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The manufacturing industry recognizes MathWorks as the top
choice for data science and machine learning

Figure 8. Gartner Peer Insights “Voice of the Customer” Data Science and Machine Learning
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IEEE Top Programming Languages 2020

https://spectrum.ieee.org/at-work/tech-careers/top-programming-language-2020
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Process Engineering Workflow

Process engineering leverages data and modeling to design and continuously improve plants.
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MathWorks provides a comprehensive suite of software tools to support this workflow.
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Use cases for integrating MATLAB with process simulators

P Keft) o= eale
5= Control =] Custom Unit _#- Scenario
s Strategy —— Operatlons # L modeling

—— optimization

Automating
repetitive tasks

- Machine
Learnmg

Some examples


https://www.sciencedirect.com/search?qs=matlab%20aspen%20plus&show=25&sortBy=relevance

Connecting to process simulators

Calling simulators from MATLAB
— Using ActiveX automation server
— Using native integration
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Embedding MATLAB in simulators
— Using CAPE-OPEN
— Using HYSYS extension container
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Connecting to process simulators

Calling simulators from MATLAB
— Using ActiveX automation server
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Alter HYSYS flowsheet values programmatically within
MATLAB through COM automation server

a = actxserver ('Hysys.Application'); %opening the

application
SimCase =

a.SimulationCases.Open([cd, '\EthylBenzene.hsc']);

filename here.hsc%
SimCase.visible = true;
% Find the address of a stream or variable
b=get (a.activeDocument) ;

c=get (b.Flowsheet) ;

d=get (c.Operations) ;

d.Names

h=get (a.activeDocument.Flowsheet.Operations, 'Item', ' PFR-

100") ;

i=get (h)

%$Change Tube length of PFR
h.TubeLengthValue=0.005;

Link to Download

your ™™
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B8 Workbook (> Plug Flow Reactor: PFR-100 - Se:_ l— i)

& UnitOps : " -

B8 Streams I Design l Reactions | Rating | Worksheet l Performance l Dynamics |

@ Stream Analysis Rating Tube Dimensions

& Equipment Déign Sizing 'I Vol 1162

& Model Analysis ‘ Nozzles [ Length 5.000e-003 m

o Dafa Tebles Diameter 0.1720 m

Cg strip Cha@ Number of Tubes 1

(8 Case Studies Wall Thickness 5.000e-003 m

[2g Data Fits
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Void Fraction 1.000 |
Void Volume 1162e-004 m3 |
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https://www.mathworks.com/matlabcentral/fileexchange/72357-hysys-matlab-link
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Connecting MATLAB to Aspen Plus

‘I\/IEltl'lTV\;rO'I'kSE Products  Solutions Academia Support  Community  Events

File Exchclnge [Search File Exchange

MATLAE Central +  Files  Authors My File Exchange  Contribute  About

5/,, o Aspen Plus - Matlab Link
I - E A2 @35| version 1.1.0 (1.8 KB) by Afabrild
"I__ O_

This file outline the Aspen Plus and Matlab connection through COM Technology.

Overview Functions

Link to Download

Simulation of chemical process is essential to develop sustainable designs. Nowadays, with the competitiveness in the markets, it demands the optimal operation of any chemical plant. In the new designs of
chemical processes, design optimization is mandatory.

IMatlab is a program widely used and accepted by the academic community. Academics daily load codes with advanced numerical methods of great application for engineering. Advanced optimization
methods must be taken into account to apply them in the optimal design of chemical processes. Therefore, the connection between chemical process simulation programs (Aspen Plus, Hysys, Pro ll, etc ) and
tools such as Matlab are very useful.

Also, several people have written me to the email requesting an example. See post in ResearchGate:
https:/iwww researchgate net/post/How_can_|_integrate_Aspen_Plus_and_Matlab_for_optimization_propose

| present an example of connection between Aspen Plus V.10.0 and Matlab. The simulation corresponds to a reactive distillation column. As an application of the connection, a sensitivity analysis is done
using Matlab (for loop).

Its only necessary to place the two files in a folder and run the AspenPlus_Matlab.m
Simulation file (Aspen Plus V.10.0) in: https://drive google.com/open?id=105ggj11h3NJIHPIhzCeok3baaH4PHNC

Requires Aspen Plus V.10.0 software

Google ‘Aspen Plus MATLAB’ 12


https://www.mathworks.com/matlabcentral/fileexchange/69464-aspen-plus-matlab-link
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Flowsheet structure optimization with MATLAB and HYSYS

Integration of Modular Process Simulators under the
Generalized Disjunctive Programming Framework for the
Structural Flowsheet Optimization

Miguel A. Navarro-Amoros , Rubén Ruiz-Femenia , José A. Caballero

Link to paper 13


https://www.sciencedirect.com/science/article/pii/S0098135414000957?via%3Dihub
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Thyssenkrupp co-simulates MATLAB with Aspen Plus and
COMSOL to model CCU plant

Das Carbon2Chem® Co-Simulations-Framework
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https://www.mathworks.com/videos/framework-for-distributed-co-simulations-an-approach-for-simulations-of-cross-industry-networks-1565726590881.html
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Dow saves hundreds of engineer hours by integrating MATLAB

with Aspen Plus for Process Optimization
ACHIEVING HIGH THROUGHPUT MODELING

NEwW COLUMN DESIGN AND OPTIMIZATION: MAN VS MACHINE

= MATLAB and Asper

To demonstrate the € A yERy IMPACTFUL CAPABILITY!
evaluated by both a

= Using the combination of Aspen and MATLAB in this application presents a tremendous new capability that

= Case 1: Conventions will be leveraged into the future:

Variables to adjl_JSt' 5 = Better product consistency — battery of operating conditions can be modeled to test against existing processes
Results comparison: o

More robust operation — test controls/develop control schemes for processes. Demonstrate if improvements will be robust
enough to provide the needed reliability/stability

* MATLAB cannow = Case 2: Column with
results - Variables to adjust: 7 = Resource Savings — the time savings is tremendous to achieve the same results.
Results Comparison: + 2000+ iterations would take ~300 hours of a person’s time
2000+ iterations with MATLAB/Aspen takes a few hours of computing time — no human time

» MATLAB can run th
taking weeks to cor , cage 3: Dividing Wa * Use this approach to optimize existing and new processes

[ R - Variables to adjust: 1

Results Comparison: = Achieve capacity gains and lower cost configurations

&16

Link to video


https://www.mathworks.com/videos/process-optimization-by-integrating-matlab-with-aspen-plus-1610449163103.html

Connecting to process simulators

Calling simulators from MATLAB

— Using native integration

Torn e e A Sl Mt— - ———
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Import Aspen Plus Dynamics models into Simulink to develop your

control strategy

Aspen Plus
Dynamic Simulation

Aspen Plus
Control Design Interface

T O G ey

Generates

Simulink wrapper. Rigorous simulation

Matlab
Linearized
State space
model

Linear model
validation

18



4\ MathWorks

Import Aspen Plus Dynamics models into Simulink to develop your
ContrOI Strategy @ MathWorks®  producis  Solutions  Academia  Support  Community  Events

Documentation A

Examples

= CONTENTS Close

« Documentation Home

« Model Predictive Conirol Toolbox
#« MPC Design

« Simulation

Design and Cosimulate Control of
High-Fidelity Distillation Tower with
Aspen Plus Dynamics

Distillation Tower

Build High-Fidelity Plant Model in Aspen
Plus Dynamics

Linearize Plant Using Aspen Plus
Control Design Interface

Create Scaled and Reduced LTI State-
Space Model

Test Accuracy of the Linear Plant Model
Design Model Predictive Controller

Cosimulate MPC Controller and
MNonlinear Plant

See Also

Link to documentation

Functions Blocks

Apps

Get MATLAB (sv]

Search R2019a Documentaton

§ Trial Software §

Product Updates @& Translate This Page

Design and Cosimulate Control of High-Fidelity Distillation Tower with Aspen Plus
Dynamics

This example shows how to design a medel predictive controller in MATLAB for a high-fidelity distillation
tower model built in Aspen Plus Dynamics®. The controller performance is then verified through
cosimulation between Simulink and Aspen Plus Dynamics.

Distillation Tower

R2019a

Try This Example ~

The distillation tower uses 29 ideal stages to separate a mixture of benzene, toluene, and xylenes (represented by p-xylene). The distillation process is
continuous. The equipment includes a reboiler and a total condenser as shown below:

Feed

¥

Tray
Tower

!

S S

Coolant

ok

Condenser

¥

(::) Reflux Drum

h 4 rl::] »

Reflux

Distillate

Steam

o—

Bottoms

The distillation tower operates at a nominal steady-state condition:

19


https://www.mathworks.com/help/mpc/ug/design-and-cosimulate-control-of-high-fidelity-distillation-tower-with-aspen-plus-dynamics.html
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Simulink is the preferred platform for APC

IGCC - Current scenario Plant-wide IGCC Simulation
{ IGCC Base Case} Aspen Plus to Aspen Dynamics to MATLAB

IGCC Power plants in US

« Wabash River Power Station, West Terre

| Modify base case ]

Haute, IN
+ Polk Power Station, Tampa, FL (350 MW)
* Pinon Rine, Reno, NV (failed)

in Aspen Plus

5 il st PLANT-WIDE

Separate Sub-sections ]
(Interconnect ]

sub-sections

Prepare for export B )
to Aspen Dynamics

Wabash

Obstacles Export @ Decentralized
. ; : Simulation | s plant-wide MPC
- V T
High cost (without carbon regulation) \ _ : | =, Process dy and MMPC
+ Political — Recent emerging IGCC emission ' N
control PID loops S T
controversy :

+ Supreme court decision requiring

[ Identify relevant ]

inputs-outputs

Environment Protection Agency to regulate = [ e
carbon Interface w/ Imp:e";ent ==
MATLAB/Simulink contro =5 ‘
strategies ==

Link to Slides 20


https://www.scribd.com/document/101540390/Mahapatra-ucr08-MPC-of-IGCC-Power-Plants-v2
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Using gPROMS with MATLAB

gO:MATLAB

The gPROMS Object for MATLAB®

The gPROMS Object for MATLAB® (gO:MATLAB) is a unique and powerful tool that enables control engineers
to deploy complex, norHinear gPROMS advanced process models within the widely-used Mathworks

MATLAB® environment.

gO:MATLAB allows an entire gPROMS model to be called as a single function from inside MATLAB, enabling
you to solve a complex set of algebraic and ordinary and partial differential equations within a single call.

It is of particular benefit where an existing gPROMS process model can be redeployed, thus saving
development costs.

Link to download

Using gO:MATLAB - a simple step-by-step guide

gPROMS model inside the

Step 1; Develop and test the ) gPROMS ModelBuilder

gFROMS MadelBuilder
enviranment.
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https://www.psenterprise.com/products/gproms/objects/gomatlab
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Connecting to process simulators

Embedding MATLAB in simulators
— Using CAPE-OPEN

- Retentate 7 L ——

Membrane (MATLAB)
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CAPE-OPEN interfaces allow engineers to leverage the strengths
of each platform

« AspenTech(Aspen Plus, HYSYS)
« ANSYS
« Schneider Electric (PRO/Il, ROMeo)

« KBC (Petro-Sim)

. PSE (JPROMS)

Visualizing a two-phase, three component

mixture in MATLAB via Simulis® * HTRI(Xchanger suite)

 Many more....

Some of the many organizations that support
CAPE-OPEN interfaces

http://www.colan.org/

23
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MATLAB supports CAPE-OPEN interface through a third-party package

MATLAB/amsterCHEM

Property
Package

Process
Modeling
Environment

CAPE-OPEN Link

https://www.amsterchem.com/matlabunitop.html 24



https://www.amsterchem.com/matlabunitop.html

Embedd

Ing MATLAB models in Aspen

ws|

Plus
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® Heo- N @b oE s
Heme Economics Batch Dynamics Equation Oriented WView Customize
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Custom | Manage _ Add Is In Use Name Detail Location
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P
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3 Flowsheet e safety Analysis
[ Streams Y Encroy Analysis —{11=
[ Blocks o
[ Utilities = || Material E Flowsheet Unit Operation | [COULIS Logged Unit Operation || Splitter | [Matlab Unit Operation | (Compressor || PFR___||CapeOpen UnitO ElementalUnit | |GibbsReactor || Mibxer | [F
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[ Convergence

& Flowsheeting Options
[ Model Analysis Tools
[ EO Configuration

[ Results Summary

= Datasheets

[ Dynamic Configuration
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Link to Download

T-RC101
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o
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Pressure Change

flab Uradt Opsathi

Matlak Unit Operation
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Linde uses MATLAB unit operations with CAPE-OPEN
—
|

Lehrstuhl fur 5 : a
Anlagen- und Prozesstechnik

CAPE-OPEN Thermo Interfaces to Linde’s Thermo Package

~

UniSim Process Modelling Component
Aspen Properties | Dfile -

OPTISIM Process Modelling Environment

PC-VIPS

[UniSim Thermo

PEW |
VDB |
J

J

[N\ultiflash

Aspen Plus

Aspen HYSYS ‘

MATLAB®

19 19
Usage at Linde

University of Utah use MATLAB with CAPE-OPEN for a catalytic membrane reactor model
Norwegian University of Science and Technology (NTNU) use MATLAB models wrapped as CAPE-OPEN Unit Operations 26
Usage at Technical University of Madrid



http://www.colan.org/presentation/linde-tum-cape-open-awareness/
http://www.colan.org/news/process-economics-with-a-matlab-unit-operation-in-aspen-plus/
http://www.colan.org/techpapers/assessment-of-a-membrane-contactor-process-by-integrated-process-simulation/%20http:/www.colan.org/techpapers/assessment-of-a-membrane-contactor-process-by-integrated-process-simulation/
http://www.colan.org/techpapers/subsea-natural-gas-dehydration-with-membrane-processes-simulation-and-process-optimization/
http://www.colan.org/news/article-related-to-cape-open/

Connecting to process simulators
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Embedding MATLAB in simulators

— Using HYSYS extension container

HYSYS

Container

Extension
Code

27
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Using the HYSYS extension structure

Create a dll from MATLAB code using

MATLAB Coder [ } @{ M The

= Create an Extension Definition File (EDF)
using the HYSYS Extension View Editor
supplied with HYSYS

Extension

- Register dll with EDF HYSYS [lg— Container |l i Code

= More details in sections 3.5, 3.6 and chapter
4 of the HYSYS customization guide

28


https://protect-us.mimecast.com/s/RPEPCXDPA1TB8YZzC69oJ9?domain=researchgate.net

Which method do you plan to use?

Calling simulators from MATLAB
— Using ActiveX automation server
— Using native integration

&\ MathWorks

Embedding MATLAB in simulators
— Using CAPE-OPEN
— Using HYSYS extension container

— R

Membrane (MATLAB)
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