Department of Chemical Engineering, NTNU, Trondheim

Research Group 3: Process Systems Engineering 
	Academic staff

Professor Sigurd Skogestad (born 1955, started 1987) – process control

Professor Heinz A. Preisig (born 1951, started 2003) – modeling and process control

Associate professor Tore Haug-Warberg (born 1958, started 2002) – thermodynamic modeling

Associate professor Nadav Skjøndal Bar (born 1974, started 2008) – systems biology

Professor emeritus Terje Hertzberg (born 1937, retired 2007)

Post.docs.

Stefan de Graaf  (Cybernetica) (20% time)

Sridharakumar Narasimhan 

PhD candidates (name, from country, supervisor )
Elvira Marie B. Aske       Norway (ChE NTNU)     (Skogestad) 
Olaf Trygve Berglihn      Norway (ChE NTNU)     (Haug-Warberg)

Håkon Dahl-Olsen           Norway (ChE NTNU)     (Skogestad)

Ivan Dones                       Italy (TU Milan)              (Preisig)

Magnus Glosli Jacobsen  Norway (ChE NTNU)     (Skogestad)

Jørgen Bauck Jensen        Norway (ChE NTNU)     (Skogestad)

Johannes Jäschke             Germany (Aachen)          (Skogestad)

Andreas Linhart               Germany (Aachen)          (Skogestad)

Bjørn Tore Løvfall           Norway (ChE NTNU)     (Haug-Warberg)

Henrik Manum                  Norway (ChE NTNU)    (Skogestad)

Mehdi Panahi                    Iran (Sharif)                     (Skogestad)

Heidi Sivertsen                  Norway (Physics NTNU)(Skogestad)

Jens Petter Strandberg       Norway (ChE UK)          (Skogestad)

Ramprasad Yelshuru         India (MS Singapore)     (Skogestad)



In addition, a staff member with close ties to the Process Systems Group is Professor Magne Hillestad (born 1956, started 2007).
The group is located in the second floor of building K4,
1. Description of research activities 

Process systems engineering deals with the overall system behaviour and how the individual units should be combined to achieve optimal overall performance. Important topics are multi-scale process modelling, operation and control, design and synthesis, and simulation, statistics and optimization. 

At present, the main activities in the group are within process control and process modelling including efficient thermodynamic calculations. A new area from 2008 is systems biology, where Nadi Bar started as Associate professor in January 2008. 

Industrial use of advanced process control increases rapidly, and candidates who combine process knowledge and control expertise are in high demand in industry. Control is an enabling technology, thus basic for any industry-based society. The use of advanced control is transforming industries previously regarded as "low-tech" into "high-tech".  In process control (Skogestad, Preisig), the objective of the research is to develop simple yet rigorous tools to solve problems significant to industrial applications (of engineering significance).
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Up to now, the design of the overall "plant-wide" control structure has been based on engineering experience and intuition, whilst the aim has been to develop rigorous techniques. The concept of "self-optimizing control" provides a basis for linking economic optimization and control (Skogestad).  For example, for a marathon runner, the heart rate may be a good "self-optimizing" variable that may be kept constant in spite of uncertainty. Control is done in a hierarchical construct. At the bottom of the hierarchy, the main issue is to "stabilize" the operation and follow the setpoints provided by the layer above. Further up in the hierarchy one finds optimising control co-ordinating the control of units and plants. A special case is sequential control, which is used to implement recipes in batch operations but also is the basics of handling start-up and shut-down as well as all fault and emergency handling. Another important concept is controllability, which links control and design. Here the main focus is on applications, which currently include reactor and recycle processes, distillation columns, gas processing plants, cooling cycles including liquefied natural gas (LNG) plants, low-temperature polymer fuel cells and anti-slug control. Small-scale experimental rigs have been built to study anti-slug control and novel distillation arrangements. In most cases, control is an "add-on" to enable and improve operation, but the anti-slug rig demonstrates how control in some cases can be used to operate the system in a completely different manner. 

The Kaibel distillation column (see picture) is 6 meter high and 5 cm in diameter and can be used to study "thermally coupled" columns, including the three-product Petlyuk column and the four-product Kaibel column. The research in this area will be strengthened in 2008, through a grant from the research council where 2 new PhD students will be hired. Dr. Ivar Halvorsen from SINTEF and Sigurd Skogestad manage this integrated distillation project. The group also has an automatic drink mixer, which is used for demonstration purposes and to study sequence control based on automata theory (Preisig).

The centre piece of process systems engineering is the model. Modelling is seen as a difficult and time consuming operation. The step-wise approach developed in this group has transformed the art of modelling into a nearly procedural operation, which has been captured in a program environment. The modelling operation is thereby lifted up from writing equations to choosing concepts and mechanisms. The equations are then generated and assembled automatically taking the applicable equations from a data base that has buildt applying mechanistic descriptions where ever applicable. Multi-scale modelling is supported by enabling order-of-magnitude assumptions, which automatically induce model reduction thereby eliminating structure-related mathematical problems. The overall objective in the group is to develop efficient object-oriented software tools that implement this method and assist in developing consistent and structurally solvable process models on different scales that match the particular application. The technology is physics-based with extensions to allow for grey-box modelling. It aims at replacing various graphical interfaces to simulators and generates code for the major chemical engineering simulators such as gProms, Matlab, Modelica etc. but will also be able to generate stand alone, application-tailored simulators. 

The fourth generation of a high-level modelling tool is presently being developed (Preisig), which we aim to apply to large-scale plants, including the Mongstad refinery. It incorporates object-oriented tools for efficient thermodynamic modelling, which extend into the efficient computation of thermodynamic information. Rather than a traditional implementation of activity or fugacity coefficients, emphasis is put on the use of structured equation sets governed by thermodynamic consistency rules (Haug-Warberg). The thermodynamic models are implemented in symbolic form with automatic differentiation capabilities and serves as the basis of several industrial strength simulations (YASIM, CADAS) and energy accounting tools (HERE) in co-operation with Norsk Hydro and Yara. A primary aspect of thermodynamic (and other physics) modelling is the required consistency of physical units. We have a procedure to obtain self-consistent models, including automatic generation of gradients. This technique has so far been tested up to sixth order gradients, which are  needed for higher-order critical point calculations.

A new research area for the group is systems biology. A new faculty, Nadi Bar, started in January 2008, and the future for this activity are very promising. We have good ties with the Biotechnology Department at NTNU and we are establishing an international network.
The group has some experimental activity (Skogestad), but mostly the work is theoretical and based on computer tools, such as Matlab.

2. Research collaboration (national, international, industry/public sector) 

Funding comes from the Norwegian Research Council, the Gas Technology Center at NTNU and SINTEF, from industry (Statoil, Gassco, Hydro) and from the EU (Promatch program).

The group closely cooperates with other systems-oriented departments at the university, including Engineering Cybernetics (Hovd, Foss), Energy and Process Engineering (Gundersen), and Industrial Ecology, and also with SINTEF. The process systems engineering activity at NTNU (PROST) holds high international standards and was already in 1994 recognized as a strong-point center, both by NTNU and SINTEF.  The PROST strong point center has not been operating actively for the last five years, mainly because the group members have been engaged in other projects that involve the same people, for example, the Gas Research Center which has involved also Cybernetics and Mechanical Engineering. There are plans of revitalizing PROST.
Industry is co-funding several of the PhD projects, including Aske (Statoil/Gassco), Berglihn (Yara), Dones (Statoil), Jensen (Statoil), Løvfall (Statoil), and Sivertsen (Statoil).         

International cooperation is strong with following institutions: RWTH Aachen (professor Wolfgang Marquardt), Univ. of Stuttgart (Professor Frank Allgöwer) TU Delft (Professor Okko Bosgra), TU Eindhoven (Professor Ton Backx), Imperial College (Professors Pistikopolous and Pantelides), Leicester University (Professor Ian Postlethwaite), University College London (Professor Eva Sørensen), UC Santa Barbara (Professor Frank Doyle), University of Minnesota (Professor Daoutidis), University of Wisconsin (Professor Jim Rawlings),  plus many more (especially in Scandinavia; from DTU, KTH, Chalmers, Lund, Helsinki, Åbo).

Professors Preisig and Skogestad are both involved in the EU-funded PROMATCH project which ends in 2008, and which also involves Aachen, Imperial College, Eindhoven and Delft. 

Stefan de Graaf (postdoc) and Andreas Linhart (PhD student for Preisig, now for Skogestad) are funded through this EU project.
Within Scandinavia we have a strong link with the other process control groups within the Nordic Process Control Working Group. The bi-annual meeting attracts about 70 people from the Nordic countries; mostly from universities.    

3. Strategy and organisation 

Process systems engineering is an area where it recently, at least internationally, has been difficult to obtain funding. This is in spite of a very high industrial demand for PhD candidates in this area. Fortunately, our funding situation is good, but this requires that the research is directed towards areas where the research council has a focus, for example, in the use of natural gas. The goal of the research is to develop methods and tools, which also are of interest for industry, but which still is at a basic level. It is not our goal to do applied industrial research.  
The communication and cooperation within the group is good, especially on the PhD student level. There are weekly group meetings (Wednesday 12-13), where usually about 15-20 people participate. 

The decision making is mostly at an individual professor level, although there are some common projects, for example, the EU-funded PROMATCH project with Preisig and Skogestad. 
4. Recruitment and mobility of researchers 

There are at present no plans of recruiting new permanent faculty to the group. As can be seen from the age distribution, a major replacement of faculty will start about 10 years from now.

Of the present 14 PhD students, 70% are from Norway and 50% from our own department. However, we have recently had very few applicants from Norway, or even from Europe. The four latest PhD candidates (two of which will start in mid-2008) are from Iran (2) and India (2).
5. Other information of relevance to the evaluation
The industrial demand for candidates from the group is very large, because advanced process control is an expanding area in industry. 
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