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MATLAB
▪ MATLAB is a programming environment for 

algorithm development, data analysis, 

visualization, and numeric computation.

▪ Simulink is a graphical environment for designing, 

simulating, and testing systems.

▪ 100 add-on products for specialized tasks.

Our Products

Simulink

Helicopter Simulation Model
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Introduce Reinforce Getting HelpIndustry 

Applications 

Integrating Computational Thinking to Chemical Engineering Curriculum
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FOCUSED COURSES 

FOUNDATIONAL COURSES (17-21 hours)

MATLAB Fundamentals

MATLAB Programming Techniques

MATLAB for Financial Applications

MATLAB for Data Processing and Visualization

Image Processing with MATLAB

Machine Learning with MATLAB

Deep Learning with MATLAB

COMPUTATIONAL MATH COURSES (2-3 hours)

Introduction to Linear Algebra

Solving Ordinary Differential Equations

Introduction to Statistical Methods

Solving Non-Linear Equations

Introduction to Symbolic Math

Self-paced courses FREE COURSES (1-3 hours)

MATLAB Onramp

Simulink Onramp

Machine Learning Onramp

Deep Learning Onramp

Reinforcement Learning Onramp

Image Processing Onramp

Signal Processing Onramp

Simscape Onramp

Stateflow Onramp

Control Design Onramp with Simulink

Optimization Onramp

https://www.mathworks.com/academia/targeted/online-learning.html

https://matlabacademy.mathworks.com/

https://www.mathworks.com/academia/targeted/online-learning.html
https://matlabacademy.mathworks.com/
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Creating and Hosting Custom Apps

Using Virtual Labs to Teach Reaction Engineering at Lund UniversityMATLAB Apps

https://www.mathworks.com/company/newsletters/articles/using-virtual-labs-to-teach-reaction-engineering.html
https://www.mathworks.com/discovery/matlab-apps.html
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Features

• Teach with interactive documents

• Accelerate exploratory 

programming

• Create an interactive narrative

• Publish consistent reports

Interactive programming with Live Editor

www.mathworks.com/products/matlab/live-editor.html

https://www.mathworks.com/products/matlab/live-script-gallery.html

http://www.mathworks.com/products/matlab/live-editor.html
https://www.mathworks.com/products/matlab/live-script-gallery.html
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Visit grader.mathworks.com

MATLAB Grader for automatically grading MATLAB code 

in any learning environment

“The approach enables 
students to learn more quickly 
from their mistakes on their 
own.”

– Dr. Bob Canfield, Virginia Tech

https://www.mathworks.com/products/matlab-grader.html

https://www.mathworks.com/products/matlab-grader.html
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Resources for Chemical Engineering Courses with MATLAB

Reaction Kinetics Fluid Dynamics

Heat TransferProcess Design
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Teaching Data Science to Chemical Engineers

https://www.mathworks.com/academia/courseware/teaching-data-science-with-matlab.html

https://www.mathworks.com/videos/employing-machine-learning-to-correlate-fluid-properties-1622032109572.html

https://www.mathworks.com/academia/courseware/teaching-data-science-with-matlab.html
https://www.mathworks.com/videos/employing-machine-learning-to-correlate-fluid-properties-1622032109572.html
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Integrating Computational Thinking to Chemical Engineering Curriculum
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MATLAB and Simulink for Process Control in Industry



13

Customer Example: TATA Steel optimizes cooling tower 

operation via MPC on digital twin

Challenge
• High energy consumption in cooling tower

• Changing weather conditions caused substantial variation 

in operation

Solution

• Mass and energy balance equations modeled in MATLAB

• Model optimized and parameters calibrated with plant data

• MPC controller implemented

Results

▪ Savings of $40K per year for one CT

▪ Variation in outlet water temperature reduced

▪ Hundreds of tons of CO2 reduction per year

Link to TATA Steel’s talk

Water cooling tower for the blast furnace 

Effect of Murphree efficiency on number of stageshttp://www.digitalcreed.in/tata-steel/

https://www.matlabexpo.com/content/dam/mathworks/mathworks-dot-com/images/events/matlabexpo/in/2018/a-systematic-control-approach-to-improve-the-energy-efficiency-of-an-industrial-cooling-tower.pdf
http://www.digitalcreed.in/tata-steel/
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Main Control Panel

Customer Example: Company Eliminates Environmental 

Impact of Discharged Wastewater with pH Control System 

“Using Model-Based Design with MATLAB and Simulink 

enabled us to quickly try out multiple control strategies and 

validate the system before putting it into operation. This 

approach saved us time and ensured a better product.”

- Process Engineer

Challenge
▪ To control pH levels in a wastewater treatment 

facility that was performing inconsistently

▪ No programming experience

Solution
▪ Model plant in Sys Id Toolbox using process data

▪ Use Control System Toolbox to develop a controller 

to find best parameter settings graphically

▪ Implemented on Yokogawa DCS

Results
▪ Acceptable pH levels rose to 100% from 84%

▪ Controller performance improved

▪ Development streamlined in just 3 months
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Challenge
Accelerate the development of control algorithms for microbial 

fermentations

Solution
Use MATLAB and OPC Toolbox to develop a continuous-uptime 

supervisory control platform that enables rapid development, 

debugging, and verification of algorithms

Results
▪ Algorithm development time cut from months 

to weeks

▪ Flexible, reliable infrastructure deployed

▪ Potential errors identified in minutes

“By partnering with MathWorks Consulting, we developed a 

robust platform for supervisory control with MATLAB and 

transitioned our pilot plant to a modern automation control 

system. This enabled our researchers to rapidly take 

algorithms from idea to implementation, simulation, and 

deployment.”

Dr. Ryan Hamilton

Genentech

Link to user story

A Genentech microbial pilot plant bioreactor

Customer Example: Genentech Builds a Supervisory Control 

Algorithm Development Platform for Bioreactors

http://www.mathworks.com/company/user_stories/genentech-uses-matlab-and-opc-toolbox-to-build-a-supervisory-control-algorithm-development-platform-for-bioreactors.html?by=company
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Import Aspen Dynamics and gPROMS models into Simulink to 

develop your control strategy

Link to download

MATLAB 

Linearized 

state space 

model

https://www.psenterprise.com/products/gproms/objects/gomatlab
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Simulink is the preferred platform for APC

Link to Slides

https://www.scribd.com/document/101540390/Mahapatra-ucr08-MPC-of-IGCC-Power-Plants-v2
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Challenge
• Control loop performance deteriorates with time

• 5900 control loops spread across 4 refineries

• Expensive and non customizable enterprise software

Solution
• Use a variety of signal processing techniques – spectral 

analysis, correlation analysis, pattern recognition, 

nonlinearity analysis, etc to diagnose the controller problems 

based on unique digital ‘signatures’

Results
▪ $12-20 Million annual savings

▪ Analysis automated, customized and simplified through in-

house solution

▪ Savings of 250 man days annually for control engineers

Customer Example: Tüpraş implements Control Loop 

Performance Assessment Solution in MATLAB

Link to user story

“MATLAB saved us a significant amount of 

time and expense by enabling us to develop 

our own software in-house. It also enabled us 

to save millions of dollars in costs that would 

have resulted from poor controller 

performance.”

- Mehmet Yagci, Tüpraş

Controller health monitoring system dashboard

https://www.mathworks.com/company/user_stories/tupras-saves-millions-of-dollars-annually-with-automated-control-loop-performance-monitoring.html
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Sign up for capstone project – ‘Monitoring and control of a 

bioreactor’

▪ Motivation & Benefits

– Help transition pharmaceutical manufacturing to Industry 4.0 through 

application of APC

– Learn about real industrial challenges

– Learn MATLAB and Simulink

▪ Capstone Project on Github

– Modeling a penicillin bioreactor

– Analyze industrial ‘big data’ set (2.5 GB)

– Identify CPPs

– Develop control strategy

Source

https://github.com/mathworks/MathWorks-Excellence-in-Innovation/tree/main/projects/Monitoring%20and%20Control%20of%20Bioreactor%20for%20Pharmaceutical%20Production
https://upload.wikimedia.org/wikipedia/commons/b/b1/Bioreaktor_quer2.jpg


20

Introduce Reinforce Getting Help
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Getting Help

MATLAB for Academia Help Center

Customer Success TeamMATLAB Central

• Curriculum Support

• Research Support

• Awareness Resources
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MATLAB and Simulink Events 2021 AIChE Annual Meeting

https://www.mathworks.com/company/events.html

• Integrating Data Science to Chemical Engineering 

Curriculum Using MATLAB

• Teaching Hands-on Process Control Courses with 

Arduino Based TCLab, MATLAB and Simulink

• Prediction of Atoms in Molecules with MATLAB Graph 

Convolutional Network

• Parallel and GPU Computing with MATLAB and Simulink 

for Chemical Engineering

https://aiche.confex.com/aiche/2021/meetingapp.cgi/ModuleProgramBook/0

https://www.mathworks.com/company/events.html
https://aiche.confex.com/aiche/2021/meetingapp.cgi/Paper/626781
https://aiche.confex.com/aiche/2021/meetingapp.cgi/Paper/626782
https://aiche.confex.com/aiche/2021/meetingapp.cgi/Paper/626780
https://aiche.confex.com/aiche/2021/meetingapp.cgi/Paper/626776
https://aiche.confex.com/aiche/2021/meetingapp.cgi/ModuleProgramBook/0
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Resources

MathWorks - Academia

MATLAB and Simulink for the Chemicals and Petrochemicals Industry

Fluid Dynamics

▪ Simscape Fluids

▪ Three Constant Head Tanks Documentation Example

▪ Hydraulic Resistive Tube Documentation Example

Reaction Kinetics

▪ SimBiology

▪ Chemical Kinetics with MATLAB File Exchange Entry

▪ Teaching Chemistry with MATLAB

▪ SimBiology Documentation Example for Reaction 

Kinetics

Heat Transfer

▪ Partial Differential Equation Toolbox

▪ Heat Transfer Documentation Examples

Process Control

▪ Simulink

▪ Control System Toolbox

▪ Water Tank Simulink Model Documentation Example

▪ Design Internal Model Controller for Chemical Reactor 

Plant Documentation Example

▪ Teaching Controls with MATLAB and Simulink

Process Design

▪ Linking MATLAB to Process Simulators

▪ Design and Cosimulate Control of High-Fidelity 

Distillation Tower with Aspen Dynamics Documentation 

Example 

https://www.mathworks.com/academia.html
https://www.mathworks.com/solutions/chemicals-and-petrochemicals.html
https://www.mathworks.com/products/simscape-fluids.html
https://www.mathworks.com/help/physmod/hydro/ug/three-constant-head-tanks.html
https://www.mathworks.com/help/physmod/simscape/ref/hydraulicresistivetube.html
https://www.mathworks.com/products/simbiology.html
https://www.mathworks.com/matlabcentral/fileexchange/63104-chemical-kinetics-with-matlab
https://www.mathworks.com/academia/courseware/teaching-chemistry-with-matlab.html
https://www.mathworks.com/help/simbio/gs/construct-a-simple-model.html
https://www.mathworks.com/products/pde.html
https://www.mathworks.com/help/pde/heat-transfer-and-diffusion-equations.html
https://www.mathworks.com/products/simulink.html
https://www.mathworks.com/products/control.html
https://www.mathworks.com/help/slcontrol/gs/watertank-simulink-model.html
https://www.mathworks.com/help/control/ug/internal-model-control-design-for-a-chemical-reactor-plant.html
https://www.mathworks.com/academia/courseware/teaching-controls-with-matlab-and-simulink.html
https://www.mathworks.com/solutions/chemicals-and-petrochemicals/interconnectivity.html
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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Teaching Chemical Engineering with 

MATLAB, Simulink and TCLab

Joshua Hammond
Research Assistant

John Hedengren
Associate Professor

Brigham Young University
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Webinar and Interactive Module Interest
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Overview

▪ Automation needed across industries

▪ 35 Lesson Modules

▪ Pocket-sized lab overview

– Teaching resource with learning objectives

– MATLAB, Simulink, and Live Script demos

▪ Collaborative community resources
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Automation Impact Across Industries

Medical Automation People Transportation Product Transportation

Oil and Gas Industry

New Topics: Data Science, Analytics, Machine Learning, Cybersecurity, Digitalization
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MATLAB, Simulink, and Live Script Resources

▪ Dynamics and Control Course

– Learning Modules (35)

– Theory: Lesson

– Simulation: Assignment

– Lab: Temperature Control

– Course 

▪ https://apmonitor.com/pdc

– MathWorks Modules

▪ https://github.com/APMonitor/mdc

https://github.com/APMonitor/mdc
https://github.com/APMonitor/mdc
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Learning from Instructor Perspective
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Learning from Student Perspective: Foundations
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Learning from Student Perspective: Active Learning
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Learning from Student Perspective: Synthesize
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Pocket Sized, Transient Heat Transfer Lab
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Hardware Overview

Sensors

T (oC)

Actuator

HeatersController

apmonitor.com/heat.htm
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MATLAB with TCLab

lab = tclab; % load TCLab

lab.LED(80)

lab.Q1(50)

disp(lab.T1)
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MATLAB with TCLab

lab = tclab; % load TCLab

lab.LED(80)

lab.Q1(50)

lab.Q2(0)

disp(lab.T1)

disp(lab.T2)
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Lab Exercises 1-4
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Simulink with TCLab
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Manual Control in Simulink
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Lab Exercises 5-10
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FOPDT Graphical Fit
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Lab Exercises 11-16
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PID Tuning
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Automatic Control in Simulink
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Model Predictive Control
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Estimation with Model Predictive Control
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Data Science with TCLab

English

https://github.com/APMonitor/data_science

Spanish

https://github.com/APMonitor/ciencia_de_datos

https://github.com/APMonitor/data_science
https://github.com/APMonitor/ciencia_de_datos
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TCLab for Machine Learning
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TCLab for Instructor Evaluation

▪ Send email to john.hedengren@byu.edu

– Name

– Shipping Address

– Course Information

▪ Arrives in 2-3 business days (US)

▪ Arrives in 6-20 business days (International)

▪ Student lab kits on Amazon

– https://amzn.to/2FopcMp

mailto:john.hedengren@byu.edu
https://amzn.to/2FopcMp
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Community Teaching Resources

CACHE Teaching Resources       Resourcium.org
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Thanks to Collaborators

▪ Many collaborators have enabled this community resource

– Melda Ulusoy @ MathWorks

– Samvith Rao @ MathWorks

– Aycan Hacioglu @ MathWorks

– Abe Martin @ BYU, NAVAIR

– Junho Park @ BYU

– Colin Anderson @ BYU

– Nathanael Nelson @ BYU

– Jeff Kantor @ Notre Dame

– Carl Sandrock @ Univ. of Pretoria, proquo ai

– Paulo Moura Oliviera @ UTAD in Portugal

– John Anthony Rossiter @ Univ. of Sheffield
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Questions and Discussion


