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Pseudo-Transient Models for Multiscale, Multiresolution Simulation and
Optimization of Intensified Reaction/Separation/Recycle Processes

Richard C. Pattison, Calvin Tsay, Michael Baldea

McKetta Department of Chemical Engineering, The University of Texas at Austin, Austin, TX 78712

Abstract

Including detailed models of processing equipment in the process flowsheet model is required in the case of

“non-standard” unit operations, including, e.g., intensified equipment and unconventional reactor designs.

We provide a unified multiscale framework for including such models in equation-oriented process flowsheet

modeling, simulation and optimization. Relying on the reaction/separation/recycle process prototype, we

propose a multiresolution paradigm, whereby detailed, distributed-parameter representations of reacting

systems and rigorous models of (intensified) separation units are embedded in process flowsheet models. We

develop an equation-oriented modeling approach based on a pseudo-transient reformulation of the balance

equations, enabling the reliable and robust simulation of the process flowsheet. We also describe a companion

design optimization routine. We illustrate these concepts with an extensive case study on dimethyl ether

production using an intensified process featuring a dividing-wall distillation column and an adiabatic packed

bed reactor with intermediate quenching.

Keywords: Process Intensification, Multiscale Modeling, Process Design Optimization, Dividing-Wall

Distillation Column

1. Introduction

Ever increasing global competition and regulatory constraints are driving the chemical and petrochemical

industries to improve the economic and environmental performance of their processes. Specifically, manufac-

turers strive to maximize the production of product per unit of operating expenses (i.e. raw materials and

utilities) while simultaneously minimizing capital expenses. Additionally, strict demand, product quality,

safety, environmental, and process operating constraints must be met. To this end, process engineering seeks

to find the optimal plant design, including both operating conditions such as pressures, temperatures, and

flow rates, and unit designs such as reactor volumes or the number of stages in a distillation column.

Historically, process design has been carried out using sequential-modular process simulators, wherein

a process flowsheet is created from a library of common unit operations, and connectivity among units is

established. The flowsheet model is then solved iteratively, i.e., the individual unit operations are solved in

sequence, and the recycle loops are updated until the flowsheet has been solved [5]. It has been recognized that

the combination of a sequential-modular flowsheet simulator and the empirical procedure of independently

optimizing each design variable typically results in a suboptimal design, motivating the use and development

of equation-oriented process simulators [4, 10, 49] coupled with optimization tools.
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