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B.1. Confidential proposal summary

Overall objectives: Process industries provide invaluable base materials for virtually all economic sectors, from food & health to automotive. Increasingly however, these industries are considered to be ‘old economy’  traditional, manufacturing products with comparatively low added value and limited flexibility to adapt to changes in demand. Many of the challenges for industries stem from a lack of understanding and predictability of production processes. This leads to largely inflexible production and market behaviour, causing severe sub-optimisation in value chain perspective. 

The current state-of-the-art still does not permit wide use of real-time, high-quality model based predictions in process industries, as models are too costly and too complex. The MATCH-project aims for a scientific breakthrough to generic, low cost, low calculation, first principle based modelling methodology for complex continuous flow and batch processes. This modelling will enable the development of revolutionary process design, operation and maintenance tools, that support a new knowledge based production paradigm and business model for process industries, enabling them to deal pro-actively with rapidly changing market demands. Targeted result of the project is a validated generic tool set for model-centric manufacturing.

Horizontal integration in the IP: MATCH will integrate the know-how and resources of end-users (in the chemical, glass and oil & gas processing industries), suppliers and researchers in the field of model based tools for process design, operation, control and maintenance into a cross-sectoral knowledge community.

Vertical integration: Using this new knowledge and technology, the end-users in the MATCH-project will create a second wave of knowledge communities, involving their suppliers and customers in a drive towards collaborative innovations and optimisation in a value chain perspective. As such MATCH aims at truly bridging the gap between basic process control and ERP systems, that is generally considered as one of the main barriers to be tackled towards fully integrated knowledge based manufacturing.

Potential impact and targeted quantified project results:

· 75% reduction in model development & maintenance time, leading to reduced time-to-market and wide industrial applicability;

· > 200% increase in market responsiveness through plant flexibility;

· 10-20% capital saving through leaner design of flexible plants;

· up to 50% yield increase by dynamic plant operation.

The success of the MATCH-project will pave the way for a totally new mode of operations as well as process engineering concepts for manufacturing, allowing for pro-active value chain planning and optimisation. MATCH results implemented in the value chains in various manufacturing sectors will open up the potential of true knowledge based manufacturing and improve product quality, energy usage, waste reduction, process safety and time to market. This will contribute substantially to the overall competitiveness of both the European process industry, their suppliers and their engineering and software solution providers. 

Project approach: 10 subprojects (SP) are performed, 8 of them under 4 research clusters:

· Cluster A: 2 SPs on model supportive technologies, to develop a faster generic process model, with higher accuracy than is currently possible, through highly automated and fully integrated model approximation and model reduction techniques.

· Cluster B: 4 SPs on model based technologies, allowing for model based process design & engineering, process performance monitoring, process maintenance and model updating, process control & real time closed loop dynamic optimisation, and supply chain compliant dynamic production scheduling.

· Cluster C: SP on reference architecture, developing a generic open system architecture to enable easy integration of the generic tool set for model-centric manufacturing in the end-users’ environment. 

· Cluster D: 4 Case Studies, developing a Prototype Integrated Tool Set for the Chemical batch, Chemical continuous, Oil and gas processing and Glass production sectors and the validation of the tool set.

Structure of partnership: the consortium is built around the following clusters:

· end-user processing industries in four different sectors of the process industry in which Europe is leading (Chemical, Petrochemical, Oil and gas processing and Glass production);

· leading and complementary research institutes specialised in process design and engineering, modelling, optimisation and control, production scheduling and numerical optimisation techniques;

· suppliers and Software solution providers for process engineering, modelling and simulation, process control and optimisation, training simulation, production planning and scheduling.

Joint actions will be performed to ensure sharing of knowledge within the project, technology transfer to outside parties (particularly SMEs) and to create dedicated education modules for the ‘machine operator of the future’. Overall project management will be carried out by Statoil, supported by IPCOS Technology for technical project co-ordination and the FP specialised consulting organisation PNO Consultants, responsible for administrative and co-ordinating tasks, ensuring professional project management for the MATCH IP.

B.2. Relevance to the objectives

B.2.1. Relevance of the MATCH-project

Introduction

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.    

The objective of the MATCH project is to push the transition of European process industries towards more knowledge-based and customised production and systems organisations through the application of an integrated set of process modelling tools. Co-operation between industries is vital to learn and share knowledge in order to support the implementation of dynamic manufacturing industries with inter-enterprise operability.  In order to achieve these objectives the incorporation of advances in virtual production, supply-chain manufacturing and life-cycle management would be necessary. This optimisation of the manufacturing processes will facilitate seamless knowledge information flow between suppliers and users. These objectives fit perfectly with the objectives set by the Commission for the Joint Call for the Thematic Priority 2 and 3; 2.3.3.1 Products and services engineering 2010 and 3.4.3.1. Development of new processes and flexible, intelligent manufacturing systems – Creation of “knowledge communities” in production technologies. 

Paradigm shift and breakthrough innovation

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. 

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 design and process control have 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) 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. 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.

MATCH-project

To enable the described paradigm shift of European process industries the MATCH-project aims for a major scientific breakthrough towards a single generic modelling methodology for complex 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 for the various integrated application areas (design, operation, maintenance, training) and techniques for auto-correction and -maintenance of the models. Targeted result of the project is a generic tool set for model-centric manufacturing, tested and validated in four industrial processes.

Based on this breakthrough research, next generation tools will be developed in the MATCH project for:

· Computer Aided Process and Systems Engineering (building upon the results of the CAPE-OPEN project, and possibly involving network model sharing);

· High Performance Non-Linear Process Control (elaborating on the results of the INCOOP-project);

· Closed Loop Dynamic Real-Time Optimisation of a large scale plant (multiple production processes);
· Supply Chain compliant Model Based Planning and Scheduling at company and value chain level.
As a set these new tools will enable process industries to start the implementation of the flexible production model. They will be able to tailor their ‘extended product’ (including logistics and other services) to specific customer demands, thus raising the added value of the product whilst simultaneously optimising its process control in light of efficiency, safety and sustainability demands. 

The MATCH proposal has interesting complementarity with another proposal for this call, e-WOK. MATCH is proposing to develop new technologies for generic model-based process design and process engineering, for process control and optimisation, for process monitoring and maintenance and for supply chain compliant scheduling. e-WOK aims at defining, sharing, prototyping and using knowledge models for the process industries, environment and earth sciences, using semantic web technologies and has a strong IT content, Together, the two proposals cover a significant subset of the scope of this joint call. We have agreed to collaborate in the following way: each proposal focuses on its core technology - that is, e-WOK on IT and MATCH on algorithms; if the two projects take place, we will enter a collaboration agreement, whereby the technologies developed by one project and needed by the other will be accessed with favourable conditions. One project representative will be invited as a member of the Industrial Advisory Board of the other project.

B.2.2. IP-appropriateness

1. Horizontal integration: MATCH will integrate the know-how and resources of end-users (in the chemical, glass and oil & gas industries), suppliers and researchers in the field of model based tools for process design, control and maintenance into a single cross-sectoral knowledge community. Together they will strive for a scientific breakthrough in process modelling methodologies and tools, which will for the first time enable dynamic, real-time prediction of the behaviour of complex, large scale processing plants, on the basis of a single core model concept. 

2. Vertical integration: Using this new knowledge and technology, the end-users in the MATCH-project will create a second wave of knowledge communities, involving their suppliers and customers in a drive towards collaborative innovations and optimisation in a value chain perspective. These clusters will create new knowledge based co-operative paradigms for the process industry and its products. Significant effort will be put into knowledge and technology transfer towards other (SME) companies in the value chain. 

Technology transfer activities will also be carried out toward sectors not involved in the MATCH-consortium. These activities will be championed by the research groups and suppliers of process design and control tools, and will result in the creation of new knowledge communities in the field of production technology in these sectors. In these communities specific attention will be given to SME-involvement. 

In conclusion, the MATCH-project aims to create an essential breakthrough, enabling a twofold transition of process industries and related value chains towards the EC objectives of the knowledge-based society and sustainable development, whilst simultaneously strengthening European competitiveness on a global level.

IP-structure

The level of ambition and scope of the MATCH project are such that it can only be successfully completed by integrating the resources of major research groups, technology suppliers and end users in the field at hand in a combined objective-driven research and development project. The MATCH-project is made up of four clusters containing 11 subprojects with joint project management, and a subproject containing training and technology transfer. Figure B 1.1 shows the interconnection between the various clusters and subprojects.

Cluster A – Model supportive technologies
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Modelling methods and technologies will allow to develop a faster generic process model, with higher accuracy than is currently possible. This subproject supplies the basic models for SP2. Model approximation and model reduction techniques will support process and systems engineering, control and optimisation, process monitoring and maintenance. The results of this Cluster will result in models to be used in Cluster B. 

Figure B.2.2.1: MATCH project overview

Cluster B – Model based technologies

Within this Cluster methods and supporting techniques will be developed for:

· model based process design, process and systems engineering;

· model based process performance monitoring, process maintenance and model updating;

· model based process control and real time closed loop dynamic optimisation;

· supply chain compliant dynamic production scheduling.

Cluster C – Reference architecture

The aim of Cluster C is to deliver a generic tool set for model-centric manufacturing, to be tested and validated in four industrial processes (in Cluster D). To enable this, a generic open system architecture (called the “MATCH Reference Architecture”) will be developed. This architecture has to support direct inclusion of existing software and hardware platforms in the integrated environment of all partners. Besides, it has to enable easy integration of other environments with the newly developed techniques and tools.

Cluster D – Case Studies

The goal of Cluster D is twofold:

· development of a Prototype Integrated Tool Set for each industry sector in the MATCH project (i.e. Chemical batch/continuous, Glass and Oil/Gas industry);

· testing and validating the newly developed methods and techniques on a number of processes (i.e. the industrial cases)  within each industrial sector.

Subproject 9 deals with knowledge and technology transfer as well as training. Periodically, the knowledge gained from the project will be screened to identify items/issues with wider application. The results obtained within MATCH will be exploited by the industrial partners present in the consortium, with special attention being given to SMEs e.g. applications with SME-involvement. The results of the project will also be transferred into training modules, aimed at training process operators from different industries to attain the knowledge and capabilities needed for the ‘process operator of the future’. 

B.2.3. Critical mass

The MATCH-project brings together over 40 organisations from across Europe that represent:

· the forefront of global research in the field of dynamic modelling for batch/continuous flow processes;

· Europe’s leading suppliers of cutting edge (software) tools for model based process design, process simulation, control and optimisation;

· market leading end-users from major process industries i.e. (petro)chemicals, oil & gas and glass.

These partners expect to invest a number of 1925 man-months and € 17.3 million in the project and propose to request € 12.9 million EC funding to support its execution. Most of this budget is allocated to RTD and innovation activities in the four clusters. Cluster D contains many demonstration activities for validating the new technologies, representing over 10% of the project budget. Dedicated training activities take place in most of the subprojects and are matched with the generic training activities as described for SP9. 

· The following allocation of the EC contribution is foreseen for the MATCH project:

· € 10.3 million to RTD/ innovation activities
(79.9% of total funding) 

· € 0.77 million to demonstration activities 
( 6.0% of total funding)

· € 0.93 million to training activities 

( 7.2% of total funding)

· € 0.89 million to project management 
( 6.9% of total funding)

Most industrial partners participate on a Full Cost basis and will actively seek for additional national funding, dedicated to the relevant industrial sectors or to process automation in general. Most partners will finance their project involvement with regular income and anticipate to generate future revenues with this project and are all willing to invest in the MATCH project. Furthermore the core partners will investigate the opportunities of obtaining the Eureka status for this project, allowing for additional national funding. 

B.3. Potential impact

B.3.1. Economic impact

Global competition, dynamic market demand and increasing societal pressures combine to create a complex equation, which is hard to solve for even the best equipped companies in the various process industries. 

US companies have in general gained a competitive cost advantage through consolidation. Their large scale plants are increasingly concentrated on one or very few products. This allows for optimum process control under current state-of-the-art, rendering a prime position in the global commodity markets. In the European process industries companies are generally of a smaller scale, and considerably more SME-companies are part of these sectors compared with the US (65% SMEs in Europe against 45% in the US). Moreover, the productivity gap between the EU and US is widening (see figure B3.1).
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Figure B.3.1.: Productivity gap in the manufacturing and service industries (source: Commission Services (AMECO databank update 25.2.2002)

Therefore, European process industries need to find a novel way of competing in the global market, combining flexibility in products and volume with product quality and production efficiency. This business model would better suit current market conditions and provide European companies with a clear competitive edge vis-à-vis their global competitors. However, current process understanding, process design and process control do not permit the necessary flexibility within acceptable efficiency and sustainability margins.

Through the MATCH-project, several sectors will for the first time gain the level of process understanding, the process design and the control technology needed for a market-responsive flexible business model. This will allow them to viably produce a greater variety of products, which comply better with specific market demands, whilst simultaneously improving efficiency and sustainability at company and value chain level. In other words, the breakthroughs pursued in this project will enable process industries to make the paradigm shift form large volume, low cost production of commodities to flexible and efficient production of tailored materials with high added value.

Firstly, this will lead to a greater variety of products to satisfy existing market demand. Also, the customer specificity of the product will allow process industries to shift to extended products, consisting of the needed materials together with tailored services in fields like logistics. As new production facilities – designed for flexible production/wide range control – are designed and implemented, process industries will foreseeably be able to create tailored products, e.g. materials with specifications tuned to the needs of a specific customer (group). These tailored materials will provide a basis for a new wave of innovations in a whole range of industries that are dependent on process industries for their base materials.

The MATCH-project represents an important step in the transition of European industry towards more knowledge based and less resource intensive operations, improving at the same time productivity and complying with tightening legislation on ecosphere load, safety, consumption of natural resources and sustainable production. It aims to solve a fundamental weakness of the process industries that stand at the basis of most value chains, allowing for new levels of competitiveness and sustainability. Turning weakness into strength, new tools will enable whole value chains to benefit from the applications/implications of the new scientific knowledge gathered in this project, creating a new production and business paradigm for process industries which can serve as the starting point of innovations throughout all sectors dependent on materials from various process industries.

B.3.2. Direct and indirect economic benefits

The direct economic benefits of the MATCH-project mainly consist of benefits for the process companies involved and benefits for the technology suppliers. The process companies expect gains in both cost reduction and turnover increases. Cost reduction results from increased process control and predictability, both in steady state and during state transitions. This will lead to better process efficiency during steady state, shorter transition times and fewer process errors, meaning higher output (+5% to +10%) with significantly lower energy consumption (-5% to –20%) and waste levels (-25%). The competitive advantage generated by the ability to produce a greater variety of products at lower cost is expected to create a turnover increase of 10%, thus strengthening the market share of European process industries involved in the project. 

The technology suppliers stand to gain from the advances in this project by marketing/selling the next-generation process design, process control and production planning tools that are to be developed. These new products will render considerable competitive advantage, opening up to them large parts of the global market for advanced process control, optimisation and such. Standing at approximately 1 billion euro world wide, with an expected growth rate of 17.5%, this market will provide ample opportunities for expansion for these – mainly SME – companies.

Indirect economic benefits will fall mainly to the value chains of which participating companies are a part, other sectors of the process industries (and their value chains) and the research groups involved. The value chains stand to gain from the application of value chain optimisation tools based on the new levels of process understanding. Although trial applications will be used to test the new technologies in the course of this project in challenging industrial cases, it is expected that the mainstay of the economic benefits from value chain optimisation will lay beyond the timeframe of this project. 

Other sectors of the process industries stand to benefit from the knowledge and technology in an indirect manner. Through knowledge and technology transfer the MATCH-project will acquaint sectors/companies outside the consortium with the breakthroughs achieved and their implications. Application of this knowledge at company and value chain level will result in indirect benefits from the MATCH-project. At this stage, it is impossible to predict the scope of the benefits to be gained in other sectors, but it stands to reason that they will be in the same magnitude as the direct benefits obtained from the project.

This wider application of the knowledge and technology from the project is expected to generate new problems/bottlenecks, leading to new scientific research, which builds on the advances from the project. This will generate funds for new research by the research groups involved in the project. All parties involved in the project can therefore expect significant direct and/or indirect economic benefits from the MATCH-project. This strengthens their commitment to the project and  their determination to make this project a success.

B.3.3. Contribution to Community societal objectives

The MATCH-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

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 MATCH-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.

The expected improvements in environment and safety will contribute to a positive effect on the health issue. 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

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 MATCH the ability of process industries to gain competitive advantage whilst meeting societal standards is 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.

Working conditions are also expected to improve as a result of the MATCH-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 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.

Gender dimension

In June 2000 the European Commission launched a series of gender impact assessment studies to assess the way in which gender issues were being addressed within the Fifth Framework Programme. One of the issues was Information Technologies. The study concerning IST defined examples of the gender impacts of the Information Society on different user groups; as citizens, as workers and as consumers. As described in Chapter B3, the MATCH 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 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).

B.3.4. European dimension

The European dimension of the MATCH-project is linked to the pan-European presence of process industries. 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 MATCH can be an important factor in reconciling these factors and create a strong set of process industries across Europe. Another factor in the European dimension of the project is the integration of leading research groups in the field of model based process design and control across the continent. Through MATCH 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.

B.3.5. Impact of training and education activities

The results obtained within MATCH will be exploited by the industrial partners present in the consortium, with special attention being given to SMEs e.g. applications with SME-involvement. The SMEs participating in MATCH will benefit from the ample experience of the larger industrial partners that will assist them in the exploitation and commercialisation of the results. The results of the project will also be transferred into training modules, aimed at training process operators from different industries to attain the knowledge and capabilities needed for the ‘process operator of the future’. Furthermore, a series of training activities, in the form of workshops aimed at the general public, is under preparation. It is expected that these workshops will help change societal perception of industrial production processes and to increase public awareness of the efforts of the manufacturing industries to develop novel knowledge based sustainable processes.

B.4. S&T excellence, radical innovation and Outline Implementation Plan

B.4.1. Scientific and technological content

The main overall objective is to develop fully integrated model centric technology for process and systems engineering, operator training, advanced process control and dynamic optimisation, process monitoring and maintenance and supply chain compliant dynamic process scheduling. Key aspect of the project is the development of the suite of technologies that supports the use of a generic process model from which approximate models are derived in a highly automated way for the specific applications (i.e. design, monitoring, control, maintenance, scheduling, training). These technologies have to result in widely applicable, cheap to build and easy to maintain high performance model based applications for the major part of the processing industries, which enable supply chain compliant, market driven process operation.
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This has to be realised by performing breakthrough research with regard to model building technologies and tools, highly automated application oriented model reduction technology, model based process engineering, model based process monitoring, model based dynamic optimisation, supply chain compliant dynamic scheduling,  model based training and technology transfer. The MATCH project results in technologies for bridging the gap between process control technologies and ERP systems. Key element in the project is the design and development of an open systems based reference architecture. Thus, the way will be paved for the ultimate goal, i.e. fully integrated knowledge based manufacturing. See figure B4.1, which explains the relation between the different research topics leading to a generic tool-set for model centric manufacturing. 

Figure B.4.1.: Interrelation between Clusters and subprojects.

As shown in figure B4.1 the MATCH project is divided in 4 clusters A through D and subsequently, each of these clusters is divided in a number of subprojects (SP’s). In cluster A (17.7% of the budget) supportive technologies will be developed which will be used in cluster B. In cluster B (25.6% of the total budget) the actual models will be developed which will be deployed for amongst others engineering, monitoring, control and scheduling of processes. These models will be integrated into a generic tool set for model centric manufacturing in cluster C, by means of a reference architecture, which will also be developed in the MATCH project. Cluster C receives 3.5% of the budget. Finally, the newly developed models and techniques will be tested and proved in the industrial cases in cluster D. In cluster D also industry specific tools will be developed which should enable integration of the models and techniques with the existing processes of the industries. 44,6% of the budget is allocated to cluster D. For project management and training & technology transfer a budget of 5.1% and 3.5% is allocated. The activities of the various SP’s within the clusters are described in more detail below.

· SP0 involves the MATCH project management. The PM layout is described in detail in Section B6.

· In SP1 an efficient method and supporting techniques are developed in order to develop “first principles” based models, eventually complemented with empirical model components. These models will be used to develop a generic process model in a much shorter time and with a much higher accuracy than is possible currently. This subproject supplies the basic models for SP2.

· In SP2 model approximation and model reduction techniques are developed, with specific application in: Process and systems engineering, process control and process optimisation, process monitoring, process maintenance and model maintenance and supply chain compliant dynamic scheduling. The results of this subproject will result in models to be used in SP3 – SP6. 

· In SP3 methods and supporting techniques are developed, necessary for designing and engineering of processes, process installations and systems, which have to comply with the posed specifications with regard to product types, product specifications, attain product volumes, environmental aspects, energy consumption, consumption of scarce raw materials, production costs, etc. This subproject supplies the designs for the cases in SP8 and interacts with subprojects SP2 – SP5.

· In SP4 methods and techniques are developed for 1) continuous monitoring of process behaviour in comparison with the desired behaviour; observing and analysing of abnormalities as a result of defects, large process disturbances or operating problems, 2) observing model faults in favour of control, optimisation and analysis of these model faults and 3) supplying information to in particular the techniques of SP1 and SP2 for adaptation of the used models. This subproject supplies one of the basic techniques, to be tested in the cases of SP8. 

· In SP5 techniques are developed for fully integrated, supply chain dynamic operation compliant, high performance model based control and real time closed loop dynamic optimisation. Direct links exists with the industrial cases of SP8, where the functionality of the newly developed techniques will be proved.

· In SP6 techniques for Supply Chain Compliant Dynamic Scheduling are developed, which should enable online connection with ERP systems. The newly developed techniques in this subproject have to solve the dynamic scheduling problem for plants. It functions as a part of a supply chain, which supplies the required information for the dynamic optimisation problem of a plant (SP5). The prototypes of these developments will be tested in a number industrial cases of SP8.

· In SP7 a generic open system architecture (MATCH Reference Architecture) is developed, used for the development of the various techniques (SP1 – SP6) and for the Integrated Prototype Tool development and the industrial cases (SP8). The MATCH Reference Architecture has to support direct inclusion of existing software and hardware platforms in the integrated environment of all partners. Besides, it has to enable integration of other environments with the newly developed techniques and tools in a simple way.

· The two goals of SP8 are development of a “Prototype Integrated Tool Set” concentrated on an industry sector. For each sector in the MATCH project such a Tool Set will be developed (i.e. Chemical Batch, Chemical Continuous, Glass and Oil/Gas industry) and testing and proving the new methods and techniques on a number of processes (i.e. the industrial cases)  within each industrial sector.

· SP9 aims at transfer of the knowledge between all partners within the project and development of courses for educating people within the industry and suppliers in order to use of the newly developed methods, techniques and procedures. 

B.4.2. Innovation in modelling

In the sequel an outline description is given of the objectives, state-of-the-art including technical limitations and expected innovations for each research topic.

· Model building technologies and tools (SP1)

Objective: provide the process industry with innovative, highly productive and efficient software instruments for rapid construction, modification, validation and maintenance of generic process models, suitable for generation of the specific reduced models that meet the various targets set by the cases.
Current state of the art modelling tools focus on specific engineering activities such as e.g. process control, optimisation, simulation, process design, operator training and fundamental research. Consistency of these models is not guaranteed. Each of these models requires separate development and maintenance, which is time consuming, expensive and thus limiting wide application of advanced model based technologies in the process industries. New modelling methodologies & techniques and innovative software instruments focus on the following innovations:

· systematic methods and tools for easy and very rapid development of maintainable consistent process models suitable for a broad range of application areas;

· automatic, transparent and systematic documentation of developed models and applied assumptions;

· elimination of modelling & transcription errors;

· portability / interfacing to a broad range of problem solving tools such as process simulation, process design, controller design tools currently available in the market.
· Application-oriented model reduction technologies (SP2)

Objective: develop procedures and software tools by which various reduced models can be derived. 

Large process plants in principle require complex models for accurate representation of their dynamic behaviour. This leads to huge computational loads in model-based optimisation algorithms. Real-time operation of these optimisation algorithms presents limits on the computational load that can be handled in real time. This requires the availability of reduced models for real-time optimal plant-wide process operation. This holds for all considered real-time tasks: scheduling, economic optimisation, data reconciliation and predictive control. The state of the art in techniques for non-linear process model reduction is not well developed. Effective model reduction requires that the approximation step is tailored to the model purpose, motivating parallel research paths in this sub-project. Innovations:
· approximation of the algebraic part of th7e model including the use of physical properties databases, e.g. by using non-linear black box approximation techniques such as neural nets;

· projection techniques including POD, singular perturbations, balancing, time scale separation;
· hierarchical decomposition, tearing, and structure-retaining subsystem approximation;
· physical clustering and lumping of variables, grey box approximate modelling;

· numerical algorithm-oriented reduction, i.e. reductions retaining sparsity and yielding effective  numerical approximations for gradients and Hessians.

· Model Based Process and Systems Engineering (SP3)

Objective: to bundle methodologies firmly based on rigorous process models that can be applied for the design and engineering of total process systems.

Process design and system engineering studies rely heavily on the use of computer models. Currently the design procedure seeks to minimise investment and production costs; it is usually carried out sequentially: a reaction route is selected, feed preparation and product purification is designed, the required utility supply is provided, and a measurement and control strategy is defined. Commercial tools are available to perform all these successive steps. However the integration between tools is not totally adequate, and the current design methodology is not suited to design large scale processes operating far from steady state and e.g. producing specialty chemicals with variable specifications. Measured data needed to update or improve large-scale models are often unreliable or inadequate. Innovations:
· development of novel process synthesis methodologies based on recent algorithmic advances on mixed-integer dynamic optimisation;

· development and testing of a design framework for flexible continuous plants;

· development of a system framework for batch process optimisation, operating at three levels: master recipe improvement (based on historical data), dynamic production scheduling based on actual plant data, real time batch optimisation (involving model based control to compensate for disturbances);

· a rational design methodology and an appropriate prototype software tool to achieve the right design of sensor networks directly from the start, to allow monitoring of plant performance and model tuning.

· Model Based Process Monitoring (SP4)

Objective: develop a number of model based technologies to enable efficient, reliable and cost effective process performance monitoring and process and systems maintenance in the continuous and batch process industries. Significant progress is targeted in the following areas: 

· soft sensors and advanced analytical controls for process performance monitoring;

· dynamic data reconciliation techniques on batch processes and transients of continuous processes;

· fault diagnosis and analysis of disturbances propagation to anticipate and correct any sub-optimal performance of the instrumentation, the plant equipment and the control system before it affects process safety, products quality and process economics;

· automated follow-up of models and update of parameters and status of the processes so as to maintain the operability of the model based technologies.

High performance state estimation techniques and empirical model based soft sensor techniques have to provide on-line information on the status and dynamic behaviour of critical process variables both for continuous and batch processes. Operation at multiple sampling rates is a prerequisite. A common limitation of all currently applied diagnosis techniques is their dependence on specific tools, which have their specific specifications, parameters and maintenance procedures that don’t necessarily meet the diagnosis requirements. An integrated approach is strongly lacking. Innovations: 
· cost effectiveness, reliability and ease of maintenance of advanced soft sensors that are based on hybrid systems involving empirical and physical models;

· use of advanced analytical instruments based on RMA (Resonance Magnetic Analytical), NIR(Near Infrared) and IR (Infrared) for providing the required process information;

· a general framework will be developed for dynamic data reconciliation applicable both to batch processes and to continuous processes operating in unsteady state;

· generic and robust fault diagnosis tools, giving the operators early signals and recommendations for the maintenance of their instrumentation and equipment;

· a set of novel tools and techniques that allows automated supervision of control loops;

· detection of process status and automated updating of relevant model parameters, so that each model component can adapt to the actual process state. Self-learning techniques are implemented. 

· Dynamic Real-time Optimisation (SP5)

Objective: find solutions for the question: “What is done at what level of the automation hierarchy with what model, problem formulation and numerical algorithm and how should we balance a-priori knowledge and measured data?”. Innovations:
· investigation of the functional decomposition of the automation hierarchy in the context of high performance integrated (model-predictive) control, dynamic real-time optimisation as well as planning and scheduling;

· development of important alternatives for the various control, optimisation and data reconciliation functional blocks. Examples include dynamic optimisation formulations for control or planning/ scheduling as well as the associated high performance solution algorithms;

· cross-functional integration between the various layers and between the individual tasks within a layer. Trigger strategies are developed to initiate a computationally expensive optimisation of planning formulation in case of an event which has been detected from the available measurements;

· all the formulations and algorithms have to be systematically traded off between 1) computational complexity and rigorous solutions and 2) computational cost and approximate solutions.

The results of this subproject will provide a major step forwards towards a well-structured, fully integrated automation hierarchy, which uses detailed dynamic mathematical models in a consistent manner in order to monitor and operate both continuous and batch process plants. The algorithms will make use of latest theoretical developments in discretisation and mathematical programming techniques as well as in parallel and distributed computing. 

· Supply Chain Compliant Dynamic Scheduling (SP6) 

Objective: provide manufacturing industries with a comprehensive and affordable new set of methodologies, tools and know-how to quickly and easily implement and manage their complete supply chain. 

A low cost Supply Chain (SC) planning, scheduling and decision support System is developed for companies, which can dynamically connect their individual components (i.e. suppliers, factories, distribution centres, warehouses, customers). The technology is suited for process industries working in the batch, semi-continuous or continuous mode of operation, Today, the competitive drivers are Time (in fact: speed) and Service (by means of responsiveness and flexibility). Concepts such as agile manufacturing, time-based competition and supply chain management have begun to significantly impact the way manufacturing organisations compete. It has now been accepted that the current planning and scheduling tools cannot address the global manufacturing problem well including supply chain and distribution network management in batch processing. Whenever leading manufacturers endeavour to compete successfully in the global marketplace, they must provide speed, responsiveness and flexibility not only to their customers but to their entire supply chain whatsoever. Innovations:
· new Dynamic and Self-Organising Open-System Approach for Integrated Modelling Production and Logistic Processes based on a multi-agent architecture;

· a higher level of integration between the local planning & scheduling models and across the entire Supply Chain based on a multi-agent architecture, through direct computation of the optimal operating policies as a function of the uncertain parameters using parametric programming and forecasting;

· development of a new open-system software architecture based on the use of Business to Business practise. Use of advanced messaging network based on distributed agents technology;

· sustainability concerns in supply-chain planning: the development of environmental conscious manufacturing strategies will be studied considering sustainability concerns as an integral part of the supply chain planning problem. The approach takes potential sustainability concerns (environmental, safety, human factors, etc) into account.

· MATCH Reference Architecture (SP7)

Objective: specify and develop an open systems reference architecture. This architecture is the framework for the integration of all components developed in the MATCH project.  All external systems (e.g. PLC, DCS and ERP) also have to connect to this framework. Currently, components are individually developed and tested in specific environments. They use different hardware platforms, operating systems, model formats, communication mechanism and are mostly not completely open for connection with each other. The reference architecture has to enable true integration of the various sub-systems. Innovation: define one reference architecture where all needed components can be integrated and where all process computers and ERP systems can connect to. The existence of a good reference architecture is pre-requisite for the success of the MATCH project. 

In the following table an overview is given of the different research topics and their quantitative objectives.

SP
Quantitative objectives

SP1
Development of software instruments that reduce the model development time and overall modelling effort with 75% up to 90%. The tools have to support development of generic models that form the basis for highly automated generation of dedicated, consistent, reduced models for various fields of application

SP2
A reduction of a factor 10 to 1000 in computational speed, required for the optimisation-based real-time tasks, compared with unreduced state-of-the-art models

SP3
· Design methodology to achieve up to 20% capital saving for lean design of flexible continuous and batch plants, and up to 50 % yield increase by dynamic operation.

· Process structure optimisation to achieve up to 10% reduction of operation costs in the face of market uncertainty.

· Up to 70% reduction of development time for the design of process measurement systems in the face of uncertainty of performance indicators.

SP4
· Robust soft sensors at a cost 10 times lower than the corresponding classical approach and with a precision in the range of <1 %.

· With respect to the current best practices, reduction by a factor of 3 to 5 of the cost of development, installation and maintenance of dynamic data reconciliation applications.

· On-stream availability of the tools above 99%.

SP5
· Market responsive, dynamic operation of plants to speed-up capital turnaround by a factor >2.

· Improved operation of plants to maximise the added value, which will result in an increase of the margins obtained with >5%.

SP6
· Overall optimisation of supply chain performance driven by market demand resulting in a reduction of response to request for supply by a factor >2.

· Additionally, inventory reduction by 20-85%, production capacity increase by 5-60%, delivery performance improvement by 15-45%, forecast accuracy by 15-65% and supply chain costs reduction by 10-30% will result depending on the specific case.

SP7
Fast and easy integration of various tools, at least resulting in a saving of the time needed for application development and system maintenance of 75%. The architecture furthermore has to reduce the required level of education of people developing and maintaining the advanced systems

Table B.4.2.: Different research topics and their quantitative objectives

B.4.3. Implementation plan

SP1: Model building technologies and tools

This subproject is aiming at the following activities:

· research on system representation suitable for computer-aided modelling of lumped and distributed systems covering multi-phase flow and reaction systems as well as population balance models all of which with on-line adjustable time scaling thus integrated first-principle based model reduction. Consistent mapping of internal state variables and interfacing to physical property databases;

· development of software instruments that effectively assist engineers with the construction of consistent process models also including first-principle model reduction, handling of order-of-magnitude assumptions, event dynamics and linearisation reducing the application development time and the overall modelling effort in application development and application maintenance with 75% up to 90%;

· testing of the newly developed software instruments in the industrial and example cases defined in the MATCH sub-projects demonstrating the benefits that that can be realised by applying the new technology in conjunction with existing and problem-solving tools such as simulation tools available in the market, i.e. gProms, EcosimPro, MATLab, ACM and other tools currently used by the end-users and the tools supplied by the participating suppliers;

· support the integration of the new technology into the workflow of the end-users, by appropriate training;

· generation of generically applicable process model for plant & controller design, optimal operations, identification, data reconciliation and monitoring.

Due to the nature of this sub-project it is expected to play an inter sub-project role for the MATCH project as a whole, since it involves close collaboration with participants that develop (research institutes, suppliers) and use (end-users) the new technology in order to exchange experience in the developing, implementation, testing, training, benchmarking phases.

[image: image7.wmf]WP1

 

WP2

 

Specification and implementation of the architecture 

 

Training and dissemination

 

WP5

 

Support of industrial subprojects

 

Inventarisation and general formulation of architecture

 

Detailed definition of architecture and interfaces

 

WP4

 

Interfacing of vendor software modules to architecture

 

WP3

 

Training and dissemination

 

Training and dissemination

 

Support of industrial subprojects

 

Support of industrial subprojects

 

WP3

 

Subproject coordination

 

WP0

 

Figure B.4.3.1.: Model building technologies and tools

Brief description of the Work Packages
WP0
Subproject coordination and training

WP1
Research & development of structured modelling methodologies for multi-phase reactive distributed systems including the realisation as a prototype plug-in module to model editor.

R&D on integrating thermodynamic consistency and equation-oriented OO models of physical data for easy prototype plug-in module and analysis including link with model editor.

Automated time-scale based model reduction required to derive families of simpler models and complex transfer relations including realisation of prototype plug-in module.

WP2
Context-enforcing editors for the associated databases and interfacing to other available databases.

Encapsulation of models for export to SPs and import from SPs, i.e. SP2’s black-box models.

Mapping of event-discrete observed & controlled continuous plant for supervisory control (recipe implementation & safety supervisory control).

WP3
Co-ordination and implementation of modifications on base modules for concept-enforcing model editor and general co-ordination of software development including embedding in reference architecture and compliant representations.

WP4
Specifications, interfacing and testing for the various components of the SPs.

Benchmarking of developed software instruments and comparison with today’s conventional methods.

Partners in the sub-project

 
NAME
NATION
ROLE
 


Bayer AG Technology Services
Germany
Spec & case process operation, monitoring (WP4)



Cybernetica
Norway
Interfacing & test end-result (WP4)



Empresarios Agrupados
Spain
Interfacing & test end-result for EcosimPro (WP4)



Fantoft
Norway
Interfacing & test end-result (WP4)



NTNU
Norway
Research & methodologies (WP1(CO), WP2 (CO))



Procisa
Spain
Interfacing & test end-result(WP4)



Protomation
Netherlands
Implementation methodologies & benchmarking, (WP0, WP3 (CO), WP4 (CO))



PSE 
UK
Interfacing & test end-result for gProms (WP4)



STATOIL
Norway
Industrial case (WP4)



TNO TPD
Netherlands
Interfacing & test end-result for glass ovens (WP4)


Deliverables:

· Implementation of innovative modelling methodologies & techniques into software instruments, implementation of interfacing of the process models to at least three commonly in the market used target simulation tools, ready to be tested and validated in case studies.

SP2: Application-oriented model reduction technologies

The subproject will be executed in seven work-packages, to be developed in parallel in time. Application oriented model reduction is the key technology for success of the project. To ensure this success 5 model reduction technologies are developed in parallel and tested initially on at least two appropriate industrial cases (Shell case and BASF case might qualify). The workpackages 1-5 address these approaches and the results will be integrated into one overall approach in the final year of the project (WP7). Software issues will be investigated in WP6. 

Brief description of the Work Packages

WP0
Subproject coordination and training

WP1
Model integrity: Removal and/or approximation of algebraic equations part (including physical properties database use) in dynamic process model using black-box model techniques, e.g. neural nets, splines, wavelets; validation of results and definition of domain of operation

WP2
Extreme model approximation: Crude reformulation of models using chemical/physical structure and/or using non-linear approximations by grey box and Wiener/Hammerstein type models and non-linear numerical approximations; model structure chosen must lead to very fast MILP/SQP solutions. 

WP3
Approximations retaining physical structure: Physical clustering and lumping of variables, approximation at process unit level; tearing and time-scale based approximation

WP4
Projection techniques: POD, singular perturbations, time scale separation; projections retaining sparsity and aimed at delivering approximations for gradient and Hessian

WP5
Optimisation-relevant reduction: hierarchical model/optimiser structure combining top level crude model (for which MILP/SQP generate approximate trajectory) with lower level projection-based reduced linearised time-varying models valid in vicinity of trajectory. Evaluation of speed,   accuracy and domain of operation.

WP6
Formulation of model formats: Development of ‘Cape-Open’ compliant model structures for  software environments for reduction and reduced model definition. Interaction with SP7

WP7
Benchmarking of the results  Evaluation, integration of results, interaction with SP1,4,5

Partners in the sub-project 

 
NAME
NATION
ROLE



University of Dortmund
Germany
WP1 (CO), WP3(CO)



Technical University Eindhoven
Netherlands
WP4 (CO)



Delft University of Technology
Netherlands
WP0, WP2 (CO), WP5 (CO), WP7 (CO), WP3, WP4



IPCOS
Netherlands
WP6



PSE
United Kingdom
WP6 (CO)


Deliverables:

· user-friendly model reduction tools for reducing dynamic models from a given large scale plant model;

· a single tool, flexible and transparent for the user, based on integration of the available model reduction techniques for non-linear dynamic systems, which delivers approximate models of various degrees of complexity while maintaining the consistency amongst them.

SP3: Model Based Process and Systems Engineering
The subproject is divided in four development work packages, complemented by a co-ordination task to take care of the interfacing between task progressing in parallel and with the overall project co-ordination. The following figure outlines the four main activities and the methodological overlaps between these main areas of activity

The inputs to these projects are the model technologies developed in the other MATCH subprojects. However, it is assumed that the work can be performed at first on several available example processes with existing models (Fischer-Tropsch from TUD, the INCOOP Shell process, and a Belsim process). Furthermore, the technologies delivered by this sub project will strongly interact with other innovative technologies developed in MATCH, thanks to its integrated model centric approach as, especially:

· model development and reduction framework (SP 1 and 2) are inputs to all four WP’s;

· process monitoring tools (of SP 4) have a direct link to the design of sensor networks (WP4);

· update of models for optimisation and control (SP 5) has a direct link to design (WP2);

· dynamic scheduling (of SP6) has a link to recipe optimisation (WP3);

· test of the methodologies and tools on practical cases (SP 8).

Brief description of the Work Packages

WP0
Subproject coordination and training

WP1
Process synthesis & uncertainty: Explore the potential and simulate the influence of market uncertainties on existing processes using advanced mixed-integer optimisation technique 

WP2
Design for flexibility: Assuming the existence of models, control structures and results of dynamic optimisation, the existing design technologies are to be extended. Inclusion of dynamic operation (eg different modes, switchability and cyclic modes) has to be investigated to upgrade the present design technologies involving conceptual and targeting methods.

WP3
Recipe optimisation: The development of a flexible recipe concept, by considering recipe as an abstract adjustable object. Develop methodology for improvement of master recipes. On-line optimisation of recipe adaptations to schedule bottlenecks.

WP4
Design of Sensor networks: Methodology design of sensor placement and choice of signals to achieve plant monitoring with specified accuracy and optimal model validation. Detection of model errors and its consequence for further model development.

Partners in the sub-project 

 
NAME
NATION
ROLE



Belsim
Belgium
WP4



Cybernetica
Norway
WP3



TU Delft
Netherlands
WP2 (CO), WP4



Imperial College
United Kingdom
WP1 (CO)



PSE
United Kingdom
WP1, WP2



University of Dortmund
Germany
WP1, WP2



Universitat Politècnica Catalunya
Spain
WP2, WP3 (CO)



Université de Liège
Belgium
WP2, WP4 (CO)



University of Sheffield
United Kingdom
WP2


Deliverables:
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novel process synthesis methodologies, design framework for flexible continuous plants, system framework for batch process optimisation, methodologies for the right design of sensor networks directly from the start, entropy framework for existing processes, describing relationships to economic and social environment

SP4: Model Based Process Monitoring

The subproject is divided into 4 development work packages, complemented by a co-ordination task to take care of the interfacing between task progressing in parallel and with the overall project co-ordination.

The following figure outlines the subproject structure. 

WP0: Subproject coordination

WP 1 - Soft Sensors and advanced analytical control instrumentation



Specs
Development
Simple cases
Field test SP8










WP 2 – Data reconciliation and State estimation instrumentation



Specs
Development
Simple cases
Field test SP8










WP 3 – Fault diagnosis and propagation of disturbances instrumentation
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Development
Simple cases
Field test SP8










WP 4 – Update of models instrumentation



Specs
Development
Simple cases
Field test SP8

Brief description of the Work Packages

WP0
Subproject coordination and training

WP1
· Soft Sensors (empirical model based and hybrid) and advanced analytical control instrumentation

· Analytical control systems

WP2
Dynamic data reconciliation and State estimation both for batch processes and continuous processes with frequent and infrequent measurements

WP3
· Performance diagnosis and propagation of disturbances

· Instrumentation failures 

· Equipment / process operation (decay in efficiency, fouling, catalyst activity, etc)

· Control system performance monitoring

· Decision support systems

WP4
· Update of models

· Model based pre-processing of process measurements

· Process parameter estimation and process status identification

Partners in the sub-project 

 
NAME
NATION
ROLE
 


Belsim
Belgium
Co-ordination, software development (DR, perf. diagnosis, model updates) and testing (WP0, WP2 (CO), WP3,4)



University "La Sapienza" of Rome
Italy
Development of soft sensors, techniques for model updates (WP1,4)



Universitat Politecnica de Catalunya
Spain
Development of dynamic data reconciliation for continuous (transient behaviour) and batch processes and  fault diagnosis techniques (WP2)



University of Liège
Belgium
Development of dynamic data reconciliation techniques (WP2)



Universidad de Valladolid 
Spain
Development of performance monitoring of Control Loops (WP3)



Universidad de Sevilla
Spain
Development of soft sensors (WP1)



NTNU Trondheim
Norway
Development of  state estimation techniques, process control monitoring (WP3)



Cybernetica
Norway
State and parameter estimation of batch processes (WP2, WP3 (CO))



Eni Tecnologie
Italy
Development of advanced analytical control, model updates (WP1, WP4 (CO))



Procisa
Spain
Specifications and tests in all WPs, development of soft sensors (WP1 (CO))



Bayer
Germany
User needs, specifications and testing for WP2,3,4 (WP1,2,3)


Deliverables

· Low cost robust soft sensors with a precision in the range of 1%, generically applicable data reconciliation techniques, robust state estimation schemes, integrated fault diagnosis tools, automated supervision of control loops, ready to be tested and validated in case studies.

SP5: Dynamic Real-Time Optimisation

Structure of the sub-project
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The following figure outlines the subproject structure. The major fundamental research will be done in WP1-3. The focus of WP1 will be on real-time dynamic optimisation algorithms which can be used for estimation and control on the control, optimisation as well as on the scheduling layer of the automation hierarchy. WP1 will concentrate on large-scale problems and provide industrial strength methods and software. WP2 will look into explorative issues including hybrid control, mixed-integer decisions as well as parametric programming in real-time. WP3 deals with functional decomposition of the automation problem and with cross-functional integration between tasks. In particular, integration of estimation and control as well as integration between control, dynamic optimisation and planning will be tackled employing the results of WP1 and 2. The optimisation algorithms and the concepts of functional integration will be adapted and tailored to the special needs of continuous as well as batch processes in WP4 and 5. Examples include batch-to-batch optimisation in WP4 and demand forecasting as well as disturbance estimation in WP5. Special emphasis will be on the balanced exploitation of a-priori process knowledge and measurement in face of uncertainties. This SP will make extensive use of the cases and requirements provided by SP 8 and by the research in particular of SP2, SP4 and SP6.

Brief description of the Work Packages

WP0
· Subproject coordination and training

WP1
· Algorithms for dynamic real-time optimisation, estimation and control:

· Development of algorithms and software for optimal control problems

WP2
· Mixed-integer and parametric programming algorithms

· Development of algorithms and software for optimal control problems with discrete decisions and uncertain parameters

WP3
· Functional integration across the automation hierarchy:

· formulation and conceptual/algorithmic integration across individual modules including modelling, estimation and control tasks on the different layers of the automation hierarchy

WP4
· Integrated operational support strategies for batch processes:

· Application and tailoring of basic concepts, methods and algorithms from WP 1-3

WP5
· Integrated operational support strategies for continuous processes:

· Application and tailoring of basic concepts, methods and algorithms from WP 1-3

Partners in the sub-project 

 
NAME
NATION
ROLE



RWTH Aachen 
Germany 
Research WP0, WP1, WP3, WP4, WP5



University of Dortmund
Germany
Research WP2, WP3, WP4



Military Academy of Technology
Poland
Research WP1



EPFL Lausanne
Switzerland
Research WP3, WP4



Imperial College
UK
Research WP1, WP2



NTNU Trondheim
Norway
Research WP3, WP5



IPCOS Technology
The Netherlands
Technology provider WP3, WP4, WP5



Cybernetica
Norway
Technology provider WP3, WP4



ABB Corporate Research
Germany
Technology provider WP1, WP5


Deliverables

· better understanding of the functional decomposition and cross-functional integration between tasks in the automation hierarchy to support process operations in a dynamic manufacturing environment;

· integrated set of methods, algorithms and prototypical software for dynamic real-time optimisation of large-scale processes interfaced with platforms of technology providers;

· tailored derivates (methods, algorithms and software) for solving estimation and control tasks on the different time-scales of the automation hierarchy;

· customisation of the developed methods, algorithms and software to support benchmarking on test problems and on industrial case studies of SP8. 

SP6: Supply Chain Compliant Dynamic Scheduling
Structure of the sub-project
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Layers and major components of the planned SP6. Major components for each of the SCM aspects are shown in a non-functional view to depict the overall system architecture.
Brief description of the Work Packages

WP0
Subproject coordination and training

WP1
Supply chain compliant dynamic production scheduling

WP2
Financial and Environmental Management

WP3
Forecasting

WP4
Software Prototype Development and Integration

WP5
Operational Validation in Industrial Scenarios (SP8b and SP8c). Model updating

Partners in the sub-project 

 
NAME
NATION
ROLE



Universidad Politécnica de Catalunya
Spain
Research, LCA, multiobjective optimisation, agents (WP0, WP1, WP2 (CO), WP3, WP4, WP5)



Imperial College
United Kingdom
Research, pro-active supply chain, sustainability (WP1 (CO), WP4,5)



University of Dortmund
Germany
Research, online scheduling, dynamic rescheduling (WP1, WP3 (CO), WP5)



Ecole Centrale Paris
France
Research, (WP1)



PROCISA.
Spain
Engineering (WP5 (CO))



Cybernetica
Norway
Tool provider (WP4 (CO), WP5)



ABB Corporate Research
Germany
Technology provider (WP4, WP5)



Saint Gobain
France
Industrial application (WP5)


Deliverables:

· Predictive process models, automatic production plant retrofitting techniques, pro-active supply chain planning and scheduling approach, advanced messaging network (agent technology), open-system supply chain suite.

SP7: MATCH Reference Architecture

The activities in this subproject are aimed at defining and developing one reference architecture where all needed components can be integrated and where all process computers and ERP systems can connect to. The existence of a good reference architecture is a pre-requisite for the success of the MATCH project.

The architecture and the interfaces of newly developed tools need to be open:

1. independent of specific software and hardware vendors;

2. easy to connect to existing plant process computer systems and ERP systems;

3. support smooth migration of this new technology in the process and plant information systems of the European industry  

The architecture and interfaces need to be based on generally accepted open standards (e.g. OPC, CAPE-open). Hence new tools developed should not be integrated in supplier's tool/environment, but supplier's tools and environments should interface to the architecture or tools, based on a carefully defined open interface. 

Brief description of the Work Packages

WP0
Subproject coordination

WP1
Definition of scope of architecture and the required interfaces for the different components.

WP2
Specification and implementation of the reference architecture focussing on full integration of all components.

WP3
Courses and training for architecture reference 

WP4
Interfacing of existing software and hardware to the MATCH architecture. 

WP5
Support of implementation of the software architecture in subproject 8
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The arrows in the outline of the project structure indicate the relations between the work packages.

Work package 1 starting at the start of MATCH consists of two phases. In the first phase an inventarisation is made and the main architecture is formulated. This phase involves all suppliers of tools and a representative of each of the subprojects one to six. In the second phase the architecture is further refined and interfaces are defined. In the second workpackage the architecture and defined interfaces are specified and implemented. In workpackage 4 interfaces are developed that enable connection of existing software and hardware needed in the other subprojects to the open architecture. In work package 3 a dedicated training program is developed that should enable easy use of the architecture inside and outside the MATCH project (see also subproject 9). Work package 5 ensures assistance in the use of the architecture and adaptations to the architecture for the industrial work packages in subproject 8. 

Partners in the sub-project 

 
NAME
NATION
ROLE
 


ABB
Germany
WP1,4



Belsim
Belgium
WP1,4



Cybernetica
Norway
WP1,4



Empresarios Agrupados
Spain
WP1,4



Fantoft
Norway
WP1,4



Honeywell
Czech Republic
WP1,4



IPCOS
Netherlands
WP0,1,2,3,4,5 (CO)



Novara
Italy
WP1,4



Protomation
Netherlands
WP1,4



PROCISA
Spain
WP1,4



PSE
England
WP1,2,3,4,5



TNO TPD
Netherlands
WP1,4



RWTH
Germany
WP1



UPC
Spain
WP1



Delft Technical University
Netherlands
WP1



University of liège
Belgium
WP1



NTNU
Norway
WP1


1. currently only two partners are actually assigned to work packages 2, 3 and 5. In the budget it is foreseen that one or two other partners join these work packages. At the current stage it is however not clear which partners can contribute best to these work packages. The decision will depend on the resulting architecture defined in work package 1;

2. the exact effort needed from the partner in work package four is also depending on the resulting architecture. In the work package four part of the budget will therefore be allocated to a partner, depending on the outcome of work package 1.

Deliverables

· flexible and robust infrastructure for both academic (testing exchangeable research modules) and industrial environment (field test cases)

Case Study sub projects

The case studies are clustered into one subproject, SP8. This subproject is divided into 4 application areas:

a) Chemical Batch Processing

Batch processes follow a time variable path, in contrast to continuous processes which are operating around a steady state. Hence, batch operations are inherently time varying and non-linear. In addition, batch operations should usually be terminated at a predetermined process state.
b) Chemical Continuous Processing
Continuous chemical processes are under tight pressure with regard to responsiveness to market demand (a.o. product volumes, product specifications) and concerning ecosphere load (a.o. emissions, energy consumption, use of natural resources). The cases focus on providing realistic, but challenging benchmarks for the new model centric developments in terms of high responsiveness to market demand, supply chain compliant operation of plants, maximisation of added value under varying market conditions, flexible operation with respect to transitions between various modes of operation, compliance with tight regulations on emissions, energy consumption and use of natural resources 

c) Glass Production
Characteristic in the glass industry is the continuous, high-energy consuming melting process, which delivers the basic material for subsequent processing (forming and coating). Because of physical constraints the melting process is slowly running, requiring long transition times when different glass types have to be produced. Minimisation of emissions, minimisation of energy consumption per ton of glass, improvement and tight control of glass quality and flexible operation of plants in accordance with market demand are key elements in the cases defined

d) Oil, Gas Production and Processing
Oil and gas production facilities should be able to respond dynamically to changes in feed and in required output. Also more stringent rule on environmental impact of operations forces the industry to minimise emissions. On the upstream side, oil and gas production in Europe is increasingly produced from mature fields and supported by gaslift, compression of pumping. This leads to new production optimization and stabilization problems requiring new dynamic modeling and control strategies. On the downstream side, refineries should be able to respond faster to market demands, with a minimum loss of emissions and waste products, while maintaining the required quality of the products. 

SP8a: Chemical Batch Processing

Objectives of the sub-project

· to develop methodology and tools specific for model based optimal operation of batch production processes, including: Optimisation of production recipes, supervision of safety margins and risk of hazards and optimal production;

· to demonstrate the new technology on industrial case processes supplied by the batch manufacturing partners.

Targeted results

· a new technology for advanced process control and on-line optimisation of batch processes;

· demonstration of the superiority of this technology through the case-studies and supporting activities;

· successful implementation of at least 3 systems for model based control and on-line optimisation of industrial scale batch reactors, where for each case, at least one of the following targets are met:

· increased production of 5 % or reduced batch reaction time of 10 %;

· reduced production of off-spec material with 50 %;

· significant reduction in emissions to air or water;

· increased utilization of raw materials by 2 %;

· increased yield by 2 %;

· significant reduction of risk of hazard through on-line condition monitoring combined with corrective action (particularly relevant for exothermic reactors with risk of run-away);

· successful demonstration of at least 2 other systems for model based control and on-line optimisation, based on lab-scale reactors or simulation studies, with performance that by far exceed the above mentioned figures and successful dissemination of results to other potential users in Europe.
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Structure of the sub-project

Brief description of the Work Packages

The work in this sub-project is centred around case-studies supplied by batch-producing end-users. 

WP0
Subproject coordination and training

WP1
Development of tools specific for batch process control and optimisation

WP2
Integrated tool development for field tests

WP3
Industrial case study: large scale batch production of pharmaceutical products (Amersham Health)

WP4
Industrial case study: (semi-)batch emulsion polymerisation process (BASF)

WP5
Industrial case study: batch metal refining (Eramet)

WP6
Industrial case study: batch production of PVC (Hydro Polymers)

Partners in the sub-project 

 
NAME
NATION
ROLE
 


Amersham Health
United Kingdom
End user and provider of the case in WP3



BASF
Germany
End user and provider of the case in WP4 (CO)



Bayer
Germany
End user



Cybernetica 
Norway
Development of tools for batch applications

Supplier of tools to the case-studies (CO of WP0,1,2,3,5,6)



Universität Dortmund
Germany
Model development for BASF case study (WP4)



EPFL
Switzerland
Provider of methods for optimisation and model identification (WP1)



Eramet
France
End user and provider of the case in WP5



Hydro Polymers
Norway
End user and provider of the case in WP6



NTNU
Norway
Model development for case studies (WP5)



IPCOS
The Netherlands
Supplier of tools to the case-studies (WP2,4)



Novara Technology
Italy
End user (WP7)



PSE
United Kingdom
Supplier of tools to the case-studies (WP2,4)



RWTH Aachen
Germany
Provider of a method for real-time optimisation

of batch processes (WP1)


SP8b: Chemical Continuous Processing

Objectives of the sub-project

· establish a clear definition of specific research needs in the fields of performance monitoring as well as flexible plant operation for continuous production processes;

· test the applicability of newly developed methods, tools, and procedures to real world problems;

· support the integration of new technology into the work flow of business units, e.g. by appropriate training of the relevant groups in the supply chain, from plant floor to sales organisation;

· demonstrate the benefit of applying the new technology for supply chain oriented production.

Targeted results

The following results are targeted for this sub-project:

· demonstrate that new technology can be applied with a very high chance of successful operation;

· application of new technology to at least two large scale industrial problems that lead to reduction in energy consumption of about 5%, reduction of product loss during changeover phases in the order of 10%, reduction of waste up to 10% as well as on schedule production at all times;

· establish supply chain oriented production as new paradigm in industry.

Structure of the sub-project
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The sub-project will be structured according to the industrial cases that will be supplied by the partners from the manufacturing industry. Example processes will include production plants for basic chemicals, monomer production as well as polymerisation. Due to confidentiality concerns it will not be possible that all partners become familiar with all example processes. Therefore the work packages will be grouped around each industrial case where the application is in the centre and selected university groups as well as vendor companies will contribute to the individual cases (see figure above). This procedure allows for close collaboration between sub-projects that are development oriented and the applications oriented sub-project. The different work packages within this sub-project will then exchange experiences on a methodological level so that confidentiality is not jeopardised. 

Brief description of the Work Packages

WP0
Subproject coordination

WP1
General Aspects of Industrial Applications, Training, Integration into supply chain

WP2
Integrated tool development for field tests

WP3
Industrial Case 1: basic chemicals production

WP4
Industrial Case 2: monomer production

WP5
Industrial Case 3: Multiple basic chemicals

WP6
Industrial Case 4: polymerisation

WP7
Industrial Case 5: waste water management / waste water treatment

Partners in the sub-project 

 
NAME
NATION
ROLE



BASF AG
Germany
Industrial case ”Polymerisation”, WP 6 (CO) WP1, WP2



Bayer Technology Services
Germany
Industrial case  ”Monomer Production”, specification, WP0 (CO), WP 4 (CO) WP1, WP2, WP5



Dow Chemical
Germany
Industrial case “Multiple basic chemicals”, specification, WP 5 (CO), WP1, WP 2



Repsol 
Spain
Industrial case ”Waste water treatment”, WP 7 (CO) WP1, WP2



Shell Chemicals
Netherlands
Industrial case ”Basic chemicals”, WP3 (CO) WP1, WP2



University of Liège
Belgium
Contribution of dynamic data reconciliation techniques



RWTH Aachen
Germany
Real time dynamic optimisation, coordination of optimisation, control, WP 2-6



Ruhr-Universität Bochum
Germany
Optimisation and control of hybrid processes, WP3



Universität Dortmund
Germany
Development of soft sensors, control of hybrid processes, WP3



Universitat Politecnica de Catalunya
Spain
Contribution of dynamic data reconciliation and  fault diagnosis techniques



Universidad de Valladolid
Spain
Waste water management, WP7



PSE
United Kingdom
Integrated process design and control, WP1, WP2-6



Belsim
Belgium
Dynamic data reconciliation, WP2



ABB
Germany
Plant disturbance analysis, model based performance monitoring, nonlinear control, WP2



IPCOS
Netherlands
Software architecture, nonlinear control, field test support,  WP1, WP2-6


SP8c: Glass Production

Objectives of the sub-project

objectives of this sub-project are to achieve faster product innovation and increased flexibility in operation and to increase the yield of production lines while minimising energy consumption, emissions and costs.

Targeted results

WP1: Integrated toolset for Modeling & Control of glass production processes.

WP2: Field-proven, reliable and fast forming models of glass pressing, leading to first-time right designs.

WP3: A process model and system engineering approach for the production of sol-gel glasses.

WP4: 5% reduction in energy consumption and 5% increase in production yield by developing a process monitoring and optimisation system (based on fast simulation) for fibre production.

WP5: 5% cost reduction by integral optimisation of the supply chain. 

WP6: Dissemination of acquired knowledge into the European glass industry
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Structure of the sub-project

Brief description of the Work Packages

WP0
Subproject coordination

WP1
Development of integrated toolset

WP2
Industrial Case 1: Development of fast glass forming models applied to TV-panel pressing

WP3
Industrial Case 2: Process and system engineering for sol-gel glass production

WP4
Industrial Case 3: Process monitoring and optimisation of glass fibre production

WP5
Industrial Case 4: Supply chain management in float glass production for increased flexibility

WP6
Training for knowledge transfer to the European Glass industry

Partners in the sub-project 

 
NAME
NATION
ROLE
 


Schott
Germany
End User, WP2 (CO)



Novara Technology
Italy
End User, WP3 (CO)



Saint Gobain
France
End User, WP4 (CO), WP5 (CO)



TNO TPD
The Netherlands
Supplier, WP0 (CO), WP1 (CO),WP2, WP4, WP6 (CO)



IPCOS
The Netherlands
Supplier, WP1,4,6



UPC
Spain
University, WP5



Ecole Centrale Paris
France
University, WP5



Politecnico di Milano
Italy
University, WP3



TU Delft
The Netherlands
University, WP4



TU/e
The Netherlands
University WP2


SP8d: Oil, Gas production and Processing
Objectives of the sub-project

Develop dynamic models and apply these models for dynamic control or Model Predictive Control, demonstrate applicability for different cases.

· WP2: based on existing dynamic models of multiphase (gaslifted) wells, build models that respond faster and can be used in dynamic control applications;

· WP3: Improve process control of a wastewater installation of refining plant;

· WP4: Application of Real Time Optimisation based on RMA sensing technology for lube oil processing;

· WP5: Develop models for true dynamic Real Time Optimisation (RTO) and Model Predictive Control (MPC), demonstrate the applicability, evaluate the benefits

Targeted results

WP2: Increase ultimate recovery of specific oil fields operated with gas lift by 5%.

WP3: Optimised process operation of waste water installation of refinery plant

WP4: Reduction of the gap between required and existing quality of 50%.

WP5: 0.2% increase in process regularity during load variations

Structure of the sub-project
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The subproject is divided into 5 work packages. The following figure outlines the subproject structure and indicates the partners that will participate in each work package. Later it can be decided that partners play a role in more work packages, in particular for work package 1, development of a integrated tool set. Subproject management will be carried out by TNO TPD. 

Brief description of the Work Packages

WP0
Subproject coordination and training

WP1
Integrated tool development for field tests

WP2
Dynamic optimisation and control of gas lifted wells (case Shell)

WP3
Improve process control of wastewater installation of refining plant (case REPSOL)

WP4
Application of on-line RMA technology for lube processing optimisation (case ENI)

WP5
Dynamic optimisation and control of an LNG plant (case Statoil)

Partners in the sub-project 

 
NAME
NATION
ROLE



Shell Chemicals
Netherlands
End user, input industrial case 1 (WP2)



REPSOL YPF
Spain
End user, input industrial case 2 (WP3)



Eni Divisione R&M
Italia
End user, input industrial case 3 (WP4 (CO))



Statoil
Norway
End user, input industrial case 4 (WP5 (CO))



TNO TPD
Netherlands
Supplier (WP0 (CO), WP1, WP2 (CO))



Fantoft
Norway
Supplier (WP1,5)



NTNU
Norway
University (WP2,5)



Honeywell
Czech Republic
Supplier (WP1)



University La Sapienza
Italy 
University (WP4)



Protomation
Netherlands
Supplier (WP1 (CO))



Eni Tecnologie
Spain
Supplier (WP1,4)



University Valladolid
Spain
University (WP3 (CO))



IPCOS
Netherlands
Supplier (WP1)



Petrogal
Italy
End User, related to case 3 (WP4)


SP9: Training and Technology Transfer

The T4, Training and Technology Transfer Tool, has to be conceived as a repository of knowledge developed in the project as well as a tool for training and technology transfer. To comply with these aims, it should contain all different technologies applied to case studies integrated in a common framework. It should reflect the MATCH architecture where each subproject contributes a module that has its own tasks but it also must operate in co-ordination with the remaining modules. A dynamic process simulator will provide the basis for showing the functionality of every module and integrate them. The simulator will play also a key role in training courses and as a demo of the capabilities of an integrated knowledge-based factory management and the outcome of the project. An open benchmark process (e.g. Fisher-Trops Synthesis or Tennessee Eastman Problem) could be adequate for these purposes.

The main tasks in the development of T4 will be related to Process simulation, integration and adaptation of the modules and the development of learning and training materials linked to the system showing the advantages and functioning of the MATCH architecture. Training with Industrial case studies is aimed to specific technologies in more constrained environment and will be under the responsibility of SP9. T4 will support more wide aims:

· demonstrate to managers, SME, the advantages of an integrated, model-centric approach;

· demonstrate to designers the importance of dynamic operation and the advantages of an integrated design-operation approach;

· internal training within MATCH and as a external demo and learning tool for technical people.

An important complement to the process simulator will be the development of a web page and distance learning materials that will wide the audience allowing better dissemination of the MATCH results and will improve internal communication among its partners.

B.5. Description of the consortium

B.5.1. Introduction

The MATCH-consortium entails over 40 organisations from across Europe representing:

· the forefront of global scientific research in the field of dynamic modelling for batch/continuous flow processes;

· Europe’s leading suppliers of cutting edge (software) tools for model based process design, process simulation, control and optimisation; and

· market leading companies from major process industries – i.e. (petro)chemicals, oil & gas and glass.

The consortium represents 11 different countries and it is composed of 17 university and/or research institutions and 26 industrial organisations, thereof 13 are suppliers and 13 end-users. This distribution reflects the necessary equilibrium between fundamental and applied research required for the success of the MATCH Integrated Project. Furthermore, SME’s will play an important role in bringing new ideas and flexibility in the consortium.  

Together these organisations will assemble the required human, technological and financial resources to acquire the scientific knowledge needed, translate this knowledge into next generation tools for process industries and spread the newly acquired knowledge and tools throughout Europe’s process industries through knowledge and technology transfer and training activities.
The consortium consists of a group of core consortium partners (8) and a group of other project partners.

a) Core consortium. Table B.5.1.1. shows the involvement of the core partners

Organisation
Contact person
Function
Representing

Statoil
Jan Richard Sagli
IP Co-ordinator
Oil/Gas/chemical end-users

Shell
Celeste Colantonio
Member
(Semi-)batch chemical processing industries

Bayer
Martin Friedrich
Member
Continuous chemical processing industries

Schott
Christoph Berndhäuser
Member
Glass manufacturing industries

TNO TPD
André Verweij
Member
Research Institutes

RWTH
Wolfgang Marquardt
Member
University Partners

Ipcos
Ton Backx
Scientific / Technical project co-ordinator
Suppliers

PNO
Ron Weerdmeester
Secretary
IP Management Unit

Table B.5.1.1: Overview core partners

The overview in table B.5.1.1. shows that all end-users participating in the case studies, are represented in the core consortium. Also the research institutes, universities and suppliers are represented. Therefore, also the core consortium is a good reflection of the balance needed between research and industry.

b) Other project partners. Next to the core partners, a large number of companies, research institutes and (technical) universities is involved in the project.


Research groups
Technology suppliers
End-users

Member states
Delft University of Technology

Eindhoven University of Technology

ENI Tecnologie

Imperial College

Universidad Politécnica de Catalunya

University of Bochum

University of Dortmund

University of Liège

University of Rome

University of Seville

University of Sheffield

University of Valladolid
Belsim

Empresarios Agrupados

Procisa 

Protomation

PSE ltd.


Amersham Health

Dow Chemicals

ENI Divisione R&M

Eramet

Novara Technology

REPSOL

Saint-Gobain



Associated Candidate countries


Military University of Technology
Honeywell HPL


Associated states
NTNU Trondheim

École Polytechnique Fédéral de Lausanne
Cybernetica

Fantoft
Hydro Polymers



Table B.5.1.2. – Overview other project partners

In Chapter B.4 all sub-projects are described. Within the description of these sub-projects, the name and role of each participating partner are made clear. 

B.5.2. Complementarity of the consortium

The project aims at bringing together partners in the following clusters:

· end-user processing industries (four different sectors in which Europe is leading);

· research institutes specialised in process design and engineering, modelling, optimisation and control, production scheduling and numerical optimisation techniques;
· suppliers and system integrators.
Within this framework the various project partners have been selected for their outstanding track record in leading edge research and development (university/research groups), implementation of state-of-the-art technologies (suppliers) and application of latest techniques in the fields (Industrial partners) covered by the MATCH project. The consortium is composed of partners that have extensive experience in international R&D cooperation. The research backbone of the project is formed by the following, internationally highly respected, research groups with widely appreciated expertise in the indicated fields:

· Delft University of Technology (Prof.Ir. Okko Bosgra and Prof.Ir. Johan Grievink)

· Model based Process design and systems engineering

· Model reduction

· Dynamic data reconciliation and state estimation 

· Model based control, 

· Imperial College (Prof.Dr. Efstratios Pistikopoulos)

· Model based process design and systems engineering

· Process modelling and process simulation

· Model based process control

· Dynamic process optimization

· NTNU (Prof.Dr. Sigurd Skogestad)

· Process modelling

· Model reduction

· Model based control

· Integrated design of processes and process control

· RWTH (Prof.Dr.-Ing. Wolfgang Marquardt)

· Process modelling and process performance analysis

· Model reduction

· Non-linear model based control and dynamic process optimisation

· Dynamic data reconciliation and state estimation

· University of Dortmund (Prof.Dr.-Ing. Sebastian Engell)

· Process control

· Model reduction

· Empirical/ First Principles/Hybrid model based soft sensoring 

· Process analysis and process performance monitoring

· Universidad Politécnica de Catalunya (Prof.Dr. Luis Puigjaner)

· Process design

· Process performance monitoring

· Supply chain compliant production planning and scheduling

The supplier and system integrator backbone of the project is formed by:

· IPCOS Technology

· High performance (non-linear) model based process control 

· Empirical and first principle model based soft sensoring

· Dynamic process optimisation

· Open system design and system integration

· PSE

· Process modelling

· Process simulation

· Process optimisation

· Supply chain optimization and dynamic production scheduling

· Open system design and system integration

· Cybernetica

· Process modelling

· Model based process control of continuous and batch processes

· Soft sensor design, process analysis and process performance monitoring

· Open system design and system integration

Each of the selected industrial partners have been selected for their extensive experience with state-of-the-art technologies in the fields covered by MATCH and for their interest in actively solving the problems posed by the challenging cases that require break-through technologies in the fields covered by MATCH. 

The 4 industrial processing industries sectors covered by the MATCH project represent a significant part of the European processing industries. Demonstration of the technologies in these sectors ensures that the technologies can be extended to also cover the requirements of most other processing industrial areas (a.o. Steel, Pulp and paper, Food, Cement, Ceramics, etc.)

B.5.3. Description core consortium partners

Partner
 01
: Statoil ASA (Norway)

Number of employees
: 17.000

Activity

Founded in 1972. Since 2001 it has been listed on the New York and Oslo stock exchanges. 75% of the shares are owned by the Norwegian state. Head office is in Stavanger, Norway.

The company’s objective is to carry out exploration, production, transport, refining and marketing of petroleum and petroleum derived products. Also renewables as bio-mass, hydro electricity and bio-fuels are marketed. Net turnover for the Group in 2001 totaled 4,1 G€ (NOK 30.5 billion). 

Statoil is the leading player on the Norwegian continental shelf. It has undertaken a gradual expansion of its international upstream operations in recent years, and is presently active in 23 countries. The company is the world’s largest net seller of crude oil, and a substantial supplier of natural gas in Europe. Statoil ranks as the largest retailer of petrol and other products in Scandinavia and in the Baltic countries, as well as a significant retailer in Poland and Ireland. It has 50% interest in the Borealis petrochemical group. 

STATOIL RESEARCH CENTRE has the primary role of research and development in Statoil. Its goal is to produce quality research results, which contribute to the group’s business goals of profitability, safety and environmental protection. Completed in late 1993, the Research Centre, situated in Trondheim, Norway has 6500 square meters of laboratory space and employs around 365 research staff plus services, in all around 420 people.

Role

Statoil will represent the oil/gas/chemical end-users. It is also the overall project manager of the MATCH-project. Furthermore, Statoil participates in the development of generic model development and model reduction and in the application of these models for on-line process operation support. 
Partner 02
: Shell International Chemicals B.V. (The Netherlands)

Number of employees
: Shell Chemicals Technology has 981 employees worldwide, 544 in Europe. 

Activity

Shell International Chemicals B.V. is one of the companies of the Royal Dutch/Shell Group, located in Amsterdam with its statutory seat in The Hague. The activities of the company consist mainly of the rendering of services to companies of the Royal Dutch/Shell Group operating in the field of chemical industry. Chemicals Technology is an in-house technology organisation within Shell Internationals Chemicals B.V., ensuring that innovative technologies are available and applied to all parts of the Shell Chemicals businesses. Its role is to both use in-house expertise to create proprietary technologies, and to find, assess and acquire appropriate technologies from third parties, including universities. Chemicals technology also provides a number of technical support and project services to Shell Chemicals manufacturing sites around the World, supporting the application of world-class plant processes and designs. Its capability relies on the talent, energy and teamwork of everyone in the technology group, enabled by an inclusive work environment where individuals feel valued and able to contribute. Chemicals Technology delivery is based on proactively engaging with the chemicals businesses and responding to their needs. By making outstanding technology contributions, it helps to build short- and long-term value for customers, for Shell Chemicals and the wider Shell Group.

Technology promotes excellence and sustainability in manufacturing operations, enabling Shell Chemicals to unlock and utilise the benefits of scale and feedstock integration. It helps to increase productivity, improve reliability and product quality, reduce costs, and allows the development of improved processes and products.

Role

Shell Chemicals will represent (semi-)batch chemical processing industries in the core consortium.

Shell Chemicals main contribution to the MATCH consortium will be done through Chemicals technology, by providing:

· proactive input and expertise to enable the development of innovative technologies;

· relevant industrial test cases for the technology R&D.

Shell Chemicals involvement can be found in sub-project 8B, in the industrial case “Basic Chemicals”. In this capacity it will co-ordinate one of the work packages. Furthermore it will be involved in the work packages concerning “General aspects of Industrial Applications, Training, Integration into supply chain” and the “Integrated Tool Development for field tests”.

Partner 03:
Bayer AG (Germany)

Number of employees
: 59.000 (123.000 worldwide)

Activity

Bayer Technology Services (BTS) provides technology services to the business units of Bayer corporation. BTS has extensive experience in process design, engineering and optimisation. Model based process analysis, performance monitoring, process control and dynamic optimisation belong to our core competencies. BTS will provide one case study to the MATCH project, that will be used to specify research needs and provide an example on which newly developed technology can be evaluated. Dr. Martin Friedrich is head of the Advanced Process Control Group at Bayer Technology Services. He has several years of practical experience in the application of advanced control methodologies, performance monitoring and training simulation in the process industry. He was appointed the project co-ordinator of the INCOOP project in  FP5.

Role

Bayer will represent the Continuous chemical processing industries in the core consortium. Furthermore it will be involved in several sub-projects:

· SP1: Specifications & case process operation, monitoring;

· SP4: User needs, specifications and testing for several WPs;

· SP8a: Chemical Batch Processing; end-user;

· SP8b: Chemical Continuous Processing: sub-project co-ordinator, industrial case “Monomer Production”. WP4 co-ordinator. Involvement in WP1, WP2 and WP5.

Partner
 04
: Schott Glas (Germany)

Number of employees
: 9.800 (19.800 worlwide)

Activity

Schott Glas is a company of the Carl-Zeiss-Foundation which is located in Heidenheim/Germany and Jena /Germany. Schott is a multinational, technology-based group with global sales of about 2 billion euros in 2001/2002 and about 100 manufacturing sites and sales offices in 38 countries. Schott's core purpose is to improve how people live and work through expert solutions in specialty materials, components and systems. Schott's main markets are household appliances, optics and opto-electronics, pharmaceuticals, information technology, the consumer electronics, lighting technology, automotive engineering and solar energy.

Role

Schott Glas is representing the glass manufacturing industries in the core consortium in it’s capacity of end-user. Furthermore the company is involved in the case study for glass production. It will be responsible for the co-ordination of the work packages “Fast Glass Forming Models”.

Partner
 05
: TNO TPD (The Netherlands)

Number of employees
: 500 (TNO in total: 5000)

Activity

TNO TPD, one of the fourteen institutes of the Dutch contract research organization TNO, focuses innovative solution by applied physics. The institute is founded over 60 years ago. Core technologies are optics, sound and vibration, materials research, instrumentation & information systems and models & processes. 

Two important markets for TNO TPD are:

· the glass market for which advanced computation flow dynamic models of the melting zone have been developed, based on fundamental knowledge of the glass chemistry and the related processes;

· the oil & gas market for which research and consultancy is carried out related to pulsation and vibration modelling and control of  compressor installations. TNO TPD is capable of quantitative and accurate prediction of the dynamic flow phenomena in process installations and applies dedicated control to optimise or stabilise production. 

Role

TNO TPD will be representing the research institutes in the core consortium. TNO TPD will be involved in the defining and developing of the MATCH Reference Architecture:

· definition of scope of architecture and the required interfaces for the different components (WP1);

· interfacing of existing software and hardware to the MATCH architecture (WP4).

As supplier TNO TPD will be involved in the case study for glass production. In this capacity it will co-ordinate several work packages (“Glass Production Co-ordination”, “Integrated Toolset Development” and “Workshops & Training”). Furthermore it will participate in the work packages for “Fast Glass Forming Models” and “Process Monitoring & Optimising”.

Partner
 06:
: RWTH Aachen University (Germany)

Number of employees
: 32

Activity

The chair for Process Systems Engineering (Lehrstuhl für Prozesstechnik, acronym 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 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. 

Role

RWTH will represent the university partners in the core consortium. LPT will contribute to MATCH in the area of dynamic optimisation methods and software, cross functional integration and applications towards the case studies in SP 8. The group will lead SP 5 and will significantly contribute to SP 8 in order to integrate method-oriented fundamental research with industrial case studies. Furthermore RWTH will be active in several sub-projects.

Partner
 14
: Ipcos Technology (The Netherlands)

Number of employees
: 8

Activity

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 responsibles for the European operation of Setpoint and later Aspentech until 1998. 

Role

Ipcos will represent the suppliers in the core consortium. Furthermore IPCOS will actively participate in the research on model reduction techniques and in the research on high performance model based control, state estimation and closed loop dynamic optimisation. IPCOS will coordinate the developments of the MATCH Reference Architecture.

The role of IPCOS in SP2 amounts to bringing in the industrial and vendor perspective. Act as intermediar between subproject 5 and subproject 2 and subproject 8. Participation in development and prototyping of new technology in the INCA industrial development environment. Early testing of the prototypes and ideas on simulations of industrial cases.
Partner 22
: PNO Consultants (The Netherlands)

Number of employees
: 160

Activity

PNO Consultants is a consulting firm, counting 160 employees, with 18 years of experience in technology transfer, national and European RTD project development and financial consultancy. PNO is project leader in various regional innovation programmes and has extensive experience in project development in the European Framework Programmes (RTD&CRAFT projects, and take-up actions under all 4 themes of FP5).

Role

Management support within the professional Management Support Unit.
B.6. Description of the project management

B.6.1. Project organisation and Structure

The project management structure consists of: A) Management Board; B) IP Co-ordinator; C) Project Board; D) Professional IP-Management; E) Sub-project Committee; F) Sub-project Leader; G) Advisory Board. At the end of this paragraph a justification of this management structure is given. The overall organisation and structure of the IP-management is illustrated in the diagram below. 
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Figure B.6.1: Management structure of IP

Management Board

The IP corepartners as described in B5 will establish a Management Board, composed of a (senior) representative of each participating partner. The Management Board works in close co-operation with the Project Board. The Management Board is the main body for the overall direction of the project. It has the power to agree upon:

· launch of sub-projects within the project, (re)allocation of the project budget etc.;

· changes in technical specifications;

· a defaulting partner and re-assigning its tasks;

· review and/or amendment of the EU-Contract;

· proposals for new contractors; 

· handling of conflict resolution. 

The Management Board meets at least once a year (see also "meetings"). The Co-ordinator of the IP (or a senior representative) chairs the meetings of the Management Board. 

IP Co-ordinator

The co-ordinating organisation of the proposed IP is Statoil ASA. In addition to the Co-ordinator's functions pursuant to the EU Contract, the Co-ordinator has the following functions:

· Communication to the EU on progress and any major delays in the execution of project;

· Administration and preparation of minutes, provision of the chairman of the Management Board and the Project Board;

· Transmission of documents and information connected with the project between the partners concerned;

· Withholding payments for EU-funding.

Project Board

· has the overall responsibility for the IP. It has responsibility with respect to all strategic issues of the project and will take decisions on implementation of IP objectives and overall activities including monitoring and implementing the integration of the various sub-projects;

· the platform for Sub-project Leaders to assure integration, linkage and mutual information on the progress of the separate sub-projects;

· will be chaired by a representative of the coordinating partner, not necessarily the IP Co-ordinator, acting as the Speaker of the Project Board and selected by the IP Co-ordinator.

The Project Board shall meet at least twice a year.

IP Management Unit (Professional day-to-day management)

IP Management activities can be divided into three parts: 

1. Technical/Scientific project management will co-ordinate at consortium level the technical and scientific activities of the project; 

2. Financial/Administrative project management (including secretarial support of the Management Board and contractual aspects); 

3. IP-specific management, focussing on issues like IPR, ethics, gender and knowledge management.

The IP Management Unit consists of an IP manager, assisted by a Professional Management Support Unit. The IP-manager is designated by the Co-ordinator and works under instructions and mandate by the Co-ordinator. The IP manager is, as head of the IP Management Unit, responsible for the day-to-day management of the IP. He/she is assigned the Technical/Scientific portfolio of the IP Management Unit. The Professional Management Support Unit focuses on the Financial/Administrative issues and the IP-specific project management. The Professional Management Support will be carried out by PNO Consultants, a consultancy agency specialised in management support in EU-funded projects.

Sub-project Committee

· has the first responsibility for the direction of the sub-project, i.e. to take decisions with respect to the execution of all tasks to be carried out at the level of the individual sub-project;
· will take decisions with respect to minor changes on sub-project budget or activities;

· all partners participating in a specific sub-project are represented in their own Sub-project Committee;
· each representative shall have a deputy;
· the Sub-project Committee shall be chaired by the Sub-project Leader’s representative.

The Sub-project Committee shall meet at least twice a year in principle at the request of its chairman or at any other time when necessary at the request of one of the partners participating in the same sub-project.
Sub-project Leader

· day-to-day management of the separate sub-projects will be implemented within each sub-project and carried out by a Sub-project Leader;

· will take decisions with respect to very minor changes in sub-project budget or activities. Decisions dealing with a more substantial shift of tasks, responsibilities and budget will, depending on the impact, be taken by the Sub-project Committee or the Project Board. For each of the sub-projects (except for the sub-project dealing with Management, SP 0), a separate task is dedicated to the day-to-day management at sub-project level. 

Scientific Advisory Board

Besides the Management Board also a Scientific Advisory Board will be formed. The task of this Scientific Advisory Board is to guard consistency of the R&D activities in and between the various subprojects. The Scientific Board also has to guard that ongoing developments are focusing on realization of the overall project goals and it has to signal problems with the progress of the ongoing developments. The Scientific Board advises the Management Board. On the basis of these advises the Management Board will decide on actions to be taken.

The following organisations/people are proposed for the Scientific Advisory Board: Ipcos, Ton Backx, IP-manager (Scientific/Technical), TU Delft (Okko Bosgra), RWTH (Wolfgang Marquardt), PSE (Costas Pantalides), NTNU (Sigurd Skogestad).

IPR Advisory Board

This board, headed by one of the industrial partners, will be established by the Management Board to support the consortium in all patent affairs. Details of the management of intellectual property rights will be defined by the Intellectual Property Rights Advisory Board in an “Agreement on Ownership and Exploitation Rights”.

Decision making structure
The decision making structure is a direct consequence of the management structure as described above. Decisions will be taken at three different levels:

· at sub-project level, the sub-project leader takes decisions on operational execution of the corresponding sub-project;

· at sub-project Committee level, partners will take decisions with respect to (minor) changes on sub-project budget or activities;

· at IP level, the Project Board is responsible for all major decisions concerning the IP. For example, this could concern the following items: decisions on new partners and call procedure and decisions on major deviation of tasks.

B.6.2. Information & Communication

Internal communication 

The overall goal of internal communication is to keep all partners fully informed about the project status.

Project meetings: Meetings are the essential communication means to maintain relationships, to promote information exchange and to make agreements on major decisions. 

Knowledge management within the project: Various tools to guarantee a proper management of knowledge will be developed. The main tool is the use of a project intranet-site. All project results, deliverable reports, minutes of meetings, progress reports, news, etc. will be published on this site and accessible for all IP-partners. In addition, a newsletter will be published twice a year and sent to all IP participants. 

Status reports: Communication between sub-project partners and the corresponding Sub-project Leader will also be facilitated by submission of 3-monthly status reports by sub-project partners to their Sub-project Leader, with a copy to the IP manager. The IP Management Unit will provide formats. 

External communication 
This communication will take place at IP management level. 

Communication with the EC 
The IP Co-ordinator, as chairman of the Project Board, is responsible for communication with the European Commission. He will be supported by the IP manager in this role. Periodic reporting is an important tool for communication with the Commission (see below). In addition, a representative of the Commission will be invited to attend project meetings whenever needed.   

Periodic reporting 
Each year, the consortium will submit to the Commission the following reports for the previous 12-month period, as well as a plan for the forthcoming 18-month period. 

· an activity report for the previous twelve months (an overview of the activities carried out, a description of progress towards its scientific and technological objectives, a description of training activities and an identification of problems encountered);

· a financial report for the period (a management-level justification, a summary cost statement, a cost certificate and a summary financial report);
· an updated implementation plan;

· an associated financial plan. 

The IP manager is in charge of the preparation and submission of these reports.

Communication with other (external) parties and other EC-funded projects 

To prevent doubling of work and to establish efficient and fruitful co-operation between the proposed IP and other submitted IPs which belong to the program, regular communication between the Project Board and Management Board and representatives of these IP’s is needed. Representatives of these IPs could be invited as members one of the Advisory Boards.

Dissemination, Training and Technology Transfer 

The MATCH project will comprise over 40 participants working on different, yet highly related problems. To guarantee the sharing of the results and solutions found by all partners it is mandatory to have a common repository of knowledge. To achieve this, the project will provide a Training and Technology Transfer Tool (T4). Using T4 and industrial demos developed using this tool, the technology transfer to other parts of the consortium is guaranteed. To enable synergy of all parts involved it is expected that T4 will be available in the web, which along with mobility among researchers and partners in the project will increase the technology transfer. In addition T4 will support external demonstration activities.

B.6.3. Planning, control and quality

The IP will be managed on output. The overall IP-objectives are only realised through an integrative approach (including critical and validation paths) in execution, monitoring and evaluation of all various tasks in and beyond separate sub-projects, see Chapter B.6.6 for risk management for integration. Each task results in a clearly defined deliverable. 

In principle, Sub-project Co-ordinators are responsible for planning and control of the tasks within their sub-project. The IP management will provide supportive planning tools and guidelines for this purpose. Details on tasks, deliverables, milestones and corresponding planning after month 18 will be defined by the Project Board and the IP manager in the updated implementation plans, to be submitted to the Commission yearly.

The IP Management Unit will be responsible for the day-to-day financial management of the IP. Execution of the financial and administrative management will be supported by PNO Consultants (see IP Management Unit). The IP management will request yearly partner audit certificates, indicating incurred costs from each partner.  

B.6.4. Typical FP6 issues
Integration issues in project

Risk management: the links and critical path relations between the separate sub-projects imply that the output/deliverables of a certain sub-project form the required input for one (or more) other sub-projects. Therefore, the risk management carried out by the IP Co-ordinator, the IP Management Unit including the IP Manager) and the Sub-project Leaders focus on the management of the critical and validation paths at all levels of the IP. 

Access and exit procedures for (new) consortium partners 
An important feature of an Integrated Project is that during the course of the project, some partners may leave the consortium, while organisations which are not involved at the start of the project, may join the consortium at a later time. 

Regarding the access of new partners, the Sub-project Leaders may express the need for a new partner. The Project Board will decide whether the access of new partners is needed and whether an external call procedure will be organised for this purpose. 

Decisions regarding leave of a partner are prepared by the Sub-project Leader and the IP Co-ordinator and are taken by the Project Board. Additional regulations on access and exit procedures are laid down in the CA.

Management of IPR-issues

Given the involvement of some industrial partners, combined with the innovative character of this IP, IPR issues need to be dealt with in a proper way. 

The partnership intends to protect the commercially significant innovations by patent and/or copyright and for that purpose will agree on Intellectual Property Rights (IPR) in a detailed consortium agreement to be concluded before the start of the project. Each partner has its own interest in using the project results:

· end-users wish to use the project results to improve their industrial processes in order to contribute to their competitive position in the market;

· suppliers (including Software vendors) wish to incorporate the project results in their products (software tools) and exploit these with their (end user industry) clients;

· research organisations wish to use newly gained knowledge as input to further research, for scientific publications and for advanced teaching purposes.

The following IPR principles will be the basis for the R&D co-operation in the project:

1. Ownership

· all partners will remain owner of the information (including software), they contribute to the project (knowledge);

· all partners will obtain common ownership of the SMART developments (including software) that result from the project (use). Software use only covers the completely newly developed software during the project (including extensions or modifications made to the software knowledge).

2. Licenses

· the industrial partners will obtain royalty free licenses to use the project results (use) for the improvement of their own processes (the industrial partners will be the sole owners of these improvements on their proper processes and will thus have the sole entitlement on possible patents deriving from those improvements);

· the technology developing partners (technology vendors and academic partners) will obtain the rights to exploit the project results (use) to other end-user industries. The technology vendors and the academic partners will agree on the exploitation and use of the SMART software results in the consortium agreement. 

3. Confidentiality

· parties will treat all knowledge with confidentiality (if not available in literature) and will agree in a consortium contract on penalties for possible breaches on this agreement. All information concerning the processes of the participating end-user industries will be considered confidential.

· partners will have the right to publish within the following constraints:

· where developments have commercial exploitation potential and one of the partners intends to file a patent request, research publications will be delayed (up to a maximum of 6 months) to allow patent coverage;

· industrial partners will approve publication before release within six weeks in case the publications contain information referring to benchmark processes or associated products. Details of the products improvements and production processes of end-users involved in project will not be published;

· within the management structure of the project an Intellectual Property Rights Advisory Board will be installed (see above). The partners have already agreed on the broad terms of a consortium agreement addressing exploitation, dissemination and publication of the results, and the areas, tasks and responsibilities therewith. This agreement will be detailed further after approval of the project proposal by the EC, and signed as soon as possible thereafter. In case of any conflict between this contract and the EU regulations, the latter shall prevail. Within the framework of the contract, the exploitation plan will be detailed further in the course of the project, in accordance with the progress made.

An extended description of the Project Management is already available due to the fact that this part is considered to be very critical. All specific tasks, functions, responsibilities, powers etc. of the different elements of the IP management structure are already defined.

B.7. Project resources

B.7.1. Resources
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Table B.7.1 shows the division of the IP budget of € 17.3 million over the different sub projects, the individual cost categories (labour / others) and the individual types of activity.

Table B.7.1.: Budget overview and division

Budget division over activities

· 77% to RTD/ Innovation

· 10% to Demonstration

·   5% to Training

·   8% to Management(*)
Funding division over activities 

· 80% to RTD/ Innovation

·   6% to Demonstration

·   7% to Training

·   7% to Management

SP budget division 

· 47% to RTD (clusters A - C)

· 45% to Case Studies (D)

·  8% to Sub-projects (SP 0&9)

One can see that most of the budget (77%) is allocated to RTD and Innovation activities and about 10% goes to demonstration activities. 47% of the total budget is allocated to activities under the research clusters A to C, another 45% is allocated to the Case Studies (cluster D), containing RTD and demonstration activities. The other 8% of the budget is for IP management and for training and technology transfer activities, that lead to benefits for a broader target group of industrial organisations. 

· Training activities in the Clusters and in SP9 make up for 7% of the EC funding. 

· Cost for Project Management are just below 7% of the EC funding.

(*):  Sub project management activities are mentioned in the table under project management and are part of this 8%. However 100% is only claimed for IP project management. Therefore SP management costs have been included under RTD/Innovation activities.

Furthermore the table shows that the budget for the Research Clusters (A–C) are mainly made up of labour costs (95%). Other costs mainly consist of travel and material cost. For the Case Studies Cluster labour cost make up for 91% of the budget; more other costs will be made on materials and equipment that is required for the test and validation of the tool set the industrial processes. Finally Subprojects (SP0 & SP9) consist for a relatively limited part of labour (78%); many other costs are expected for dissemination and training activities (e.g. organising seminars and training courses) and management activities (travel & subsistence).

The Project Effort Form (Table B.7.1.2.) shows the related number of manmonths for each individual partner. The consortium expects to invest a number of 1925 man-months and € 17.3 million in the project and proposes to request € 12.9 million EC funding to support its execution. Most industrial partners participate on a Full Cost basis and will actively seek for additional national funding, dedicated to the relevant industrial sectors or to process automation in general. Most partners will finance their project involvement with regular income and anticipate to generate future revenues with this project and are all willing to invest in the MATCH project. Furthermore the core partners will investigate the opportunities of obtaining the Eureka status for this project, allowing for additional national funding. 

Table 7.1.2. IP Project Effort Form - Full duration of project

(insert person-months  for activities in which partners are involved)
Project acronym – MATCH


Statoil
Shell
Bayer
Schott
BASF
Dow Chemical
ENI R&M
Eramet
Hydro Polymers
Ntech
Repsol
SGR
Amersham Health
IPCOS
TOTAL

RTD/Innovation activities
















SP1
0,4

0,4











0,8

SP2














0,0

SP3














0,0

SP4


6,0











6,0

SP5













5,0
5,0

SP6











3,0


3,0

SP7









0,3



27,7
28,0

SP8A


0,4

4,1


4,4
7,6
0,5


7,6
9,9
34,5

SP8B

8,0
12,0

8,0
6,0




6,0


4,0
44,0

SP8C



7,0





40,0

9,0

15,0
71,0

SP8D
6,0
6,0




19,0



10,0



41,0

SP9
1,0

1,0










1,0
3,0

Total RTD/Innovation
7,4
14,0
19,8
7,0
12,1
6,0
19,0
4,4
7,6
40,8
16,0
12,0
7,6
62,6
236,3

Demonstration activities
















SP1














0,0

SP2













1,0
1,0

SP3














0,0

SP6











3,0


3,0

SP8A




1,0


1,0
1,0



1,0
1,0
5,0

SP8B

8,0
7,0

8,0
5,0




5,0


2,0
35,0

SP8C



2,0





12,0

4,0

3,0
21,0

SP8D
1,0
4,0












5,0

Total demonstration
1,0
12,0
7,0
2,0
9,0
5,0
0,0
1,0
1,0
12,0
5,0
7,0
1,0
7,0
70,0

Training activities
















SP1














0,0

SP2













2,0
2,0

SP4


1,0











1,0

SP6














0,0

SP7













1,0
1,0

SP8A




1,0


1,0
1,0



1,0
2,0
6,0

SP8B

2,0
2,0

2,0
1,0




1,0



8,0

SP8C













2,0
2,0

SP8D
1,0
1,0








1,0



3,0

SP9
1,0

1,0










1,0
3,0

Total training
2,0
3,0
4,0
0,0
3,0
1,0
0,0
1,0
1,0
0,0
2,0
0,0
1,0
8,0
26,0

Management activities
















SP0
18,0
1,0
1,0
1,0









18,0
39,0

Total management
18,0
1,0
1,0
1,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
18,0
39,0

SUBTOTAL ACTIVITIES
28,4
30,0
31,8
10,0
24,1
12,0
19,0
6,4
9,6
52,8
23,0
19,0
9,6
95,6
371,3

IP Project Effort Form - Full duration of project

(insert person-months  for activities in which partners are involved)
Project acronym – MATCH


TNO TPD
Belsim
Cybernetica
Empresarios
ENI
Fantoft
HPL
PNO
Procisa
Protomation
PSE
ABB
RWTH
TU Delft
TOTAL

RTD/Innovation activities
















SP1
0,4

0,4
0,4

0,4


0,4
36,0
0,4



38,4

SP2

1,0








5,0

29,8
195,0
230,8

SP3

2,0
1,0







4,0


29,0
36,0

SP4

9,0
6,0

6,0



6,0





27,0

SP5


4,0








4,0
89,0

97,0

SP6


3,0





1,0


3,0


7,0

SP7
0,3
0,3
0,3
0,3

0,3
0,3

0,3
0,3
12,0
0,3
1,5
0,3
16,5

SP8A


47,2







3,2

9,4

59,8

SP8B











4,0
12,0

16,0

SP8C
25,0












16,0
40,0

SP8D
11,0


8,0
5,0
6,0








30,0

SP9
2,0
1,0
1,0




4,7

1,0


1,0
2,0
12,7

Total RTD/Innovation
38,7
13,3
62,9
8,7
11,0
6,7
0,3
4,7
7,7
37,3
24,6
11,3
142,7
242,3
612,2

Demonstration activities
















SP1









1,0




1,0

SP2

1,0



1,0
1,0



3,0



6,0

SP3

2,0
1,0







4,0


2,0
9,0

SP6


3,0





5,0


3,0


11,0

SP8A


3,0











3,0

SP8B











1,0


1,0

SP8C
6,0












3,0
9,0

SP8D
2,0



1,0
1,0








4,0

Total demonstration
8,0
3,0
7,0
0,0
1,0
2,0
1,0
0,0
5,0
1,0
7,0
4,0
0,0
5,0
44,0

Training activities
















SP1









3,0




3,0

SP2










2,0



2,0

SP4

1,0
1,0

1,0



1,0





4,0

SP6














0,0

SP7










1,0



1,0

SP8A


5,0







1,0



6,0

SP8B














0,0

SP8C
2,0













2,0

SP8D
1,0


1,0
1,0









3,0

SP9
2,0
1,0
1,0




1,0

1,0


1,0
2,0
9,0

Total training
5,0
2,0
7,0
1,0
2,0
0,0
0,0
1,0
1,0
4,0
4,0
0,0
1,0
2,0
30,0

Management activities
















SP0
1,0






14,3


0,5

1,5
0,5
17,8

Total management
1,0
0,0
0,0
0,0
0,0
0,0
0,0
14,3
0,0
0,0
0,5
0,0
1,5
0,5
17,8

SUBTOTAL ACTIVITIES
52,7
18,3
76,9
9,7
14
8,7
1,3
20
13,7
42,3
36,1
15,3
145,2
249,8
704

IP Project Effort Form - Full duration of project

(insert person-months  for activities in which partners are involved)
Project acronym – MATCH


EPFL
TUE
IC
MUT
NTNU
UPC
RUB
UNIDO
Uliège
URO
AICIA
CRSA
POLIMI-CMIC
Uvalladolid
USFD
TOTAL

RTD/Innovation activities

















SP1




48,0










48,0

SP2

72,0





64,0







136,0

SP3


15,0


15,0

15,0
30,0





2,0
77,0

SP4





10,0


10,0
10,0
10,0


10,0

50,0

SP5
48,0

16,0
64,0
35,0


28,0







191,0

SP6


18,0


28,0

18,0



18,0



82,0

SP7




0,3
0,3









0,6

SP8A
12,9



8,4


16,1







37,4

SP8B






12,0
12,0





12,0

36,0

SP8C

16,0



16,0





18,0
17,0


67,0

SP8D




40,0




5,0



18,0

63,0

SP9





1,0







17,0

17,0

Total RTD/Innovation
60,9
88,0
49,0
64,0
131,7
70,3
12,0
153,1
40,0
15,0
10,0
36,0
17,0
57,0
2,0
806,0

Demonstration activities

















SP1















0,0

SP2















0,0

SP3


2,0


2,0

2,0
4,0





2,0
12,0

SP6


1,0


1,0









2,0

SP8A















0,0

SP8B















0,0

SP8C

3,0



3,0





3,0
2,0


11,0

SP8D




6,0




1,0





7,0

Total demonstration
0,0
3,0
3,0
0,0
6,0
6,0
0,0
2,0
4,0
1,0
0,0
3,0
2,0
0,0
2,0
32,0

Training activities

















SP1















0,0

SP2















0,0

SP4















0,0

SP6


1,0


1,0

1,0



1,0



4,0

SP7















0,0

SP8A




1,0










1,0

SP8B















0,0

SP8C















0,0

SP8D




2,0










2,0

SP9





1,0







4,0

5,0

Total training
0,0
0,0
1,0
0,0
3,0
2,0
0,0
1,0
0,0
0,0
0,0
1,0
0,0
4,0
0,0
12,0

Management activities

















SP0




0,5










0,5

Total management
0,0
0,0
0,0
0,0
0,5
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,0
0,5

SUBTOTAL ACTIVITIES
60,9
91,0
53,0
64,0
141,2
78,3
12,0
156,1
44,0
16,0
10,0
40,0
19,0
60,0
4,0
850,5

TOTAL ACTIVITIES















1.925,8

B.7.2. Description of key personnel

Statoil – Mr. R. Sagli (IP manager)

Mr. R. Sagli is Department Manager R&D Process Control since 2001. He started his career in 1991.

1991: PhD Cybernetics, The Norwegian University of Science and Technology

1991-1992: Glamox AS,Molde, Norway, Production Engineer (automation)

1992-1996: Sintef Multiphase Flow Laboratory, Trondheim,Norway, Research Scientist.

1996-1998: Dynamica AS, Trondheim, Consultant Control Engineering.

1998-2001: Statoil ASA, Lead Engineer,Process Control

2001-2003: Statoil ASA, Department Manager, R&D Process Control

IPCOS – Prof. dr. ir. A.C.P.M. Backx (technical co-ordinator) 

Mr. Backx received his MSc in Electrical Engineering in 1976 and his Ph.D. in 1987  on research in the field of system identification and parameter estimation. 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  a.o. 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 SYNC-PRO project, both EU supported  research and development projects.

Shell Chemicals – Dr. C. Colantonio (CC member)

Dr. M. Celeste Colantonio holds an Electrical Engineering degree and a PhD in Process Control from the Universidad Nacional del Sur, Argentina. She is currently a Process Systems Engineer at Shell International Chemicals in Chemicals Technology, providing global R&D support to the product business units. Her main interests are in the areas of dynamic modelling, optimisation and advanced process control technologies in integrated business environments. She was a Professor and Manager of Postgraduate Studies at the Universidad Nacional del Sur (Argentina), academic visitor at the University of Houston and at the UCDavis and a senior researcher at Imperial College (London). She was a consultant for the process industries within the PID-UN development program and participated in World Bank auditoria for quality in higher education.

Bayer – Dr. M Friedrich (CC member)

Dr. Martin Friedrich is head of the Advanced Process Control Group at Bayer Technology Services. He has several years of practical experience in the application of advanced control methodologies, performance monitoring and training simulation in the process industry. He was appointed the project co-ordinator of the INCOOP project in  FP5.

Schott – Mr. C. Berndhäuser (CC member)

Diploma and PhD in mechanical engineering from RWTH-Aachen Germany. 1993/94: One year research work as Post Doc at the Japan Atomic Energy Research Institute. Since 1995 working with Schott. 1995/96: Project engineer in TV-glass production. 1997: Project engineer and 1998/99 manager of the R&D group "mathematical of glass forming processes".  Since 1999 Chairman of the ICG-TC25 "modelling of glass forming processes". Since 2000 senior manager of the R&D department "mathematical   simulation and optimisation". His main task is the application of commercial software tools to improve existing Schott glass production processes and to support the development of new production techniques. Research interests include the development of more accurate and faster models for glass-melting, -forming, and -annealing and model based process control.

TNO-TPD – Dr. ir. M.C.A.M. Peters (CC member)  

Peters graduated (M.Sc) in 1989 at the TU-Eindhoven, faculty of Applied Physics. In 1993 he finished his PhD study on the flow-induced pulsations in pipe systems and started working for Shell Research on oil and gas production technologies. In 1997 he moved to TNO TPD, and became manager of the flow and structural dynamics department. This department carries out consultancy work for the oil and gas operators and suppliers in the area of dynamic flow phenomena in process installations.

RWTH-Aachen – Prof. Dr. W. Marquardt (CC member)
Mr. Marquard is born 21.4.1956 studied Chemical Engineering at Stuttgart (Diplom 1982), dissertation  and habilitation from Stuttgart University in 1988 and 1992 respectively. NATO research fellow at UW Madison in 1989/1990. Arnold-Eucken-Preis of VDI-GVC (the national chemical engineering institution), since 1992 Full Professor at RWTH Aachen, Department of Chemical Engineering, founder and director of Process Systems Engineering at RWTH Aachen. 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.
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Reduction of model development time and overall effort by 75% to 90%





Rapid construction, modification, validation and maintenance of consistent process models
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