CoE-proposal – appendix 2: Process Systems Engineering – From Natural Gas to Energy Products


Appendix 2 

CV’s for principal investigators

CV - Professor Bjarne A. Foss

Name:



Bjarne Anton Foss 

Date and place of birth:
July 31, 1957 in Tønsberg, Norway

Nationality:


Norwegian

Present position:
Department head and Professor of systems and optimization theory, 

The Department of Engineering Cybernetics, 

The Norwegian University of Science and Technology

Email and telephone:

Bjarne.Foss@itk.ntnu.no/+47-73594376

Education:


1980: Diploma engineer (siv.ing.) in Electrical engineering, The Norwegian Institute of Technology.

1987: Dr.ing. in Engineering Cybernetics, The Norwegian Institute of Technology.

Work experience:

1980

:Research assistant at The Norwegian Institute of Technology.

1981-82: 
Military Service at Gråkallen Air Force Radar Station. Work task: System Programming

1982-85: 
Research Scientist at SINTEF Automatic Control (non-profit research organization)

1985-87: 
Graduate student (doctorate degree), partly on leave from SINTEF

1988-90: 
Head of System Control Group at SINTEF Automatic Control

1989
:
Full professor at The Norwegian Institute of Technology (later The Norwegian

University of Science and Technology)

1995-96: 
Visiting professor at The University of Texas at Austin

1999-2001: 
Department head

2002-
:
Member of the University Senate

Other positions and activities:

1989- : 
Scientific advisor for SINTEF (www.sintef.no)

1997- : 
Scientific advisor for Elkem ASA (producer of light metal - www.elkem.com)

1998- :
Co-founder and board member of Cyberlab.Org AS 

(internet-based company for remote experimentation - www.cyberlab.org)

1999- :
Co-founder and board member of Cybernetica AS 

(company for application of advanced control - www.cybernetica.no)

2000-    : 
Co-founder and board member of FIRST Scandinavia 

(non-profit organization to inspire children's interest in science and technology - www.hjernekraft.org)

2001-
:
Board member of SINTEF Electronics and Cybernetics 

Publications: (for details see: www.itk.ntnu.no/ansatte/Foss_Bjarne)
87 refereed journal papers, conference publications and book-chapters.

Co-author of one book. Guest editor Int.J.Control. 

A large number of restricted technical reports and international guest lectures.

Research projects:

Supervised 13 completed dr.ing. degrees. 

Lead several national industry development projects.

Co-lead in two international development projects (for ESA and EU).
Professional activities:

Member The Norwegian Academy of Technical Sciences (1993), Senior Member IEEE (1997), Member IFAC Technical Committee on Chemical Process Control (1996), Associate editor, Journal of Process Control (1996), Member editorial board - Mathematical Modelling (1996), 

Member several IPCs (International Program Comittees), Review of a large number of scientific papers,

Organized two international workshops.

Awards:

1980: Innstilling awarded for the siv.ing. degree (ie., the result was communicated to the Norwegian King).

1995: The Karl Diesel Best Paper Award from Society of Design & Process Science. (www.sdpsnet.org)

5 selected publications:
· B. A. Foss, T. A. Johansen, and Aa. V. Sørensen. Nonlinear predictive control using local models - applied to a batch process. Control Engineering Practice, 3:389--396, 1995.

· T. A. Johansen and B. A. Foss. Identification of non-linear system structure and parameters using regime decomposition. Automatica, 31:321--326, 1995.
· B.A.Foss, B. Lohmann and W. Marquardt. A Field Study of the Industrial Modeling. J. of Process Control, 8(6):325--338, 1998.

· O. Slupphaug and B. A. Foss, Constrained quadratic Stabilization of Discrete-Time Uncertain Multi-Model Systems using Piecewise Affine State-Feedback. International Journal of Control, Vol.72, pp.686-701, 1999 and in Modeling, Identification, and Control, Vol.20, pp.137-164, 1999. 

· B.A. Foss and S.O. Wasbø. An integration scheme for stiff solid-gas reactor models. Computer Methods in Applied Mechanics and Engineering, 190:6009--6021, 2001.
CV - Professor Sigurd Skogestad
Name:



Sigurd Skogestad 

Date and place of birth:
August 14, 1955 in Flekkefjord, Norway

Nationality:


Norwegian

Present position:
Department Head and Professor, 

Department of Chemical Engineering, 

Norwegian University of Science and Technology

Email and telephone:

Sigurd.Skogestad@chembio.ntnu.no / +47-73594154

Education:


1978: Diploma engineer (siv.ing.) in Chemical Engineering, The Norwegian Institute of Technology.

1987: Ph.D. in Chemical Engineering, California Institute of technology, Padadena, USA.

Work experience:

1979:
Military Service at Norwegian Defence Research Center (FFI). Projects involved batteries and fuel cells. 

1980-83: Research engineer at Norsk Hydro's Research Center in Porsgrunn, Department of Chemical Engineering. Projects involved process modelling, simulations and thermodynamics. Appointed Group leader of the Process Modelling and Simulation Group in 1983. 

1983-87: Ph.D. student and Research Assistant at California Institute of Technology 

1987- present : Professor in Chemical Engineering at NTNU. 

1994-95: Visiting Professor at University of California, Berkeley (Departments of Chemical Engineering and Mechanical Engineering).  

1999- : Department Head, Chemical Engineering, NTNU

Other positions and activities:

1987- : 
Scientific advisor for SINTEF (www.sintef.no)

1995-1999: 
Chair of the University committee for dr.ing. (1995 - 1999)

1994-1998: 
Founding chair of the Nordic Process Control Working group 

1992-1999:  
Board member of Norwegian Academy of Technical Sciences (NTVA) 

1994- :     
Head of NTNU/SINTEF's strong point center in process systems engineering

(PROST) 

1995- :     
Chair of NTHs fund 

1991-1993: 
Board member of Professorforum NTH 

1997-
:    
Chair of Professorforum NTNU  

2000- :    
Member of the Norwegian research council expert network 

1999-   :     
Member of the Jury for Norsk Hydro's Birkeland Award

Publications: (for details see: www.chembio.ntnu.no/users/skoge)
86 refereed journal papers, 140 conference publications, 8 book-chapters and 3 book editorships.

Books:

1996: S. Skogestad and I. Postlethwaite, ``Multivariable feedback control - analysis and design,'' Wiley, Chichester, 572 pages. 

2000: S. Skogestad, ``Prosessteknikk. Masse- og energibalanser,'' Tapir, Trondheim, 340 pages

Research projects:

Supervised 15 completed dr.ing. degrees. 

Lead several national industry development projects.

Co-lead in two international development projects (for ESA and EU).
Professional activities:

Editor Automatica (1996-  ). Member many IPCs (International Program Comittees), Review of a large number of scientific papers. Organized international symposium PSE-ESCAPE in 1997 with 400 participants.

Awards:

1978: Innstilling awarded for the siv.ing. degree (ie., the result was communicated to the Norwegian King).

1983: Fullbright Fellowship (travel grant) awarded for graduate studies at Caltech 

1983-1987: 
Utdanningsstipend awarded from Univ. of Trondheim for graduate studies at

Caltech

1998: 

Elected member to The Norwegian Academy of Technical Sciences (NTVA)

1989: 

Ted Peterson Best Paper Award by the CAST division of AIChE (The American

Institute of Chemical Engineers)

1990: 

George S. Axelby Outstanding Paper Award by the Control System Society of

IEEE (The Institute of Electrical and ElectronicEngineers)

1991: 

Elected member to Det Kongelige Norske Vitenskapers Selskab

1992: 

O. Hugo Schuck Best Paper Award by the American Automatic Control Council

5 selected publications:

· S. Skogestad, ``Dynamics and control of distillation columns - A tutorial introduction'', Trans IChemE, 75, Part A, Sept. 1997, 539-562 (plenary paper from symposium Distillation and Absorbtion 97, Maastricht, Netherlands, 8-10 Sept. 1997.) 

· J.C. Morud and S. Skogestad, ``Analysis of instability in industrial ammonia reactors'', AIChE Journal, 44, 888-895 (1998). 

· S. Skogestad ``Plantwide control: the search for the self-optimizing control structure'', J. Proc. Control, 10, 487-507 (2000).

· T. Larsson and S. Skogestad, ``Plantwide control: A review and a new design procedure'' Modeling, Identification and Control, 21, 209-240 (2000). . 

· K. Havre and S. Skogestad, ``Achievable performance of multivariable systems with unstable zeros and poles'', Int. J. Control, 74, 1131-1139 (2001).

CV - Professor Geir Owren

Name:
Geir Owren 

Date and place of birth:
January 12, 1957 in Oslo, Norway

Nationality:
Norwegian

Present position:
Professor of Refrigeration Engineering, The Department of Refrigeration and Air Conditioning, The Norwegian University of Science and Technology

Email and telephone:
Geir.Owren@kkt.ntnu.no/+47-73593741

Education:

1980
Diploma engineer (siv.ing.) in refrigeration, The Norwegian Institute of Technology.

1988
Dr.ing. in Refrigeration engineering, the Norwegian Institute of Technology.

Work experience:
1980-81
Military Service at Defence Service for Building Construction and Maintenance

1982
Research Scientist at SINTEF refrigeration Engineering 

1983-85
Graduate student (doctorate degree), NTNU Scholarship.

1985-96
Senior Lecturer at the Norwegian Institute of Technology.

1996-
Full professor at The Norwegian Institute of Technology (later The Norwegian University of Science and Technology)

Other positions and activities:

1983-
Scientific advisor for SINTEF (www.sintef.no)

2000-
Leader of NTNU focus area natural gas

1997-


Commission member of International Institute of Refrigeration, A2 Gas liquefaction

1998-2001
Member of the board of the Swedish research program “Thermal power production”. 

2001-2002
Member of governmental committee “Environmental utilization of natural gas”

Publications: 

50 refereed journal papers, conference publications and book-chapters.

A large number of restricted technical reports and international guest lectures.
Research projects:

Responsible for 18 completed dr.ing. degrees. 

Project manager for several national industry development projects.

Awards:

1980: Award for the best refrigeration siv.ing. degree from the Norwegian Society of Refrigeration Engineers

5 selected publications:
· Grini, P.G., Owren, G.A., Mæhlum, H.S.,: Accuracy Analysis in Flow Calorimetry. Thermochimica Acta, 256 (1995) pp 9--16.

· Melaaen, I.S., Owren, G.,: How do the Inaccuracies of Enthalpy and Vapour-Liquid Equilibrium Calculations Influence Baseload LNG Plant Design Computers chem.Engng, 20 (1996), No 1, pp 1--11.

· Grini, P.G., Owren, G.A., Mæhlum, H.S., Brendeng, E.: Enthalpy Increment Measurements on Liquid Ethane Between the Temperatures 146.0 K and 256.2 K, at Pressure levels Level s 1.6, 3.20, and 5.07 MPa., Submitted and accepted for printing in revised form in the Journal of Chemical Thermodynamics, (1995).
· Grini, P.G., Owren, G.A., Mæhlum, H.S.: Isobaric enthalpy increment and isenthalpic Joule-Thomson effect measurements on synthetic gas containing binary, or ternary mixtures of methane, ethane, propane, and nitrogen , J.Chem. Thermodynamics 1998, 30, 1011-1027
· Brendeng E., Neeraas B. O.,Owren, G:  LNG Research in Norway at NTNU and SINTEF, The LNG-journal 1999.

Brief CVs are included for other investigators

CV - Professor Morten Hovd
BSC (Honours) in Natural Gas Engineering from the University of Salford, UK, in 1986.  Awarded the Charles Hunt Memorial Medal from the Institution of Gas Engineers as the best Gas engineering graduate that year. Dr.ing. in process control from the Chemical Engineering Department at the University of Trondheim in 1992. 

Eight years of experience from Norwegian industry and research organizations.  

Professor in the Engineering Cybernetics Department of NTNU since 1998.

Author of 42 refereed papers in journals and conferences. Member of International Federation of Automatic Control's Technical Committee on Automation in Mining, Mineral and Metal Processing.

Advisor for SINTEF (1997- present).
CV - Professor Hallvard F. Svendsen

M.Sc in Chemical Engineering (1971), Ph.D in Chemical Engineering (1976), Member of the Norwegian Academy of Technical Sciences. Associate Professor in the Department of Chemical Engineering 1984-94, full Professor since 1994. Referee for 8 international scientific journals. 

34 refereed journal papers and 3 patents since 1990. Supervised 9 completed dr.ing. degrees and at present 6. Organizer of 1 international conference. Advisor to SINTEF (1984- present), and to Kværner ASA(1997-present).

CV – Associate Professor Olav Bolland
M.Sc. in Mechanical Engineering (1986). Dr.Ing. in Mechanical Engineering (1990). 10 years full academic experience (Norwegian University of Science and Technology 1990-1996, 1998-present), and Swiss Federal Institute of Technology – ETH 1997). One year industrial experience (Siemens, Germany, 1987), Advisor for SINTEF (1988-present). Author of 16 refereed papers in journals and conferences. 

At present supervising 4 dr.ing. candidates, several invited lectures. Organiser of two International workshop/conferences: World class expert on cycle thermodynamics for power generation with CO2 capture.
CV –Professor Tor A. Johansen

M.Sc. and Dr.Ing. in Electrical Engineering (1989, 1994), both from NTH, Trondheim. Employed at SINTEF Automatic Control 1995-1997. Associate professor at the Department of Engineering Cybernetics (1997-2001), and Full professor at the same department in 2001. Sabbatical at the University of California, San Diego (2001-02) 

75 refereed publications in journals, books and conferences. Associate editor of two international journals, and guest editor of two international journals. Participated in several industrial research and development projects, as well as EU projects. Scientific Adviser for Kværner ASA (1998-1999), and SINTEF (1997- present).

CV - Professor Terje Hertzberg

M.Sc. and Dr.Ing. in Chemical Engineering (1964, 1975), both from NTH, Trondheim. Full professor at the Department of Chemical Engineering since 1985. Department head, Chemical Engineering Department (1990-96). Vice Dean, Faculty of Chemistry and Chemical technology (1993-96).

Supervised 12 completed dr.ing. degrees.

32 refereed publications since 1990. Advisor to the Norwegian Council for Scientific and Industrial Research (1985-93), Advisor to SINTEF (1983- present).

CV - Professor Truls Gundersen

M.Sc in Physics (1977), Ph.D in Chemical Engineering (1982), Member of the Norwegian Academy of Technical Sciences (since 1991), 12 years industrial experience (Norsk Hydro 1981-93), 8 years full time academic experience (1993-present), Referee for 7 international scientific journals, 25 refereed journal papers, conference publications and book chapters, Several invited keynote lectures at international conferences, Organizer of 2 international workshops/conferences, Operating Agent for IEA on Process Integration in competition with MW Kellogg (1995-present), Chairman for the Process Integration Research Consortium at UMIST (1990-92), World class expert on Process Integration. 
List of doctoral theses: 1994->

All dr.ing.candidates who have graduated since 1994 are listed below. 3 candidates that defended their thesis in the fall of 1993 are included since their formal graduation was in 1994. For some of the graduates their first employer is included.

Process Cybernetics Group
Supervisor: Professor Bjarne A. Foss, Department of Engineering Cybernetics

· Frode Martinsen, The Optimization Algorithm rFSQP - with Application to Nonlinear Model Predictive Control of Grate Sintering (NTNU)

· Jostein Vada, Prioritized Infeasibility Handling in Linear Model Predictive Control: Optimality and Efficiency, 2000. (Energos AS)

· Jo Simensen, Learning Support in Process Plant Operation, 1998 (Nycomed Imaging AS) 

· Olav Slupphaug, On Robust Constrained Nonlinear Control and Hybrid Control: BMI- and MPC-based State-Feedback Schemes, 1998 (ABB Industri AS)

· Kjell Støle-Hansen, Studies of some phenomena in control engineering projects - with application to precipitation processes, 1998 (Falconbridge Nikkelverk AS)

· Tormod Drengstig, On process model representation and AlF3 dynamics of aluminum electrolysis cells, 1997 (Norsk Hydro ASA)

· Stein Wasbø, Ferromanganese Furnace Modelling Using Object-Oriented Principles, 1996 (Elkem ASA)

· Finn Are Michelsen, A Dynamic Mechanistic Model and Model-based Analysis of a Continuous Kamyr Digester, 1995 (Started his own company)

· Ole Bjørn Gjøsæter, Structures for Multivariable Robust Process Control, 1995 (Steinco AS)

· Tor Arne Johansen, Operating Regime Based Process Modeling and Identification, 1995 (SINTEF) 

· Are Mjaavatten, Topology-based Diagnosis for Chemical Process Plants, 1994 (Norsk Hydro AS)

· Jan Aage Walseth, Diagnostic Reasoning in Continuous Systems, 1994 (Aker Engineering AS)

Supervisor: Professor em. Jens G. Balchen, Department of Engineering Cybernetics

· Kai Hofsten, Model-based dynamic control and optimization of gas networks, 2001 (Borealis AS) (main supervisor professor Rolf Henriksen)

· Emil H. Edwin, Modeling, modelbased control, and optimization of thermal cracking and ethylene production, 1994 (Statoil)

· Hilde Christine Meisingset, Modeling and model-based control of a rotary hearth calciner, 1995 (Bayley Norge AS)

· Helge Didriksen, Modeling and identification for control of an industrial copolymer reactor, 1996 (Danish company)

· Øyvind Gundersen, Modelling of structure and properties of soft carbons with application to carbon anode baking, 1999 (SINTEF)

Process Systems Engineering Group
Supervisor: Professor Sigurd Skogestad, Department of Chemical Engineering

· Knut W. Mathisen, Integrated design and control of heat exchanger networks, 1994. (Norsk Hydro Research Center) 

· Erik A. Wolff, Studies on control of integrated plants, 1994. (ABB Miljø AS) 

· Eva Sørensen, Studies on optimal operation and control of batch distillation columns, 1994 (Imperial College, London)

· H. Petter Lundström, Studies on robust multivariable control of distillation columns, 1994.  (Energos AS)

· John C. Morud, Dynamics and control of integrated plants with reactors, 1996.  (Norske Skog ASA)

· Ying Zhao Studies on modeling and control of continuous biotechnical processes, 1996. (Process industry; control group, Canada) 

· Atle C. Christiansen Studies on optimal design and operation of integrated distillation arrangements, 1998. (Nansen-instituttet) 

· Kjetil Havre. Studies on controllability analysis and control structure design, Feb. 1998. (ABB Technology AS)

· Bernd Wittgens.  Experimental verification of dynamic operation of continuous and multivessel batch distillation, 1999. (Energos AS)

· Truls Larsson, Studies on plantwide control , 2000. (Kværner ASA)

· Eva-Katrine Hilmen, Separation of azeotropic mixtures: Tools for analysis and studies on batch distillation operation , 2000. (ABB AS)

· Ivar J. Halvorsen Minimum energy requirements in complex distillation arrangements, 2001. (SINTEF)

Supervisor: Professor Terje Hertzberg, Department of Chemical Engineering

· Håvard I. Moe,  Dynamic process simulation - studies on modeling and index reduction, 1995 (Statoil)

· Sverre Støren, Dynamic process optimization, studies on local thermodynamic models and sensitivity estimation, 1997 (Statoil)

· Hanne Kvamsdal, Studies on modelling, 1995 (Aker Engineering AS)

Supervisor: Professor Hallvard Svendsen
, Department of Chemical Engineering

· Pål Kittilsen, Mass Transport and Kinetic Phenomena in Catalytic Polymerization of Olefins, 2001(Norsk Hydro)

· Richard Arntzen, Gravity Separator Revamping, 2001.(Kværner Process Systems)

· Truls Christian Vold, Droplet Break-up and Coalescence in Compact Wellstream Separation, 2000 (ABB)

· Davoud Tayebi, Simultaneous Measurement of Local Particle Movement, Solids Concentration and Bubble Properties in Fluidized bed Reactors, using a novel Fiber Optical Technique, 1998. (SINTEF,Oslo)

· Bente Helgeland Sannæs Solids Movement and Concentration Profiles in Column Slurry Reactors, 1997.(Statoil)

· Sverre Grevskott, Studies on Modelling of Bubble Driven Flows in Chemical Reactors, 1997.(KTH, Stockholm)

· Paul Edward Ege, Investigation of the Flow Structure in Turbulent Fluidized Beds, 1994.(Norsk Hydro)

Supervisor: Adjunct professor Kristian Lien, Department of Chemical Engineering

· Steinar Hauan, On the behavior of reactive distillation systems, 1999 (Ass. professor Carnegie Mellon University, Pittsburgh), 

· Eirik Bjerve Sund, Synthesis and optimization of chemical reactor systems, 1998 (Fantoft Prosess AS) 

· Torbjørn Pettersen, Design of membrane-based separation processes, 1994 (Aitos AS)

· Tore Omtveit, Studies on conceptual design of chemical reactors, 1994 (Nycomed Imaging AS)

Thermal Engineering Group

Supervisor Geir Owren, Department of Refrigeration and air Conditioning

· Bengt Olav Neeraas, Title of Thesis: Condensation of Hydrocarbon Mixtures in Coil-Wound LNG Heat Exchangers. Tube-Side Heat Transfer and Pressure Drop, Disputas NTH September 9, 1993.

· Ingrid Sørum Melaaen, Title of Thesis: Probalistic Modeling on the Influence of Inaccuracies in the Thermodynamic Properties on Process Plant Design, Disputas NTH November 4, 1993.

· Oddvar Jørstad, Title of Thesis: Equation of State for Hydrocarbon Mixtures, Disputas NTH December 16, 1993.

· Arne Fredheim, Title of Thesis: Thermal Design of Coil-Wound LNG Heat Exchangers. Shell-Side Heat Transfer and Pressure Drop, Disputas NTH May 10, 1994.

· Morten Christian Svennson, Title of Thesis: Studies on On-line Optimizing Control with Application for a Heat Pump, Disputas NTH June 8, 1994.

· Eirik Melaaen, Title of Thesis: Dynamic Simulation of the Liquefaction Section in Base-Load LNG Plants, Disputas NTH October 13, 1994.

· Per Grini, Title of thesis: Flow Calorimetry and Enthalpy Increment Measurements for Natural Gas, Disputas NTH December 14, 1994.

· David Lysne, Title of Thesis: An Experimental Study of Hydrate Plug Dissociation by Pressure Reduction, Disputas NTH June 1, 1995.

· Ulrich Bünger, Thermodynamic Analysis of Powder Insulated Cryotanks for Vehicles, Disputas Hanover January 26, 1996.

· Runar Bøe, Title of Thesis: Pool Boiling Phenomena in Hydrocarbon Mixtures on Water, Disputas NTNU September 19, 1996.

· Roar Larsen, Title of Thesis: Hydrate Kinetics -- Particles in a Flowing System, Disputas NTNU October 12, 1997.

· Knut Bakke, Title of thesis: Technical Analysis of Plate-Fin Heat Exchangers for Condensation and Boiling of Mixtures, Disputas December 15, 1997.

· Responsible for Bjørn Flemsæter, Title of Thesis: On the Potential of Modern Non-Linear Control Techniques for Cryogenic Processes: Application to the LHC Cooling Loops, Disputas January 20 2000
· Bjørn Aunan, Title of thesis: Heat Transfer and Pressure Drop in Spiral Wound Heat Exchangers, Disputas December 8, 2000.
· Cato Christiansen, Title of thesis: High Pressure Natural Gas Liquefaction and Adsorption Pretreatment - Theoretical work and Experimental Field Study, Disputas November 21, 2001.
Supervisor: Otto Sønju, Odd Andreas Asbjørnsen
, Department of Thermal Energy and Hydropower 

· Jan Øyvind Nilsen, A computer model for planning of energy systems with time dependent components and boundary conditions, 1994

Sturla Sæther, Thermal heat and power production with models for local and regional energy systems, 1999

· Øystein Ulleberg, Stand-alone power systems for the future: Optimal design, operation & control of solar-hydrogen energy systems, 1998

· Svein Kvåle, Studies on modeling and optimization of particulate processes, 1998

· Johan Thoresen, Integration of environmental issues into company planning processes, 1998

· Annik Magerholm Fet, Systems engineering methods and environmental life cycle performance within ship industry, 1997
Supervisor: Truls Gundersen, Department of Thermal Energy and Hydropower
· Bjørn Glemmestad, Optimal operation of integrated processes. Study on heat recovery systems, Telemark Institute of Technology, 1997 (Norsk Hydro ASA).
Laboratory facilities

The research groups have, in cooperation with SINTEF, excellent laboratory facilities (including laboratory personnel) at their disposal. This is important since it will be a vital part of the Centre's activities. The main laboratories are listed below. 

Laboratory infrastructure: Steam boiler 800 kW, 16 bar superheated steam,  fresh water 20 m3 at 6 bar, distributed propane network, pressurised air 0.5 kg/s at 6 bar,  air supply through fans up to 2 kg/s,  Air heater of 400 kW and 450 ºC.
· Experimental facility for the measurement of heat transfer and pressure drop in LNG heat exchangers, both tube-side and shell-side.

· Experimental facility for the measurement of enhanced heat transfer surfaces.

· Flow calorimeter for the measurement of enthalpy increments in hydrocarbon mixtures at low temperature.

· Experimental rig for the measurement of multiphase distribution in compact heat exchangers.
· Experimental rig for studies of flow in fluidized bed reactors (250oC, 1m/s, ID 0.5m, H 4.5m)
· Experimental rig for flow studies in bubble columns (100oC, 0.3 m/s, ID 0.5m, H 17m)
· Three-phase oil-water-gas acrylic flow loop with inclined test sections. Test section dia. 60mm, 16m long, 0-15 degrees. Riser dia 50mm, 7m high. 

· Large-scale two-phase flow loop, 1.700 m 4"-12" carbon steel continuous pipeline including a 55 meter vertical riser. Gas phase: 1580 m3/h, liquid phase: 450 m3/h.
· Laser 1D mobile LDV, 2D-LDV, 2D LDV

· FTIR (Fourier Transform InfraRed analysator)
· TGA (TermoGravimetrisk Analysator),
· Several water-cooled furnaces for combustion of gas, oil and solid fuels

· Two high-temperature fluidised bed rigs, of which one is of semi-industrial size

· Rig for gasification of waste and biomass, coupled to a gas engine.

· Test unit for wood stoves.

· Heat exchanger rig for testing of heat recovery steam generator tube bundles.

· Rig for testing of solids fouling mechanisms in process equipment.
· Rig for CO2 removal from natural gas.
· Jet engine for small vehicle propulsion

· Turbec Microturbine (100 kW electricity and 167 kW heat), installation in late 2002
· Several rigs for equilibrium and kinetic studies of CO2 capture into absorbents.

· Fully automated pilot rig for CO2 removal from low pressure gases.

All groups have state-of-the-art computer facilities at their disposal.
Key production from the three research groups - 1994-2001

Below the key production figures in Table 1 (see page 5 in Appendix 1) are elaborated.

Process Cybernetics Group

Principal investigators: Professor Bjarne A. Foss, professor Morten Hovd. 

Associate investigators: Professor Tor A. Johansen, professor em. Jens G. Balchen, adjunct professor Steinar Sælid.

Additional production figures for the period 1994-2000: 

· Two international workshops (35 participants from 11 countries and 31 participants from 8 countries) were organised in Trondheim in 1997. Coordinator for an EU-funded project within the 5th framework IST-program (2000-2002) and participant actively in other European programs (H2C, COSY, CAPE.GLOBAL, MAC-Multi Agent Control).

· Assoc. editors in three recognised journals, members of numerous International Program Committees, numerous invited talks at international meetings and universities.

· Prizes: The Karl Diesel Best Paper Award from the Society of Design & Process Science (1995) - www.sdpsnet.org.

· Spin-off companies and SMEs: Cyberlab.Org AS (1999) and Cybernetica AS (2000). Prediktor AS, (1995) was founded by adjunct professor Sælid. There are close links with all these companies through R&D projects.

Large companies: There are close links to large system vendors like ABB AS and Kongsberg Simrad AS, and large process industry companies like Norsk Hydro ASA and Elkem ASA. Close interaction means long-term research projects (dr.ing. projects, post-doc projects) and development projects with hard deliverables.
Process Systems Engineering Group

Principal investigators: Professor Sigurd Skogestad, professor Hallvard Svendsen
 

Associate investigators: Professor Terje Hertzberg, adjunct professor Kristian Lien. 

Additional production figures for the period 1994-2000 are: 

· A strong point centre (PROST) has been initiated and led by the group.

· Initiator and leader of the Strategic University, and Institute programme CARPET(2000-04)

· Initiator and leader of the joint Competence programme and JIP, HiPGaS(2000-05)

· A prestigious conference (ESCAPE'7-PSE97) with 400 participants from 34 countries was organized in Trondheim in 1997. Since 1994 the group has participated actively in several European programs (CAPE.NET, COSY, CAPE.OPEN, CAPE.GLOBAL) and numerous Nordic projects.

· Organizer of the 2002 conference CCRE17/CEAC with a projected 100-150 international participants.

· Marie Curie training site: ECOCHEM
· Industry relations: The group has always enjoyed strong relations with the Norwegian industry, e.g. through the PROST centre where ABB, Borealis, Energos, Norsk Hydro, Nycomed, KPS, FMC-KOS, Phillips and Statoil participate and provide general economic support.

· In 1998 the Norwegian research council published a review of chemistry research, including chemical engineering, at Norwegian universities (the Weitkamp report). The following is said about the Process Systems Engineering Group: This is a particularly strong group. It enjoys international standing and has many international links. Generally, the research maintains an excellent standard.

Thermal Engineering Group

Principal investigators: Professor Geir Owren, assoc. professor Olav Bolland.

Associate investigators: Professor Truls Gundersen, professor Otto K. Sønju, professor Lars Erik Bakken, professor Ole J. Nydal

Additional production figures for the period 1994-2000 are:  

· An international workshop on Natural Gas Technology (80 participants from various countries) was organized (Owren, Bolland) in Trondheim in Nov. 2000.  Another international Workshop on Process Integration (60 participants from 13 countries) was organized (Gundersen) in Trondheim, May 1997. 

· Elected Operating Agent for IEA (International Energy Agency) on Process Integration (Gundersen). 

· Two Marie Curie training sites: MPSite - Multiphase Training Site, and CombuSite - Combustion technology for a better environment.

· Several invited talks at international seminars and universities.

· Spin-off companies and SMEs: Energos ASA was founded by one employee of the group, and has today about 80 employees. There are close links with this company through R&D projects and the adjunct professor Erling Næss. Cardiac AS specialises in instrumentation and data acquisition for research, information processing for advanced control, and dynamic modeling and simulation.

· Large companies: There are close links to large industrial companies such as Statoil, Norsk Hydro and Elkem. The group has run industry-oriented projects (with hard deliverables) averaging 5 million NOK per year and works in close co-operation through numerous research projects (dr.ing.projects, SINTEF-projects and diploma students).

International network: 1994->

Below we list international partners that at least one of the principal or associate investigators have interacted with since 1994. Interaction means at least exchange of researchers, joint research projects and/or joint publications.

Nordic (academic)

DTU (Lyngby, Denmark) – Professor Sten B. Jørgensen, Professor Bjørn Qvale

Lund Institute of Technology (Sweden) – Professor Anders Rantzer, Professor Tord Torrison, Professor Bengt Sunden

Chalmers (Gothenburg, Sweden) – Professor Thore Berntsson

KTH (Stockholm, Sweden) – Professor Bo Wahlberg, assoc. professor Elling Jacobsen

Åbo Akademi (Åbo, Finland) – Professor Hannu Toivonen, professor Kurt Waller, Professor Tapio Westerlund
European (academic)

EPFL (Lausanne, Switzerland) – Professor Dominique Bonvin

ETH (Zurich, Switzerland) – Professor Manfred Morari

Universitat Stuttgart (Germany) – Professor Frank Allgøwer

Universitat Dortmund (Germany) – Professor Sebastian Engell, Professor Andrzej Gorak

Universitat Bochum (Germany) – Professor Christian Schmid

RWTH Aachan (Germany) – Professor Wolfgang Marquardt

TU Berlin (Germany) - Professor Gunther Wozny

University of Leicester (UK) - Professor Ian Postlethwaite

University College London (UK) – Professor David Bogle 

Imperial College (UK) - Professor John Perkins, Professor Sandro Macchietto, Professor Costas Pantelides

UMIST (Manchester, UK) – Professor Robin Smith

Glasgow University (Scotland) - Professor Kenneth J. Hunt, Dr. Roderick Murray-Smith

Maynooth University (Ireland) - Dr. Robert Shorten 

Strathclyde University (Scotland) - Dr. Douglas Leith

TU Delft (Netherlands) - Professor Okko Bosgra, Professor Johann Grievink, Professor Jacob A. Moilijn, Professor Robert Babuska

University of Amsterdam (Netherland) - Professor Alexandre C. Dimian, Professor P. Iedema

TU Eindhoven (Netherland) - Professor Heinz A. Preisig, Professor Ton Backx

ENSIACET,Toulouse(France) - Professor Henri Delmas, Professor Christophe Gourdon

University of Pisa (Itay) - Professor Claudio Scali, Professor Alessandro (Sandro) Brambilla

Politecnico di Milano (Italy) - Professor Giovanni Lozza
University of Liege (Belgium) - Professor Philippe Mathieu
Univ.Polit.de Catalunya (Spain) - Professor Luis Puigjaner 

University of Maribor (Slovenia) - Professor Peter Glavic

Overseas (academic)

MIT (USA) - Professor George Stephanopoulos

UC Berkeley (USA) - Professor Andy Packard, Professor K. Poola

California Institute of Technology - Caltech (USA) – Professor John C. Doyle

University of California at Santa Barbara (USA): Professor Dale Seborg

The University of Texas at Austin (Austin, USA) – Professor Benjamin Kuipers, Assoc. Professor Joe Qin, Professor Gary Rochelle

Carnegie Mellom University (Pittsburgh, USA) – Professor Erik Ydstie, Professor Larry Biegler, Professor Ignacio E. Grossmann

University of Wisconsin (Madison, USA) – Professor Jim Rawlings, Professor Harmon Ray, Professor Ed Lightfoot

Washington University, St. Louis (USA) - Professor Milorad Dudukovic
University of Illinois at Urbana-Champaign (USA) – Professor Richard D. Braatz

University of California San Diego (USA) - Professor Philip E Gill 

University of Southern California (USA) - Professor Petros A Ioannou

RPI (USA) -  Professor B.Wayne Bequette

University of Delaware: Professor Frank Doyle 

Georgia Tech. (USA) – Professor Jay H. Lee

University of Kyoto (Japan) - Professor Shinji Hasebe, Professor Iori Hashimoto

National Taiwan University of Sci. and Technology (Taiwan) - Professor C.C. Yu

University of Concepcion (Chile) - Professor Daniel Sbarbaro 

University of Newcastle (Australia) - Professor Graham C. Goodwin

Industrial European interaction

Shell Oil Company (Netherlands) – Theme: Natural gas technology

Gaz de France (France) – Theme: Rapid phase transitions

Verbundnetz Gas (Germany) – Theme: Salt caverns for gas storage

DaimlerChrysler Research (Stuttgart, Germany) – Theme: Control application

Strategic alliances

The Centre will establish strategic alliances with relevant internationally recognised research groups, the natural gas industries, and with SINTEF. These alliances include

· long term cooperation.

· contribution from external partners to the Centre's research activities.

· access to laboratories and other research infrastructure.

The strategic alliances are either established or the first steps towards formal cooperation have been taken. We support this by citing from letters that we have received. All these letters are available upon request. 

International research groups

We will use the International network documented on pages 12 and 13 in this Appendix as a basis for selecting the Centre's international partners. 

To exemplify the coupling to international groups we have received written commitments from three research centers or programs. These are:

· The renowned Process Systems Engineering Centre at Imperial College (UK). 

They write: "We support the research plan that you propose, and members of our Centre for Process Systems Engineering would be happy to collaborate in a number of areas and with a number of means (e.g. student exchanges, collaborative projects, EU projects etc.). We are very impressed by the scientific quality of the proposal and see a number of areas of common interest". 

The letter is signed by the Director, professor Nilay Shah.

· The Process Systems Engineering Group at Kyoto University, Japan.

They write: "I shared your plan with Prof. Shinji Hasebe of our laboratory, and we both agreed that it is an exciting plan not only for people directly involved in the Center but also to the international community of researchers in those fields.  In my 30 years of association with the leading chemical engineering researchers in your institute, who were by all means among the world leaders of the discipline in which I have also worked some 35 years, I was consistently impressed by your tradition of innovation.  

Looking at the proposed list of research projects drafted by your group, I am once again impressed and am convinced of the importance of creating the Center of Excellence in Research.  We would like to express our enthusiasm in future collaboration with the Center in many of the projects currently proposed."

" We also look forward to further promoting personnel exchange between our two groups."
The letter is signed by professor Iori Hashimoto at Kyoto University.

· The Swedish Gas Turbine Centre

They write: "In the frame of the Swedish Gas Turbine Centre and the EvGT-project we are strongly interested to collaborate in the field of innovative cycles (including fuel cells) and CO2 free processes."

"In general we can see very good synergetic effects with exchanging personal between us and the planned CoE in Trondheim. We also think that we together will have an excellent platform for developing new European projects in the future."

"The proposed concept is very interesting and necessary from the research point of view and I am convinced that it must be conducted, it is just a question of when."

The letter is signed by professor Tord Torisson at Lund Univeristy.

Natural gas industries

We have received written letters from the following oil companies: 

· Statoil

They write: "The areas covered by the proposed CoE are essential in our natural gas related development efforts at Statoil Research and Technology, and also essential to future industrial projects in the gas value chain that will be executed by Statoil." 

"Statoil is certain that the CoE will be a key milieu for future for research cooperation, and, also, that they will function as an important cluster for production of well educated candidates for Statoil and other industry within the natural gas value chain. Hence, based on how vital the proposed education and research is for Statoil, and the high standard of the 3 joining clusters, it is a pleasure for me, on behalf of Statoil, to express a sincere support to the proposal."

The letter is signed by the Director of Oil and Gas Refining Rolf Ødegård.

· Norsk Hydro ASA 

They write: "We consider research and technology development within the field covered by the CoE to be of central importance both nationally and for Norsk Hydro, and we therefore support the proposal."

"Hydro has presently well established co-operation with all the Departments covered by the proposal, and we see a CoE as a good foundation for a long-term strengthening and further development of the co-operation."

The letter is signed by Vice President of Hydro Energy, Elizabeth Baumann Ofstad.
· Shell 

They write: " Process Systems Engineering is one of the approaches that Shell Technology Norway A/S uses to ensure the right technologies will be developed for our “Subsea to Beach” programme."

"Particularly in the area of basic research we see that close co-operation will help to bring process system understanding and new technologies to bear that will make a difference in the future."

The letter is signed by Managing Director of Shell Technology Norway AS, Chris Schaafsma.
We have received written letters from the following large engineering companies: 

· ABB AS

They write: "ABB intends to establish long-term cooperation closely with the CoE. This collaboration include

· diploma projects for siv.ing. students, about 4-10 per year.

· doctorate projects. These projects will follow the structure devised in the on-going Petronics-program.

· joint use of laboratories. ABB has a laboratory at Billingstad that is relevant for this CoE.

· exchange of people.

· applied R&D projects."

The letter is signed by Group Senior Vice President Rune Strømquist.
· Kongsberg Simrad AS

They write: " To be able to keep the leading position offshore and develop new areas with lowest possible technological and financial risk we have to focus on challenges like integrated process and control design and process intensification. Consequently, the industrial relevance of the proposed projects is very high.

Furthermore, we clearly see the need for system specific competence (process design and control) as an integrated part within processing plant solutions even at an academic level. The approach suggested in the presentation is in this sense important. Our experience from collaboration projects with NTNU and SINTEF is that the quality of the research and development work maintains a high international standard, and we strongly believe in your ability to produce results that contribute to an effective, healthy and economical competitive Norwegian industry."

The letter is signed by Executive Vice President Offshore Ole G. Hvamb
We have received written letters from the following SMEs:

· Fantoft Prosess AS

They write: "Fantoft Prosess AS strongly supports the above-mentioned application for Centre of Excellence funding."

"Our experience with the participants in this application has been very encouraging. They are able and willing to collaborate with us in providing research-based software and services that are of value for our clients. The participants are aware of industrial problems and, in the work that we have done with them, have been able to provide high-quality, relevant solutions to real problems."

"The research will form the basis for a number of small to medium size, knowledge-based companies, such as us."

The letter is signed by Managing Director Tom M. Magnussen.
· Scandpower AS
They write: "There is no doubt that the theme of the CoE is important and thereby relevant."

"In other words, we see significant relevance in the proposal."

"There is no doubt that the research groups behind the proposal represents a high scientific quality in their fields - both in Norway and internationally. This judgement is based on a very good knowledge of members of the groups."

"We will contribute through project work, summer jobs and diploma projects. Further, we will contribute with support to doctorate projects, e.g. by letting candidates stay with us over some period."

The letter is signed by Managing Director Dag Terje Rian.

· Cybernetica AS

They write: "Cybernetica is a typical high-technology SME, where all products are based on recent research results in process systems engineering."

"Cybernetica strongly supports the named CoE-application. Our company is most interested in entering a close co-operation with a future centre."

"We will therefore offer to the researchers in the Centre to use our product Cybernetica Cenit - a tool for nonlinear model predictive control based on mechanistic models."

The letter is signed by Managing Director Peter Singstad.

· Energos AS

They write: "The theme of the proposal is very relevant for us."

"It is our clear belief that all three groups holds a high scientific standard, at the same time as they are practical and industrial relevant. Energos has up until now supported parts of the groups, both directly and through SINTEF-projects, and will continue this support."

The letter is signed by Technical Director Kristian Lien
.
Industrial organisations

The Federation of Norwegian Manufacturing Industries (TBL) is Norway's biggest industrial organisation. TBL represents industrial sectors ranging from mechanical and electrical engineering to IT, furnishing and textile industries. 

In their letter TBL writes: "We give our full support to the application and wish to contribute such that the CoE can establish solid links to the cluster of companies that are emerging within the oil- and gas sector as well as other relevant member companies within other sectors."

The letter is signed by Managing Director Karl Nysterud.

The Federation of Norwegian Process Industries (PIL) organises the Norwegian process industries. This constitutes the largest landbased group of exporters in Norway.

In their letter PIL writes: "PIL supports the content and the profile of the proposal. The program is extremely promising and holds high scientific standards. The research content is very relevant for industry."  

The letter is signed by Vice President Kjell Wickstrand.
SINTEF

SINTEF intends to work closely with the Centre since there are large synergies to be gained. A letter, co-signed by the

· President of SINTEF Energy Research AS (~200 employees)
· Vice President of SINTEF Electronics and Cybernetics (~100 employees)
· Vice President of SINTEF Applied Chemistry (~200 employees)
clearly states this. The complete letter text is shown below and on the next page.


To Whom It May Concern

Re: SINTEF's interaction with the CoE on  'Process Systems Engineering - From Natural Gas to Energy Products'

Three of SINTEF's institutes (SINTEF Energy Research AS, SINTEF Electronics and Cybernetics and SINTEF Applied Chemistry) intend to interact closely with the proposed CoE. This is detailed in the following:

SINTEF Energy Research AS (SEfAS)

The CoE application exhibits interesting features that are very much related to the SEfAS strategic priorities within the natural gas research area. SEfAS is in the period 2001-2004 running a NOK 34 million Strategic Institute Programme (SIP) funded by the Norwegian Research Council entitled ”Power Generation with CO2 capture”. This programme, as well as a number of other process and natural gas related activities (LNG, Multiphase Flow, Subsea Technology, etc.) is very relevant to the planned activities in the CoE. It is the intention of SEfAS to interact closely with the CoE, and to have SEfAS researches bringing projects with them and work in the centre for periods, and vice versa. The CoE complements very well the natural gas and process technology research in SINTEF by its emphasis on basic and multi-disciplinary research.

To further substantiate the above, SEfAS is working closely with The Norwegian University of Science and Technology (NTNU) to realise an Energy Park at the Gløshaugen campus. The CoE will interact excellently with the other planned activities (education and basic research, applied research and innovation) and contribute considerably to the vitality of the Park.
SINTEF Electronics and Cybernetics
SINTEF Electronics and Cybernetics has long experience in gas measurements, where the main activities have been multigas measurement and development of novel single gas sensors. The work on multigas measurements - done for ESA and NASA - aims at monitoring 25 gases in the atmosphere of the International space station (ISS). The methods developed can now readily be implemented in industrial process monitoring. Gas sensor development has been based on taking advantage of the opportunities offered by microtechnology to produce advanced low-cost sensor elements. Microtechnology - through establishing the Norwegian Microtechnology Centre (NMC) - is the main strategic focus of the institute, supported by lab investments of NOK 200 mill. and Strategic Institute Programs (MST - Micro System Technology, annual ~NOK 8 mill.). Other microsensors of interest for processing of gas, like temperature and pressure sensors, have also been developed by the institute.

There are clear and forceful synergies to be gained by close cooperation between SINTEF Electronics and Cybernetics and the CoE. In particular, it paves the way for expanding the use of the above-mentioned technology to new application domains (along the natural gas chain).

SINTEF Applied Chemistry

The utilization of natural gas for energy and chemical products is one area of high priority  for SINTEF Applied Chemistry. Our research groups work on process technology including reactor technology, developing models to simulate and improve various processes. Computational Fluid Dynamics (CFD) applied to reactor technology and process equipment is a strategic program in cooperation with NTNU. CFD offers a quick and cost-effective means to explore the efficiency of various designs and solutions for process equipment and reactors. 

Separation technologies such as membranes and adsorption processes for purification and drying of gases are among our key areas of expertise. We have long experience in developing and testing various chemicals to prevent the formation of gas hydrates. Down-stream processing of natural gas also includes the synthesis, characterisation and testing of new and established catalysts for various chemical transformations of natural gas. SINTEF Applied Chemistry is also heavily involved in projects related to formation of hydrogen from natural gas and development of new materials for hydrogen storage. Finally, a highly relevant area of expertise is the separation of CO2 using membranes, absoprtion processes or adsorbents were we work on developing new materials and separation processes.

There are clear and forceful synergies to be gained by close cooperation between SINTEF Applied Chemistry and the CoE within process systems engineering of natural gas.

Summary

SINTEF sees substantial R&D synergies to be gained by a strategic cooperation with the proposed CoE. We stress the following points:

· There will be close interaction between Strategic Institute Programs (SIPs) and the CoE.

· R&D infrastructure at SINTEF can be utilised by the CoE, and new possible usage of this infrastructure will be pursued. Further, the planned Energy Park will form an excellent infrastructure for tight interaction between the CoE and SINTEF. 

· SINTEF plans to initiate joint project initiatives, both national and international (EU), with the CoE.

Trondheim, January 7, 2002

         Sverre Aam

                  Ernst Kristiansen

       Odd Ivar Eriksen

           President 

           Vice President, Research
Vice President, Research


SINTEF Energy Research AS          
  SINTEF Electronics
             SINTEF Applied Chemistry   

                                             

  and Cybernetics

Funding of the Centre

Based on the research plan developed by the principal and associate investigators, the following funding structure has emerged. A more detailed budget is available upon request.
Applicant funding

· The Norwegian University of Science and Technology (NTNU) will support the Centre with office space, infrastructure and access to laboratory resources. Infrastructure (light, heating, network) and office space will be provided for a total of 30 persons.

· The financial support from NTNU for the start-up of the Centre will be kNOK 1500 in 2002. 

· A staff of 10 professors will use their research time in the Centre.

· 2 doctoral scholarships will be contributed by NTNU to the Centre, on a continuous basis. 

The applicant funding is calculated with the following assumptions:

Professors

kNOK/year 
360
(incl. indirect costs)

Doctoral scholarships
kNOK/year
484
+25% indirect costs

Post Doctoral scholarships
kNOK/year
562
+25% indirect costs

Office space
NOK/(m2 year)
1350

Access to laboratory resources is very conservatively evaluated to annually kNOK 1000. 

The total annual applicant funding, when including personnel, is kNOK 8600. 

Active partner funding and Other funding

As documented in this proposal the Centre will work closely with many different partners. We do, however, not distinguish strictly between Active Partner Funding and Other Funding.

The applicant has obtained letters from key industrial companies (see pages 15-16 in Appendix 2). Based on our experience with industrial funding, we assume that the portfolio of externally funded research projects will be at least kNOK 2500 per year. Additionally, it is planned that the activity in the Centre is going to attract other continuous funding for doctoral and postdoctoral scholarships. 

SINTEF has stated its intention to be an active partner to the Centre, by having scientific researchers working in the Centre, funded by SINTEF projects (see letter from SINTEF, pages 17-18 in Appendix 2).

The total annual active partner funding and other external funding is kNOK 9600.

Funding from Research Council

The applicant is asking for an annual funding from the Research Council of kNOK 17000. 

This amount will mainly finance the activities in the three Long Term Programs (LTPs); scholarships, post.doc. researchers, invited guest researchers, experimental work and seminars.
Centre location - The planned Energy Park at Gløshaugen, NTNU

The physical location of the Centre has been discussed with NTNU's Rector and Administrative Director. It is of great importance for several reasons:

· The Centre represents three different Departments at NTNU and a physical co-location of the core staff and activities is regarded to be essential.

· It should be located in such a way that it could make optimal use of the comprehensive laboratories and IT infrastructures at NTNU and SINTEF departments and institutes in question.

In the meeting, NTNU stated that it would have a two-pronged strategy towards this issue:

1. A temporary location will be provided for the first three years in a suitable location at the Campus. The costs for this will be borne by NTNU. The premises should host 25-30 persons, including doctoral students, with an estimated area of 550 m2. The actual work will be initiated as soon as the Centre is decided upon.

2. NTNU and SINTEF Energy Research, together with other parties, are working to realise a substantial extension of the present Thermal Engineering Laboratories at NTNU in order to create an Energy & Process Technology Park. The extension will be on the roof of the present laboratories, over two levels, with an estimated area of 3000-4000 m2, centrally situated at the Campus and with the closest proximity to some of the most comprehensive energy and process university laboratories in Norway and in the world; NTNU's central library and other facilities such as canteens, auditoriums, etc., see architect's plans below:


[image: image1.png]


The quarter will host the new Department of Energy & Process Technologies at NTNU and a large part of SINTEF Energy Research. External parties have been invited to contribute to the development, as well as to place some of their activities in the Park (Enova, Statkraft, Hafslund, Norsk Hydro, Statoil and others). The intention is to gather activities ranging from education and basic research to applied & contracted research, innovation, industrial activities and start-ups, including the CoE, in the same area. The CoE will represent a formidable resource for the entire Energy Park and vice versa.









� Professor Svendsen is formally part of the Reactor technology Group at the Department of Chemical Engineering, NTNU.


� Professor Asbjørnsen deceased in 1999.


� Professor Svendsen is formally part of the Reactor technology Group at the Department of Chemical Engineering, NTNU.


� Note that adjunct professor Kristian Lien is also a member of the Process Systems Engineering Group.


� 360 kNOK per year is based on the assumption that permanent scientific personnel use all their research time (i.e. 50 % of their working hours) in the Centre.
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