16th IFAC Symposium
on Advanced Control

of Chemical Processes
(ADCHEM 2021)

IFAC PapersOnline Volume 54, Issue 3

Venice, Italy
13 = 16 June 2021

Editor:

Jong Min Lee

ISBN: 978-1-7138-3635-3



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

Some format issues inherent in the e-media version may also appear in this print version.

To the extent permissible under applicable laws, no responsibility is assumed by the Owner, the Publisher
or the Licensee for any injury and/or damage to persons or property as a result of any actual or alleged
libelous statements, infringement of intellectual property or privacy rights, or products liability, whether
resulting from negligence or otherwise, or from any use or operation of any ideas, instructions, procedures,
products or methods contained in the material therein.

The publication of an advertisement in the POD Edition does not constitute on the part of the Owner, the
Publisher or the Licensee a guarantee or endorsement of the quality or value of the advertised products or
services described therein or of any of the representations or the claims made by the advertisers with
respect to such products or services.

Copyright© (2021) by IFAC (International Federation of Automatic Control)
All rights reserved.

Printed with permission by Curran Associates, Inc. (2021)

For permission requests, please contact the publisher, Elsevier Limited
at the address below.

Elsevier Limited

The Boulevard, Langford Lane
Kidlington

Oxford OX51GB UK

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2633

Email: curran@proceedings.com
Web:  www.proceedings.com



TABLE OF CONTENTS

DATA-DRIVEN PROCESS MODELING AND OPTIMIZATION AIDED BY MATERIAL AND

ENERGY BALANCES: THE CASE OF A BATCH POLYMERIZATION PROCESS. ...........cccocvviiinnne

Ahmed Bardooli, Yachao Dong, Christos Georgakis

SIMPLE MODEL AND PREDICTIVE CONTROL OF A PHARMACEUTICAL BATCH

FLUIDIZED BED DRYER.......oiiiiiiiiitiiee et sn e ane e sne s

Francis Gagnon, André Desbiens, Eric Poulin, Jocelyn Bouchard, Pierre-Philippe Lapointe-
Garant

DYNAMIC MODELING OF A BATCH SLUDGE SETTLING COLUMN BY PARTIAL

DIFFERENTIAL NON LINEAR EQUATIONS WITH A MOVING INTERFACE..........ccociininininnns

Claire Valentin, Frangoise Couenne, Christian Jallut, Jean-Marc Choubert, Mélaz Tayakout-
Fayolle

MOMENT-BASED KALMAN FILTER DESIGN FOR CELL POPULATION BALANCE

MODELS IN BATCH FERMENTATION PROCESSES ..........ccooiiiiiiiiiie e

P. Jerono, A. Schaum, T. Meurer

P10 BASED DATA-DRIVEN ITERATIVE LEARNING CONTROL FOR NONLINEAR
BATCH PROCESSES WITH NONREPETITIVE DISTURBANCES SUBJECT TO INPUT

CONSTRAINTS e bbb e e r bbb e e e bbbt bbbt e et e nenn e er e

Shoulin Hao, Tao Liu, Wojciech Paszke

DUAL MODE FINITE-TIME SEEKING CONTROL FOR A CLASS OF UNKNOWN

DYNAMICAL SYSTEM ...ttt ettt nn e

Martin Guay
ADAPTIVE LEARNING OF HYBRID MODELS FOR NONLINEAR MODEL PREDICTIVE

CONTROL OF DISTILLATION COLUMNS ......oooiiiiiiiiitiiee e

Jannik T. Liithje, Jan C. Schulze, Adrian Caspari, Adel Mhamdi, Pascal Schdfer

ADSORPTION MATERIAL COMPOSITION AND PROCESS OPTIMIZATION, A

SYSTEMATICAL APPROACH BASED ON DEEP LEARNING.........ccootiiiieiereeeeee e

Maria Jodo Regufe, Vinicius V. Santana, Marcio M. Martins, Alexandre F. P. Ferreira,
Idelfonso B. R. Nogueira

DEEP TRANSFER LEARNING BASED MULTISOURCE ADAPTATION FAULT DIAGNOSIS

NETWORK FOR INDUSTRIAL PROCESSES..........ccoieiiiiiieitnre et

Zheng Chai, Chunhui Zhao

DECISION TREE ANALYSIS ON THE PERFORMANCE OF ZEOLITE-BASED SCR

AT ALY ST S et h bbb e bbbt e Rt bt bt e e et r Rt b e

Shin Young Bae, Jun Seop Shin, Yeonsoo Kim, Jong Min Lee
DEVELOPING SOFT-SENSOR MODELS USING LATENT DYNAMIC VARIATIONAL

AUTOENGCODERS ...t b bbbt bbbt et nr e r et b et nnenes

Yi Shan Lee, Sai Kit Ooi, Dave Tanny, Junghui Chen

MULTI-SOURCE HETEROGENEOUS DATA FUSION FOR TOXIN LEVEL

QUANTIFICATION ...t r et

Eugeniu Strelet, Zhenyu Wang, You Peng, Ivan Castillo, Marco S. Reis



IMPROVING AUTOENCODER TRAINING WITH NOVEL GOAL FUNCTIONS BASED ON
MULTIVARIABLE CONTROL CONCEPTS ...ttt ettt sttt s saba e s s earaa s eanes 73
Rafael H. Martello, Lucas Ranzan, Marcelo Farenzena, Jorge O. Trierweiler

A DESIGN CENTERING METHODOLOGY FOR PROBABILISTIC DESIGN SPACE .......ccccccocvvvnvinnns 79
Kennedy P. Kusumo, James Morrissey, Hamish Mitchell, Nilay Shah, Benoit Chachuat

ANTICIPATED CELL LINES SELECTION IN BIOPROCESS SCALE-UP THROUGH

MACHINE LEARNING ON METABOLOMICS DYNAMICS ... 85
Gianmarco Barberi, Antonio Benedetti, Paloma Diaz-Fernandez, Gary Finka, Pierantonio
Facco

ESTIMATION-BASED PREDICTIVE CONTROL OF NONLINEAR PROCESSES USING
RECURRENT NEURAL NETWORKS ... .ottt ettt st sttt e e e b saesbesee s 91
Mohammed S. Alhajeri, Zhe Wu, David Rincon, Fahad Albalawi, Panagiotis D. Christofides

LEARNING PHYSICS BASED MODELS OF LITHIUM-ION BATTERIES ... 97
Maricela Best McKay, Brian Wetton, R. Bhushan Gopaluni

A REDUCED-ORDER MODEL FOR REAL-TIME NMPC OF ETHANOL STEAM
REFORMERS ...ttt ettt b e a et et e e e bt ke b e h e me e st ee e e be e Eeebeebeeneenee st e besbestenre e 103
Pedro Reyero, Xinwei Yu, Carlos Ocampo-Martinez, Richard D. Braatz

H2 PURITY CONTROL OF HIGH-PRESSURE ALKALINE ELECTROLYZERS.........coovvieiiieee e 109
Martin David, Fernando Bianchi, Carlos Ocampo-Martinez, Ricardo Sanchez-Perfia

ANALYSIS OF OPTIMAL CONTROL STRATEGIES FOR EFFICIENT OPERATION OF A
PRODUCED WATER REINJECTION FACILITY FOR MATURE FIELDS........coooviiiiee e, 115
Otavio F. Ivo, Lars S. Imsland

NON-INTRUSIVE TIME-POD FOR OPTIMAL CONTROL OF A FIXED-BED REACTOR FOR
(0@ 2 AV = I 12N 072N O R 122
Jens Bremer, Jan Heiland, Peter Benner, Kai Sundmacher

EFFICIENT UTILIZATION OF ACTIVE CARBON IN A BLAST FURNACE THROUGH A
BLACK-BOX MODEL-BASED OPTIMIZING CONTROL SCHEME ........cccoceiiiiieeeeiee e 128
Pourya Azadi, Rainer Klock, Sebastian Engell

CONTINUOUS INTEGRATED FILTRATION, WASHING AND DRYING OF ASPIRIN:
DIGITAL DESIGN OF A NOVEL INTENSIFIED UNIT ..oouiiiiii it 134
Francesco Destro, Vivian Wang, Mesfin Abdi, Xin Feng, Zoltan K. Nagy

IDENTIFICATION AND ONLINE UPDATING OF DYNAMIC MODELS FOR DEMAND
RESPONSE OF AN INDUSTRIAL AIR SEPARATION UNIT ..oociiiiiiiiiiie ettt 140
Calvin Tsay, Yanan Cao, Yajun Wang, Jesus Flores-Cerrillo, Michael Baldea

APPLICATION OF THE IFSH METHODOLOGY FOR PLANTWIDE CONTROL FOR AN
EVAPORATOR BENCHMARK PROCESS. ...ttt ettt sttt e st seaata e sbae e s s sbaaneeans 146
Morten L. Pedersen, Franz D. Bihner, Jakob K. Huusom

MULTI-CHANNEL GRAPH CONVOLUTIONAL NETWORK BASED END-POINT
ELEMENT COMPOSITION PREDICTION OF CONVERTER STEELMAKING.........cccooviviviirereenen 152
Shuchao Chang, Chunhui Zhao, Yuanlong Li, Min Zhou, Honglin Qiao

A TIME-DEPENDENT MODEL OF PRESSURE DROP IN REVERSE OSMOSIS SPIRAL
WOUND MEMBRANE MODULES.........ooiiiti ettt sttt st e st s et e s st e s st e e sta s s ebassebesssbassreeans 158
A. Ruiz-Garcia, 1. Nuez



AN AUTOMATIC SYSTEM FOR MODELING AND CONTROLLING COLOR QUALITY OF

DYED LEATHERS IN TANNERIES ......oo oottt ettt e st sebaa e s s s ba e e s e srbaeeeans 164
Riccardo Bacci Di Capaci, Gabriele Pannocchia, Colm Kenny, Giacomo Pacchi, Claudio
Scali

SENSOR FUSION AND COMPUTER VISION INTEGRATED SYSTEM FOR PRIMARY
SEPARATION VESSEL INTERFACE LEVEL ESTIMATION ....coiiiitrteieeeee et 170
Jingyi Wang, Yousef Alipouri, Biao Huang

AN ADAPTIVE INFINITE HORIZON MODEL PREDICTIVE CONTROL STRATEGY
APPLIED TO AN ESP-LIFTED OIL WELL SYSTEM ....oviiiiiiie ettt 176
Bruno A. Santana, Raony M. Fontes, Leizer Schnitman, Marcio A. F. Martins

CONTROL OF A NATURAL GAS LIQUID RECOVERY PLANT IN A GSP UNIT UNDER
FEED AND COMPOSITION DISTURBANCES .........ooot ittt st st 182
Marta Mandis, Jorge A. Chebeir, Stefania Tronci, Roberto Baratti, José A. Romagnoli

ONLINE WEAR DETECTION FOR JOINTS IN PROGRESSING CAVITY PUMPS. ..o, 188
J. Miiller, S. Leonow, J. Schulz, C. Hansen, M. Monnigmann

ANTI-WINDUP PREDICTIVE CONTROL FOR AN ENGINE AIR PATH SYSTEM .....ccocceovviieeeieeee 194
Tkuro Mizumoto, Yusuke Makimoto

PREDICTIVE CONTROL OF ACTIVATED SLUDGE PLANTS TO SUPPLY NITROGEN FOR

OPTIMAL CROP GROWTH ..ttt ettt ettt ettt sttt e e s ettt e s et et e e sbaeesaatbeeeseabetessabeeesaasbeeesaseeessreees 200
Otacilio B. L. Neto, Antoine Haddon, Farouk Aichouche, Jerome Harmand, Francesco
Corona

DUAL ADAPTIVE MODEL PREDICTIVE CONTROL WITH DISTURBANCES..........ccccooiiiieeeeeiieee 206

Zicheng Cai, B. Erik Ydstie

ADAPTIVE TUBE-ENHANCED MULTI-STAGE NONLINEAR MODEL PREDICTIVE
L0V I S 212
Yehia Abdelsalam, Sankaranarayanan Subramanian, Mohamed Aboelnour, Sebastian Engell

A ROBUST MODEL PREDICTIVE CONTROLLER APPLIED TO A PRESSURE SWING

ADSORPTION PROCESS: AN ANALYSIS BASED ON A LINEAR MODEL MISMATCH .........cc.cc...... 219
Paulo H. M. Oliveira, Marcio A. F. Martins, Alirio E. Rodrigues, José M. Loureiro, Idelfonso
B. R. Nogueira

APPLICATION OF MODEL PREDICTIVE CONTROL TO THE REACTIVE EXTRUSION OF
E-CAPROLACTONE IN A TWIN-SCREW EXTRUDER........ccccioiiiiiiniic s 225
Maximilian Cegla, Sebastian Engell

CONTROL OF PARTICLE FORMATION PROGCESSES........ccoe ittt 231
Eric Otto, Jessica Behrens, Robert Diirr, Stefan Palis, Achim Kienle

ROBUST ECONOMIC MODEL PREDICTIVE CONTROL WITH ZONE CONTROL ......cccccovvevniriinine 237
Benjamin Decardi-Nelson, Jinfeng Liu

A DATA-DRIVEN AUTOMATIC TUNING METHOD FOR MPC UNDER UNCERTAINTY
USING CONSTRAINED BAYESIAN OPTIMIZATION ....ooiiiiiie ittt 243
Farshud Sorourifar, Georgios Makrygirgos, Ali Mesbah, Joel A. Paulson

OBSERVER-BASED DISTRIBUTED SENSOR FAULT-TOLERANT MODEL PREDICTIVE
CONTROL FOR INTERMITTENT FAULTS ..ottt sttt st s st e s bt s s s eaaa e e s sabaee s 251
Guannan Xiao, Xiaoli Luan, Fei Liu



DEVELOPMENT OF NON-COOPERATIVE DISTRIBUTED ADAPTIVE MPC SCHEMES
BASED ON ARX MODELS PARAMETERIZED USING ORTHONORMAL BASIS FILTERS ............... 257
Sairengpuia Sailo, Kunal Kumar, Sachin C. Patwardhan, P. S. V. Nataraj

A DISTRIBUTED ACTIVE SET METHOD FOR MODEL PREDICTIVE CONTROL........ccccocevivireeriennn. 263
Gasta Stomberg, Alexander Engelmann, Timm Faulwasser

ADVANCED-MULTI-STEP MOVING HORIZON ESTIMATION......ccoii it 269
Yeonsoo Kim, Kuan-Han Lin, David M. Thierry, Lorenz T. Biegler

APPLICATION OF DATA-DRIVEN ECONOMIC NMPC ON A GAS LIFTED WELL
N LYY P 275
Joakim Rostrup Andersen, Lars Imsland

MIXING STRATEGIES COMBINED WITH SHAPE DESIGN TO ENHANCE
PRODUCTIVITY OF A RACEWAY POND ......oi oottt ettt ttea st s s s sabaa s s snaae s s saraee s 281
Olivier Bernard, Liu-Di Lu, Julien Salomon

COMPARTMENTAL GLYCOSYLATION FLUX ANALYSIS ...ttt 287
Shilpi Aggarwal, Xin Qi, Sriram Neelamegham, Rudiyanto Gunawan

LATENT VARIABLES MODEL BASED MPC FOR PEOPLE WITH TYPE 1 DIABETES......ccccccecvvenn. 294
Xiaoyu Sun, Mudassir Rashid, Mohammad Reza Askari, Ali Cinar

DISCOPOLIS 2.0: A NEW RECURSIVE VERSION OF THE ALGORITHM FOR UNIFORM
SAMPLING OF METABOLIC FLUX DISTRIBUTIONS WITH LINEAR PROGRAMMING................... 300
Philippe Bogaerts, Marianne Rooman

DIFFERENT CONTROL STRATEGIES FOR A YEAST FERMENTATION BIOREACTOR .......cccve...e. 306
Silvia Lisci, Massimiliano Grosso, Stefania Tronci

MODELLING FOR CONTROL OF BIODIESEL MICROREACTORS.......cccoiierereee e 312
Michael O. Ajeni, William P. Heath, Eduardo Poupard

OPTIMAL FEED TRAJECTORIES FOR FEDBATCH FERMENTATION WITH SUBSTRATE
INHIBITION KINETICS ...ttt bbbttt b e bbbt bt et e b bbb 318
Thomas Emil Ryde, Morten Ryberg Wahlgreen, Marcus Krogh Nielsen, Steen Horsholt, John
Bagterp Jorgensen

A COMBINED COMPUTATIONAL-FLUID-DYNAMICS MODEL AND CONTROL
STRATEGIES FOR PERFUSION BIOREACTOR SYSTEMS IN TISSUE ENGINEERING..................... 324
loana Nascu, Daniel Sebastia-Saez, Tao Chen, Wenli Du

CRITICAL QUALITY PREDICTIVE CONTROL OF FED-BATCH MAMMALIAN CELL
BIOREACTORS ...ttt et e et e e ettt e e st a et e s sab e e e e aaa bt e e seaaaeessabeeessbbasesasaaeessabanessssbenesns 330
Mudassir M. Rashid, Robert Jackson, Satish J. Parulekar, Ali Cinar

MAXIMUM-LIKELIHOOD EXTREMUM SEEKING CONTROL OF MICROALGAE

CULTURES ...ttt ettt e et e e st e e et e e s te e e bee e st e e e bee e s beeebeeesbbeesaeeesbbeeaaeeestbeesaeeestbeennneeres 336
Laurent Dewasme, Alain Vande Wouwer, Christian Gabin Feudjio Letchindjio, Afaq Ahmad,
Sebastian Engell

ON THE DYNAMICS AND ROBUSTNESS OF THE CHEMOSTAT WITH MULTIPLICATIVE

A. Schaum, S. Tronci, R. Baratti, J. Alvarez



EXPERIMENTAL APPLICATION OF INDIVIDUAL COLUMN STATE AND PARAMETER
ESTIMATION IN SMB PROCESSES TO AN AMINO ACID SEPARATION ....ccocoeiieiiie e 348
Stefanie Gerlich, Hind Arab, Malte Buchholz, Sebastian Engell

AN ADAPTIVE FILTER FOR PARAMETER ESTIMATION OF DAMPED SINUSOIDAL
S]] S 354
Mohammad Jahvani, Martin Guay

ANALYTICAL DERIVATION AND COMPARISON OF ALARM SIMILARITY MEASURES............... 360
Amir Hossein Kargaran, Amir Neshastegaran, Iman Izadi, Ehsan Yazdian

GENERALIZED SYSTEM IDENTIFICATION FOR NONLINEAR MPC OF HIGHLY
NONLINEAR MIMO SYSTEMS ... oottt sttt sttt ae e st s beesbeenteanteaneesneennee e 366
Ewan Chee, Xiaonan Wang

KOOPMAN-BASED DATA-DRIVEN CONTROL FOR CONTINUOUS FLUIDIZED BED
SPRAY GRANULATION ...ttt ettt s bt e st e e s et a e e s s bt e e s s bt e e e s sbbeeessabesessabbesesasaeeessrbenens 372
Anton Maksakov, Stefan Palis

MATHEMATICAL MODELLING OF RHEOLOGICAL PROPERTIES OF LOW-DENSITY
POLYETHYLENE PRODUCED IN HIGH-PRESSURE TUBULAR REACTORS........cooieiviee e, 378
Maira L. Dietrich, Adriana Brandolin, Claudia Sarmoria, Mariano Asteasuain

FAST DYNAMIC SIMULATION OF DISTILLATION COLUMNS WITH LOCAL
THERMODYNAMIC MODELS AND ADOMIAN DECOMPOSITION......covieiiiee et 383
Pedro R. B. Fernandes

IDENTIFIABILITY AND PHYSICAL INTERPRETABILITY OF HYBRID, GRAY-BOX
MODELS - A CASE STUDY .ottt ettt e bttt e e s st e e s s bt e s s bt e e s s sab e e e s abbasesbaassssabaessesbbenesans 389
M. Hotvedt, B. Grimstad, L. Imsland

APPLICATION OF SOS-CONSTRAINED REGRESSION TO MODEL UNKNOWN
REACTION KINETICS ..ottt ettt e e e s ettt e e e s s e sttt e e e e s e s et b e eteeeesssabbbaeeasesssaasrrbenasesans 395
José Luis Pitarch, Daniel A. Montes, César De Prada, Antonio Sala

TIME-DELAY IDENTIFICATION AND VALIDATION OF A LIQUID FILM TRANSPORT
MODEL BASED ON PILOT PLANT EXPERIMENTS ... ..ottt ettt 401
Julian Hofmann, Anton Ponomarev, Veit Hagenmeyer, Lutz Groll

MODELING OF MILK ACIDIFICATION ....utitieitiit ittt ettt sttt nee e e naeseesnesne e 409
C. E. Robles-Rodriguez, E. Szymanska, L. Ozkan

LOCAL PARAMETER IDENTIFIABILITY OF LARGE-SCALE NONLINEAR MODELS
BASED ON THE OUTPUT SENSITIVITY COVARIANCE MATRIX ....ooiiiiiie et 415
Carlos S. Méndez-Blanco, Leyla Ozkan

LONG-TERM DEPENDENCY SLOW FEATURE ANALYSIS FOR DYNAMIC PROCESS
IMONITORING ...ttt ettt e s et e e e et et e e s b e e e e s sab e e e s aabbeeesbbaesssabeeessabbesessateessabanessbbesesans 421
Xinrui Gao, Yuri A. W. Shardt

FILTERING AND SMOOTHING OF HIDDEN MONOTONIC TRENDS AND APPLICATION
TO FOULING DETECTION .....uiiiieiieie e s siee sttt steeteestesseesteesseesteesaeanseaneesseesseesseenseessnssesssesssessseenees 427
Ranyjith Chiplunkar, Biao Huang

MOMENT-BASED DISSIPATIVE OBSERVER DESIGN FOR CELL POPULATION
BALANGCE MODELS. ... .ottt e e b e e e e e e e s b bbbt e e e e e s s b bbb e e e s e s s s s bbb baeeeeeaas 433
A. Schaum, P. Jerono, T. Meurer, J. A. Moreno



SPARSE ADJACENCY FORECASTING AND ITS APPLICATION TO EFFICIENT ROOT
CAUSE DIAGNOSIS OF PROCESS FAULTS ...ttt 439
Pengyu Song, Chunhui Zhao

CONDITION-DRIVEN SOFT TRANSITION MODELING AND MONITORING STRATEGY
FOR COMPLEX NONSTATIONARY PROGCESS. ..... oottt ettt ett e sttt e s st s seaa e e s seraeessssnenenans 445
Xu Chen, Chunhui Zhao

A NONSTATIONARY PROCESS MONITORING BASED ON MUTUAL INFORMATION
AMONG PROCESS VARIABLES ...ttt nn e sne s 451
Cheng Ji, Jingde Wang, Wei Sun

MTX-LAB CONTROLLED BY MULTI-SISO PID CONTROLLERS .......ccocooiiieirce e 457
Fernanda B. De Souza, Bricio F. Barreiros, Lucas A. Silveira, Bruna S. Muniz, Jorge O.
Trierweiler

A CLOSED-LOOP FREQUENCY DOMAIN PI RETUNING TECHNIQUE FOR
MULTIVARIABLE SYSTEMS ...ttt ettt sttt e ettt s s eat e e s st e e e s et b a e s sbaae e s sabanesssbbeeeeans 463
Anna Paula V De A Aguiar, George Acioli Junior, Péricles R Barros, Angelo Perkusich

TIME AND FREQUENCY DATA-DRIVEN PID RETUNING APPLIED IN MIMO PROCESS................ 469
Lucas José Da Silva Moreira, Anna Paula V De A Aguiar, George Acioli Junior, Péricles
Rezende Barros

REAL-TIME OPTIMIZATION WITH PERSISTENT PARAMETER ADAPTATION APPLIED
TO EXPERIMENTAL RIG ...ttt ettt ettt e ettt sttt e s sttt e s sttt s e s st e e e s sabaeesabateessnaeaesssranesaneesenrees 475
José Matias, Julio Paez De Castro Oliveira, Galo A. C. Le Roux, Johannes Jdschke

ROBUST MULTI-SCENARIO DYNAMIC REAL-TIME OPTIMIZATION WITH EMBEDDED
CLOSED-LOOP MODEL PREDICTIVE CONTROL......ccceiiitieiiinienece st 481
Lloyd Mackinnon, Christopher L. E. Swartz

A DYNAMIC PENALTY FUNCTION APPROACH FOR CONSTRAINT-HANDLING IN
REINFORCEMENT LEARNING ... .ottt ettt et sbe e nbe et e eneenne e 487
Haeun Yoo, Victor M. Zavala, Jay H. Lee

CONSTRAINED Q-LEARNING FOR BATCH PROCESS OPTIMIZATION. .....ccoiiiiiinenstneneee e 492
Elton Pan, Panagiotis Petsagkourakis, Max Mowbray, Dongda Zhang, Antonio Del Rio-
Chanona

CONTROL OF A POLYOL PROCESS USING REINFORCEMENT LEARNING..........ccccoveiinininiiee, 498

Wenbo Zhu, Ricardo Rendall, Ivan Castillo, Zhenyu Wang, Jose A. Romagnoli

MODEL-FREE SAFE REINFORCEMENT LEARNING FOR CHEMICAL PROCESSES USING
GAUSSIAN PROGCESSES ...ttt ettt ste ettt esteesteesteeteameeaneeaneesseeseenteanteaseeaseesreenteeneeaneas 504
Thomas Savage, Dongda Zhang, Max Mowbray, Ehecatl Antonio Del Rio Chanona

SIMULTANEOUS PROCESS DESIGN AND CONTROL OPTIMIZATION USING
REINFORCEMENT LEARNING ...ttt ettt ettt e sttt e e s st e e s st a e e s ebaaa s s sabaeesesbbeeesans 510
Steven Sachio, Antonio E. Del-Rio Chanona, Panagiotis Petsagkourakis

A SIMULATION STUDY ON TURNPIKES IN STOCHASTIC LQ OPTIMAL CONTROL .........ccovveunne 516
Ruchuan Ou, Michael Heinrich Baumann, Lars Griine, Timm Faulwasser

MANY-OBJECTIVE SIMULATION-BASED OPTIMIZATION OF AN AIR SEPARATION

Santiago D. Salas, Dany De Cecchis, Bryan V. Piguave, José A. Romagnoli



OPTIMIZATION OF MICROFLUIDIC LAYOUTS AS A WIRED PACKING PROBLEM.............ccceuennee. 528
Sanjy Andriamiseza, Mikael Trellet, Nicolas Lafitte, Charles-Henri Clerget, Nicolas Petit

INTEGRATION OF PLANNING, SCHEDULING, AND CONTROL FOR MULTI-PRODUCT
CHEMICAL SYSTEMS UNDER PREVENTIVE MAINTENANCE .......ccooiiieiirese e 536
Yanshuo Peng, Luis Ricardez-Sandoval

DESIGN AND OPTIMIZATION FOR SIMULATED MOVING BED: VARICOL APPROACH. ............... 542
Joana Matos, Rui P. V. Faria, José M. Loureiro, Ana M. Ribeiro, Idelfonso B. R. Nogueira

OPTIMAL DESIGN OF SMB UNITS: A NOVEL STRATEGY BASED ON PARTICLES
SWARM OPTIMIZATION ..ottt r bbbt nn bbbt e e nn e n e en s 548
Joana Matos, Rui P. V. Faria, José M. Loureiro, Ana M. Ribeiro, Idelfonso B. R. Nogueira

NONLINEAR STATE FEEDBACK CONTROL DESIGN FOR PORT-HAMILTONIAN
SYSTEMS WITH UNSTRUCTURED COMPONENT ....ooiiitiiec ettt st ee s svbe s s eaaae e s 554
Seyedabbas Alavi, Nicolas Hudon

ENERGY AND CARBON-CONSTRAINED PRODUCTION PLANNING WITH PARAMETRIC
UNGCERTAINTIES ...ttt ettt b ettt e s bbbt s be bt e £t e ne e s teseeebe s beebeebeemeen e e s ebesbeetenre e 560
Nitin Dutt Chaturvedi, Piyush Kumar Kumawat, Aditya Kumar Keshari

ASSESSMENT OF DEMAND RESPONSE PARTICIBILITY POTENTIAL BASED ON COST-
EFFECTIVE PROCESS DESIGN ......cciiiiiiiiiie it 566
Yu Liu, Gustavo Campos, Ahmet Palazoglu, Nael H. El-Farra

VALUE CHAIN PLANNING OPTIMIZATION: A DATA DRIVEN DIGITAL TWIN
YA g = (@ AN O SRR 572
F. Ferranti, F. Manenti, G. Vingerhoets, M. Vallerio

INTEGRATION OF SCHEDULING AND CONTROL UNDER STOCHASTIC PARAMETRIC

UNCERTAINTY WITH VARYING UNIT OPERATION TIMES FOR CHEMICAL BATCH

PLANTS: A BACK-OFF APPROACH ..ottt ettt ettt ste e steenteaneeaneesneesneenteeneeenaenneens 578
Héctor Uriel Rodriguez Vera, Luis A. Ricdardez-Sandoval

AN ADAPTIVE CORRECTION SCHEME FOR OFFSET-FREE ASYMPTOTIC
PERFORMANCE IN DEEP LEARNING-BASED ECONOMIC MPC ......cooooiiiiiiieee et 584
Dinesh Krishnamoorthy, Ali Mesbah, Joel A. Paulson

ENCLOSING REACHABLE SETS FOR NONLINEAR CONTROL SYSTEMS USING
COMPLEMENTARITY-BASED INTERVALS ..ot 590
Huiyi Cao, Kamil A. Khan

SET-MEMBERSHIP ESTIMATION USING ELLIPSOIDAL ENSEMBLES..........ccooveiiiiieeeiee e, 596
Petra Valiauga, Xuhui Feng, Mario E. Villanueva, Radoslav Paulen, Boris Houska

INTERVAL STATE ESTIMATION BASED ON CONSTRAINT PROPAGATION FOR A
LITHIUM-ION CELL USING AN EQUIVALENT CIRCUIT MODEL.......cccccoeiiiiiiiesee e 602
D. Locatelli, B. S. Rego, G. V. Raffo, D. M. Raimondo

OPTIMISING CARBON CAPTURE AND STORAGE SUPPLY CHAINS FOR THE
BEUROPEAN INDUSTRY wooeiiiiiiiiiitii ittt ettt et e s e e s s ettt e et s e s s s esatbettseeesesaabbbateeeesssabbeaeeasesssassbrbenesesas 609
Federico D’Amore, Matteo C. Romano, Fabrizio Bezzo

OPTIMAL DESIGN AND CONTROL OF A MULTISCALE MODEL FOR A PACKED BED
CHEMICAL-LOOPING COMBUSTION REACTOR.......cctiiiiiteieiesie ettt 615
Kathryn Toffolo, Luis Ricardez-Sandoval



AN OPTIMIZATION FRAMEWORK FOR SOLVING INTEGRATED PLANNING AND

SCHEDULING PROBLEMS FOR DENSE ENERGY CARRIERS.........cccccoiii et 621
R. Cory Allen, Stefanos G. Baratsas, Rahul Kakodkar, Styliani Avraamidou, Efstratios N.
Pistikopoulos

A SIMPLE COMBINED DYNAMIC-EQUILIBRIUM MODEL OF CO2 CAPTURE BY A
PELLETED ZEOLITE SORBENT ..ottt ittt sttt ettt stee st steesteesteaneeaneesseesaeenseenseessensenas 627
Luigi Bisone, Sergio Bittanti, Silvia Canevese, Elahe Davarpanah, Valter Prandoni

LYAPUNOV STABILITY OF PERIODIC CONTROL ON A CONTINUOUS STIRRED TANK
L= N O 1 SR 633
Eyan P. Noronha, Erik B. Ydstie

CO-TEACHING APPROACH TO MACHINE LEARNING-BASED PREDICTIVE CONTROL
OF NONLINEAR PROGCESSES. ..ottt ettt sttt sttt sttt seesbesbeabeeseaneeneessenbeseesnenns 639
Zhe Wu, Junwei Luo, David Rincon, Panagiotis D. Christofides

STATE-OF-CHARGE DEPENDENT BATTERY MODEL IDENTIFICATION USING
GAUSSIAN PROCESS REGRESSION ...ttt sttt ettt st nteente e 647
Kesen Fan, Yiming Wan

OPTIMAL CONTROL OF CRYSTAL SIZE AND SHAPE IN BATCH CRYSTALLIZATION

USING A BIVARIATE POPULATION BALANCE MODELING.......cccccoiieii e 653
Marcellus G. F. De Moraes, Martha A. Grover, Mauricio B. De Souza, Paulo L. C. Lage,
Argimiro R. Secchi

CONTROL CONTRACTION METRIC SYNTHESIS FOR DISCRETE-TIME NONLINEAR
R S I =1 USSP 661
Lai Wei, Ryan McCloy, Jie Bao

SELECTION OF A MINIMAL SUBOPTIMAL SET OF EFMS FOR DYNAMIC METABOLIC
1Y L@ T = I LR 667
M. Maton, Ph. Bogaerts, A. Vande Wouwer

DYNAMICS AND PRODUCTIVITY OF MICROALGAE IN PRESENCE OF PREDATORS.................. 673
Carlos Martinez, Bruno Assis Pessi, Olivier Bernard

INDIVIDUALIZED PID TUNING FOR MAINTENANCE OF GENERAL ANESTHESIA WITH
LR @=L ] =l R 679
Michele Schiavo, Fabrizio Padula, Nicola Latronico, Massimiliano Paltenghi, Antonio Visioli

A META-REINFORCEMENT LEARNING APPROACH TO PROCESS CONTROL .....ccocveiviiieeeieeeee 685
Daniel G. McClement, Nathan P. Lawrence, Philip D. Loewen, Michael G. Forbes, R.
Bhushan Gopaluni

GRAPH-BASED MODELING AND DECOMPOSITION OF ENERGY INFRASTRUCTURES ............... 693
Sungho Shin, Carleton Coffrin, Kaarthik Sundar, Victor M. Zavala

MULTI-STEP GREEDY REINFORCEMENT LEARNING BASED ON MODEL PREDICTIVE
CONTROL ..ttt e h et e Rt bbbt e e e bbbt et e e e n b sr s 699
Yucheng Yang, Sergio Lucia

OPTIMAL RESOURCE ALLOCATION USING DISTRIBUTED FEEDBACK-BASED REAL-
QLI S o 1Y 172N I L N OSSP 706
Risvan Dirza, Sigurd Skogestad, Dinesh Krishnamoorthy

Author Index



