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Increased complexity and growing variety of modern production processes, requirements for energy and raw material efficiency, safety and environmental protection regulations, as well as modern paradigm of sustainable development make it critical to develop new innovative approaches to research, optimal design, control of the novel production technologies, and modernization of the existing ones.

The most important solution for these challenges is computer simulation based on modern methods of system analysis, mathematical modeling and optimization. 

Scientific School Objective

To show the current situation, international trends and prospects for the development of Computer Aided Process System Engineering to the academic, engineering, and business communities, PhD students and postdocs engaged in chemical engineering and process system engineering in chemical industry.

Main Topics of the Scientific School

· Mathematical Methods for Optimal Design (Synthesis) of Chemical Engineering Processes and Systems; 

· Mathematical Methods for Optimal Control of Chemical Engineering Processes and Systems; 

· Mathematical Methods of Catalytic Process Kinetics Study;

· Modern Software Tools for Mathematical Simulation and Optimization of Chemical-Engineering Processes and Systems.
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	Ignacio E. Grossmann 
Professor Ignacio E. Grossmann is the Dean University Professor of Chemical Engineering at Carnegie Mellon University. 
He is Associate editor of AIChE Journal and member of editorial board of Computers and Chemical Enginering, Journal of Global Optimization, Optimization and Engineering, Latin American Applied Research, and Process Systems Engineering Series.

	He obtained his B.S. degree at the Universidad Iberoamericana, Mexico City, in 1974, and his M.S. and Ph.D. at Imperial College in 1975 and 1977. He joined 
Carnegie Mellon in 1979, and  was Department Head of Chemical Engineering from 1994 to 2002. He is currently director of the "Center for Advanced Process Decision-making," an industrial consortium that involves over 20 companies. 
His research interests are in the areas of mixed-integer and logic-based optimization, stochastic programming, process synthesis, energy integration, and enterprise-wide optimization. He is a member of the National Academy of Engineering.
For more details visit http://www.cheme.cmu.edu/people/faculty/grossmann.htm
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	Lorenz T. (Larry) Biegler

Lorenz T. (Larry) Biegler is the Bayer University Professor of Chemical Engineering at Carnegie Mellon University, which he joined after receiving his PhD from the University of Wisconsin in 1981. His research interests lie in computer aided process engineering (CAPE) and include flowsheet optimization, optimization of 
systems of differential and algebraic  equations and algorithms for

	constrained, nonlinear process control. He is an author on over 300 archival publications and two books, and has given numerous invited presentations at national and international conferences. 

He is a Fellow of the American Institute of Chemical Engineers and a member of the Society for Industrial and Applied Mathematics, the Mathematical Optimization Society and the US National Academy of Engineering. 
He is Associate editor for the SIAM Journal of Optimization and Industrial and Engineering Chemistry Research.
For more details visit http://www.cheme.cmu.edu/people/faculty/lb01.htm
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	Rafiqul Gani
Rafiqul Gani is professor of systems design at the Department of Chemical & Biochemical Engineering, The Technical University of Denmark and the head and co-founder of the Computer Aided Process Engineering Center (CAPEC). 

His current research interests include development of computer aided methods and tools for modelling, property estimation, 

	process-product synthesis & design, and process-tools integration. He has published more than 175 peer-reviewed journal articles and delivered over 200 lectures, seminars and plenary/keynote lectures at international conferences, institutions and companies all over the world. Professor Gani is editor-in-chief of the Computers and Chemical Engineering journal, editor for the Elsevier CACE book series and serves in the editorial advisory board of the Journal of Process Systems Engineering and Chemical Engineering Research Letters. Professor Gani is a member of the executive board of the EFCE (European Federation of Chemical Engineering), the scientific vice president of the EFCE, a member of the Board of Trustees of the AIChE and the CAChE Corp.; a Fellow of the AIChE and also a Fellow of IChemE. 

For more details visit http://www.capec.kt.dtu.dk/People/Rafiqul-Gani-Director/
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	Gregory S. Yablonsky

Dr. Gregory Yablonsky is an Associate Research Professor of Chemistry at Parks College and the College of Arts and Sciences. 
Previously (1997-2007), he was a Research Associate Professor in the Department of Energy, Environmental and Chemical Engineering as Washington University in St. Louis.

Gregory Yablonsky is a world recognized expert in the area of

	chemical kinetics and chemical engineering, in catalytic technology particularly.

He has authored two monographs and more than 200 peer-reviewed papers on these topics. 
Honorary doctor degree from the University of Ghent (Belgium).
For more details visit 
http://parks.slu.edu/faculty-staff/parks-faculty/grigoriy-yablonsky/


	[image: image5.jpg]



	Michael H. Mangold

Since 1998 Michael H. Mangold is a member of Max Planck Institute Magdeburg, and in 2006 habilitated at Otto von Guericke University, Magdeburg, title of thesis: Computer Aided Modeling, Analysis and Control of Membrane Reactors and Fuel Cells".
Since 2011 he is adjunct professor for System Dynamics at the Faculty for Electrical Engineering and Information Technology of 

	Otto von Guericke University Magdeburg.
He has authored two more than 100 papers on these topics.
For more details visit 
http://www.mpi-magdeburg.mpg.de/people/mangold/
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	Time
	
	Location



	1000-1300 
	Registration of Participants 
	building «B», floor 2 

	1330-1400

	Opening Ceremony 

Welcome Speech 

German Dyakonov, Rector of KNRTU 

Introduction to School Participants

Nadir Ziyatdinov, Dean of Faculty of Advanced Training for University Professors of KNRTU


	building «B», 
Conference hall

	1400-1450

	Keynote Lecture
Discrete and Continuous Optimization Models for the Design and Operation of Sustainable and Robust Process Systems 

Ignacio E. Grossmann

	building «B», 
Conference hall

	1450-1525

	Keynote Lecture

Computer Aided Molecular and Mixture Design. Part 1
Rafiqul Gani

	building «B», 
Conference hall

	1525-1545
	Break
	

	1545-1620
	Keynote Lecture

Computer Aided Molecular and Mixture Design. Part 2
Rafiqul Gani

	building «B», 
Conference hall

	1620-1710
	Keynote Lecture
Contemporaneous methods of Energy and Recourse Saving Chemical Process Systems and Supply Chain Management Theory 

Valery Meshalkin
	building «B», 
Conference hall


Tuesday, June 18

	Time
	
	Location



	1000-1110 
	Keynote Lecture

Nonlinear Programming Strategies for Dynamic Chemical Process Optimization

Lorenz T. Biegler
	building «B», 
Conference hall

	1110-1125
	Break
	

	1125-1215

	Keynote Lecture

Mathematical Programming Approaches to Enterprise-wide Optimization of Process Industries

Ignacio E. Grossmann
	building «B»,
Conference hall

	1215-1300

	Keynote Lecture

Grasping Complexity of Chemical Kinetics

Gregory S. Yablonsky 
	building «B», 
Conference hall

	1215-1300

	Keynote Lecture

Optimal Design of Chemical Processes under Uncertainty

Gennady Ostrovsky, Tatyana Lapteva
	building «О», 
room О-103

	1300-1430
	Break
	

	1430-1605
	Practical Training
Mixed Nonlinear Programming. Part 1

Ignacio E. Grossmann
	building «О», 
room О-103


	Workshop “Challenges of Engineering Education”

	1430-1505
	Lecture 

History and Prospects for Development of Process System Engineering for Chemical Industry 

Rafiqul Gani
	building «B», 
Conference hall

	1505-1600
	Lecture 

Chemical Engineering Education in the USA

Gregory S. Yablonsky
	building «B», 
Conference hall


Wednesday, June 19
	Time
	
	Location



	930-1100 
	Practical Training
Mixed Nonlinear Programming. Part 2

Ignacio E. Grossmann
	building «О», 
room О-103

	930-1100
	Lecture 

Novel Methods for Optimal Experimental Design and Parameter Identification of Nonlinear Systems. Part 1
Michael Mangold
	building «B», 
Conference hall

	1100-1120
	Break
	

	1120-1210

	Practical Training
Mixed Nonlinear Programming. Part 3

Ignacio E. Grossmann
	building «О», 
room О-103

	1120-1210

	Lecture 

Novel Methods for Optimal Experimental Design and Parameter Identification of Nonlinear Systems. Part 2
Michael Mangold
	building «B», 
Conference hall


	Thursday, June 20
Time
	
	Location



	930-1015 
	Practical Training
Mixed Nonlinear Programming. Part 4

Ignacio E. Grossmann
	building «О», room О-103

	1015-1100
	Practical Training
Nonlinear Programming Strategies for Dynamic Chemical Process Optimization. Part 1

Lorenz T. Biegler
	building «О», room О-103

	1100-1120
	Break
	

	1120-1300

	Practical Training
Nonlinear Programming Strategies for Dynamic Chemical Process Optimization. Part 2
Lorenz T. Biegler
	building «О», room О-103

	1300-1430
	Break
	

	1430-1520
	Practical Training
Nonlinear Programming Strategies for Dynamic Chemical Process Optimization. Part 3
Lorenz T. Biegler
	building «О», room О-103

	1520-1600
	Round Table

Prospects for Development of Computer Aided Process System Engineering
	building «О», room О-103


Friday, June 21

	Time
	
	Location



	930-1100 
	Lecture 

Multiobjective Optimization of Chemical Processes 

Fail Akhmadiev
	building «О», room О-103

	930-1100
	Lecture 

Metodology of Integrated Design of Flexible Chemical Process System

Dmitry Dvoretsky
	building «О», room О-110

	1100-1120
	Break
	

	1120-1300

	Lecture 

Methods and Algorithms of Chemical Process systems Simulation, Optimization and Control under Partial Data Uncertainty 

Vladislav Kholodnov
	building «О», room О-103

	1120-1300

	Lecture 

Dynamic System Control Tools

Denis Ryzhov
	building «О», room О-110

	1300-1330
	Closing Ceremony

Round Table
	building «О», room О-103
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Discrete and Continuous Optimization Models for the Design and Operation of Sustainable and Robust Process Systems
Ignacio E. Grossmann

Center for Advanced Process Decision-making
Department of Chemical Engineering
Carnegie Mellon University
Pittsburgh, PA15213, USA

In this presentation we give an overview of recent applications in Process Systems Engineering of new discrete and continuous optimization techniques. We first provide a brief overview of logic-based optimization methods, emphasizing the theoretical relation of the continuous relaxations between mixed-integer programming and generalized disjunctive programming for nonconvex optimization problems. We discuss approaches for solving these problems to global optimality, with the major aim being the prediction of tight lower bounds on the global 
optimum. 

Several applications are presented to highlight the recent advances of these techniques, and their impact for improving the design and operation of sustainable and robust process systems through creative mathematical modeling. 

In the area of sustainable process synthesis we consider as examples the synthesis of integrated process water systems, and the energy optimization of corn-based and lignocellulosic bio-ethanol plants in which we also illustrate the synergy between energy and water optimization. 

We also consider the application of mixed-integer optimization methods in the area of process operations under uncertainty where we consider optimal design of oil and gas offshore facilities and the optimal design of reliable integrated process sites. The former problem involves uncertainties in the reservoir sizes and deliverabilities, while the latter involves uncertainties in availability of plants and equipment. Both problems have in common the goal of providing robustness to the operation of the process system.

Mathematical Programming Approaches to Enterprise-wide Optimization of Process Industries

Ignacio E. Grossmann

Center for Advanced Process Decision-making
Department of Chemical Engineering
Carnegie Mellon University
Pittsburgh, PA15213, USA

Enterprise-wide optimization (EWO) is a new emerging area that lies at the interface of chemical engineering and operations research, and has become a major goal in the process industries due to the increasing pressures for remaining competitive in the global marketplace.  

EWO involves optimizing the operations of supply, production and distribution activities of a company to reduce costs and inventories. A major focus in EWO is the optimization of manufacturing plants as part of the overall optimization of the supply chain. Major operational items include production planning, scheduling, and control.  

This talk provides an overview of major modeling and computational challenges in the development of deterministic and stochastic linear/nonlinear mixed-integer optimization models for planning and scheduling for the optimization of plants and entire supply chains that are involved in EWO problems. 

We illustrate the application of these ideas in four major problems: 

a) integration of planning and scheduling in batch processes, 

b) optimization of responsive process supply chains, 

c) optimization of distribution-inventory planning of industrial gases, 

d) optimization of oilfield infrastructures under uncertainty. 

These problems have been addressed in collaboration with industry, and have led to substantial economic savings.

Nonlinear Programming Strategies for Dynamic Chemical Process Optimization

Lorenz T. Biegler

Chemical Engineering Department
Carnegie Mellon University
Pittsburgh, PA 15213, USA
biegler@cmu.edu

This lecture describes, derives and analyzes a variety of methods for a broadclass of optimization problems with Differential-Algebraic Equation(DAE) models. In particular, we provide an overview of direct methods, based on nonlinear programming (NLP), and indirect, or variational, methods.  We further classify each method and tailor it to the appropriate applications.

For the direct methods, we discuss a variety of methods including the sequential approach (or single shooting), multiple shooting methods, and the simultaneous collocation (or direct transcription) approach. In parallel to these strategies we discuss NLP formulations and algorithms for these methods and discuss optimality conditions and convergence properties.  

In particular, we approach in the simultaneous collocation approach, where both the state and control variable profiles are discretized. This approach allows a transparent handling of inequality constraints, unstable systems and even some discrete events. Here, large scale nonlinear programming strategies are essential. For this purpose, a novel barrier method, called IPOPT, is described. This NLP algorithm incorporates a number of features for handling inequalities and improving global convergence through filter line search methods. 

The overall approach is Newton-based with analytic second derivatives and this leads to fast convergence rates. Moreover, these simultaneous formulations can easily be extended to NLP formulations that cover a class of hybrid systems based on complementarity formulations, otherwise known as MPCCs. Finally, we discuss the extension of these optimization formulations to deal with nonlinear model predictive control and real-time optimization.

Each set of topics will be illustrated with chemical process examples that illustrate the behavior of these methods and performance of the algorithms.  These include periodic adsorption and chromatographic processes, optimal operation of polymer processes, and extensions to on-line strategies that include state estimation and nonlinear model predictive control.

Computer Aided Molecular and Mixture Design

Rafiqul Gani

CAPEC, Department of Chemical and Biochemical Engineering, 
Technical University of Denmark, DK-2800, Lyngby, Denmark

In (chemical) product design, we try to find a (chemical) product that exhibits certain desirable or specified behavior. It can be a single molecule or a mixture/blend of molecules. In the case of the later, we may also try to find an additive (single molecule) that when added to another chemical or non-chemical product, enhances its (desirable) functional properties. Generally, in (chemical) product design, we do not know the identity of the final product but we have some idea of how we want it to behave and the problem is to find the most appropriate chemical(s) that will exhibit and/or cause the desired behavior. That is, we try to find (design) single molecules and/or mixtures of them.

Computer-aided molecular design (CAMD) problems are defined as: Given a set of building blocks and a specified set of target properties; determine the molecule or molecular structure that matches these properties. In this respect, it is the reverse problem of property prediction where given the identity of the molecule and/or the molecular structure, a set of target properties is calculated. CAMD may be performed at various levels of size and complexity of molecular structure representation. Most CAMD methods and tools used in PSE/CAPE applications, work at the macroscopic level where the molecular structure is represented by groups of atoms and/or connectivity indices. 

Higher levels of aggregation (or lower scales of size) are also being considered in CAMD. The main steps of any CAMD method are to generate chemically feasible molecular structures, to estimate the target properties for the generated structures and to screen/select those that satisfy the specified property constraints. Methods employing the generate and test approach perform these steps sequentially, methods employing mathematical programming perform the steps simultaneously while hybrid methods decompose the problem into sub-problems and allow the use of different solution approaches to the different sub-problems. 

Computer-aided mixture/blend design (CAMbD) problems can be defined as: Given a set of chemicals and a specified set of property constraints; determine the optimal mixture and/or blend. Here, we do not know which chemicals to use in the product and in what amount but we know the molecular structures of the candidate chemicals. As stated above, in many product design problems, a formulation (representing a mixture) is added to the product in order to enhance one or more specified properties of the original product. For example, in the case of a formulated product, a specified property (for example, viscosity of a product) needs to increase by an order of magnitude when the ingredient or formulation is added. In other cases, a mixture or blend having a specified set of target properties is the desired product – as in polymer blends, petroleum blends and edible oil blends. The methods and tools applied here are similar to those used in CAMD.

In this lecture, the basic concepts of CAMD and CAMbD will be presented together with the methods and tools used to solve them. Illustrative examples will be used to highlight the solution steps as well as the numerical and computational issues. 

Grasping complexity of Chemical Kinetics

Gregory S. Yablonsky

Parks College of Engineering, Aviation and Technology, 
Department of Chemistry, Saint Louis University, 
St. Louis, МО 63103, USA 
gyablons@slu.edu
The century of complexity has come. Stephen Hawking’s statement “I think the next century will be the century of complexity” (‘millennium’ interview, January, 2000) became a widely cited prophecy. 

In this lecture, three approaches to grasping complexity of chemical reactions are presented:

1. thermodynamically consistent “gray-box” approach;

2. chemical calculus (non-steady-state kinetic screening);

3. analysis of kinetic fingerprints.
Within the “gray-box” approach, a general structural form of the steady-state rate equation of the complex reaction is presented for linear reaction mechanism and for nonlinear reaction mechanisms, the so-called “kinetic polynomial” [1].

Chemical calculus (non-steady-state kinetic screening) is driven by the technique of Temporal Analysis of Products (TAP), invented at Monsanto by John Gleaves in 1988. A rigorous theoretical development of this approach was presented later [2]. The main TAP-novelty was the controlled treatment of chemical system, in particular catalytic system, by a series of pulses of very small intensity. A sequence of infinitesimal steps produces a finite change of the system activity, hence the term “chemical calculus”. 

The goal of the analysis of kinetic fingerprints [3] is to find features and characteristics of observed kinetic behavior, based on which it is possible to resolve the detailed mechanism, its class or its family, and to determine its characteristics. A concept of complexity is supplemented by the concept of “simplexity” to reflect the rich diversity of patterns which can be produced even by very simple systems.

All approaches (see in detail [1]) are illustrated by examples taken from heterogeneous catalysis, i.e. complete and selective oxidation reactions.
________________________________________

[1] G.B. Marin, G. Yablonsky. Kinetics of Chemical Reactions. Decoding Complexity. J.Wiley-VCH, 2011, 428 p.

[2] J.T. Gleaves, G.S. Yablonskii, P. Phanawadee and Y. Schuurman. TAP-2. Interrogative Kinetics Approach. Applied Catalysis A: General, 160: 55-88, 1997.

[3] G.S. Yablonsky, D. Constales, G. Marin. Coincidences in Chemical Kinetics:   Surprising News about Simple Reactions. Chem. Eng. Sci., 65: 2325-2332, 2010. 

Novel Methods for Optimal Experimental Design and Parameter Identification of Nonlinear Systems

Michael H. Mangold

Max Planck Institute for Dynamics of Complex Technical Systems,
Sandtorstraße 1, 39106 Magdeburg, Germany

Virtually all mathematical models of chemical or biochemical processes contain unknown parameters that have to be identified from experimental data. Parameter identification is therefore a central step during the development of mathematical models and a prerequisite for model based process control and process design.

Optimal experimental design (OED) in general tries to set experimental conditions that minimize uncertainties in the identified model parameter values, in the model structure, or in the model prediction. One key problem of OED is how to quantify these uncertainties. The most widely used approach employs the Fisher information matrix. Although very efficient, this approach is based on a system linearization and may give inaccurate results for nonlinear systems. The alternative to sample complete probability distributions by Monte Carlo simulations is prohibitively expensive in most cases. Sigma point methods may be considered as a compromise between these two extremes, offering higher accuracy than the Fisher information matrix while requiring less computation time than Monte Carlo methods.

The first part of this presentation gives an overview on the application of sigma points to the solution of various problems in the area of OED. First, OED for parameter identification of a given model is considered [1]. It is shown that sigma points accurately predict the confidence intervals of unknown parameters. Further the method can be used to compute global parameter sensitivities in connection with Sobol indices [2], or to compute and minimize confidence intervals of the model states resulting from uncertainties in the model parameters [3]. Finally, application of sigma points to model discrimination problems [4] is discussed.

The second part of the presentation introduces a new method for parameter identification that is based on inverse models and the system property of differential flatness [5]. The treatment of noisy measurements and the extension of the method to delay differential equations are presented.

________________________________________

[1] R. Schenkendorf, A. Kremling, M. Mangold. Optimal experimental design with the sigma point method. IET Systems Biology, 3: 10-23, 2009.

[2] R. Schenkendorf, M. Mangold. Qualitative and quantitative optimal experimental design for parameter identification of a MAP kinase model. In: Preprints of the 18th IFAC World Congress, pp. 11666-11671, 2011.

[3] R. Schenkendorf, A. Kremling, M. Mangold. Influence of non-linearity to the optimal experimental design demonstrated by a biological system. Mathematical and Computer Modelling of Dynamical Systems, 18: 427-438, 2012.

[4] R. Schenkendorf, M. Mangold. Optimal Experimental Design and Model Selection by a Sigma Point Approach. In: Proceedings MATHMOD 2009 Vienna, 2009.

[5] R. Schenkendorf, M. Mangold, U. Reichl. Parameter Identification Of Time-Delay Systems: A Flatness Based Approach. In: Proceedings MATHMOD 2012 Vienna, 2012.
Multicriteria Optimization of Chemical Processes

Fail Akhmadiev
Department of Applied Mathematics 
Kazan State University of Architecture and Engineering

Optimal design of complex technical and technological objects is basically reduced to solving multicriteria optimization problems. Thus, this report gives a brief overview of the main approaches to solving multicriteria optimization problems, their advantages and disadvantages as well as computational problems faced during their implementation. 

Next, we give some examples of multicriteria optimization problems for specific technological processes. Close attention is paid to the optimization object simulation. 

Example 1. The problem of determining the optimal composition of multicomponent mixtures taking into account the properties of the mixture, and the cost of its preparation. 
Example 2. The problem of granular material separation according to the size at multilevel classifiers subject to maximum performance and separation degree.
Example 3. The problem of optimal design of the filtration equipment units for the separation of a two-phase medium. 

Finally we show certain features of mathematical simulation of these technological processes by various methods and solutions of optimization problems based on these examples.

Contemporaneous methods of Energy and Recourse Saving Chemical Process Systems and Supply Chain Management Theory 

Valery Meshalkin
D. Mendeleyev University of Chemical Technology of Russia, 
N. Kurnakov Institute of General and Inorganic Chemistry of Russian Academy of Sciences, Moscow, Russia 
vpmeshalkin@gmail.com
Currently following heuristic-computational methods for chemical-engineering systems (CES) and supply chain management (SCM) are suggested and successfully developed [1-7]:

1. design of innovative products with optimum specific energy and resource consumption organization and management;

2. material, resource and energy of industry production and service optimization at all levels of SCM;

3. cost-effective organizational and functional structure (OFS) of energy-saving and environmentally friendly (or "green") SCM development;

4. stocks minimization and "slender" industries and SCM development methods;

5. optimal risk management in design and operation of SCM;

6. integrated economic and environmental management of SCM enterprises and computer evaluation of SCM environmental impact.

We present OFS design methodology for "green" SCM as micro and macro physical and chemical facility [1-3]. Among modern methods of CES theory and SCM control the most important are:

1. computational methods of optimal logistics multiperiodic planning of SCM taking form of MILP;

2. heuristic-computational and topological methods of optimal power efficiency assembly of plants and SCM.

Results of practical problems solution are stated briefly on example of optimal multi-period logistic SCM planning of gas processing plant with polyolefins and polypropylene production option [6, 7].

Core of decomposition-heuristic algorithms for optimal power efficiency production arrangement with the constraints of subject area is described [8]. It was used to solve problems of optimal layout of combined heat and power plant and large-scale production of ammonia [8].

________________________________________

1. Meshalkin V.P. Metody logistiki resursosberegenia ili organizacionno-upravlencheskie instrumenty modernizatcii NGHK. Menegment v Rossii i za rubejhom, sept./oct., pp. 19-27, 2011.

2. Meshalkin V.P. Resursoenergoeffektivnie metody energoobespechenia i minimizacii othodov neftepererabativaushih proizvodstv. Chemistry, Moscow-Genoa, 2010, 41, 343 p. 
3. Grossmann I.E., Westerberg A.W. Research Challenges in Process Systems Engineering. AIChE J., 46 (9), pр.1700-1703, 2000.

4. Sargent R.W.H. Process Systems Engineering – A Retrospective View, with Questions for the Future. European Symposium on Computer Aided Process Engineering-14, pр. 1-8, 2004.

5. Charpentier J.C., McKenna T.F., Managing complex systems: some trends for the future of chemical and process engineering. Chem. Eng. Sci., 59 (8), pр. 1617-1640, 2004.
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Methodology of Integrated Design of Flexible Chemical Processes, Devices and Control Systems
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The report includes three parts.

The first part describes the scientific basis of the integrated synthesis methodology (a system of principles and methods to organize and arrange theoretical and practical activities for an integrated design) and the strategy for an integrated design of industrial energy-efficient and resource-saving chemical processes, equipment and automated control systems under interval uncertainty of physical, chemical, technological and economic data. We present a multi-stage iterative procedure for solving the problems of the integrated design of flexible automated chemical process systems of low-tonnage chemical plants. It includes the selection of the type, design parameters and regime variables of the automated chemical processes; selection of the class, structure, and tuning parameters of the control system and their calculation;  definition of the permissible range for the feedstock parameters, process variables and coefficients of a mathematical model of a chemical process, within which the optimum performance of chemical process systems is provided (in terms of safety, energy and resource efficiency, as well as product quality).
The second part describes the methods and algorithms for investigating the system links and laws of functioning and development of the chemical process systems at low-tonnage chemical plants aimed at improving their hardware-design and the specific application of non-stationary regimes from the standpoint of energy and resource efficiency, environmental safety and reliability of low-tonnage chemical production, development and research areas of operating capacity (analysis of flexibility) of chemical processes in the space of regime (control) variables depending on the changes in internal and external uncertain parameters.

The final part formulates mathematical problems of industrial hardware design for flexible automated chemical processes of low-tonnage chemical plants, depending on the level of the available experimental information about chemical processes during the operation of a chemical plant and potential control tools in the form of one- and two-stage stochastic optimization problems with soft and mixed constraints. We discuss and recommend methods and cost-effective (in terms of convergence and processing velocity) algorithms for solving the problems of hardware design of flexible automated chemical processes to synthesize azo pigments (continuous operation), and chemical additives for polymers (batch operation) forming a prerequisite for effective control and automation. 

Optimal Design of Chemical Processes under Uncertainty

Ostrovsky G.M.1, Lapteva T.V.2
1L.Ya.Karpov Physicochemical Scientific Research Institute, 
Moscow, Russia,
2Kazan National Research Technological University, 
Kazan, Russia
We consider the problem of chemical process (CP) design under uncertainty. Usually, one of the following formulations of an optimal design problem is used: 

-  a one-stage optimization problem with chance constraints (OSOPCC);

-  a two-stage optimization problem (TSOP) with hard constraints (TSOPHC). 

Methods of solving these problems have been developed extensively. Significantly less attention was given to the formulation and solving of the TSOP with soft constraints [1]. 

A multiple calculation of integrals to determine the objective function expected value and the probability of constraints satisfaction is one of the main issues in solving optimization problems with chance constraints.

There are three groups of methods for solving this problem: 

-  the methods which improve the Gauss quadrature belong to the first group [2];

-  the methods in which the sampling techniques are used belong to the second group [3]; 

-  the methods permitting to transform chance constraints into deterministic ones belong to the third group [4]. 

We will obtain a new formulation of a TSOP with chance constraints (TSOPCC) and will develop a TSOPCC solving method based on the reduction of the chance constraints to the deterministic ones [5].

We will consider a design problem of a chemical process (CP) consisting of a continuous stirred tank reactor and a heat exchanger.

________________________________________
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Dynamic System Control Tools

Denis Ryzhov
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Russia
The report addresses the issues of using the most modern efficient tools to control artificial dynamic systems, i.e. chemical process systems. During the last decades, chemical process control and automation technologies have developed significantly. The current monitoring and control tools for individual processes and entire industries cover almost all aspects of industrial enterprise financial and production operation.

There are four basic levels of enterprise automation: L1 – field instrumentation and automation level, L2 – process control using distributed control systems and programmable logic controllers (PCS) level, L3 – advanced process control (APC) and production management (MES) level, L4 – enterprise management (ERP) level. Each of these control levels or their complex can be considered as a complex of technical and dynamic system control tools depending on the spatial and temporal scale of the control object.
In order to keep the relationship between the subject and the object, we address the control tools, which are directly related to the enterprise control and coordination of the chemical processes. They include distributed systems for process control, advanced process control and operator training systems based on dynamic mathematical models of chemical engineering processes.

One of the world leading companies in production and implementation of the described control tools for chemical processes is Yokogawa (Japan). Its products for monitoring and control of technological processes form a long list of names for each level of the modern enterprise automation. Thus, we consider the tools for control of complex technical and dynamic systems based on Yokogawa automation products. Construction of modern automated process control systems based on Centum DCS, elements of building and operating principles of the advanced control systems based on Yokogawa products, issues of computer simulation complexes based on OmegaLand universal simulator development are addressed.

Computer-aided simulation and design of chemical-engineering system for ammonia synthesis

Kholodnov V.A., Kulishenko R. Yu.
System analysis department
Saint-Petersburg State Institute of Technology 
(Technical University),
Saint-Petersburg, Russia 

At the present time a lot of attention is given to the problems of modeling and optimization with incomplete or inaccurate input data. In this lecture we examine modeling of chemical-engineering system for ammonia synthesis process, where input data is incomplete. During the simulation it is required to reproduce the process flow diagram on its verbal description, to determine unknown parameters as well as to carry out the calculation of the scheme with simultaneous estimation of the values of these parameters. We used Aspen Plus as a software platform to perform calculation.

Since the above scheme provides for the recovery of substances and heat, it is important to correctly identify the relationships between them in the large amount of feedback circuits while solving this problem, as well as, if necessary, manually identify the tear streams for decomposition analysis.

An example examined in lecture demonstrates optimization and calculation of enclosed chemical-engineering system with a variety of recycle streams technique taking into account interval uncertainty of initial information.

School proceedings are placed on the Institute of Control, 
Automation and Information Technologies Internet site 
www.iuait.ru
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