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Link to Publisher’s Versions

Create Research Map
 Give big picture overview of your 

research program
 Tree of how each work relates to the rest
 Ex: Connect conference presentations to 

corresponding papers
 Connect to the work of others as well.
 Connect to educational materials
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Special Embargo Feature
 Place embargos on submissions so they only appear after a certain date
 Has database of journals with embargo periods that differ by pre-

print/post-print full paper. Warns you automatically.
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Special Licensing Feature
 Has database of journals with specific 

licensing requirements. Tells you the 
required licensing type.
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Formatting and meta data 
according to Google Scholar 
specs

License and legal text required for 
each journal automatically included.



And now onto the main event
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Process Design: Art and Engineering Merged 

1986 Textbook by 
Wells and Rose (UK) 

2007 Textbook by 
Don Woods 
(McMaster)

Identify the Artist by the 
Process?

Download Slides at PSEcommunity.org/LAPSE:2019.0639



From Heuristics to Models
 Example question: Which is the better way of changing the gas pressure in these 

cases?

Going Up
Going Down

A) Use heuristics & engineering wisdom
B) Use simple first principles mathematical 
models by hand (e.g ideal gas law)
C) Use rigorous data driven / first principles 
mathematical models (e.g. Aspen Plus)
D) C inside eco-technoeconomic
optimization framework within context of 
balance-of-plant Download Slides at PSEcommunity.org/LAPSE:2019.0639



Outcome goals for our Process Design Courses

• a fundamental understanding of 
design concepts

• the ability to use the latest 
technologies and methods

• the ability to adapt, learn, and improve

Students 
should 

graduate with: 

• Some departments have true experts
• Some professor experience mostly 

limited to own undergrad
• Some departments just hire from 

industry

Institutional 
expertise 

varies!
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We need 
different solutions

for 
different situations 



Macro 
Trends (last 
10 years):

More Mathematical 
Modelling

Algorithms Replace 
Heuristic Decisions

Systems Analysis 
Thinking

Increased 
Complexity

Integration 
with

Process 
control

Optimization 
(lots)

Product 
Design Flexibility Environment & 

Sustainability

New & 
Exciting 
Things

Process 
Intensification

Mobile / 
Modular 

Tech.

Big 
Data

“Bigger” 
Software

Phenomena 
Level Design

Algorithmic 
flowsheet 
synthesis

Thomas A. Adams II

Source: Martín M, Adams TA II. Future directions in process and product synthesis and design. Comput. Chem. Eng., 128:421-436 (2019)

Future Trends in Process Design
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ANNs
Latent 

Variable 
Methods

PCA

IDAES
Integration 

Suites
Aspen 
Energy 

Analyzer

Our students should get experience with these things



1: Locally(?) Optimize a Rigorous Model

Retain all the 
complexity of a 

flowsheet 
model

Simulation 
runs = black 

box objective 
function 

evaluation. 

Still sequential 
modular

Derivative-free 
optimization or 
Black-box 
optimization
•Particle swarm, Genetic 
Algorithms, etc.

•Deterministic methods 
(Nelder-Mead)

2: Globally Optimize a Reduced Model

Reduced 
Complexity
• 0D / 1D models
• Made from more 

rigorous ones

May need to 
start from the 
full rigorous 
flowsheet 

model anyway

Equation-
Oriented 

Framework

Mathematical 
MINLP 
programming 
techniques to 
solve
• incorporate risk
• uncertainty

Optimal Process Design Approaches
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Flowsheet Optimization: Layout and Synthesis

• Superstructure 
Optimization

• Human designer lays 
out flowsheet of all 
possible options

• Optimal Flowsheet 
and unit design 
parameters chosen 
together

Source: Dalle Ave G, Adams TA II. Energy Conversion and Management 156 (2018) 288–300 Download Slides at PSEcommunity.org/LAPSE:2019.0639



Innovative Approaches: Phenomena Level

Source: S.E.Demireletal. / Computers and Chemical Engineering 105 (2017) 2–38 Download Slides at PSEcommunity.org/LAPSE:2019.0639



The Fundamental Skill in Which All are Linked

MATHERMATICAL MODELLING

At all levels
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McMaster Approach – Modelling from Day 1
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Mass & 
Energy Bal’s 

I

Mass & 
Energy Bal’s 

I

2nd year, 
Term 1

2nd year, 
Term 2

3rd year, 
Term 1

3rd year, 
Term 2

4th year, 
Term 1

4th year, 
Term 2

Numerical 
Methods & 

Models

Numerical 
Methods & 

Models

Mass & 
Energy Bal’s 
II & Thermo

Lite

Mass & 
Energy Bal’s 
II & Thermo

Lite

Fluid FlowFluid Flow

SeparationsSeparations

More 
Thermo

More 
Thermo

Heat 
Transfer

Heat 
Transfer

Statistics
& Latent 
Variable 
Methods

Statistics
& Latent 
Variable 
Methods

Reactor 
Design
Reactor 
Design

Process 
Control
Process 
Control

Conceptual 
Process 
Design. 
Aspen

Conceptual 
Process 
Design. 
Aspen

Advanced 
Reactors

Advanced 
Reactors

Advanced
Separations
Advanced

Separations

Digital 
Process 
Control

Process 
Optimization

Big Data 
Models. MV 
Stats. PCA, 
PLS, ANN

“Process 
Design”
“Process 
Design”

Engineering

Energy 
Systems 

Engineering
Economics, 
Operability, 

Safety

Economics, 
Operability, 

Safety



Fluid FlowFluid Flow

Ways to integrate: Algorithmic thinking
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Mass & 
Energy Bal’s 

I

Mass & 
Energy Bal’s 

I

2nd year, 
Term 1

Numerical 
Methods & 

Models

Numerical 
Methods & 

Models

2nd year, 
Term 2

Mass & 
Energy Bal’s 
II & Thermo

Lite

Mass & 
Energy Bal’s 
II & Thermo

Lite

Provide tools for 
algorithmic solution early
• Matlab, Excel solvers
• Programming Skills

Avoid green engineering 
paper solutions
• Real problems aren’t so 

conveniently defined
• Analytical solution rarely 

possible in practice

Macro 
Trends (last 
10 years):

More 
Mathematical 

Modelling

Algorithms 
Replace Heuristic 

Decisions

Ideas for CAChE: Make it easy for the 
rest of your department to embrace 
systems thinking
• Tutorials / books (i.e. self-guided 

computer labs) for:
• Numerical methods with Excel 

and Matlab
• Optimization (easy stuff in Excel)
• Problems designed to be used 

across the 3-4 year curriculum



Ways to Integrate: Data driven modeling
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3rd year, 
Term 1

SeparationsSeparations

More 
Thermo

More 
Thermo

Heat 
Transfer

Heat 
Transfer

Statistics
& Latent 
Variable 
Methods

Statistics
& Latent 
Variable 
Methods

Teaches first principles
and first principles modeling

Revisit same ideas but with 
statistical and data-driven models. 
• Revisit most critical fundamental 

chem eng principles
• High student demand

New & 
Exciting 
Things

Big Data 
Approaches

ANNs

Latent Variable 
Methods

PCA

Ideas for CAChE: 
• Big need for MOOC / modular lectures 

/ tutorials / examples for data-based 
modeling

• Something for integration into 
these common courses

• Example: Thermo: don’t give them 
empirical equations of state or heat 
capacity curves. Make them create 
their own regression models from 
empirical data.

• One very good MOOC by Kevin Dunn.



Ways to integrate: Systems thinking
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3rd year, 
Term 2

Reactor 
Design
Reactor 
Design

Process 
Control
Process 
Control

Conceptual 
Process 
Design. 
Aspen

Conceptual 
Process 
Design. 
Aspen

Integration 
with

Optimization 
(lots)

Environment & 
Sustainability

New & 
Exciting 
Things

“Bigger” 
Software

Algorithmic 
flowsheet 
synthesis

Now by this point, there’s time to incorporate
• Optimal flowsheet variables (i.e. feeds, recycle 

ratios)
• Optimal individual unit parameters in the 

systems context
• Superstructure optimization decision making
• Life cycle analysis 

• (This is my course)



Design Course #2
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4th year, 
Term 1

Advanced 
Reactors

Advanced 
Reactors

Advanced 
Separations
Advanced 

Separations

Digital 
Process 
Control

Engineering

Energy 
Systems 

Engineering
Economics, 
Operability, 

Safety

Economics, 
Operability, 

Safety

Second Design Course Incorporates
• Engineering Economics (cash flow, etc)
• Process Safety 
• Operability
• Troubleshooting
• Scheduling
• Superstructure Optimization
• Flexibility / Flexible Designs

Energy Systems Engineering [elective]
• Can focus on energy systems details since all students have 

process training already
• Students design large-scale energy systems (6 million population)
• Uses PSE methods and thinking
• (my course)

Macro 
Trends (last 
10 years):

Systems 
Analysis 
Thinking

Increased 
Complexity



Final Design Course
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4th year, 
Term 2

Process 
Optimization

Big Data 
Models. MV 
Stats. PCA, 
PLS, ANN

“Process 
Design”
“Process 
Design”

The traditional capstone course
• Industrial, open ended problems
• Industrial mentors
• Students may incorporate GAMS / big data approaches from parallel courses
• Already have all technical skills, students strictly focus on defining & solving.
• Students choose their theme based on their specialty:

• Water/Energy Technology
• PSE 
• Biochem/Biomed
• Polymers

• Most common student complaint is its “too easy”
• I wish this had more process intensification or “special” things

New & 
Exciting 
Things

Process 
Intensification

Mobile / 
Modular 

Technologies
Big Data 

Approaches



• Major parts of the curriculum 
trains:

• Modelling
• Algorithmic Thinking

• Unit Ops courses are updated:
• Process Intensification

• Reactive Distillation 
• Dividing Wall Columns, etc

• Modular / Small Systems 
• Get rid of McCabe-Thiele / 

Underwood / Edmister
(yeah I said it!!!)

• Design Sequence now has time 
for:

• One classic chemical plant project
• One “advanced” thing outside of 

this
• Modular / Small
• Bio
• Pharma
• Energy Systems (heat, storage, etc)
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My Big Picture Vision



Lessons from my book:
• Non-expert profs #1 market
• Designed for single-course but also 

cross-curriculum cherry-pick
• People switched their courses to 

Aspen Plus just because
the book was 
available

• 12 x 2hr experiential 
learning tutorials

• Problem solving focus

CAChE Could Therefore:
• Fund more books like this 
• Cross-cutting modules in 

different areas
• Focus on modelling

• First principles
• Data-driven

• Experiential Learning
• Algorithmic Thinking

• As way of problem solving
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Recommendations for CAChE



Thermo

• Provide 
experimental 
data

• Data-driven 
methods to 
make own 
models 
(example, find 
own Antoine’s 
coeffs)

Distillation

• MESH equation 
approach 
instead of 
McCabe-Theile

• Build and solve 
own models!

Unit Ops

• Each student 
teams make a 
model for their 
own unit op

• First principles 
or data-driven

• Class links 
together to 
make one big 
flowsheet to 
solve a problem

Heat Transfer

• Regression of 
data to make 
curves for 
tube/shell pass 
correlations, FT, 

• Shell balance 
model for 
simple heat 
exchanger
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Example Tutorials CAChE could fund



• Movement toward less credits
• Adding more courses not possible

• Process design experts unlikely 
to require/accept outside help

• These are not the ones to worry 
about

• PSE-research-heavy institutions are 
already at the leading edge

• It’s the non-expert teachers who 
could use teaching materials

• The people that know about CAChE
and the materials on the website are 
the least likely to need it.

• Create different materials targeted at 
them. 

• To make design better, integrate 
modelling and algorithmic thinking 
into everything else

• Frees up design course time to focus 
on more advanced, newer stuff

• Play to your strengths. Each 
institution is different for a reason.
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After many FOCAPD/CAChE-50 discussions:



Textbooks of the Future
A note added for Tom E’s question yesterday.
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• PDF of book was on Facebook a few 
days before it was published.

• Half of my royalties come from 
subscription-based HTML version

• E-book (Kindle, etc) least popular
• Students like hard copy (course is 

open-book)

• Books still carry reputation and trust
• But I think the institution 

subscription service is the way of 
the future. Netflix of textbooks.

My recent experience with my book


