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STW Program

Multiscale Simulation Techniques (MuST)

Executive Summary

In view of the high importance that Multiscale Simulation Techniques have for increasing the competitiveness of the Dutch industry, STW has decided to start an STW seed program named ‘Multiscale Simulation Techniques (MuST)’.

MuST will contribute to the future competitiveness of the Dutch industry by shortening the lead-time of the design and development process of a broad range of industrial products, thus reducing time-to-market, which is an increasingly important success factor for companies in the 24x7 global economy. Multiscale-based simulation assisted design methods will lead to shorter lead-times, and will enable the faster and cheaper development of new high-tech materials, processes and systems, that can be used under more demanding operating conditions.

The MuST program has a methodological and pre-competitive character, and is by nature multidisciplinary. It will generate knowledge that is crucial for applied nationwide R&D programs that are carried out within the frameworks of the Leading Technological Institutes such as the innovation programs of DPI and NIMR (M2i), BSIK programs such as MicroNed, within TNO and other research establishments for applied technological research. 
The MuST program is also meant as the Dutch counterpart to strong foreign initiatives in this field, and will result in simulation tools and techniques for Dutch industry that predict the performance of structures, materials, products and processes from more elementary mechanical and physical relations at lower scales of observation, which is enabled by recent progress in the resolution of experimental techniques. Difficulties that arise from complicated geometries and from the necessity to consider different physical or mechanical phenomena simultaneously at different multiscale levels are explicitly part of the program. One of the main challenges of the program is to establish strategies for the coupling of the multiple models at different (micro, meso and macro) scales.
Multiscale simulation is a wide and rapidly developing field in science & technology. In order to ensure sufficient focus, MuST will be oriented on the development and application of multiscale simulation techniques for industrial products and processes and will thus fit within the framework of the national key area of High-tech Systems and Materials. 
Special attention  will be given to the transfer of knowledge, newly developed computational tools in particular, and to ensure that the simulation techniques that result from the program become (commercially) available to industry .

In brief, the ambitions of MuST are:

· Scientific development of the field of multiscale simulation and engineering

· Building a community of research organisations sharing tools, techniques and strategies in multiscale simulation and engineering.

· Establish a platform for cooperation with industry, international research organisations and for further development of scientific education.

1. Multiscale Phenomena: The challenge

The response of physical systems at the level of engineering interest, often called the macroscale, is to a large extent determined by processes that occur at scales which are one to several orders of a magnitude smaller: meso, micro and nanoscales. Indeed, processes at lower length scales govern the response of engineering structures, products and processes.

Examples are wing boxes or parts in the automotive industry that are manufactured from composite materials, where the direction, spacing and possible misalignment of fibres can determine the overall properties. Ink jet printing is a microfluidics application par excellence. It is a typical multiscale problem, where the effect of small particles or small bubbles can strongly influence the global performance of the printerhead or the acoustic coupling between different nozzles. Other examples originate from the increasing difficulties in accessing fossile fuels, where durability of materials and systems puts limits to drilling deeper and in more aggressive environments, from micro and nano-electronics, where the ongoing miniaturisation makes questionable the traditional continuum approach used in the majority of the engineering approaches. From the processing side, the simulation and prediction of micro and macrosegregation in solidification cannot be done with traditional numerical tools, and this also holds for submicron particle transport in gas flows where an improved understanding is needed for better chemical and combustion efficiency. In many cases, the mechanical behaviour and the ensuing life-time of the structure or device are strongly coupled to the flow of water, heat and chemical agents. The diffusion-like problems then introduce a wide spectrum of time scales as well, and they can vary by several orders of magnitude. 

A basic issue that is shared by the technical problems quoted above as examples is the fact that we have to compute data very locally and very accurately, while the entire structure, product or process area is several orders of magnitude bigger. The differential equations that describe physics of the problem thus extend over a large area, but because we need local knowledge, the currently available discretisation techniques for the governing differential equations lead to a number of equations and time steps that is far too large and is beyond today’s and tomorrow’s computing power. 

Multiscale simulation techniques strive to provide a solution to this. Several strategies are possible. One possibility is upscaling, i.e. from models that better represent the physics at a lower scale, one strives to obtain a model by repeated computational homogenization in conjunction with refined experimental observations at ever increasing spatial scales. Other strategies aim at simultaneous computing at different length and times scales by judiciously neglecting certain terms in the process. The difficulties reside in making the assumptions which are physically realistic, and finding the proper algorithmic frameworks. 

In order to keep sufficient focus the current program will be limited to engineering problems, in particular those encountered in industrial processing and  manufacturing of industrial products. The engineering problems at system (macro) level are caused by  effects at lower (micro) levels. Indeed, even the modelling techniques at  the various scales can differ. One of the main challenge of this multiscale approach is the  coupling of the modelling techniques at different scales.

2. Strategic Position, Scope and Ambition Level
Research into multiscale phenomena in solids, fluids and fluid-structure interaction problems has a generic and pre-competitive character, and is multidisciplinary by nature. A special requirement for the applicants is that at least two different university groups or eligible research organisations must cooperate during the research project. It builds on fundamental knowledge generated in physics, mechanics, numerical mathematics and computer science. On the other hand, the knowledge generated in this program, e.g. on how microstructure influences macroscopic properties of structural and functional materials, or on the flow of microfluidics in microdevices, will be underpinning for applied R&D programs as carried out within the framework of Leading Technological Institutes such as the Netherlands Institute of Metals Research (NIMR), for instance for the M2i innovation program, and the Dutch Polymer Institute (DPI), and BSIK programs like MicroNed. Within the knowledge chain, a program on multiscale methods is therefore naturally placed in the ‘research box’.

The salient characteristic of the STW Program “Multiscale Simulation Techniques” is its methodological and generic character. The methods and techniques that will be developed within this program have a universal character, and therefore, will be applicable to a wide range of technological problems. A major advantage of the program is therefore the cross-fertilization that will be achieved. Indeed, supplementary measures such as dedicated workshops will be organized to stimulate this knowledge sharing and `looking across borders’.

Two aspects are common to all problems that will be addressed. Firstly, they are extremely complex from the physics point of view. This complexity can arise from the presence of multiphysics (e.g., the coupling of deformation of the medium, and flow of water and chemical agents), from the complex geometry of the problem at hand, from the large range of length scales involved, or all together. Secondly, the level of detail that needs to be resolved is usually very fine, which leads to extremely high numbers of degrees of freedom if standard discretization techniques are employed, and therefore, to unaffordable computing times. This is impractical in industry attempts to shorten the lead-time of the design and development process. To provide computational tools that assist in reducing this lead-time is exactly one of the common main objectives that underly this STW Program.

New approaches and methodologies are required to tackle problems as described above. Current thinking is along three possible lines. A first is the weak decoupling of the problem into smaller problems, e.g., based on geometry or locality of the scales. The smaller problems are then better manageable, and subsequently, the original problem can be solved by smartly assembling the partial solutions. Another path that may be pursued is the efficient use of massive parallel computing and smart algorithms. A third path is upscaling by combined use of numerical homogenisation and sophisticated experimentation. Initial steps have been set along each of these lines, and there has been progress. But major breakthroughs are still to come, and will probably require radically new concepts.

In engineering applications, fluid and solid mechanics are the main disciplines that carry the development of multiscale simulation techniques to problems such as described above. As will be outlined below, the Dutch scientific community enjoys an excellent reputation worldwide and interacts well with industry. At the same time, the importance of a fast development of multiscale simulation tools, which currently are still at their infancy, has also been recognised in the US, France and Germany, where major research programs are currently under development. The MuST program will greatly assist in keeping Dutch engineering sciences in this field in the forefront of the international research arena, and even extending its leading edge for instance in simulations regarding safety and failure. From this strength they will be able to provide knowledge transfer and proper algorithms, that can be translated into industrially available software, see also `The STW Program: Distinctive Character & Added Value’.

3. Scientific & Technological Relevance

The program is concerned with a focal area in science & technology, namely the development of a wide range of high-fidelity simulation tools and techniques that are underpinning for the development of new materials, products, systems and new ways of processing. This technology will be cheaper and faster because of new algorithms and the exploitation of parallel computer architectures and will have a higher fidelity because of improved numerical algorithms and the explicit possibility to consider randomness in materials, systems, products and processing. Worldwide, simulation has been recognised as a leading technology push. 

International Technological Trends

Strong developments in multiscale computational techniques take place in Germany, France and in the UK. For instance, the German Helmholtz institutes have recently prepared a large proposal to develop multiscale techniques for the development of nano-structures and hybrid materials. But the biggest threat to the Dutch position in this field comes from the United States. Major efforts are mounted in the US to arrive at a nationwide program to develop the next generation of multiscale simulation tools, which will be able to compute, in a predictive sense, multiscale phenomena in a very wide range of applications, ranging from nanotechnology, biomedicine, materials, energy and environmental problems, to problems that arise in earth and life sciences. We refer to the reports of the President’s Information Technology Advisory Committee [1], the NSF Blue Ribbon Panel [2], and the US National Committee on Theoretical and Applied Mechanics [3]. They all conclude that simulation is central to “almost every aspect of our daily lives” and “impacts defence, security, transport, manufacturing, medicine, biology, energy and the environment”, and call for major investments in simulation technology. Breakthroughs are predicted that will result in dramatic enhancements to the fidelity and utility of computational predictions. 

[1] 
President’s Information Technology Advisory Committee (PITAC) Report Computational Science: Ensuring America’s Competitiveness, http://www.nitrd.gov, June 2005.

[2] 
NSF Blue Ribbon Panel Report Simulation – Based Engineering Science, http://www.ices.utexas.edu/events, February 2006.

[3]
US National Committee on Theoretical and Applied Mechanics Report Research in Fluid Dynamics: Meeting National Needs, http://www.usnctam.org, Winter 2006.

Position of Fluid and Solid Mechanics in The Netherlands

The Dutch fluid and solid mechanics community is strong, and is internationally well recognised. Next to the US, France, Germany and the UK, the Netherlands is one of the leading countries worldwide. This is reflected in the high percentage of Dutch articles in top journals in the field and in the strong representation of Dutch scientists in editorial boards of these journals and in executive councils of international  organisations in the field.

The scope of Dutch fluid and solid mechanics is also broad, with respect to methods as well as to the contents of the research. The methods cover experimental approaches, theoretical approaches, and numerical work, and research ranges from fundamental to more applied. Furthermore, applications can be found in such diverse areas as (applied) physics, mechanical, civil, maritime and aerospace engineering, chemical engineering, applied mathematics and biomedical engineering. The strength of Dutch solid and fluid mechanics also transpires from the large participation of constituent groups in programs set up by NWO, FOM and STW, as well as in nationwide research programs such as MicroNed.

It is this level and broadness that makes Dutch fluid and solid mechanics research so important for Dutch industry. Vice versa, the challenging problems encountered in industry stimulate research and lead to new directions and avenues. From these considerations it is therefore of utmost importance for Dutch industry to maintain and possibly even strengthen the level and broadness of the Dutch fluid and solid mechanics community. 

Another compelling reason to launch the program is that only with excellent research groups sufficient high-calibre persons that hold an MSc or PhD degree can be delivered to Dutch industry. Currently, Dutch university research groups have difficulty to satisfy the demand of industry for highly qualified graduates with an MSc or PhD degree. Unless action is taken to bolster their currently strong scientific position – which may erode because of the strong focus on research fields that are currently more `en vogue’ – the future situation may be such that insufficient capacity will exist to educate sufficient and well-trained young scientists for industry. To counter this threat, programs like “Multiscale Simulation Techniques” and the 3TU Centre-of-Excellence “Multiscale Phenomena” (see below), have been established. In this respect, the STW Program “Multiscale Simulation Techniques” will have a double effect. It will not only strengthen excellent research groups in this field, but it will also result in a number of well-trained PhDs, who are directly available for industry and society. More in general, training and education in advanced (simulation) techniques form an integral part of both initiatives.

3TU Centre of Excellence  “Multiscale Phenomena in Fluids and Solids”

At university level in The Netherlands the fluid and solids mechanics community is organised within two interuniversity Graduate Schools:

· J.M. Burgers Centre for Fluid Mechanics (JMBC)

· Graduate School Engineering Mechanics (EM)

All research groups in solid or fluid mechanics with international visibility participate in either of these two Graduate Schools. Both Graduate Schools have an accreditation by the Royal Netherlands Academy of Arts and Sciences (KNAW).

Currently, 37 research groups participate in the J.M. Burgers Centre, including some 60 fte permanent scientific staff and a total of approximately 260 PhD students. The Graduate School Engineering Mechanics comprises 20 research groups with 25 fte scientific staff, and about 130 PhD students. Both Graduate Schools have an active course program for PhD students, including each others, and is also open to industry. Contacts with industry and research establishments like TNO are guaranteed through the existence of Industrial Advisory Boards for both Graduate Schools. The above structure warrants a broad scientific base for this STW Program, and also creates good conditions for a proper knowledge transfer to industry.

Both Graduate Schools and the Department of Mechanics of the Royal Netherlands Institute of Engineers (KIVI), which is a platform for the fluid and solid mechanics activities in industry and in research establishments like TNO, ECN, NLR, Marin, GeoDelft and so on, have established the Netherlands Mechanics Committee (http://www.nethmech.nl). The NMC acts as an umbrella organisation for both aforementioned Graduate Schools and for the Department of Mechanics of the KIVI. A major aim of the NMC is to enhance the international visibility of the Dutch solid and fluid mechanics activities, and has now been recognised as the Dutch representative by all major organisations in the field, including the International Union of Theoretical and Applied Mechanics (IUTAM), the International Association of Computational Mechanics (IACM), the European Mechanics Society (Euromech), and the European Community on Computational Methods in Applied Sciences (ECCOMAS). 

From the user’s side, the Industrial Advisory Boards of the research schools J.M. Burgerscentre and Engineering Mechanics have endorsed the need for a strategic program as outlined here. These industrial advisory boards include representatives from Shell, Corus, Océ, Philips, Akzo-Nobel, Unilever, DSM, Gasunie, GeoDelft, NLR, TNO, and NIMR.

More recently, the federation of the three Dutch technological universities (3TU Federation) have selected solid and fluid mechanics as one of their five joint focal areas. Both Graduate Schools form the backbone of this so-called Centre-of-Competence. The best groups have been selected to constitute the Centre-of-Excellence “Multiscale Phenomena”, and an investment of 8 million euros has been put in this centre of excellence to establish new permanent faculty positions and to acquire sophisticated equipment, in short, to improve the scientific infrastructure. 

The present proposal can be conceived as a complementary action to launch specific research projects motivated by industrial needs. It is emphasized that although the fact that this STW Program can be conceived as a complementary action, this does not imply that the proposal is only open to groups that are within this centre-of-excellence. Like any STW Program, it is open to any proposal that fits its scope and themes.

4. Industrial Relevance & Economic Benefits

The availability of multiscale computational techniques and knowledge is of utmost importance for the (future) competitiveness of the Dutch industry. This holds true already now because of the broad range of applications, but perhaps even more so because of their methodological importance for the industrial design process. In the 24x7 global economy, time-to-market will be one of the most important success factors for companies. For this reason it will be crucial to shorten the lead-time of the design and development process. Multiscale models are becoming increasingly important for first-time-right development methods. At this moment much time (and therefore money) is lost with trial and error based design methods. Multiscale model based design methods will result in lead-times, which will be shorter. As a result, we will be able to develop new high-tech materials, processes and systems with less use of scarce natural (and human) resources.

The development of a new high-tech system typically requires at least three prototyping cycles. It starts with a breadboard showing the basic functionality. Subsequentely, a first macro-model has to be built to prove its primary functionality (on micro and macro scale). Then, an engineered, more detailed prototype will be built to prove all secondary demands (reliability, safety, price, etc). In some industries even a fourth generation prototype is necessary to test and integrate the modules and/or the parts developed by subcontractors. The design and construction of these prototypes is a time-consuming activity. An average design cycle takes, depending on the complexity of the system, at least 6 – 9 months (design, ordering and assembly of parts). After the completion of the prototype the ‘real’ work starts with months of stress-testing the functionality of the design (putting it to the limits in terms of speed, accuracy, temperature, vibrations and so on). These design and test-cycles are necessary to prove the functionality of the separate modules and to check if the total system (containing this modules) works as expected.  Initially, this is often not the case, and the design has to be changed. This leads again to waiting periods of months for modified parts. If it is possible to reduce the number and/or duration of these prototyping cycles (first-time-right!) with new multi-scale (multi-disciplinary) simulation tools, this will have an enormous impact on the R&D power of the Dutch industry.

Time-to-market of new high-performance steel grades is another example. The rapidly increasing worldwide demand of the automotive and construction industries for advanced high-strength, high-ductility steels and for dual-phase steels constitutes a strong market-pull for R&D in the steel manufacturing industry. At present, the time-to-market of new products can amount to several years. To maintain a competitive edge in the global steel industry this time has to be shortened drastically. The design and implementation of new processes for these advanced high-tech materials involves interdisciplinary R&D efforts, in the fields of steel making, casting, milling and coating. It combines almost all of the aforementioned themes such as macroscopic and microscopic fluid mechanics and chemistry, micro and macro-structural solid mechanics, and corrosion. Multiscale simulation techniques will bring these classical disciplines of fluid and solid mechanics together to enable fast time-to-market of new products.   

The methodological character of the program makes it less straightforward to quantify the economic impact over the Dutch industry as a whole, but the above examples demonstrate that it will significantly increase the competitive power over a broad range of industrial activities. These are estimated to roughly represent a third of the gross national product. Even more importantly, it will increase the competitive power of high-technological parts of industry, which implies that the part of industry that will benefit from the knowledge generated will only increase in future. For instance, the proposed program is most relevant and will provide tools for activities that take place within the scope of High-Tech Systems & Materials, which is considered nationwide as a focal theme for innovation. The Dutch HTS sector alone employs around 140.000 fte, and the total turnover is estimated at 20 billion euros, of which 90% is for export. In this sector, niche markets and high added value products constitute more than 50% of the turnover, and this part is growing. 

The program will equally well contribute to knowledge and techniques that are used in biomedical engineering, which is of high relevance in our aging society.

5. Research themes

The methodological character of the program implies that there is no one-to-one relation between its research themes and the applications areas. One research theme may be relevant for multiple application areas, and, vice versa, an industrial application may draw upon knowledge generated in more than one research theme. Nonetheless, the scope of the program will impose limits to the issues where the program will focus on: 

· The research will fit within the area of High-tech Systems and Materials.

· The break-through and added value of the multiscale approach will be found in the coupling of at least two different scales to describe the total system behaviour. This behaviour should be related to a relevant application in industry.

Clearly,  the following research themes will fit within the scope of the program: 

Multiscale computational techniques for : 

· sustainable production of high-performance materials. 

· assessing reliability and durability.

· (moving) interface problems

· multi-physics phenomena

· micro-devices

· etc.

The type of research that is eligible for funding in the MuST-program is clarified in the following scheme. 
[image: image1]
The outer square represents the application scope of high tech systems and materials. 

The inner square defines the narrowed scope of the program. 

· The system behaviour at macro level (at the level of industrial relevance, e.g.  the product or process) is determined by processes and / or material properties at microlevel. Examples are composites of different materials or of heterogeneous composition of the material. In the MuST program it is assumed that these materials are already available and research to the production of (new) materials will not fit within the scope of the program.

· The system behaviour at macro level should be directly related to a relevant industrial application, i.e product or process. 

· For a good description of the performance at application level model descriptions are  needed at different scales, micro-meso-macro. Multiscale modelling will give the insight in the phenomena that occur at application level.  In the MuSTprogramma effort should be given to the development of know-how for the coupling of the models at different scales. The developed simulation techniques should have a sufficient generic character so that the knowledge is valuable for a broader range of applications than the application that is subject of study in a specific MuST project.

· Only those scales and multiple models that are needed for the description of the macro-behaviour of the system should be taken into consideration in the investigations. For example, models on atomic scale will not be needed to describe relatively large ‘engineering structures’. The lowest micro level will in this case obviously be orders of magnitude larger than the atomic scale.  

· Experimental research can be part of the project although it should not be the main goal. In case of experimental validation of the models this may be performed only at the highest integration level and preferably in close co-operation with the potential technology user. Furthermore, it is assumed that necessary physics, algorithms and experimental data are known to a large extent. Fundamental research of the physics by existing simulation tools or additional experiments can be necessary for determining certain parameters needed in the multiscale simulations, but may only cover a small part of the project. 

· Research projects that are limited to fluid-fluid interaction such as turbulence research, disperged multiphase research and acoustics do not fall within the scope of the MuST program. 

· The final goal will be to obtain software tools that can describe the behaviour or performance of the application, although the development of ‘user-friendly’ software based on the algoritms obtained within the project, will not be part of the funded project itself. Nonetheless, within the program the transfer of the knowledge and the further development of software tools will be stimulated.

· In the projects explicit attention will be given to the consequences of the developed multiscale model for the design and/or optimization of the system on macro-level, Also ‘reversed engineering’ falls within the scope of the program, where for a predescribed performance of the macro-system the model supplies the parameters for the design and production of new materials, although the material research itself is not part of the MuST program. To achieve this ambition the underlying physics, algoritms and experimental data for the different scales should be known for a larger part at the start of the multiscale  research project.

6. Distinctive Character & Added Value 

The transfer of the simulation techniques and tools to the user community should be secured as much as possible in the utilisation paragraph of the project proposal. The role of the users should be clear from the beginning and the users should endorse the project plan and the utilisation paragraph. The users will play an active role in the implementation of the results of the project (software companies, large technology institutes, industry, SME). The various roles of the potential technology users is schematically drawn in the figure given below. 

For transfer, utilisation and valorisation of the knowledge acquired in the project it is crucial that (i) the pilot software that is (often) developed in special-purpose programs is transformed into bug-free, robust and user-friendly commercially available software, and (ii) adequate training is provided for the scientists and technologists that work in industry. By having the projects in a single program, a critical mass will be created that ensures that these issues can be addressed much more properly. As a third benefit, cross-fertilisation among the various projects will be facilitated and stimulated e.g. via regular workshops where the researches can meet and exchange their ideas and knowledge obtained in their MuST  projects. Part of the budget for the MuST program will be allocated for the preservation and maintainance of  the software simulation programs developed in the MuST projects by the creation of a central ‘modelling platform’. This platform will be accessible to the researchers in the MuST program as well as to the user community, although the standard STW conditions will apply to the commercialisation of the developed software.     

It is a primary aim of the present STW program that the software transformation will be carried out fully, resulting in availability to industry. Potential applicants therefore have to describe in detail how, and by which partners this transformation of software will be carried out, and which strategy will be followed to bring the software resulting from the research will be brought to market. Possible partners that can assist in this transformation can be found in software companies, TNO, and other similar research establishments. Royalties on revenues from the lease of commercial software that will result from projects within this STW Program will return to STW via the normal procedures.

Software without proper training is useless, especially when the underlying concepts and theories are complicated. The framework of the Centre-of-Excellence “Multiscale Phenomena” and the two aforementioned Graduate Schools provide the ideal setting to provide courses and training. Relevant to, but separate from the MuST program, two courses will be set up jointly by the J.M. Burgers Centre and Engineering Mechanics:

· Multiscale simulation techniques for solids and structures

· Multiscale simulation techniques for fluids and interaction problems

These courses will be open to PhD students (on the normal conditions), and also to scientists and technologists from industry (which is, in fact, the case for all courses offered by these two Graduate Schools). The courses will distinguish themselves from regular courses offered by the Graduate Schools in that they will be set up in collaboration with scientists from industry, and that engineers from companies that participate in the STW Program can enter at reduced fees. The courses thus developed will be repeated at regular intervals.

7. Organisation & Time schedule 

Budget

For this call an STW  budget of at least M€ 3,5 is available which must be complemented by contributions of potential technology users (companies/institutes). Depending on the number of projects of  sufficiently high quality an extra budget of maximum M€ 1,5  will be available for funding under the MuST program. 

On  project basis  the contribution (financially and/or in-kind) must be at least 25% of the total budget of the project. The total costs of a project submitted under the  MuST program is maximized to M€ 1.  Given the minimal 25% user contribution per project, a maximum of € 750.000 can be requested from STW per project. The users do not have to co-finance up-front in the program but must contribute financially and/or in-kind (materials, equipment, facilities etc.) in the project  in which they will participate. 

Who can apply

Scientists holding a doctor’s degree employed by Dutch universities or scientific institutes recognized by NWO are eligible to submit a  proposal under the program.  For more  details see page 11 of the STW “Richtlijnen voor het indienen van een aanvraag in het  Open  Technologieprogramma”, version April 2007. Since MuST is a multidisciplinary program, at least two research groups with different backgrounds (fluid/solid, micro/macro, applied mathematics/physics etc.) should be involved in the project proposal. In the project description it should be made clear what the added value of the multidisciplinary approach is for the project. 

Proposals
For this program a pre-proposal round is not foreseen. The applicant can directly submit a full proposal. In case one has doubts about the fitting of their proposal within the scope of the program, it is advicable to  submit a preliminary short proposal. The Program Committee (PC) will give additional comments for improving the fit and may give suggestions for combining proposals from different applicants and/or suggestions for  involving potentially interested users. Submitting a concept version of the apllication is not obligatory, but will help improving the coherence of proposals submitted under MuST.

All the projects in the program have to meet the following criteria:

· The development of multiscale models must be linked to an industrial (engineering) application.

· The simulation technique to be developed must have a generic value in the sense that applicants must make plausible where and how their technique can be applied outside its specific domain of application

· Simulation models have to link at least two scales, by scale transition or by using both (or more) scales in the simulation process

· Every project must have a user contribution of 25% (in cash or in kind) of the budget.

Full proposals must consist of a detailed description of the expected results, planning of the research and a utilization paragraph. The utilisation paragraph should include the important industrial challenges that will be solved, the time frame to implementation and the expected bottle-necks during the implementation. Companies and institutes, which will potentially contribute, should be involved bottom-up during the preparation of the proposal. 

In addition, the utilization paragraph must also address the generic value  of the newly developed  multiscale simulation techniques for a broader range of applications than the particular application under investigation within the research project.   

The guidelines for full proposals are based on the “Open Technology Program (OTP)” guidelines, the main difference being that the technology users (companies/institutes) in the MuST-project should contribute for at least 25% of the total project cost. The proposals should therfore be accompanied by a ‘letter of participation’ in which the users make their contributions explicit and specify exactly what, when and how these contributions will be made available (for more details see “Richtlijnen voor het indienen van een aanvraag  in het Open Technologieprogramma” (www.stw.nl). 
These letters of participation are madatory for a positive granting decision by the STW board. If applicants are not able to submit the letters of participation by the closure date of the Call for Proposals they should make clear in the proposal that such commitment letters will be available within 1 month after the STW board has granted their proposal. Note that a project can never start until contracts between STW and contributing parties have been signed.

Contributions by users can be in-kind or financially. For in-kind contributions the following conditions apply:

a) Equipment against cost-price and including depreciation

b) Part of the research may be done by third parties (industrial partner or knowledge institute). For contributions in manpower the following applies:

- The contribution is integral part of the project plan. The persons involved are active member of the user committee.

- The contribution is based on a tariff of € 106 per hour for a senior researcher and  € 75 per hour for a researcher/technician on HBO level. The number of hours as support to the project must be specified in the letter of participation and correspond with the milestone planning in the project proposal.

A detailed description of the guidelines for submitting MuST proposals can be downloaded from the MuST website at www.stw.nl. 

Evaluation criteria of full proposals

The full proposal will be evaluated individually by experts (referees) and ranked by an independent jury of about eight (inter) national expert of universities (no applicants of this program) and industry. The decision of the STW board will be based on the ranking by the jury and the advice of the program committee. The program committee advises on the cohesion between the project proposals and their fitting in the program.

Full proposals will be evaluated on scientific quality and utilization perspective. 

Scientific quality 

· Originality and innovative character of the proposal

· Expected impact on the scientific community

· Research method

· Time schedule

· Budget

· Infrastructure

· Past performance of the applicants.

Utilization 

· Potential economic impact

· Contribution to the development of applied knowledge; 

· Generic value of this new knowledge for a broader range of applications

· Impact on utilization if the project is carried out successfully; 

· Different steps needed (time path) to utilize the results;

· Chance on patents and/or know how agreements.

· Participation of users

The program committee will use the following considerations to evaluate if the proposals fit the framework of the program:

· How well do the goals of the project fit within the ambition of the MuST program. Do the expected results meet the industrial needs in the long term?

· To what extent does the proposal fit within the research themes of the MuST program?

· Does the program strengthen the MuST expertise in the Netherlands in general and of the participants in the project in particular?

· To what extent is the project proposal multidisciplinary? 

· Do the proposals overlap each other and if so, what are the consequences for the funding?

Time schedule  MuST proposals

Call for proposals open
 Friday 20 july





Applicants are requested to submit a short description of their plans for advice by the Program Committee on how well the plan will fit within the scope of the MuST program. The PC may give additional comments for improving the fit and may give suggestions for combining proposals from different applicants and/or suggestions for  involving potentially interested users. 

The request is not mandatory, but will help improving the coherence of proposals submitted under MuST.

	Advice by Program Committee  (on request by potential applicants)

Deadline full proposals
	Between Wednesday 29 August and Friday 7 September  

Wednesday 3 October 2007

	Start review by experts 

Deadline protocol 
	Wednesday  10 October 2007

Friday 9 November 2007

	Ranking by Jury ready
	Friday 30 November 2007

	Advice  Program Committee to STW board ready

Proposal for funding send to STW-board 

Decision by STW board on funding

plus notification to applicants
	Friday  7 December 2007

Friday 14 December 2007

Friday 21 December 2007




Multiscale and





“Micro” Behavior





Multiple Modelling





“Macro” Behavior





Fluid  mechanics





‘System’ =


application





Material





Material production





























Perspectief								�


�#03 _ MultiScale Simulation Techniques (MuST)











High Tech Systems and Materials











PAGE  

