at the Erasmus University of Rotterdam and the University of Utrecht. It has been conducted through the careful identification and collection of personality characteristics that subsequently have been clustered around 8 axes that represent effective and ineffective psychological roles in a work environment. 

The RDA assessment system provides an automated analysis on an individual. It recently has been adapted to enable self-assessments for entrepreneurs, providing them with a tool to validate their entrepreneurial profile for a successful start up. The tool will be offered on-line to offer ER’s the possibility to perform self-assessments on their proper strengths and weaknesses. Con7 will furthermore be involved to provide training and individual coaching for the ER’s as part of one of the training workshops on international project management. 

Also the ESRs will be invited to integrate assessments and coaching on personal development into their career development and training plan. The PROMATCH consortium partners consider such training as an important tool for the development of entrepreneurial oriented researchers.

Training on International Project management

Common training workshops will be organised by the partners in the beginning of the project and will be dedicated to training of both ER’s and ESR’s in international project management and teambuilding. The training workshop will last a few days and will include lectures on international project development and management from experienced consultants, case studies and personal testimonials from Professors and entrepreneurs (project partners) as well as practical exercises in subgroups to build a common project management plan for the PROMATCH project. The above mentioned personal assessments will be an integrated part of these workshops. 

On-the-job coaching by the Supervisor

The supervisor of the ER will dedicate special coaching meetings to exchange views and knowledge with the ER about the progress of the cross-partner research units. These coaching meetings will be structured around specific issues brought forward by the ER based on his experiences in managing the cross-partner research unit and taking into account his personal professional profile (strengths and weaknesses). The meetings will be targeted at helping the ER to grow in his role of manager in international multidisciplinary research teams taking advantage of the experience of the entrepreneurial researcher at the SME where he is placed. 

Ways to implement appropriate transfer of knowledge between the cross-partner research teams within this project are the following:

· Specialised network-wide events that enable the transfer of knowledge between members of the CPTs. The following events are planned:

· Regular network progress meetings (about 4 times a year) will be organised to verify the progress against the Milestones identified in the common project workplan 

· Common workshops (about once each year). Focus of the workshop will be to exchange knowledge between the three cross-partner research groups on specific issues relevant for the research phase (e.g. exchange experiences on model elements that cause computing load in the different case studies). The workshops will be organised as much as possible in combination with progress meetings

· These special network-wide events will be complemented by visits to relevant conferences, seminars and symposia organised by third parties such as:

· The Annual European Symposium on Computer-Aided Process Engineering (ESCAPE),

· The International PSE symposium (PSE 2006 in Germany),
· The international Foundations of Computer-Aided Process Operations conference,

· The IFAC Symposium on Dynamics and Control of Process Systems,

· International Symposium on Advanced Control of Chemical Processes 

·  Visits and secondments for specific transfer of knowledge on a certain topic. 

The ERs will be required to play an active role in PROMATCH appropriate to their career stage. Apart from research, this may involve for example giving tutorials in their areas of expertise at PROMATCH workshops, collaborative visits to other sites (appropriate to the length and goals of their scholarship), and partial responsibility for some scientific or organisational activities (under the supervision of a senior researcher).

As stated before, in the PROMATCH-project three cross-partner research teams (CPT), each featuring an ER from one of the three research disciplines in combination with two ESRs from the two complementary research disciplines, collaborate and interact. Each research team will work on a different modelling strategy within its proper industrial case study. It is therefore essential that regular visits and internships are spent at the site of the different CPT’s. Next to these visits, specific visits will be planned to the industrial sites that reflect the case studies (see B1.3 en B1.5).

The specific training and courses for early stage and experienced researchers are detailed in the overview below.
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Table 2‑2PROMATCH training schedule

B2.2 Impact of the training and/or transfer of knowledge programme

Interest at the European level

If Europe is to play a major role in sustainable and competitive manufacturing in the future, its industry must become proactive in developing a strong self-sustaining innovation capacity to meet customised concepts for high value added sustainable use and production.

Recent years have shown a number of trends that give rise to drastic changes in virtually all sectors of manufacturing. Competition has progressed to a truly global level for many companies – including SMEs, whilst market demand has become less predictable and sets ever higher standards on product quality and efficiency of production. Successful companies have dealt with these circumstances by creating knowledge-based production systems in which they can produce a wide range of products or product varieties – often tailored to specific customer demands – in an efficient and reliable manner. Using these tailored products in combination with a specially devised set of services, they create a high level of added value for specific customers/customer groups. This enables them to prevail in a setting of global competition. 

Knowledge based process operation is emerging as one of the main competitive drivers for the process industry. Whereas the US has been leading in this field by relatively large solution providers such as ASPENTECH, these companies have reached a relative dominant position in the market monopolising process control applications in industry. In the recent decades European SMEs, such as those participating to the PROMATCH proposal have emerged as increasingly successful competitors of these US suppliers as a result of a longer term vision and developers innovative highly specialised technologies capitalising on research result from various European Universities. These SMEs have a good chance in setting new process control standards and applications that outperform competitors by continuing to invest in long term but at the same time application oriented research. PROMATCH aims to foster this process by developing this project as an example of good practice to boost the research investments in a collaboration between Universities and these high tech SMEs. 

In order to improve their competitiveness, European process industries will have to shift their production and business paradigm towards knowledge-based, model-centric manufacturing, resulting in greater efficiency and flexibility. This would also enable better market responsiveness by allowing more fluctuations in production volumes and a wider variety of (customised) products with significantly higher added value, without sacrificing economical, societal and technical process constraints. Current state-of-the-art technology however, does not support such a business model for many sectors of process industry. The main bottleneck frustrating the transition is the limited understanding and predictability of large-scale production processes in batch, semi-batch or continuous flow. This is mainly because current R&D remains market-led and there is a lack of multidisciplinary researchers. 

The proposed research area affects all aspects mentioned above. This can be elucidated by the following facts: 

· the multidisciplinary pan-European approach in the PROMATCH-project involves activities covering the fields of Chemical Process Engineering, Systems Theory and Process Control and Real-time Information Processing,
· PROMATCH aims for a major scientific European breakthrough towards a single generic modelling methodology for complex continuous flow and batch processes, thus enabling better market responsiveness and a wider variety of (customised) products with significantly higher added value,
Moreover, the proposed research tackles a pan-European problem that touches various countries, spread over Europe. Therefore the inclusion of young and experienced researchers from southern and eastern European countries will be targeted. These young scientists have had their own basis specific education. Exchange between different schools of thought from various educational systems in other countries will be beneficial for all relevant research institutes in Europe. The impact on the general research level in the following countries can be considered as high. The following deliverables of this RTN can be distinguished:

· various (approximately 6) thesis will be written within the framework of the PROMATCH Marie Curie Research Training Network,

· international workshops (once a year) will be organised in various countries.  The project co-ordinator will ensure the geographic spread of these workshops.

· the network will offer exchange opportunities to 6 young researchers and to 3 experienced researchers;

· as a direct result of this RTN we expect at least 10 additional joint publications

· we are planning to offer the young and experienced researchers short staying site visits in various university cities in order to get acquainted with new techniques and methods;

The need for transfer of knowledge 

The formation of the PROMATCH team is based on a long lasting research collaboration between five research institutes and three spin-off SMEs software developers (specialised in modelling, Model Based Control and Real Time Optimisation). Together these partners have participated in various complementary and follow-up (European) research projects on industrial process modelling, control and optimisation. These projects are the following:

RTD project
RTD topic
PROMATCH partners

INCOOP 

(G1RD-CT 1999-0146)
INtegrated process unit COntrol and plantwide OPtimisation
University of Delft (Chemical Process Technology), University of Delft (Process Dynamics), Eindhoven University of Technology (Electrical Engineering), IPCOS Technology, RWTH-Aachen

IMPACT

(EU206311)
IMproved Polymer Advanced Control Technology
University of Delft, IPCOS Technology

SINC-PRO

(G1RD-CT 2002-00756)
Self learning model for INtelligent predictive control system for Crystallisation PROcesses
University of Delft, IPCOS Technology, PSE

POLYPROMS

(G1RD-CT-2000-00422)
development of advanced POLYmerisation PROcess Modelling, Simulation, design and optimisation tools
IPCOS Technology, PSE, IMPERIAL College

As a result of these research collaborations gradually a new interdisciplinary pool of researchers is emerging on the crossroads of chemical process technology, process dynamics and numerical computation. The partners for the PROMATCH proposal have been carefully chosen to take a complementary approach to solving one of the most pressing barriers towards model centric manufacturing, the problem of realising industrial process models that are suitable for Model Predictive Control and Real Time Optimisation. However, a structured and co-ordinated training and knowledge transfer programme will be needed to be able to optimally exploit the networks capacities and skills. Input from the three research disciplines is essential to understand the reasons for computational load and find solutions through “short cut modelling”, “approximate modelling” and “replacement modelling”. The transfer of knowledge is therefore not only an important issue, but also essential for the success of the PROMATCH-project. 

All the organisations involved in this network play leading roles in their fields of expertise. Their combination in a common effort to solve both a research and industrial problem adds substantial value to the ongoing individual research activities; this guarantees the novelty and the originality of the research programme and impact of the training courses. PROMATCH aims to contribute to the realisation of good practice human resource development in this field by demonstrating a model for bridging the gap between academic and industrial research by involving a network of SME solution developers and as such reinforcing the industrial orientation of researchers while at the same time fostering the emergence of a European industry of SME solution providers that can compete with the United States. 

Impact of the training and PROMATCH HRM approach

If the PROMATCH approach in tackling the modelling problem through a common networked training and knowledge transfer programme works, the impact on the European and international research field will be enormous.  On the one hand it will have overcome one of the mail barriers that currently obstruct the efficient use of process models for process control and optimisation. This will open completely new opportunities to develop model based process control and optimisation applications with huge benefits for the European process industry but also with substantial impact on the worldwide status of the European research community as the leading community in the field. On the other hand a successful outcome of the research will validate the PROMATCH HRM approach in bridging the gap between academic and industrial research and boosting the status of interdisciplinary researchers that work in SME environments on the edge between industry and universities. 

A significant portion of the research will be executed by young researchers, early in their careers and experienced researcher; these two groups of researchers will be supervised by leading scientists in their fields of expertise. This implies that they will gain valuable experience, which will be beneficial for the continuation of their scientific careers and will allow them to establish or to extend their valuable networks. This will allow them to gain a better knowledge and compet​ence in their scientific domains of expertise and interest. Indirectly this will have a positive effect on the quality and quantity of the human resources available for research and technological development in the EC.

The scientific development of the researchers in the research project is guaranteed by:

1. The broad spectrum and variety of theoretical and experimental fields of expertise of the different partners.

2. The opportunities for young scientists to visit the different institutions and co-operate with all leading scientists.

3. The extensive interaction of the network with the industry. This will give them an insight in both fundamental and applied research.

National impact

The researchers will spend their research time predominantly within the R&D groups of the participating universities, but they will do specific parts of their research in the form of stages done in the university groups. The fields that are covered in PROMATCH are broad (process engineering, dynamic modelling and model reduction, numerical optimisation, process control). A person that gains high level combined experience in all these fields has an excellent position to play a major role in a small company, where specialised tasks must be accomplished while dealing with broadly defined problem areas. In the proposal a training path is created that brings experience that is much broader than what a PhD student normally will acquire during his or her research project. This will be an excellent combination with additional business training (e.g. language training, communication training and team building training). On a national level, this will be most noticeable in the education of the different researchers.

European impact
The European dimension of the PROMATCH-project is linked to the pan-European presence of process industries and research institutes. Throughout the Community, candidate countries and associated states process industries encounter the same mix of dynamic market demand, global competition and increasing societal pressures. The results of PROMATCH can be an important factor in reconciling these factors and create a strong set of process industries across Europe. 

Another factor of impact is the integration of leading research groups in the field of model based process design and control across the continent. Through PROMATCH a single European research effort is created for this subject, which will establish Europe as the international scientific leader in the development of new processes, devices, flexible and intelligent manufacturing systems in the field of process based manufacturing. The partners and their nationality are detailed below:

NAME
Country
ROLE

IPCOS Technology
Netherlands
WP 0, 2, 5, 7, 8, 9, 10

Cybernetica
Norway
WP 0, 1, 4, 7, 8, 9, 10

PSE
United Kingdom
WP 0, 3, 6, 7, 8, 9, 10

Norwegian University of Science and Technology
Norway
WP 0, 1, 4, 7, 8, 9, 10

Imperial College of Science Technology and Medicine
United Kingdom
WP 0, 3, 6, 7, 8, 9, 10

Lehrstuhl für Prozesstechnik, RWTH Aachen
Germany
WP 0, 2, 3, 5, 6, 7, 8, 9, 10

Delft University of Technology
Netherlands
WP 0, 1, 4, 7, 8, 9, 10

Eindhoven University of Technology
Netherlands
WP 0, 2, 5, 7, 8, 9, 10

Training and transfer of knowledge activities, development of future careers

The general benefits for young and experienced researchers are:

1. The possibility to work on several very interesting, relevant scientific projects.

2. The possibility to work with the best equipment in the specific fields (see paragraph B1.3 for a detailed overview), for example the gProms simulation tools or the PathFinder optimisation tools;

3. Opportunity to work in top research groups at Norwegian University of Science and Technology, Eindhoven University of Technology, Delft University of Technology, Imperial College of Science Technology and Medicine and Lehrstuhl für Prozesstechnik at the RWTH Aachen;

4. Opportunity to work with some outstanding entrepreneurial researchers at PSE, IPCOS Technology and Cybernetica;

5. Opportunity to publish articles.

6. The possibility to attend scientific conferences.

7. To co-operate with well-trained technical staff which has outstanding equipment

8. Cross-European environment within the research area  (members of this group originate from several European countries)
In the PROMATCH-project, a training path is created that stands out from “regular’ training: the education and gaining of experience is much broader than what a PhD student normally will acquire during his or her research project. The combination of the above-mentioned research fields with additional business training as offered (e.g. communication courses, language courses, team building training etcetera). Focus in PROMATCH is broad and covers the fields of process engineering, dynamic modelling and model reduction, numerical optimisation and process control. Researchers will be both industrial and entrepreneurial trained, which results in a unique combination of field experiences. Researchers who gain high level combined experience in all these fields have an excellent position to play for example a major role in a SME, where specialised tasks must be accomplished while dealing with broadly defined problem areas. 
Employers are looking for people with specialist knowledge, experience, transferable skills and self-reliance skills and how these contribute to the long term growth of their organisation. In their recruitment and selection procedures they often place a great deal of emphasis on the skills acquired through work, as they recognise that people who have gained relevant skills in the workplace are better prepared to meet changing demands. Specific skills can be learned, but other personal attributes such as self-confidence and managerial skills are also important. The early stage and experienced researchers that will participate in the PROMATCH-project will all benefit from the unique training path in PROMATCH, thus enhancing their employability.

Planned recruitment of early-stage and experienced researchers 

Planned manpower

The targeted total of person-months of each early-stage and experienced researcher whose appointment will be financed by this project is 66.7% and 33.3%  respectively. In the table below, planned manpower for each research team is provided for three categories: Early-stage researchers financed by the project; experienced researchers financed by the project and researchers likely to contribute to the project (not financed by the project). 

Early-stage and experienced researchers to be 
financed by the contract
Other professional research effort on the network project

Network Team
Early-stage researchers to be financed by the contract

(person-months)

(a)
Experienced researchers to be financed by the contract

(person-months)

(b)
Total (a+b)

(c)
Researchers

 likely to contribute

(number of individuals)

(d)
Researchers

likely to contribute

(person-months)

(e)

  1  

36
36
2
19.5

  2

36
36
3
14.5

  3

36
36
3
12.5

  4
36

36
3
11.5

  5
36

36
2
20.5

  6
72

72
5
16.5

  7
36

36
4
21.5

  8
36

36
3
8.5

  9






10






11






12






13






14






15






Totals
216
108
324
25
125

In the table below, for each research team the recruiting approach is summarised. 

Research partner
Target group
Desired background / expertise of researcher
Recruiting instruments

Ipcos Technology
Graduates from European research groups and universities
PhD in Chemical Engineering, good active knowledge of the English language.
· Network of colleagues

· Advertisement in network’s website and CORDIS search facilities

· Advertisement on own website

Cybernetica
Graduates from EU countries (including the eastern European countries)
PhD in Chemical Engineering with a strong background in modelling and control, or PhD in Control Engineering with emphasis on process modelling
· Personal contacts

· international network

· mailing lists

Process Systems Enterprise Limited
Graduates from European research groups and universities
PhD in Chemical Engineering, good active knowledge of the English language.
· Network of colleagues

· Advertisement in network’s website and CORDIS search facilities

· Advertisement on own website

Norwegian University of Science and Technology
Graduates from EU countries (including the eastern European countries)
Process systems engineering


Mainly mailing lists

Imperial College of Science Technology and Medicine
· Young graduates from Greece (Aristotle University of Thessaloniki and National Technical University of Athens),

· Young graduates from Easter European countries (mainly Hungary).

· Young graduates from Germany, Switzerland and Denmark (University of Stuttgart, ETH Zurich, DTU etc)
Engineering background (Chemical or electrical engineers), Computing skills and knowledge of process modelling will be appreciated.


·  contact academic                                       collaborators,
·  advertise vacancies (website)
·  special e-mailing lists  such as the CAST-10 list of the American Institute of Chemical Engineers and the European Federation of Chemical Engineers,
·  Advertisement in network’s website and CORDIS search facilities.

Lehrstuhl für Prozesstechnik, RWTH Aachen
· graduates from the universities participating in the Marie Curie Training Network,

· graduates from Eastern European Universities via personal contacts to colleagues.
engineering, mathematics or physics degree. Engineering graduates should have majored in chemical, mechanical or electrical engineering


· advertisement on website,

· network of colleagues.

Delft University of Technology
Graduates from EU countries (including the eastern European countries)
MSc or PhD in process engineering or process control (or equivalent)
·  existing networks 
  
 amongst people,
·  posting on university 
 
 websites and inclusion in 
 newsletters.

Eindhoven University of Technology
Graduates from EU countries (including the eastern European countries) 
Master degree in systems and control or equivalent
· electronic letters of our 
  
research community,
·  web sites,
·  personal contacts with 
 
 colleagues in Europe,
·  announcements at 
 
 conferences.

Table 2‑3PROMATCH recruiting approach

The recruited researchers are planned to stay 36 months at their host organisation. It is possible that not all planned researchers can be recruited within the planned time frame. Possible actions to overcome this are the following:

· Search for researchers outside Europe

· Internal solution: find researchers within own organisation of research team (temporary solution)

· Visits and secondments of recruited researchers to other research teams

· Special recruiting actions, for example during network events.

B3. QUALITY/CAPACITY OF THE NETWORK PARTNERSHIP

B3.1  Collective expertise of the network teams

The major objective of the PROMATCH project is to foster the development of a next generation researchers trained to contribute to realising the emerging model centric approach in process engineering, control and optimisation. A first step in this direction will be taken by recruiting a group of Early Stage and Experienced researchers and train them in the context of concrete European research collaboration between 5 renowned research institutes and 3 SMEs specialised in the development of model based solutions and with strong links to end-user industries. 

The 8 partners in the PROMATCH-consortium are based in 4 European countries (The Netherlands, Germany, the United Kingdom and Norway). Each partner is specialised in one (or more) research topics in the PROMATCH-project: 

Partner
Country
Field of expertise

IPCOS Technology (SME)
NL
Real-time control and optimisation of units in the process industry, based on development of process dynamic models, IT technology and software tools 

Cybernetica (SME)
Norway
Operational and numerical aspects related to  modelling and simulation of batch process operation 

PSE (SME)
UK
Development of large scale detailed rigorous models. Numerical and software aspects related to tuning and use of these models for process operation

Norwegian University of Science and Technology
Norway
Modelling, feedback and controllability analysis of processes, plantwide control, control of distillation 

Imperial College of Science Technology and Medicine
UK
Process design, modelling, simulation and optimisation, including computational and programming tool development     

Lehrstuhl für Prozesstechnik, RWTH Aachen
Germany
Model-based design, control and operation of chemical process systems with focus on optimisation, numerical techniques and software

Delft University of Technology
NL
Real-time plant data processing and filtering,  constrained stochastic control and  real-time optimisation

Eindhoven University of Technology
NL
Model predictive control , numerical techniques for efficient real-time control 

Table 3‑1  PROMATCH consortium
Description of the participants

PARTNER 1 – IPCOS Technology

Responsible: Prof. dr. ir. A.C.P.M. Backx 

Organisation Brief Profile:
IPCOS Technology is a European SME supplier of products, consultancy and engineering services in the areas of Model Predictive process control, Real-time systems for information processing and Model based process optimisation. IPCOS Technology is providing world class integrated information technology and model based process operation support products and solutions especially for the chemical processing industry and glass manufacturing industry. The supplied technologies exploit processing capabilities of production processes and support decision making in the de-bottlenecking of processes.

The company has been founded in July 1998 by 7 people. The founders of IPCOS Technology have well over 100 man-years of industrial experience in both areas of technology development as well as application of the technologies in process operation. All employees have a graduate degree in engineering. The industrial expertise of IPCOS Technology is predominantly in Chemical Processing and Glass Manufacturing. Through the founders pioneering work IPCOS Technology has built up a respected and well-recognised position in the market and an already long-standing working relationship with leading research groups in the field. This position is the result of the position as applied technology development group in Philips from the early eighties until 1988, the commercial operation as an independent company at the end of the eighties and early nineties, the role as main responsible for the European operation of Setpoint and later Aspentech until 1998. 

Focus of the IPCOS research team lies in the development of state of the art identification, advanced process control and optimisation tools for industrial application. The Process operation is based on a rigorous model centric approach.

Experience in research areas involved in the project:
IPCOS Technology is an applier, supplier and developer of state of the art process control technology. In a number of projects experience has been gained in the use of rigorous models for process control and operation. IPCOS Technology will bring in tools that enable different software tools (MATLAB, gPROMS, INCAEngine, etcetera) to work together as one coherent environment. R&D in IPCOS is performed on the border between academic research and development for industrial application. As such it gives the researcher the unique opportunity to see the problem from the perspective of both worlds.

The people within IPCOS have long standing close working relations with leading research groups in the field of process control and operation. IPCOS has been involved in several international R&D projects, co-operating with junior and senior researchers from both universities and companies. Ton Backx and Jobert Ludlage have been involved in a large number of Ph.D. and MSc projects.

The key scientific staff who will be involved in the research are:

Prof. dr. ir. A.C.P.M. Backx 

Mr. Backx is founder and CEO of IPCOS Technology (the result of the merger of two companies: IPCOS Technology and ISMC: a spin-off of the Electrical Engineering department of the University of Leuven, Belgium) and a part-time professor at the Department of Electrical Engineering at the Eindhoven University of Technology. He received his MSc in Electrical Engineering in 1976 and his Ph.D. in 1987 Ph.D. in 1987 based on research work in the area of reliable and robust multi input multi output process identification methods. This was translated to MPC and RTO applications at IPCOS. He is a part time professor at Eindhoven  University of Technology since  1990 and acting as president of IPCOS Netherlands since 1999. Ton Backx was involved in many feasibility studies and advanced control projects in  among others hydrocarbon processing, chemical  processing, lamp production and glass manufacturing. He has acted as  co-initiator and technical co-ordinator for INCOOP and is now acting as such for the SINC-PRO project, both EU supported  research and development projects.

Foreseen involvement in project: 10 % of total time
dr. ir. J.H.A. Ludlage

Jobert Ludlage received his MSc in electrical engineering in 1987 and his Ph.D. in 1997 on research in the field of controllability analysis of processes. He has worked in the field of industrial process control since

1987 and joined IPCOS in 1998.  He acts as a course instructor for INCA and has been and is involved in a number of development activities in the field of process control and optimisation (IMPACT, INCOOP, NICONET, POLYPROMS, SINC-PRO).

Foreseen involvement in project: 20 % of total time
Recent publications: 

· “Finite-Time Behaviour of Inner Systems”, Jobert H.A. Ludlage, Siep Weiland, Anton A. Stoorvogel Ton 
A.C.P.M. Backx, IEEE Transaction on automatic control Vol.48, No.7, pg.1134-1149, July 2003

· “Towards Intentional Dynamics in Supply Chain Conscious Process Operation”, Ton Backx, Okko 
Bosgra, Wolfgang Marquardt FOCAPO'98, Snowbird, Utah, 5-10 July 1998

PARTNER 2 – Cybernetica

Responsible: Dr. ing. Peter Singstad
Organisation Brief Profile:
Cybernetica specialises in development, implementation and maintenance of model based predictive control systems and real-time optimisation applications for industrial processes. The applications are built upon mechanistic models. Modelling, model development and identification methods are therefore also key areas. Cybernetica has a main focus on applications for batch processes and for continuous processes going through mayor transients (typically grade changes). The company has software products for implementation of non-linear model predictive control and real-time optimisation applications.


Cybernetica is compatible with the other companies and the university groups, as we all base our applications on mechanistic, non-linear models. Cybernetica has taken a particular interest in developing tools and facilitating industrial pilot implementations of applications for batch-producing companies. Complementarity with respect to the other partners is secured by Cybernetica's main focus on batch process applications. 

Experience in research areas involved in the project:
Being a high-tech spin-off company from the R&D communities at NTNU, Statoil and SINTEF (Norway), Cybernetica has collected persons with long R&D experience in the field of model development, model identification, state- and parameter estimation, model based control and real-time optimisation, development of methods and tools in the same fields, and industrial pilot implementations of these technologies. Cybernetica's product Cybernetica CENIT is a well-developed platform for model based control, on-line optimisation and state- and parameter estimation.


Early-stage researchers are offered mentoring by experienced project managers. They are also offered hands-on training on the use of Cybernetica CENIT applied to a batch process case.


The key scientific staff who will be involved in the research are:

Dr. Peter Singstad is founder and CEO of Cybernetica. Cybernetica is a spin off from the research groups in engineering cybernetics at SINTEF. In 1992 Peter Singstad received his PhD in modelling and multivariable control 1992. This was transferred to products for Model Predictive Control (MPC) via Cybernetica. He has over 15 years of experience in research and industrial applications of model based control. He has been a consultant to Borealis, Statoil and Norsk Hydro, and has long experience from the Norwegian research organisation SINTEF. His previous position was at SINTEF Electronics and Cybernetics, where he was a Research Director.

Foreseen involvement in project: 10 % of total time

Dr. Tor Steinar Schei has more than 15 years of experience in research and industrial applications of model based control. He was responsible for the development for Cybernetica CENIT, which is a system for on-line estimation, non-linear model predictive control and on-line optimisation based on first-principles models. Tor Steinar Schei is technical director and co-founder of Cybernetica. His previous position was at SINTEF Electronics and Cybernetics, a Norwegian research organisation, where he held a position as Chief Scientist. 

Foreseen involvement in project: 5 % of total time


Dr. Magne Hillestad received his M.Sc. (Siv. ing.) degree in Physical Chemistry and his Dr. ing. degree in Chemical Engineering at the Norwegian Institute of Technology in 1980 and 1986, respectively. He has more than 15 years of experience in research and industrial applications of model based control. He has been a consultant to Borealis since 1989, where he has had a leading role in the development of Borealis' in-house tools for advanced process control, On-Spot. He was a senior and lead engineer of Statoil R&D, Trondheim, 1988-2000. He is currently a senior engineer and project manager at Cybernetica AS. 
Foreseen involvement in project: 20 % of total time

Recent publications: 

· B.A. Foss, H. Ludvigsen and S.O. Wasbø. Optimization-based control - Some critical issues. In 
MMAR'02, Szscecin, Poland, 2002
· T. S. Schei, H. Ludvigsen, P. Singstad and B. Foss, “Operator Support System for Optimization of 
Suspension PVC Batch Polymerization Reactors,” In ECC 2001 (Industry Day), Porto, Portugal, 2001.
· Magne Hillestad, "A Systematic Generation of Reactor Designs - I. Isothermal Conditions", Computers 
& Chemical Engineering, In press
PARTNER 3 – Process Systems Enterprise Limited (PSE) 

Responsible: Prof. Costas Pantelides and Dr. Sean Bermingham

Organisation Brief Profile:
Process Systems Enterprise Limited (PSE) is a British software company providing advanced modelling technology and model-based services to the process industries and related sectors. The company employs around 35 people and serves a worldwide client base of major process industry customers from its London headquarters and satellite operations in Germany, the USA and Japan. PSE’s technology address pressing needs in the engineering and automation market segments of the chemicals, petrochemicals, oil & gas, pulp & paper, power, fine chemicals, food, pharmaceuticals and biotech industries. PSE's gPROMS software is used for modelling, simulation and optimisation of continuous and batch plants and operations in the process industries, for both design and operations, and is widely perceived as a technology leader. The ModelEnterprise business optimisation software is used to determine optimal asset utilisation in the design and operation of process industry supply chains, and related business optimisation applications. The company’s ModelCare and other consulting services provide expert assistance to customers building, implementing and deploying models across the process industries. 

Experience in research areas involved in the project

PSE is fully committed to open systems, and its senior personnel have been prime movers in establishing and designing industry standards such as CAPE-OPEN. The company is also dedicated to advancing the frontiers of modelling technology, consistently spending at 40 – 50% of total expenditure on R&D as well as maintaining strong links with universities.

The key scientific staff who will be involved in the research are:

Prof. Costas Pantelides has been the Technology Director of Process Systems Enterprise Ltd. since the formation of the company in 1997. He holds BSc (Eng.) and PhD degrees from Imperial College, and an MS degree from the Massachusetts Institute of Technology. Costas is also professor of Chemical Engineering at Imperial College. His main research interests include the theory and application of mathematical modelling of process systems, numerical methods for large-scale process simulation and optimisation, general approaches and methodologies for supply chain optimisation and, more recently, the mathematics of molecular modelling. He has played a leading role in the design and development of the SPEEDUP and gPROMS software packages, both of which are widely used by industry and academia worldwide. Costas brings extensive knowledge and experience to the PROMATCH in the following areas: design of software architecture for process modelling packages, numerical solutions techniques, Cape-Open philosophy and implementation, project management and application of process modelling for complex processes across a range of industry sectors.

Foreseen involvement in project: 5% of total time

Dr. Sean Bermingham is the head of the Consulting Group at Process Systems Enterprise Ltd (PSE), responsible for day-to-day management of the consulting group activities, project management on specific consulting projects, project management of PSE’s collaborative R&D projects and technology leadership in several areas of advanced process modelling. Sean obtained extensive expertise in both the area of crystallisation and the area of process modelling, simulation and optimisation during his PhD study at Delft University of Technology. 

Foreseen involvement in project: 10% of total time

Dr Gregor Fernholz holds Dipl.-Ing. and Dr.-Ing. degrees in chemical engineering from the University of Dortmund, Germany. Gregor’s focus during the time as a research and teaching assistant at the University of Dortmund was the modeling, optimisation and control of a reactive batch distillation column. Gregor joined Bayer AG in 2000 where he worked in the Process Systems Department. He was responsible for the simulation as well as for the implementation of the control schemes in the DCS of the plant. Since joining PSE as a senior consultant, Gregor has been mainly working on the modelling and control of reactive absorption, polymer and fuel cell processes.

Foreseen involvement in project: 20 % of total time

Recent publications:

· Bezzo F., Macchietto S., Pantelides C.C. (2003). “General hybrid multizonal/CFD approach for 
bioreactor modelling”, AIChE Journal, 49, 2133-2148. 

· Bermingham, S.K., Verheijen, P.J.T., Kramer, H.J.M. (2003). Optimal design of solution crystallization 
processes with rigorous models, Trans IChemE, Vol 81, Part A, 893-903. 

PARTNER 4 – Norwegian University of Science and Technology – Dept. of Chemical Engineering (Process control group)

Responsible: Prof. Sigurd Skogestad
Organisation Brief Profile:
The research team of NTNU has a lot of experience with the development of simple yet rigorous methods to solve process control and design problems of engineering significance. The main research areas are: 

· Feedback as a tool to reduce uncertainty (including robust control),

· Feedback as a tool to operate in new operating regimes (including stabilisation of desired flow 
regimes),

· Controllability of processes (achievable control performance), 

· Control structure design. Plantwide control and self-optimising control,

· Design and control of distillation processes (continuous and batch). 

· Systematic methods for computer-aided process modelling

· Efficient methods for thermodynamic code generation for use in process simulation

The core group consists of about 12 people, but it is part of the large PROST centre in process systems engineering in Trondheim which involves more than 50 persons. NTNU has excellent computer and software facilities, and also has experimental facilities for testing proposed control schemes.

Experience in research areas involved in the project 

The PROST group has experience in the area of process modelling and process control dating back to the 1960’s (O.A. Asbjornsen and T. Hertzberg). The PROSR group involves about 50 persons and ranks among the 5 largest groups in Europe in the area of process systems engineering.

The key scientific staff who will be involved in the research are:

individual expertise
foreseen extent of involvement

Prof. Sigurd Skogestad 
Controllability of processes (achievable control performance)
10 %


Plantwide control, dynamics and optimisation



Design and control of distillation processes, continuous and batch


Prof. Heinz Preisig 
Computer-aided  tools for systematic modeling

Hybrid and distributed systems
15%

Ass. Prof. Tore Haug-Warberg 

 Effecient thermodynamic code generation for process modeling and simulation
5%

Recent publications

· S. Skogestad, Control structure design for complete chemical plants, Computers and Chemical 
Engineering, 2004 (article in press);

· S. Skogestad, Plantwide control: the search for the self-optimizing control structure, Journal of 
Process control, 2000, 487-507;

· H. A. Preisig, H.A. and Westerweele, M., The MODELLER Project or Modelling -- From Art to 
Science, Nordic Process Control (NPC) Workshop, January 2003;

· T. Haug-Warberg, On the Principles of Thermodynamic Modeling, European Symposium on 
Computer Aided Process Engineering (ESCAPE-13). Lappeenranta, Finland, June 2003, 665-670. 

PARTNER 5 – Imperial College of Science Technology and Medicine (Centre of Process Systems Engineering)

Responsible: Prof. Stratos Pistikopoulos, Dr. Michael Georgiadis
Organisation Brief Profile:
The Centre for Process Systems Engineering in the Department of Chemical Engineering at Imperial College London is an interdisciplinary research Centre of excellence initiated in 1989. The Centre is dedicated to carrying out interdisciplinary research in process systems engineering focusing on the development of methodologies for modelling, design, control and operations management of company-wide process manufacturing systems, taking an integrated approach. One of the fundamental elements of the Centre’s strategy has been to develop powerful underpinning technology and tools in process modelling, simulation and optimisation which has then been used by other academics and their research teams, both within the Centre and elsewhere, to address key classes of industrial problems. The Centre currently employs around 100 researchers with a variety of engineering and scientific backgrounds. It is recognised as a centre of national (UK) and international excellence in the area of Process Systems Engineering.  The Centre has exchange programs with a number of universities worldwide, and regularly hosts international visiting scholars and students. 

Experience in research areas involved in the project:
The scientific expertise of the group is, among others:

· Development of Model-based Advanced Control techniques utilising recent advances in Parametric Programming and Mixed-Integer Dynamic Optimisation developed in our group the last 10 years.

· Development of Process Synthesis Approaches based on mixed-integer optimisation techniques.

· Design of Advanced Controllers for complex processes.

· Participation in the industrial case studies that will be considered in the course of the proposed network.

· Design of flexible processing systems operating under realistic uncertainty.

Imperial maintains an active collaboration with leading industrial companies and has participated in several industrial-funded projects:

·  Air Products (Project No: PX 0236: Advanced Control Strategies Using an Air Separation Unit Test 
Case - Phase III).

· Shell: (Project Number No 2002.01.CTCPD  A mixed integer dynamic optimisation based approach to 
the design, control and optimisation of a glycols finishing section)

· Process design toolbox for reduced emissions" (project with BP, information not available for 
confidentiality reasons).

· Hydrogen Infrastructure Planning" (Industrial project with BP-Amoco, (UK), currently running).

During the last ten years research at the Centre for Process Systems Engineering has lead in novel techniques as summarised below:

· On-line control and Optimisation through the development of novel multiparametric techniques. This 
has lead to a radical alternative to generic model-based — control. On-line control problems can be 
recast into multi-parametric optimisation (POP) problems where the system state variables act as 
“parameters”.

· Efficient Numerical techniques for process simulation and optimisation.

· New models and techniques for efficient supply chain management and optimisation of complex 
manufacturing networks.

· Novel methodologies for environmental conscious manufacturing based on Life-Cycle Analysis 
principles considered during the design and operation of batch and continuous processes.

· Novel approaches for process synthesis based on a new mixed-integer programming representation.

From the above research activities it is clear that Imperial will play a key role in most phases of PROMATCH network. More specifically:

· Imperial will identify causes for huge computational loads in several modelling scales  (Phase 1, 
potential collaboration with PSE, RWTH and TUD). Industrial problems studied previously at Imperial 
will provide motivation for the activities in this Phase. 

· Imperial will develop short cut and approximate/reduced order models using optimisation based 
techniques such as mixed-integer programming (Phase two) in collaboration with all partners. 

· Test and verify  these models in (Phase 3):

· Model-Based Predictive Control application (in collaboration with IPCOS, TUD, Cybernetica and 
NTNU)

· Process Synthesis Approaches (in collaboration with PSE)

· Mixed-Integer Dynamic Optimisation problems (collaboration with PSE and IPCOS).

· Numerical simulation of complex systems (collaboration with RWTH and PSE).

· On-line control of a pilot plat exothermic reactor available at Imperial (collaboration with 
Cybernetica and TUD).

Imperial will play a key role in the various dissemination activities such as publications in international journals and presentation of PROMATCH results in the industrial consortium meeting at Imperial held annually. This meeting is attended be leading industrial companies from several manufacturing sectors. 

Imperial has an advanced computing infrastructure/network with about 100 PCs and 20 Unix machines. Any kind of software for process optimisation, design, operation and control is available (such as gPROMS, GAMS, MATLAB, ASPEN PLUS and ASPEN DYNAMICS, HYSYS, etc). The team has also developed in house software tools for advanced model-based control based on recent developments on parametric programming. The team also runs an exothermic pilot plant reactor for applying theoretical developments (mainly in the control area) in a real-time environment. The reactor can be used for both research and training purposes.
The team at Imperial College has an unique infrastructure in UK in terms of human resources (currently 7 full Professors, 5 senior lecturers and about 100 researchers) and modern infrastructure in terms of computing facilities (a network of about 120 workstations). The team also has developed a real pilot plant reactor operating under critical conditions for application of theoretical work in a real-time environment. This reactor will be available for training in the course of PROMATCH since new reduction modelling techniques will be tested and validated in the pilot plant for applying on-line optimisation and advanced control strategies.

Imperial runs two advanced Postgraduate courses related to the objectives of PROMATCH:

· The process Systems Engineering M.Sc. course available also to all PhD students performing 
research in the area of process modelling, optimisation and control. The course is attended annually 
by about 20 M.Sc. students and more than 20 new PhD students.

· The Advanced Chemical Engineering Course also available to early stage researchers to strengthen 
their skills in the broad Chemical Engineering Area in fields like environmental engineering, process 
design, safety engineering, fluid mechanics, etc.

An excellent training environment is available at Imperial also through the numerous advanced courses offered by other departments and schools such as:

· the department of mathematics with selected topics on optimisation theory, partial differential 
equations, applied mathematical methods, etc

· the electrical engineering department with topics on control theory, non-liner systems, hybrid control, 
etc.

· the computing department with courses on parallel programming, computer languages, numerical 
simulation, etc.

All the above training activities will be available to early stage researchers at Imperial.

The key scientific staff who will be involved in the research are:

individual expertise
foreseen extent of involvement

Prof. Efstratios Pistikopoulos
Techniques for advanced process control and optimisation
15%

Dr. Michael Georgiadis
Process Operations, Mixed Integer Optimisation
15%

Recent publications: 

· Sakizlis V, Perkins JD, Pistikopoulos EN (2003). “Parametric controllers in simultaneous process and 
control design optimization”, Ind. Eng. Chem. Res., 42  4545-4563.

· Pistikopoulos EN, Dua V, Bozinis NA, Bemporad A, Morari M, (2002). “On-line optimization via off-line 
parametric optimization tools”, COMPUTERS & CHEMICAL ENGINEERING 26 (2): 175-185.

· Georgiadis MC, Schenk M, Pistikopoulos EN, and R. Gani (2002). “ The Intertions of design, control 
and operability in reactive distillation systems”, COMPUTERS & CHEMICAL ENGINEERING  26 (4-
5): 735-746

PARTNER 6 – RWTH Aachen, Lehrstuhl für Prozesstechnik (Optimization-based Process Operations Group) 

Responsible: Prof. Dr.-Ing. Wolfgang Marquardt

Organisation Brief Profile:
The chair for Process Systems Engineering (Lehrstuhl für Prozesstechnik - LPT), headed by Professor W. Marquardt, is part of the Mechanical Engineering department of RWTH Aachen University, Germany. The group has been founded in 1992 and has been able to build up a strong international reputation in the process systems community. The current group size is 34 FTE’s including 25 researchers at LPT.

The research program of the LPT aims at covering different issues in process systems engineering. The focus is on fundamentals for model-based design, control and operation of chemical process systems in a wide sense and its application to relevant industrial sample problems in different areas including polymers, petrochemicals, oil refining, water treatment and particulate products. The methods-oriented research has always been at the interface between chemical and systems engineering with strong emphasis on numerical techniques and software technology. The Lehrstuhl für Prozesstechnik has considerable experience in the development of dynamic optimisation algorithms and software for large-scale process systems and their application to industrial processes. The focus of recent work in the INCOOP and related projects has been on real-time capabilities of the algorithm in the context of trajectory optimisation, receding horizon estimation and predictive control. New methodologies and algorithms for handling uncertainty and discrete decisions as well as for a balanced exploitation of model knowledge and measurements are being developed. 

The research team is focussing on optimisation based methods for implementing model-based support functionality for monitoring, control and operation of chemical and biochemical process systems. First principles as well as hybrid modelling and model reduction by projection, physical insight or by exploiting multiscale properties of the process systems have always been part of our research work in this research team. Supporting research along those lines is also carried out in the research team "Model-based Experimental Analysis" at RWTH.LPT which addresses modelling for a better understanding of the mechanistic details of kinetic phenomena as well as for supporting model-based process operations. Hybrid modelling, combining first principles as well as data-driven approaches, is also part of these activities. 

Further, systematic model reduction of process systems with a very large number of components (refinery and petrochemicals, polymers) has been addressed with emphasis on offline applications in the research team "Process Synthesis" at RWTH.LPT. An extension to online applications has been explored recently.

The research topics in the research team "Optimization-based Process Operations" have been including in the past (i) the development and evaluation of efficient numerical techniques for the solution of large-scale non-linear (mixed logic) optimal control problems employing adaptive multi-scale control vector parameterisation techniques for efficiency and robustness, (ii) the development and evaluation of non-linear model predictive control techniques to chemical and biochemical systems where significant uncertainty can not be avoided, (iii) operation support architectures for the systematic  integration of control, optimisation and scheduling of chemical process systems, (iv) the development of novel methods for the analysis of multivariable trends in measurable and unmeasurable process quantities, (v) the application of non-linear dynamics ideas to tune and synthesise non-linear stabilising control systems in an integrated manner with the design of the process system itself. All these projects have been carried out in the context of industrial processes including chemical and biochemical reactors, separation processes, as well as wastewater treatment and seawater desalination processes. The resources available are largely confined to a computing network. Experimental facilities are implemented and used together with (often) industrial partners. 

Experience in research areas involved in the project:
With regards to PROMATCH, RWTH wants to bring the experience in the tailoring of models and dynamic optimisation algorithms to the requirements of dynamic real-time optimisation into the project. Model reduction and algorithm development have to be considered as a unifying approach to higher efficiency and feasibility of real-time computations in the context of integrated scheduling, optimisation and control. This interface between models and algorithms and tailoring the two to match each other in a holistic way is an approach, which is complementary to the techniques brought into the project by the other groups. 

Over the years, RWTH has learned to successfully manage a large research group with a high number of early stage researchers. This is done by a continuously evolving organisational structure which is built on team leadership based on competence and not on seniority. There are five research teams in total which are linked to each other by both, people taking part in more than one group as well as by the research topics. The major duties of the teams are the fostering of communication in the group, the discussion of strategically and operational issues related to the teams research, the training on scientific topics of mutual interest (seminars, workshops etc.) and the regular evaluation of the overall match of the team’s research direction with that of the whole group. The interaction between the team is through the leader (team issues) and the individuals (PhD project issues). The structure has been operating successfully four about 3 years now. 

The key scientific staff who will be involved in the research are:

Wolfgang Marquardt studied Chemical Engineering at Stuttgart (Diplom 1982), dissertation and habilitation from Stuttgart University in 1988 and 1992 respectively. He was a NATO research fellow at UW Madison in 1989/1990. Since 1992 Mr Marquardt is a full Professor at RWTH Aachen, Department of Chemical Engineering, and he is the founder and director of Process Systems Engineering at RWTH Aachen. Other accomplishments are for example:

· Hougen Professor at UW Madison, 1999;

· Leibniz-Preis of DFG in 2001 (the most prestigious award in science and engineering in Germany);

· Regional Editor of the Journal of Process Control;

· IFAC TC Chemical Process Control. Member of the North-Rhine Westfalian Academy of Sciences;

· Author of more than 150 refereed conference and journal publications. 

Foreseen involvement in project: 10 % of total time 

Ralph Schneider studied at the University of Stuttgart and received his diploma in Technical Cybernetics majoring Biotechnology in 1991. He left the University of Stuttgart in 1992 to work as a research assistant at the Institute of Biosystems Engineering of the Federal Agricultural Research Centre (FAL) in Braunschweig. In 1997, he joined the Lehrstuhl für Prozesstechnik. 

He completed his dissertation "Investigation on an adaptive predictive control scheme for the optimisation of biotechnical processes" in 1999. His areas of interest: computer-aided process design, cost estimation, integration of process design and control, non-linear parameter estimation, model predictive control. He has been actively involved in various EU projects including CAPE OPEN, Global CAPE OPEN as well as CAPE.net. 

Foreseen involvement in project: 10 % of total time

Gerrit Harnischmacher studied at RWTH Aachen and received his diploma in Mechanical Engineering majoring in Chemical Engineering in 2001. His research interests are in real-time optimisation of continuous processes and related modelling issues. He has been working on an industrial project in this area which aims at putting dynamic optimisation in place for large-scale processes by a model reduction approach. He is acting as the leader of team “Optimization based process control and operations”. He will also participate in the project. 

Foreseen involvement in project: 50 % of total time

Martin Schlegel studied at RWTH Aachen and at CMU Pittsburgh, USA. He received his diploma in Mechanical Engineering majoring in Chemical Engineering in 2000 of RWTH. His research interest is in tailored numerical methods for dynamic optimisation under real-time conditions. He has been working successfully in the INCOOP project and is well trained in handling large-scale European projects. Foreseen involvement in project: 50 % of total time
Jitendra Kadam studied at IIT Bombay, India, and at RWTH Aachen. He received his M.Tech. in Chemical Engineering from IIT Bombay in 2000. His research interest is in dynamic optimisation under uncertainty under real-time conditions. He has been working successfully in the INCOOP project and is well trained in handling large-scale European projects.

Foreseen involvement in project: 50 % of total time

Recent publications: 

· W. Marquardt: Nonlinear Model Reduction for Optimization Based Control of Transient Chemical 
Processes. Invited keynote lecture, Proceedings of the International Conference on Chemical Process 
Control-6, Tucson, Arizona, 2002. 

· H. Briesen, W. Marquardt: Adaptive Multigrid Solution Strategy for the Dynamic Simulation of 
Petroleum Mixture Processes. In press, Comput. Chem. Engng. 2003.

· M. Schlegel, K. Stockmann, T. Binder, W. Marquardt. Dynamic Optimization using adaptive control 
vector parameterization. To be submitted to Comput. Chem. Engng., 2003.

· G. Dünnebier, D. van Hessem, J. Kadam, K. Klatt, M. Schlegel: Dynamic optimization and control of 
polymerization processes. To be submitted to Journal of Process Control, 2003.

PARTNER 7 – Delft University of Technology, Department of Mechanical Engineering  (Delft Centre for Systems and Control)

Responsible: Prof. ir. O.H. Bosgra (Scientific Director Dutch Institute of Systems and Control -DISC)

Organisation Brief Profile: 

The research of the group is mainly focused on the operation of a batch plant/process, in particular on Process Modelling (physical properties), Process Simulation (transparent tools), Process Optimisation (different criteria), Process Control (optimal non linear control strategies), Safety, Health and Environmental Topics (environmental factors included in criteria). 

The research focuses on Modelling of batch processes to allow an optimal behaviour. The processes selected are emulsions as used in the food industry. Models based on the physical properties are developed and will be validated against measured data from a fully instrumented pilot plant from Unilever. Optimisation criteria will be developed and applied on the pilot plant. Important factors will be energy casts, environmental loads and product quality. The results may lead to new insights in the designs of the batch processes for emulsification.

Experience in research areas involved in the project:
The Delft Centre for Systems and Control has expertise in dynamic system modelling, control and optimal system operation in general. Specific research expertise has been created in the domain of process control and real-time process operation, most recently as partner in the EU-funded INCOOP project (Integration of Process Control and Optimization).  Model-based control design, model reduction, system identification and robust control are the specialised areas on which the research has been focused. The Delft partner focuses on systems and control, with research projects aimed both at further development of fundamental theory (system identification, model reduction, data reconciliation and real-time parameter estimation, real-time optimisation), and on applications in collaboration with industry (e.g. Shell, Bayer). This differs from Imperial College, where process systems engineering is the focus, and from RWTH where process modelling and process optimisation is the main topic. It also differs from Trondheim, where chemical process control is the main topic of research. These differences define the great challenge in collaboration: bridging the approach of chemical process engineering with the approach of control engineering.  

The Delft Centre for Systems and Control has some 30 PhD students on a wide range of theoretical and applied systems and control subjects. Most projects are collaborations with external partners, either from academia or industry. There is a vast experience in bringing young graduates to a high level of applied and theoretical research. The Centre hosts the Dutch Graduate School on Systems and Control, which provides courses in systems and control at the PhD level. 

The key scientific staff who will be involved in the research are:

individual expertise
foreseen extent of involvement

prof. ir. O.H. Bosgra
process control, model reduction,  real-time optimisation
10%

prof. ir. J. Grievink
process systems engineering, process modelling
10%

ir. A.E. Huesman
process control, process modelling, chemical process engineering 
20%

P. Valk
software engineering, simulation tools, optimisation tools 
20%

Recent publications: 

· R. Tousain, Dynamic optimisation in business-wide process control, Delft University Press, 2002, 
ISBN 90-407-2354-0. 235 pp.,

· D.H. van Hessem, O.H.Bosgra, Towards a separation principle in closed-loop predictive control, Proc. 
American Control Conference 2003, pp. 4299-4304.

PARTNER 8 - Eindhoven University of Technology (Control Systems group)

Responsible: Prof. dr. ir. P.P.J. van den Bosch

Organisation Brief Profile:

The Control Systems group has a total of 8 full-time, 3 part-time employees and currently 12 PhD students. The aim of the group is to be an acknowledged centre for the control of dynamical systems. To reach this goal the group is actively co-developing the fundamentals of control engineering, viz. system and control theory. The group focuses on fundamental research in identification techniques and controller synthesis methods for uncertain, non-linear and hybrid models. Applications are aligned with this long-term, science-based research on modelling, identification and control. 

By merging system identification and control, the section anticipates the strong industrial need for improved process control and higher quality products. In line with this, the fundamental research focuses on model reduction, on estimation and control of systems with uncertain and non-linear dynamics. This research includes identification, robust control and stability of multivariable processes with constraints, model predictive control (MPC), the analysis and modelling of specific classes of hybrid systems and bio-regulation for the understanding of regulation in physiological systems and processes.

Many industrial projects are carried out by and in co-operation with the Control Systems Group.  Industrial projects, relevant for this project proposal, are for example INCOOP for the control of petro-chemical processes and REGLA concerning the production of glass. These projects have been recently finished or are on going. 

Fundamental properties of model predictive control (MPC) for non-linear, stiff processes and questions on reduction of model complexity in large-scale finite element models are being studied in these projects. 3 ESR’s have been working or are still working in these projects. The aim of this research amounts to integrating control and convex optimisation techniques to design and implement new generations of MPC controllers so as to improve product quality and flexibility of product manufacturing, to reduce waste of resources and to control transitions in process dynamics. Efficient and accurate models of processes are indispensable for the understanding of process dynamics and the development of model-based controllers. Within the REGLA project the group recently developed and implemented new and highly efficient model reduction techniques to reduce dynamic finite element models with thousands to millions of states to small-scale models which are suitable for model based control-system design. 

Experience in research areas involved in the project:

For over a period of 15 years the Control Systems group at Eindhoven University of Technology is delivering a main contribution in the national research school the Dutch Institute on Systems and Control (DISC) where it offers a structured supply of advanced courses, international summer schools (with 50% participants from abroad) and conferences to educate and develop ESR’s.

In the regular curricula of Electrical Engineering, Chemical Engineering and Mechanical Engineering the group is providing basic lectures for Control Theory, as well as advanced courses on Control, System Identification and Systems Analysis. 

Model predictive control is an well-accepted technology in industry but is mainly restricted to applications in which time constants of dynamical processes are relatively long. This because MPC technology requires a substantial on-line computational effort, especially if long prediction horizons are necessary to increase the operational bandwidth of processes. The Control Systems Group at Eindhoven University of Technology has specific experience in the development and implementation of algorithms for model predictive control so as to allow long prediction horizons. These algorithms are based on exploiting the sparsity structure in convex programs so as to reduce the main computational effort in on-line MPC computations. This experience complements the experience on dynamic optimisation at RWTH and the experience on estimation and prediction in MPC design at TUD. A second distinctive expertise lies in the application of databased proper orthogonal decompositions in the reduction of large-scale models (millions of states) so as to facilitate the synthesis of model predictive controllers. Very efficient model reduction techniques have been the result of this investigation. Model predictive controllers that have been designed on the basis of these reduced models are currently being implemented on industrial scale for the control of a number of glass ovens as part of the REGLA project. Experience on the use of proper orthogonal decompositions for purposes of model reduction is exclusive for this group within the project consortium. 

The key scientific staff who will be involved in the research are:

   individual expertise
foreseen extent of involvement

dr. S. Weiland
Model reduction, system identification, optimisation
15%

prof. dr. ir. P.P.J. van den Bosch
Modelling and system identification 


5%

prof. dr. ir. A.C.P.M. Backx
Model predictive control, industrial contacts 


5%

Recent publications: 

· "Finite Time Behaviour of Inner Systems", J.H.A. Ludlage, S. Weiland, A. Stoorvogel and A.C.P.M. 

Backx, IEEE Transactions on Automatic Control, pp. 1134-1149, July 2003. 

· "Reduction and predictive control design for a computational fluid dynamics model," Patricia Astrid, 
Leo Huisman, Siep Weiland, Ton Backx; Proceedings of the 41st IEEE Conference on Decision and 
Control, Las Vegas, U.S.A., pp. 3378-3383, December 2002.

B3.2  Intensity and quality of networking

By working as an international collaborative research network, PROMATCH can address problems which could not be well addressed by working as a single country or region. The problems faced by manufacturing industry, relating to supply, manufacturing and distribution, are global in nature. Cultural differences between countries and regions result in different approaches being taken to the solution of common problems. Difficulties arise when solutions are developed under one country’s or regional culture, but implemented under another. Such difficulties arise within each country and region, but are exaggerated significantly where companies need to work across country boundaries. The emphasis of the proposed work is not on unifying approaches into a single standard method of working. It is rather to provide interoperability between these approaches. Besides cultural differences there are practical differences in operating globally, largely resulting from geographical and demographic differences. The international partners in PROMATCH bring different experience of managing problems which may be peculiar to their own countries. All participants however expect to operate globally and the interchange of best practice will benefit the research.

The benefits of international collaboration include

· the collaboration of an international group of globally active industrial users and research institutes of 
modelling and simulation methods combining to determine the future requirements of modelling 
technologies; 

· industrial test cases for the research will be representative of different country approaches; 

· the ability to draw on a wide range of industrial and academic core competencies, which may not be 
available in a single country or region; 

The overall vision of the PROMATCH research team is to increase the intellectual asset on modelling technologies in process industries, to avoid duplication of research investment, to produce better insight and to remove cultural barriers. In order to reach the multidisciplinary objectives of the project, the required complementary consortium is formed. 

The unique research approach in PROMATCH is build on the creation of three complementary cross-partner research teams, each featuring an experienced researcher (ER) from one of the three research disciplines in combination with two early stage researchers (ESR) from the two complementary research disciplines. Project management will be directed to making efficient use of resources and minimising the extra costs of international collaboration, and will include the effective use of modern communication technology and tele co-operation.

The following figure schematically pictures this cross-partner team mechanism that guarantees a highly practical and continuous process for knowledge transfer and training through research.
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Figure 3‑1 PROMATCH CPT partnership mechanism

The early stage researchers will spend their research time predominantly within the R&D groups of the participating Universities, but specific parts of their research will be executed in the high-tech SMEs. Twice per year workshops will be organised in which all project members participate. These workshops are intended to exchange status of the ongoing research activities and to jointly discuss difficulties encountered in achieving the research objectives. During the three-year research program 6 internal knowledge transfer workshops and 2 open workshops will be organised for which external researchers and specialists of non-participating companies will be invited. Informal research interactions will mostly occur within the disciplinary groups. It will of course focus on the individual tasks, but will also be broader, addressing the larger issues of the different phases.

All researchers in the research-training network will particularly be encouraged to develop individual and collective working relationships with one another. They will have the opportunity to propose initiatives in that direction through their individual training plan. 

The PROMATCH network is designed to ensure very thorough networking, broad interdisciplinarity and frequent collaboration between all research teams, and more specifically between the researchers in the research teams. All participants of PROMATCH will receive the full benefit of its summer schools, workshops, and other activities. All fellows will be required to play an active role in the individual and network-wide research activities, and their participation and study program will be monitored by specially appointed mentors from participating sites. 

B3.3 Relevance of Partnership Composition

Most partners of this PROMATCH project have already had a long lasting research collaboration. The partners, existing out of five universities and three spin-off SME's software developers, have participated in various complementary and follow-up (European) research projects on industrial process modelling, control and optimisation. The table below shows the projects in which the PROMATCH partners participated.

RTD project
RTD topic
PROMATCH partners

INCOOP 

(G1RD-CT 1999-0146)
INtegrated process unit COntrol and plantwide Optimisation
University of Delft (Chemical Process Technology), University of Delft (Process Dynamics), Eindhoven University of Technology (Electrical Engineering), IPCOS Technology, RWTH-Aachen

IMPACT

(EU206311)
IMproved Polymer Advanced Control Technology
University of Delft, IPCOS Technology

SINC-PRO

(G1RD-CT 2002-00756)
Self learning model for INtelligent predictive control system for Crystallisation PROcesses
University of Delft, IPCOS Technology, PSE

POLYPROMS

(G1RD-CT-2000-00422)
development of advanced POLYmerisation PROcess Modeling, Simulation, design and optimisation tools
IPCOS Technology, PSE, IMPERIAL College

Table 3‑2 Relevant EU collaborations
The partners NTNU and Cybernetica were however not involved in the above mentioned projects. Their input is necessarily in order to cover the whole research spectrum of this project. The partnership composition has been chosen to involve multiple partners from complementary research disciplines covering:

· chemical process engineering;

· dynamic process technology (system theory and process control);

· numerical computation (real-time information processing).

In the table below the expertise of the individual partners is shown:

Fields of expertise
PROMATCH partner
Complementary input

Chemical process technology
NTNU (Norway)
Short-cut reduction techniques


RWTH (Germany)
Approximation techniques and replacement techniques

Dynamic process technology
EUT (the Netherlands)
Process knowledge based process control and optimisation


TUD (the Netherlands)
System theory approach to control and optimisation of process units

Numerical computation
Imperial College (UK)
Translation of models to computer simulations


Cybernetica (Norway)
Simulation of Batch Processes


PSE (UK)
Large scale simulations and generic tools (gPROMS modelling tools)


IPCOS Technology
Translation simulation to MPC and RTO

Table 3‑3 PROMATCH partners' expertise

The network therefore will build new co-operations between the partners in the project, which will result in a new generation of researchers in the field of modelling and process control resulting in breakthrough research in the field of model centric process engineering, control and optimisation. 

Currently, researchers are educated in traditional first principle modelling based on their knowledge regarding basic chemical and physical processes and laws. As such chemical and physical researchers are not used to neither capable of taking into account the longer-term application objectives of such process models. The objective of model centric process engineering, control and optimisation therefore requires researchers that have insight in both chemical, physical and computational modelling principles as a basis to apply the new modelling methodology that will emerge from the PROMATCH research activities. As the new methodology should be applicable in principle to any production process (chemical, petro-chemical, glass, electronics, continuous, batch etc.) the PROMATCH proposal will involve case studies from different industrial sectors. 
It is also expected that the network will strengthen existing collaborations in the consortium. Reasons for that are:

· in order to reach the multidisciplinary objectives of the project, the required complementary consortium is formed.

· at the moment, it is not possible to reach breakthroughs in the field of model centric engineering, control and optimisation as the required complementary knowledge is lacking. This Marie Curie Research Training Network will encourage collaboration between the teams in order to reach the goals.

The three partners Cybernetica, PSE and IPCOS all serve the major chemical process industries with state-of-the-art software and solutions for real-time process control and optimisation. In addition, IPCOS is serving the glass industry with specialised tools. Some of the large chemical process industries have been partner as end-user of technology in the mentioned research projects, e.g. Shell and Bayer in INCOOP and BASF and Borealis in PolyProms. End-users of technology like these industries have not been included in the present proposal because first a major technology step must be made in the technology of model reduction before a further confrontation with end-users is useful. It is foreseen that in due time, as a sequel to the present proposal a follow-up project will be released that focuses on and prepares for the experimental implementation of real-time optimisation technology to one or two large-scale industrial plants to show and investigate the feasibility of the developed technology under real life conditions. 

MANAGEMENT AND FEASIBILITY

B4.1.
Proposed management and organisational structure


The project is build on an already existing network and will result in an even closer co-operation between the 8 network partners. The project fits tightly with the objectives of the existing network to further train and disseminate knowledge in the area of modelling of industrial processes. 


The chosen management structure for the project network is shown in the figure below.
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Figure management structure

The management has a three-layer structure with the following main responsibilities:

1. Supervisor(s): a supervisor is appointed to each recruited researcher (ESR or ER). This supervisor is responsible for day-to-day individual supervision/coaching of the researcher.
2. Network team: consist of the supervisors and their trainees (ESR or ER) and other researchers involved in the project. The team is led by the scientist-in-charge who will be the network team leader. The team is responsible for local organisational and operational management and decisions on minor issues that will not affect the project as a whole or the deliverables.

3. Network management team: consist of representatives of each participating organisation through their network team leaders. The management team is responsible for the overall project management, the communication process, various management portfolios, major strategic issues and issues that may affect the whole project.

Ad 1.
Supervisor(s)

One of the objectives is to have well trained, interested and motivated researchers in the particular research topic of this project. In order to reach this aim a close mentoring process of the researcher will be implemented. 

The first foremost supervision is that of early stage researchers. They will be supervised throughout all their project activities (training and networking) and the development of the Personal Career Plan. The experienced researchers will be supervised mostly on their Personal Career Development needs. 

In some cases the recruited experienced researcher will be the supervisor of the early stage researcher. 

In case of exchange (secondment) of the researcher between organisations for a short period an additional supervisor will be appointed at the sub-host to promote different approaches of scientific and management styles.

The basis of the individual research activities is a mutually agreed upon Individual Workplan between the researcher and the supervisor on targeted quantified results and the expected time path. Development of research performance as well as personal skills are specifically described in this document. 

Tasks of the supervisor
· Monitor and report on progress and other issues to the network team leader

· Develop and implement the Individual Workplan of the researcher

· (Further) Develop and implement the Personal Career Development plan of the researcher 

· Communicate individual needs of the researcher to the network team leader

· Plan and perform regular meetings with the fellow (weekly basis + evaluation meetings))

· Attend regular meetings with network team and sub-host supervisors to exchange information on progress and scientific development

Ad 2.
Network team
Each hosting organisation is represented through a network team. The network team will closely monitor and report on the progress in different areas (scientific progress, training progress, transfer of knowledge progress etc.) In most cases the network team leader will be the organisation’s representative in the network management team. Therefore the network team forms an important link in the communication process of the consortium since all of the management levels are represented in this particular team.

Tasks of the network team 
· Plan and attend regular meetings with network team (and when needed sub-host supervisors) to exchange information on progress and scientific development 

· Communicate with the supervisors and the network management team to exchange information bottom-up and top-down

· Monitor and report on progress to the network management team

· Bring forward the individual needs of researchers to the network management team

Ad 3. 
Network management team
Ton Backx from the Eindhoven  University of Technology/IPCOS Technology is the proposed network co-ordinator. He will be supported by all other network management members to fulfil various portfolios of the management tasks. 

Tasks of the network management team
· Execute, co-ordinate the tasks of  various management portfolios

· Communicate and monitor progress of the network teams

· Obtain audit certificates

· Organise and participate in network management meetings

· Handle any conflict resolution within the project, which could not be handled at a lower level

Tasks  of the network co-ordinator
· Chair network management meetings

· Communicate and report to the EC

· Monitor and adjust financial progress

· Handle conflict resolutions

The 3 major portfolios of interest to the Network management are the following:

I. Training, Transfer of Knowledge and Network management

One of the project aims is to expose the researcher to different “schools of thought”. The most important communication task in relation to this aim will be extending the created knowledge and training experiences from each research team to the other teams in order to increase the synergy effect of the project. 

This project will integrate a basic individualised package of training activities. This package not only relates to training-through-research but to complementary training as well. As a result a link between the development of the Personal Career Development Plans and the proposed training for the targeted researchers is created. The network management can be approached by the network leaders or the supervisors to further investigate and develop personal and specific training needs. 


Specific tasks related to this portfolio are, amongst others:

· Organise network-wide training and transfer of knowledge activities;

· Organise network-wide events (mini-conferences, workshops);

· Promote and assist in publications on the project network;

· Organise network-wide complementary training and training for specific individual needs.

II. Financial and administrative management

The financial project management will be performed by the network co-ordinator. 


The financial and administrative activities will result in the monitoring and reporting 
deliverables for the project management as well as for the European Commission.

Specific tasks related to this portfolio are, amongst others:

· Organise and implement progress and financial reporting mechanisms throughout the consortium;

· Complete and deliver progress reports and financial reports for evaluation to the EC.

III. Other management portfolios


Beside the above mentioned major activities there are additional portfolios that will be fulfilled by the following organisations:

III.1 Dissemination of results and achievements


Dissemination of the project results during and after the project throughout and beyond the consortium will be done by the three defined network teams and will be co-ordinated by TUD. The following dissemination activities will be performed:

· Information on the web-site of the consortium

· Organisation of summer schools

· Presentation of results at conferences

· Organisation of international workshops within the consortium and for external organisations

III.2 Intellectual property rights

At this moment (proposal stage) it is not known who will be responsible for performing the IPR tasks. To achieve this task a close co-operation and open discussion between all network team leaders, the network management team is needed. Before the start of the project the consortium will establish an agreement in which the IPR rights will be arranged. 

III.3 Recruitment

The recruitment process aims to find the best person for the job and is therefore selected on the required qualities, talent and characteristics to perform the research. Recruitment will be performed by all partners of the consortium. The co-ordination of the recruitment will be done by Imperial.

The following means will be deployed:

· Recruitment via existing networks and personal contacts with colleagues in Europe

· Posting on university websites and advertisements in newsletters

· Announcements at conferences

· Emailing list such as the CAST-10 list of the American Institute of Chemical Engineer and the European Federation of Chemical Engineers

An equal opportunity procedure is the embedded policy during the recruitment process in the project. This means preference will be given to the female applicants in case of equal qualifications. 

III.4 Gender

Stimulating activities to involve more women in research will not only be included in the recruitment procedures since this has proved not to be sufficient to stimulate women’s participation in research. As described in chapter B6 additional actions in statistics and gender-awareness are included in the project.

Specific tasks related to this portfolio are, amongst others:

· Organise, co-ordinate and implement dissemination mean for the project results;

· Organise and implement recruitment tools in line with the equal policy procedures;

· Agree upon and describe IPR-related issues.

The consortium of partners is considering to subcontract part of the project management activities to PNO Consultants, a bureau that is specialised in the management of European projects. This will be decided in a later stage.
Communication process and practical approach

Each particular researcher has his or her own personal supervisor(s). A day-to-day communication process at this level will be part of the management. This will be done mostly by means of traditional communication such as one-on-one meetings, e-mail, telephone and regular mail. Each fellow will be equipped with the necessary tools to perform this kind of communication. An overall project communication process is ensured to integrate all aspects of the training, transfer of knowledge and networking activities.

The different forms of project activities are often fragmented and executed at several locations. Therefore the network management will actively support and organise a communication tool. In other words, collective share of knowledge and experience at research level as well as training level will be established (intranet, tutoring results, mini-conference, workshops, visits and secondments). 

Decision making structure

Network team: The network team leader will be able to put forward the discussion points (by own means or that of the supervisor(s)) towards the network management team. 

Network management team: In case of major issues or disputes, decisions will be made by consensus of the network management team. 

Meetings

The planned schedule for project meeting is the following:

Who
Purpose of the meeting
Frequency

Supervisor and researcher 
Day-to-day (scientific) mentoring
On a weekly basis

Supervisor and researcher 
Evaluation of progress
4 times per year

Network team
Progress of the project/ individual needs
8 times per year

Network management team
Kick-off meeting
Project start

Network management team
Management and progress
4 times per year

Financial management

Strategy

Distinction of expenses needs to be made related to the activities of the researchers and the activities related to the hosts.

As long as the required researchers are not yet being recruited the contribution of the EC will be managed centrally by the financial manager and therefore the network co-ordinating organisation within the project.

As of the start of the project (kick-off meeting) specific financial arrangements on distribution of the funding will be decided upon.

If changes in the distribution of finances process are necessary the network co-ordinator will be responsible for actions to this purpose. 

Management-related expenses

As shown in the management structure part of the management-related costs are made through the establishment of an well-organised management process. Therefore the management contribution per researcher will be divided according to this ratio 65% / 35% between the research team and the network management.

B4.2.
Management know-how and experience of network co-ordinator

The proposed network co-ordinator, Ton Backx, is part time professor at the Eindhoven University of Technology, since 1990 and acting as president of IPCOS Netherlands since 1999. Ton Backx has over twenty years of experience in the field of industrial process control and optimisation. As such he was involved in many feasibility studies and advanced control projects in among others hydrocarbon processing, chemical  processing, lamp production and glass manufacturing. He acted as project leader in a large number of these industrial projects. Over the years he has fulfilled different management positions and participated in several national and international research and development projects.

He has been participating in the following EU supported research and development projects:

· IMPACT: EUREKA project
Participants:
Dow Chemicals (NL), ISMC (B), University of Leuven (B), Delft University of Technology (NL) and IPCOS (NL)

Ton Backx acted as overall project leader 

· INCOOP: GROWTH project
Participants:
Bayer (D), RWTH (D), Eindhoven University of Technology (NL), Delft University of Technology (NL), MDC (UK), SHELL (NL) and IPCOS (NL)

Ton Backx was one of the initiators and acted as overall technical co-ordinator of this project 

· POLYPROMS: GROWTH project
Participants:
BASF (D), Borealis (N), University of Thessaloniki (G), PSE (UK), Imperial College (UK) and IPCOS (NL)
· SINC-PRO: IMS project 

Participants:
Roquette (I), University of Rome (I), PURAC (NL), Delft University of Technology (NL), Kemira (Fin) and Danisco (Fin), PSE (UK) and IPCOS (NL).

Ton Backx is acting as overall technical coordinator and co-ordinates activities with the other consortia in the IMS project

B4.3.
Management know-how and experience of network teams


Emphasis within the creation of the project management has been using the strong characteristics of each organisation for management, this resulted in optimal critical mass of the constitution and interdependencies of the consortium management.

All consortium organisations are represented in the management of the project at least in two ways.

1. Every network team leader has a two-way management. They are responsible for management activities, monitoring and reporting activities towards the network management and backward to the supervisor(s) within their team.

2. Additionally each organisation is represented in the network management team.

The particular know-how and experience of each network team is described below:

Organisation number
1

CPT
Approximate modelling

Organisation name
IPCOS Technology

Specific management tasks in the project
Supervisor for an ER

Overall project management

Management of CPT 2

WP leader WP 0, WP 2

Management know-how and experience
Project leader in different commercial industrial projects

Initiator and technical overall co-ordinator of the EC growth project INCOOP

Technical overall co-ordinator of the EC IMS project SINC-PRO

IMS co-ordinator for the SINC-PRO project (co-ordination with other IMS projects)

Technical co-ordinator for the Eureka project IMPACT   

Organisation number
2

CPT
Short-cut modelling

Organisation name
Cybernetica

Specific management tasks in the project
Supervisor for an ER
Represented in the network management team

WP leader WP 1

Management know-how and experience
The senior members of Cybernetica’s research team have long experience in recruiting, training and mentoring of young and more experienced researchers. Prior to the foundation of Cybernetica, the team members have together 100 years of experience in R&D from NTNU, SINTEF and Statoil Research Centre. Being a project-oriented organisation, Cybernetica has well-developed routines for project initiation, management and reporting, and has the necessary technical, economical and administrative infrastructure. The company has several experienced project managers.

The prospective team manager, Dr. ing. Peter Singstad, has more than 15 years of experience in research and industrial applications of model based control, and has been a manager for the last 13 years. He has been a consultant to Borealis, Statoil and Norsk Hydro, and has long experience from the Norwegian research organisation SINTEF. Peter Singstad is managing director and co-founder of Cybernetica. His previously held positions as Division Director at SINTEF Automatic Control and Research Director at SINTEF Electronics and Cybernetics.

Organisation number
3

CPT
Replacement modelling

Organisation name
Process Systems Enterprise Limited

Specific management tasks in the project
Supervisor for an ER

Leading PROMATCH partner for replacement modelling (CPT 3)

WP leader WP 3

Management know-how and experience
polyPROMS – Development of advanced polymerisation process modelling, simulation, design and optimisation tools (Competitive and sustainable growth programme; GRD1-2000-25555)

WP leader for WP6 “Development of polyPROMS software prototype”
OPT-ABSO – Modelling and Optimization of Industrial Absorption Processes (Competitive and sustainable growth programme; GRD-2001-40261)

WP leader for WP6 “Development of a software prototype” 

SINC-PRO – Development of a control system that will enable crystallisation processes to meet market demands while satisfying production, safety, health and environmental constraints (Intelligent Manufacturing Systems programme; IMS-2001-00003) 

WP leader for WP2 “Development of a modelling and analysis tool for industrial crystallisation”

Organisation number
4

CPT
Short-cut modelling

Organisation name
Norwegian University of Science and Technology

Specific management tasks in the project
Supervisor for an ESR

WP leader WP 4

Management know-how and experience
Particpation in EU Joule project on "Complex distillation" ((DISC 1995-1998);

Leader of the EU Training site ECOCHEM 2002-2006  (contract no.HPMT-CT-2001-00309);

Participation in the CAPE OPEN project;

Participation in the CAPE.NET EU-funded network;

Participation in Nordic projects.

Organisation number
5

CPT
Replacement modelling

Organisation name
Imperial College

Specific management tasks in the project
Supervisor for an ESR

WP leader WP 6, WP 8

Co-ordinate activities of several technical work packages, manage research training actions, participate in dissemination plans, manage research exchange schemes with other members of PROMATCH

Management know-how and experience
Professors Pistikopoulos at Imperial College has a long and distinguished experience in the participation and management of EU projects in the broad area of computer-aided design, control and operation of sustainable process systems, including: (i) Co-ordinator of a JOULE project “An Integrated Approach to the Design of Energy Efficient Process Systems” (IDEES JOE3-CT95-0017, 995-1998); (ii) the “Optimal Design and Operation of a Multipurpose Co-digestion Plant under Seasonal Variation” a BRITE EURAM project (BRE2-CT92-0355, 1992-1995); (iii) “Synthesis of Hybrid Separations” (JOE3-CT97-0085, 1997-2001); (iv) “Development of Advanced Polymerisation Process Modelling, Simulation, Design and Optimisation Tools” (FP5 GROWTH project: G1RD-CT-2000-00422); (v) “Modelling and Optimisation of Industrial Absorption Processes” (GROWTH FP5 project: G1RD-CT-2001-40261 ). (vi) BIOTROLL: "Integrated biological treatment and agricultural reuse of olive mill effluents with the concurrent recovery of energy sources ", (FP5 project QLK5-CT-2002-02344). Professor Pistikopoulos is currently the Director of the Centre for Process Systems Engineering at Imperial College managing a large group of 100 researchers, 15 academic staff members and 5 members of administrative staff.

Dr. Michael Georgiadis also holds significant management experience as co-ordinator of several EU projects (the VIP-NET GROWTH FP5 project on “Virtual Plant-Wide Management and Optimisation of Responsive Manufacturing Networks”, the OPT-ABSO GROWTH FP5 project focusing on “Modelling and Optimisation of Industrial Absorption Processes). Dr. Georgiadis is co-supervisor of several early stage researchers at Imperial and as a research associate play a key role in various research and training activities.

Imperial has also managed several industrial projects: To mention but a few:

· Air Products (Project No: PX 0236 : Advanced Control Strategies Using an Air Separation Unit Test Case - Phase III);

· Shell: (Project Number No 2002.01.CTCPD A mixed integer dynamic optimisation based approach to the design, control and optimisation of a glycols finishing section);

· Process design toolbox for reduced emissions" (project with BP-Amoco, information not available for confidentiality reasons);

· Hydrogen Infrastructure Planning" (Industrial project with BP-Amoco, UK; currently running).
Imperial will play a key role in the organisation of training activities as described in section B2.

Organisation number
6

CPT
Approximate modelling

Organisation name
RWTH

Specific management tasks in the project
Supervisor for two ESRs

WP leader WP 5

Management know-how and experience
Wolfgang Marquardt has experience in managing large multi-disciplinary national as well as international research projects. Most notably, he is running a central research centre at RWTH Aachen (SFB 540) with more than 10 research groups from mathematics, physics, and engineering. This research activity is in its 5th year and has an annual budget of 1.1 M Euro. He has had a number of management duties in European funded projects including CAPE-OPEN, Global CAPE OPEN, COGents, and INCOOP.

Organisation number
7

CPT
Short-cut modelling

Organisation name
Delft University of Technology

Specific management tasks in the project
Supervisor for an ESR

Management of training plan

WP leader WP 7, WP 10 

Management know-how and experience
Director of Spearhead Research program at TUD (30 researchers) (Bosgra), Director of Dutch Graduate School in Systems and Control organising PhD courses and summer schools (Bosgra), 8 years of industrial project management (Shell) (Huesman), 11 years of industrial research group management (Shell) (Grievink)

Organisation number
8

CPT
Approximate modelling

Organisation name
Eindhoven University of Technology

Specific management tasks in the project
Supervisor for an ESR

Co-ordination of ProMATCH (prof. dr. ir. A.C.P.M. Backx)

Regular contributions as participant

WP leader WP 9

Management know-how and experience
EUT has participated in many EU funded projects e.g. Esprit (HEPHAISTOS), FP5 (INCOOP) and EU supported networks, such as NICONET, ERNSI and EURON and the training program COMTRAIN with Eastern Europe universities and companies. Moreover, EUT has formulated, proposed, obtained and managed many projects with other university groups and industry for additional funding in which EUT is the leading partner, for example with STW (Dutch research organisation), Philips, Ford, Shell and Heineken.

B4. RELEVENCE TO THE OBJECTIVES OF THE ACTIVITY
Benefits from undertaking the project at European Community level

The major benefit from carrying out this project on a European level is that it enables to combat the fragmentation that currently characterises the research field of model centric process engineering, control and optimisation in Europe. This fragmentation refers to various highly specialised methods, tools, and techniques which are currently available at different research institutes in Europe. The participating research organisations of PROMATCH aim to combat this fragmentation by offering an integrated multidisciplinary research training programme and by facilitating transfer of knowledge between these organisations. As this fragmentation has a European dimension, - the renowned research institutes in these fields are located in various European countries - it is not possible to undertake this project at a regional or national level. 

Need for proposed training / transfer of knowledge at European Community level

The recent Commission Communication "Investing in research: an action plan for Europe" stresses that "More and more adequately skilled researchers will be needed in Europe in order to fulfil the targeted increase of investment in research by 2010. Increased investment in research will raise the demand for researchers: about 1.2 million additional research personnel, including 700.000 additional researchers, are deemed necessary to attain the objective, on top of the expected replacement of the ageing workforce in research" [COM (2003) 426 final, Brussels, July 2003]. 

PROMATCH is expected to contribute towards this goal of increasing the pool of available researchers in Europe. This will be accomplished by:

· Recruitment of 9 young and experienced researchers at the start of the project;

· Attracting other researchers, during the course of this project. Through various dissemination activities PROMATCH will become known in the research community;

· Attracting other researchers after completion of the project: it is expected that long lasting structural effects of this project will attract new researchers in the field of chemical process technology, dynamic process technology and dynamic computation.
Besides a contribution towards the goal of increasing the pool of available researchers, the research topic of PROMATCH justifies to promote the proposed training and/or transfer of knowledge in the research area at the European Community level. 

The research performed in the PROMATCH project is important, as on the medium to longer term industry will shift from using multiple process models for engineering, control and optimisation to a more holistic approach in which one single process model will be the base for multiple applications. This would substantially simplify modelling work, the development of (improved) Model Predictive Control (MPC) and Real Time Optimisation (RTO) software and better engineered (modular) processes geared for sustainable production against the economic optimum. To enable the described paradigm shift of European process industries the PROMATCH-project aims for a major scientific breakthrough towards a single generic modelling methodology for complex (semi) continuous flow and batch processes, combining highly structured modelling procedures and supporting modelling techniques resulting in hybrid models - to attain high fidelity, high speed, low cost modelling -, reduced approximate models and techniques for auto-correction and -maintenance of the models. 

Therefore, eventually, the proposed training program is expected to enhance sustainable competitiveness of Europe. 

In addition, various applications which will be covered in PROMATCH have potentially high social impact with regard to amongst others environment, employment, health, safety and working conditions (see section B1.1 for detailed information on social impact).

Quality, relevance, benefits and impact for the researchers

The following aspects are important indicators of the benefits / impact / relevance and quality of the proposed training: 

· The fellows will be trained in a multidisciplinary, international environment, preparing them for an international research career. 

· The fellows will get in touch with various research groups enabling them to develop an interesting international network which will be valuable for the rest of their research careers. 

· The fellows will be acquainted with industrial applications of their research fields through visits to various industrial organisations.

· Coaching and mentoring of each (young) research fellow, according to their own personal Career development Plan, will be realised by experienced high quality personnel. 

· Development of complementary skills of young and experienced researchers will be implemented and monitored.

· Attendance and contributions to network events and international conferences will be encouraged. 

· Multidisciplinary collaboration between renowned research institutes in Europe will assure a high quality research environment for the fellows and will enable performing outstanding research by the fellows

Benefits for the participating organisations 

The main benefits for the participating organisations are the following:

· Transfer of knowledge in the field of model centric process engineering, control and optimisation (mainly through experienced researchers);

· International co-operation, resulting in long-term durable collaborations between partners. It is expected that transfer of knowledge between partners (for example through short visits and secondments, but also at international meetings) will continue after the end of the project. With respect to joint training programmes;

· Increased available researchers in the field of chemical process technology, dynamic process technology and numerical computation. 

B5. ADDED VALUE TO THE COMMUNITY
At a meeting of the Competitiveness Council in Brussels on 10 November 2003, EU research, internal market and industry ministers adopted a resolution on the profession and the career of researchers within the European Research Area (ERA). The resolution reaffirms the key role played by researchers in promoting European growth and competitiveness, and recognises that further improvements are needed in order to create a true internal employment market for researchers in the EU.

The project contributes to the creation of a European Higher Education Area (“the Bologna process”) and the European Area of Lifelong learning
 by experimenting a replicable and expandable approach in the field of academic – industrial collaboration to develop human research capital.
Contribution towards the objectives of the European Research Area

The basic idea underpinning the ERA is that the issues and challenges of the future cannot be met without much greater ‘integration’ of Europe’s research efforts and capacities. The objective is to move into a new stage by introducing a coherent and concerted approach at Union level from which genuine joint strategies can be developed. Without this political will, Europe is condemned to increasing marginalisation in a global world economy. 

The PROMATCH-project is built on the creation and interaction of three complementary European cross-partner research teams (CPT). Each CPT team will work on a different modelling strategy within its proper industrial case study to perform analyses on the causes of computational intensity on three modelling levels (see research methodology) and reduce computational load using a specific reduction technique. Input from the three European research teams is not only useful, but essential in order for this project to succeed.

The PROMATCH-project contributes to the European Research Area by: 

· Establishing an active network with extensive resources for research and development on process 
modelling,
· Building a platform of possibilities for researchers in process modelling to reach and maintain world 
class competence in Europe,
· Establishing a strong international resource for process modelling, highly attractive, with increased 
research and development projects,

· Forming a network with complementary competence and skills, which can convert research in process 
modelling to problem solving within industry, leading to increased competitiveness and growth within 
enterprises and supply chains. 

European competitiveness

Recent years have shown a number of trends that give rise to drastic changes in virtually all sectors of manufacturing. Competition has progressed to a truly global level for many companies – including SMEs, whilst market demand has become less predictable and sets ever higher standards on product quality and efficiency of production. Successful companies have dealt with these circumstances by creating knowledge-based production systems in which they can produce a wide range of products or product varieties – often tailored to specific customer demands – in an efficient and reliable manner. Using these tailored products in combination with a specially devised set of services, they create a high level of added value for specific customers/customer groups. This enables them to prevail in a setting of global competition.

Process industries have – in general - not yet transformed to such a new mode of operations. To a great extent, their processes remain unreceptive to changes and fluctuations in market demand, and they encounter grave difficulties in coping with market demand for increased productivity/efficiency and societal demand for sustainability and safety. As they are not (sufficiently) able to meet specific needs of specific customer groups, their products remain commodities, traded in the level playing field of a transparent world market. In the US this situation has led to consolidation, creating large scale companies trying to attain the volumes needed for a ‘one plant, one product’ approach. Given the smaller scale of European process industry and its higher fraction of SMEs, our industries are currently in an unfavourable competitive position.
In order to improve their competitiveness, European process industries aim to shift their production and business paradigm towards knowledge-based, model-centric manufacturing, resulting in greater efficiency and flexibility. This would also enable better market responsiveness by allowing more fluctuations in production volumes and a wider variety of (customised) products with significantly higher added value, without sacrificing economical, societal and technical process constraints. 

Current state-of-the-art technology however, does not support such a business model for many sectors of process industry. The main bottleneck frustrating the transition is the limited understanding and predictability of large-scale production processes in batch, semi-batch or continuous flow. Research is clearly the key to competitiveness for European process industries. PROMATCH is the model case of cross-European networking in innovative process modelling. As the network will be fully functional, results of R&D will be converted directly into useful industrial economic or societal benefits. The integration of multi-disciplinary approaches will bundle the activities of a broad variety of research work all over Europe.
Contribution to European Union policies
The PROMATCH-project has major contributions to the following European Union policy areas:

· Employment: process industries are an important source of employment. The European chemical 
industry alone employs around 1.7 million people directly and up to 3 million jobs are dependent upon 
it. The current ailment of process industries thus threatens over 5 million jobs in Europe. Through 
PROMATCH the ability of process industries to gain competitive advantage whilst meeting societal 
standards will be vastly improved. This should pave the way for a resurrection of process industries 
within the Community, creating hundreds of thousands of new jobs in the process. Moreover, the 
introduction of model centric processing will create new professional figures for the control of 
manufacturing processes (process operators) as well as new jobs in an emerging industry of 
developers and suppliers of model based software. PROMATCH researchers will be put in the unique 
situation to be trained at the outset for these new job profiles, nurtured in an academic environment 
but combined with “real life” exposure at both suppliers (partners IPCOS, PSE and Cybernetica) and 
industry (Case studies). 

· Environment and energy: Despite enormous efforts and progress made in many process industries 
towards sustainability and safety, process industries are associated by many with accidents, high 
energy consumption and pollution through emissions of various waste streams. Although performance 
regarding sustainability and safety has seen major improvements, many process industries still 
encounter some bottlenecks in complying with societal standards in these fields. The PROMATCH-
project provides an important basis for further improvements regarding environment, safety and 
health. A lack of process understanding, predictability and control is an important contributing factor in 
a large portion of inefficiencies and accidents. By optimising the operation of complex production 
processes, energy consumption and emissions in normal operations can be reduced to a minimum. 
The use of model based tools to engineer new plants will allow for the creation of new, energy efficient 
and (near) zero-waste production processes, that will further improve the environmental performance 
of process industries. The occurrence of accidents will be drastically reduced by dynamic real-time 
model predictive control tools, that allow controlled handling of processes outside their normal 
production envelopes. Also, the improved process understanding will render drastically improved 
information on emissions in the rare case of an accident.

· Education and learning: amongst others contribution to "EC White Paper Teaching and Learning: 
towards the learning society" in the area of the dawning of the information society, the impact of 
internationalisation and the impact of the growth in scientific knowledge. PROMATCH secures the 
acquisition and transfer of new knowledge in the advanced technology area of control and 
optimisation of complex continuous flow and batch processes which will contribute to increase 
specialisation in process industries.

Gender issues

The PROMATCH project will lead to advanced innovation within the process industries in the European Community, thus creating hundreds of thousands of new jobs. There will be opportunities for female involvement in process monitoring and control through improvement of working conditions and the level of decision support for critical process choices. As such, the PROMATCH-project contributes to the improvement of the position of women in the group ”users as workers” (Gender differences in the loss or creation of jobs and the impact of new technology on transforming methods of working).

Generally speaking, recruitment at the partners in the PROMATCH-network is directed towards attracting the highest-ranking people available for the job regardless of sex, race or nationality. On the other hand, recruitment policies aim at obtaining balanced groups regarding gender issues, race and nationalities as is standard procedure in an international research environment. Among all partners involved in the PROMATCH-project, women applications are encouraged in advertisements for open positions.
Attractiveness of Europe for researchers
The field that is covered in PROMATCH is broad and covers the fields of process engineering, dynamic modelling and model reduction, numerical optimisation and process control. Researchers who gain high level combined experience in all these fields have an excellent position to play for example a major role in a SME, where specialised tasks must be accomplished while dealing with broadly defined problem areas. In the PROMATCH-project, a training path is created that stands out from “regular’ training: the education and gaining of experience much broader than what a PhD student normally will acquire during his or her research project. The combination of the above-mentioned research fields with additional business training as offered (e.g. communication courses, language courses, team building training etcetera). As an exemplary research training network, the PROMATCH-project will enhance the attractiveness of Europe for researchers.

INDICATIVE FINANCIAL INFORMATION

[image: image9.png]Contractor | Code per | Research years per |Research months per Allowance per year Index coefficient (see
no. fellow fellow fellow (ESRIER) (see table) table) Total
1 11ER 3 36 47000 1,039 146.499
2 21ER 3 36 47000 1,342 189.222
3 31ER 3 36 47000 1,125 158.625
4 41ESR 3 36 30550 1,342 122.994
5| 51EsR 3 36 30550 1,125 103.106
6 6.1ESR 3 36 30550 1,038 95.133
6  b62ESR 3 36 30550 1,038 95.133
7| 71ESR 3 36 30550 1,039 95.224
8| siESR 3 36 30550 1,039 95.224
Subtotal A| _ 1.101.161
Contractor | Code per Travel allowance (see
no. fellow Research years per fellow Distance (km) tabel) Total
[ 11ER B 750 500 1.500
2 21ER B 750 500 1.500
B 31ER B 750 500 1.500
4 4.1 ESR B 750 500 1.500
5 5.1ESR B 750 500 1.500
6 6.1ESR B 750 500 1.500
6 62ESR B 750 500 1.500
7 71ESR B 750 500 1.500
8 8.1ESR B 750 500 1.500
Subtotal B 13.500
Contractor | Code per | Research months Mobility allowance (see Index coefficient (see
no. fellow per fellow Family (yes/no) tabel) tabel) Total
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6 6.1ESR 36 o 500 1,038 18.654
6 62ESR 36 o 500 1,038 18.654
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Subtotal C 220.151
No. Early
Stage Career allowance (2000) Total
6 2.000 12.000
Subtotal D 12.000
Contractor | Code per
no. fellow Research months per fellow Actual research costs (max. 400) Total
1 11ER 36 400 14.400
Z 21ER 36 400 14.400
B ENIER 36 400 14.400
4 4.1 ESR 36 400 14.400
5 5.1ESR 36 400 14.400
6 6.1ESR 36 400 14.400
6 62ESR 36 400 14.400
7 7.1ESR 36 400 14.400
8 8.1ESR 36 400 14.400
Subtotal E 129.600
Total of subtotal A-E 1476411
Maximum remaining host costs 794.991
Total project costs 2.271.402
10% of host costs for overhead 206,491
7% of overall costs for project management 158.998
Total other costs of the host organisation 429502
Contribution to the researchitraining/TOK
Other types of eligible equipment expenses






Indicative financial information on the network project (excluding expenses 
related to the recruitment of early-stage and experienced researchers)

Network Team

No.
Contribution to the research/ training / transfer of knowledge expenses

(Euro)
Management activities (including audit certification) 

(Euro)
Other types of expenses / specific conditions

(Euro)


(A)


(B)
(C)  
(D)

  1
     6.750 
   63.526 
   40.000 


  2
     4.950 
   36.778 
   14.833 


  3
     4.950 
   40.122 
   14.833 


  4
     4.950 
   36.778 
   14.833 


  5
     4.950 
   66.870 
   14.833 


  6
     6.750 
   50.152 
   14.833 


  7
     6.750 
   66.870 
   30.000 


  8
     4.950 
   23.404 
   14.833 


  9





10





11





12





13





14





15





Totals
   45.000 
 384.502 
 158.998 
0

Table 7‑1 Indicative financial information PROMATCH
PREVIOUS PROPOSALS AND CONTRACTS

Not applicable.

B6. OTHER ISSUES 

Information required from proposers on the ethical aspects of the research presented 
A. Proposers are requested to fill in the following table 

Does the research presented in this proposal raise sensitive ethical questions related to: 
YES
NO

Human beings

X

Human biological samples 

X

Personal data (whether identified by name or not)

X

Genetic information

X

Animals

X

Table 9‑1 Ethical relevance table
B. Proposers are requested to confirm that the research presented in this proposal does not involve:

X
Research activity aimed at human cloning for reproductive purposes;

X
Research activity intended to modify the genetic heritage of human beings which could make such 
changes;

X
Research activity intended to create human embryos solely for the purpose of research or for the 
purpose of stem cell procurement, including by means of somatic cell nuclear transfer;

X
Research involving the use of human embryos or embryonic stem cells with the exception of banked 
or isolated human embryonic stem cells in culture.
Further information on ethics requirements and rules are given at the science and ethics website at

http://europa.eu.int/comm/research/science-society/ethics/ethics_en.html.

1 Proposers should note that the Council and the Commission have agreed that detailed implementing provisions concerning research activities involving the use of human embryos and human embryonic stem cells which may be funded under the 6th Framework Programme shall be established by 31 December 2003. The Commission has stated that, during that period and pending establishment of the detailed implementing provisions, it will not propose to fund such research, with the exception of the study of banked or isolated human embryonic stem cells in culture.
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