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1. Introduction to Aspen Plus
Steady State Chemical Process Modelling



Chemical Process Flowsheet Simulator

The main flowsheet 

consists of streams and

blocks

A library contains 

models for many 

different kinds of 

chemical process units

Users build flowsheets 

through a visual 

interface



Simple Example: A Flash Drum (steady state)

Users enter known 

stream data and model 

parameters into forms.

This flash drum model 

contains equations for:

 Mass Balances

 Energy Balances

 Fugacity Balances

 Pressure Drop

The physical properties database contains 

data and correlations for:

 Physical properties of chemicals

 Binary VLE Models



Example Solution



Sequential Modular Flowsheeting

Flash 

Drum

1. All stream 

information leading 

into a block must be 

known.

2. All degrees of 

freedom for the 

block must be 

specified.

3. The output streams leaving 

a block are the unknowns
Vapor

Liquid

Heat Duty When the simulation 

is executed, the 

flowsheet solver looks 

for blocks that have 

enough input 

information to solve.

Then a model-specific 

subroutine is run in 

order to compute the 

steady-state outputs. 

It does not use a 

general equation 

solver (by default).

Pump
Liquid

Splitter

Product

Recycle



Sequential Modular Flowsheeting (2)

Flash 

Drum

Vapor

Liquid

Heat Duty

Pump
Liquid

Splitter

Product

Recycle

What if we know what we want downstream but we don’t know the feed 

conditions or block settings to get it?

Special tools for that. Sophisticated guess-and-check.



Sequential Modular Flowsheeting (3)

Flash 

Drum

Vapor

Liquid

Heat Duty

Pump
Liquid

Splitter

Product

Recycle

What if there is recycle?

Special tools for that too. More sophisticated guess-and-check.



Aspen Plus vs. Other Competing Software

Our ratings, as appropriate for an 

undergraduate course setting
Aspen

Plus

Aspen 

HYSYS Pro/II ProMax gProms COCO

Cost of academic licenses Free* Free* Free Free* Low Free

Installation on student computers No No No ? ? Yes

Extensive property / chemicals database Best Best Good Ok Ok Poor

Extensive unit operation models Best Best Good Ok Good Poor

Commercially relevant Yes Yes Yes Yes Yes Limited

Ease of use, Ease of Teaching Not Easy Not Easy Easier Easier Hard Ok

Connectivity with Microsoft Excel Yes Yes Yes Yes Yes Yes

Capital cost estimation Yes Yes No No No No

Heat exchanger network optimization Yes Yes No No No No

Extendible to dynamic simulation Good Best Good No Best No

Market Share / Popularity Most Good Good Some Good Little



2. About the Book
Learn Aspen Plus in 24 Hours



Learn Aspen Plus in 24 Hours

• Textbook development partially funded by 
Computer Aids for Chemical Engineering 
Corporation (CAChE Corp).

• Twelve 2-Hour Tutorials

• Based on computer lab modules developed 
at McMaster University
• Seven years of development

• Student and instructor feedback from multiple 
universities

• Will be a part of a continuously updated 
online community.



Table of Contents

Preface

1. Getting Started Starting from a blank screen with no prior knowledge

2. Physical Property Modeling Choosing physical properties. Understanding the database.

3. Problem Solving Tools Design Specs and Sensitivity Analyses

4. Heat Exchangers HEATER, HEATX

5. Advanced Problem Solving Tools Utilities, GHG Emissions, Optimization

6. Chemical Reactor Models RSTOIC, REQUIL, RYIELD, RGIBBS, RCSTR, RPFR

7. Equilibrium-based Distillation Models RadFrac (in equilibrium mode)

8. Rate-based Distillation Models RadFrac (in rate-based mode)

9. Custom Models and External Control USER Blocks (Fortran Code), Microsoft Excel Connectivity

10. Capital Cost Estimation Aspen Capital Cost Estimator

11. Optimal Heat Exchanger Networks Aspen Energy Analyzer

12. Solids Processing and Electrolyte Chemistry Basic solids modelling. ElecNRTL. True vs Apparent components

Solutions

Command Index



• Alkane Purification

• Azeotropic Pressure Swing 
Distillation

• Biofuel Purification

• Artificial Flavor Synthesis

• Steam Methane Reforming

• Steam Power Plants

• Nuclear Power Systems

• Hydrogen Production

• Methanol Production

• Chemical Looping

• Dividing Wall Columns

Chemical Engineering Examples Covered



Introductory Material

Module Objectives in Bullets

Quickly see what is covered 

in each module

Prerequisite Knowledge

Links to videos and websites to get pre-requisite 

theory knowledge

Reviews knowledge from first 1.5 years of chem. 

eng. curricula

How can you use this knowledge?

What are the kinds of problems you can solve by 

using these tools?



Visuals: Over 240 Screen Captures and Figures

Flowsheets

Form Data Entry

Understanding Program 

Output



Theory and Problem Solving

Some theory, 

but not too 

much

Real chemical 

engineering 

problems

Solutions are 

provided visually



Advanced Stuff

Aspen 

Capital Cost 

Estimator

(formerly 

Icarus)

Aspen Energy 

Analyzer (Heat 

Exchanger 

network 

synthesis) 



3. Workshop 1



Time to try it!

• Novice Users, try Tutorial 1

• Experienced users, try Tutorial 5

• We’ll come around the room, help and answer questions.



4. Using in Undergraduate Courses



Integrating into Year Long Courses

 Example: Design or Pre-Design courses.

 Recommended Use: One 2-hour computer lab session per week
 1 competent instructor/TA per 20-25 students is enough, more is better

 Pick and choose tutorials that coordinate with your schedule

 Tutorial 1 can actually happen before first day of lecture!

 Students should work individually, but ok to talk to neighbors

 Lecture Complement: 
 Not Recommended: Using lecture time to prepare students for the tutorial

 Recommended: Using lecture time to go into more detail and depth
 Example for unit ops / design: The models under the hood of each block and how they link to 

real equipment.

 Example for modelling course: Sequential modular flowsheeting, algorithms, etc.



Where They Fit in My Teaching Hierarchy

Mastery Applications 

term project

Unassisted Problem Solving 

practice problems / 

homework

Initial Knowledge Transfer

assigned reading, pre-tests, video pre-reviews

Directed Knowledge Transfer
Lecturing

Experiential Learning

in-class workshops

In-lab tutorials

Course Structure

One pyramid per week

One tutorial per pyramid



Tutorial Assessment Strategies

Strategy Disadvantages Advantages

Requiring students to answer 

the questions in the text and 

having them graded

• Someone has to grade it

• Auto-grading is too unforgiving

Student feedback:

• Created high anxiety situation

• Students not focusing on digesting the 

material, only trying to get the points

• An “Easy” way to earn points.

• … all the answers are now in 

the back of the book, sorry…

Writing your own questions 

that change from year to 

year (Example, changing 

flows, temperatures, etc)

• All of the above, plus:

• Someone has to change it every year.

• An “Easy” way to earn points.

• Year-to-year answer copying 

not possible

No assessment—tutorials are 

purely optional

• In-lab attendance was very poor

• Overall learning was very poor

• Easy on the instructor

• Low anxiety for the students

No assessment—points for 

attendance worth small 

amount of total course 

grade

• Bottom 5-10% of students did not finish 

the material within two hours

• Some students wanted to be assessed

• Easy on the instructor

• Low anxiety for the students

• Student learning was excellent

• 95% attendance rate

• Very positive feedback



My Method of Overall Assessment

• Students have a two-hour lab 
test toward the end of the 
course
• Need students to prove 

individually they can use Aspen 
Plus to solve problems

• They know its coming from day 
one so they know they have to 
keep up

• All 120 students take at the same 
time

• Use 5-Tier Strategy
• Students get points for highest 

tier completed

• Push the buttons on a 

straightforward example

Tier 1

10/50 points

• String a few models together

• Solve a basic problem that 

doesn’t require advanced tools

Tier 2

20/50 points

• Solve a meaningful problem 

that requires basic tools

Tier 3

30/50 points

• Expand on Tier 3 for a more 

complex problem

• Requires advanced tools

Tier 4

40/50 points

• Expand on Tier 4

• Requires a complex 

combination of advanced tools

Tier 5

50/50 points



Tiered Test Strategy

Disadvantages Advantages

Have to teach students about 

the tiered structure, and how 

to use it to their advantage

Weaker students can focus on demonstrating at the 

level they know, rather than hoping for partial credit

Can be tricky to make a 

tiered test

Stronger students can jump directly to the middle of 

the test

Grading significantly easier: grade highest tier 

submission and only more if needed

Good when time constrained: time spent on critical 

thinking rather than racing through a simulation

Lower student anxiety

Student feedback is consistently positive with this 

method



Tiered Test Example

Tier 1

FIND THE OUTPUTS OF USING A PUMP

Determine the amount of electricity it takes to pump 100 

kmol/hr of an equimolar mixture of n-hexane and n-

heptane from 25°C and 1 bar to 1.5 bar, using default 

efficiency settings. Also, report the temperature of the 

liquid after pumping 

Tier 2

MODEL A COMBUSTION REACTION

Suppose 25 kmol/hr of methane and 1000 kmol/hr of air 

(both at 25°C and 1 bar) are combusted in an adiabatic 

combustion chamber to 100% completion. Then suppose 

the hot exhaust gases are used to heat up a 100 kmol/hr 

of an equimolar mixture of n-hexane and n-heptane (also 

at 25°C and 1 bar), which completely vapourizes it and 

superheats it. The cooled exhaust gases leave at 250°C. 

Find the temperature of the hexane/heptane mixture 

after it is heated.

Tier 3

DESIGN A DISTILLATION COLUMN

Design a distillation column that separates a mixture of 

50 mol% n-hexane, 50 mol% n-heptane (total flow of 100 

kmol/hr at 1.5 bar and 25°C) into 98 mol% pure n-

hexane and 98 mol% pure n-heptane. The target 

distillate and bottoms purities should be achieved within 

0.01 mol%,

Tier 4

TIER 3 + HEATING/COOLING/PUMPS. UTILITY COSTS.

Complete Tier 3, and add heat and pressure 

management system to get distillation and bottoms 

products to storage conditions (35°C, 1.5 bar). Compute 

total utility costs in each category in $/hr.

Tier 5

TIER 4 + ADD ECONOMIZER AND OPTIMIZE SYSTEM .

Complete Tier 4, Then, improve upon the process de-

sign by using an economizer. Use Aspen Plus to find the 

optimum heat duty of that economizer, which is the heat 

duty which makes the total utility costs the lowest. The 

approach temperature in the economizer should not be 

smaller than 5°C,



Integrating Piecemeal / Curriculum Integration

• Allow time for students to watch pre-requisite videos, etc. for preparation.

• May need to modify / skip sections that use advance features if done out 
of order.

• Recommended: have students use Access Engineering to download 
individual chapters instead of purchasing hardcopy



Example Use by Course

Course Recommended Chapters

Mass Balances Introduction, 1

Energy Balances / Heat Transfer Introduction, 1, 4.1, 4.2, 11

Thermodynamics Introduction, 1, 2, 12.3

Separations / Distillation Introduction, 1, 2, 7, 8

Reactions / Reactors Introduction, 1, 6

Engineering Economics Introduction, 1, 10

Solid Processes Introduction, 1, 12.1, 12.2

Optimization Introduction, 1, 11

Process Modelling & Simulations Entire book

Process Design / Capstone Entire book



5. Experiential Learning
Working with the students in the labs



Engaging Students for Problem Solving

STEP 1: Ask questions to assess their knowledge level.

STEP 2: Ask questions to get them to the next level. Then go to next student.

Completely unprepared for the material

Missed 

lectures, 

tutorials, etc.

Has no 

chance to get 

up to speed 

today

No understanding of the problem itself

Cannot 

understand 

what it is 

asking.

No understanding of the solution

No idea 

where to 

begin to solve 

this problem

Missing pieces of solution 

strategy

Some idea 

but cannot 

articulate full 

solution

Small errors / 

missing data

“Knows what 

to do” but 

something 

“isn’t 

working”.



What to do at Level 1 (Completely unprepared)

Completely unprepared for the material

Missed 

lectures, 

tutorials, etc.

Has no 

chance to get 

up to speed 

today

No understanding of the problem itself

Cannot 

understand 

what it is 

asking.

No understanding of the solution

No idea 

where to 

begin to solve 

this problem

Missing pieces of solution 

strategy

Some idea 

but cannot 

articulate full 

solution

Small errors / 

missing data

“Knows what 

to do” but 

something 

“isn’t 

working”.

 Currently in the lab / tutorial:

 Politely advise the student to do some specific 

preparation (reading, etc.) so they can get 

ready to tackle the tutorial.

 Direct them to the “Prerequisite Knowledge” 

section and have them watch the linked videos

 You will be happy to help when they are ready



What to do at Level 2 (Don’t understand problem)

Completely unprepared for the material

No understanding of the problem itself

Cannot 

understand 

what it is 

asking.

No understanding of the solution

No idea 

where to 

begin to solve 

this problem

Missing pieces of solution 

strategy

Some idea 

but cannot 

articulate full 

solution

Small errors / 

missing data

“Knows what 

to do” but 

something 

“isn’t 

working”.

 Try to re-explain problem in a different way 

 Talk about what kinds of solutions it requires (Ex: 

“The problem is asking which heat exchanger 

design is more profitable. What kind of numbers 

do you need in order to show that?”)

 Ask them to consider a simple version of the 

problem and then build upon that (Ex: “How 

would I know if a single heat exchanger requires a 

lot of energy?”)

 Ask: “Are there phrases or terms that you 

specifically do not understand?”



What to do at Level 3 (Don’t understand solution)

Completely unprepared for the material

No understanding of the problem itself

No understanding of the solution

No idea 

where to 

begin to solve 

this problem

Missing pieces of solution 

strategy

Some idea 

but cannot 

articulate full 

solution

Small errors / 

missing data

“Knows what 

to do” but 

something 

“isn’t 

working”.

 Start the conversation: “What ideas have you 

thought about so far?”

 Ask: “What do think a correct answer might look 

like?“ (Ex: A temperature between 50 and 65°C)

 Ask: “What are some of the key concepts that you 

think you need for this problem? (example, mass 

balances, integrate an equation, etc.)

 Can you explain knowledge gaps quickly? 

 If not: point them to resources for those

 Get them to articulate the solution strategy



What to do at Level 4 (Small Strategy Gaps)

Completely unprepared for the material

No understanding of the problem itself

No understanding of the solution
Missing pieces of solution 

strategy

Some idea 

but cannot 

articulate full 

solution

Small errors / 

missing data

“Knows what 

to do” but 

something 

“isn’t 

working”.

Ok to clue them in more at this stage.

 Ask: “What have you tried so far?”

 Focus on the specific knowledge gaps 

 Do they just need a quick reminder?

 Ask them to come up with some strategy 

options and give their thoughts on each (offer 

some yourself that include the right one)

 Ask them to draw out all the steps involved



What to do at Level 5 (Small Data Gaps)

Completely unprepared for the material

No understanding of the problem itself

No understanding of the solution
Missing pieces of solution 

strategy
Small errors / 

missing data

“Knows what 

to do” but 

something 

“isn’t 

working”.

Can be simple and direct at this stage.

 “Oh, that’s in the Pressures tab of the form”

 “Oh, you just need the fprintf function for that.”

 Ask: “Any idea of which step you went wrong?”

 Suggest tests they can do to identify the error. “Do a 

mass bal. around each box until something’s off.”



Remember

• Students learn so much more when they connect the dots themselves

• If you are just a data source for answers, they will never stop asking you…

• If you have TAs, train them to do the same thing as you would do.
• I found that with TAs who had at least 1 year of using Aspen before, I didn’t have to 

be in tutorials at all after week 2 or 3.



Tips: Engaging Students in Tutorials and Labs

• No one asking questions for long periods? Don’t just sit there!
• Are students collaborating in a group? Actively listen. 

• Are they totally on the wrong track? Ask some starter questions to get them righted.

• Did a student come up with a good idea? Encourage them to explore that idea?

• Are students arguing over competing ideas? Moderate an intelligent discussion.

• “So, how are you trying to solve this problem?”

• “What success have you had so far in solving this problem?”

• “What are your ideas so far?”

• But don’t be annoying

• Beware Time Burglars  Students who try to monopolize all your/TA’s time
• Spend 1-2 minutes per student at a time. Then break and leave.

• If no hands go up then you can go back to that student again.



6. Graduate Education



Graduate Student Training

• New grad student that needs to learn Aspen Plus? Give them the book.
• A grad student should be able to teach themselves from the book without requiring 

your interference

• We’ve done this many times in many different groups.

• Integrating into graduate courses?
• Tell us how you did it!

• Tom uses it as prerequisite material for grad courses in Aspen Dynamics and Aspen 
Custom Modeller.



7. Workshop 2



Workshop 2

• Continue with your tutorial or switch

• Think about how your students will be using the book and what kinds of 
questions they’ll be asking.



8. How to Get Help



What to do if you are not an expert

• Start by doing the book yourself

• Then spend some time with the user guide for specific unit operation 
models of interest.
• Don’t spend much time on the physical properties details

• Don’t focus on advanced tools, just the basic unit operation models.

• The software comes with many example files
• Good for seeing working examples

• Bad for learning how to get things to converge (they come already-solved)

• Keep your expectations low for your students 
• K.I.S.S.!

• Stick to application examples in your wheelhouse (biofuels, polymers, etc)



Installation, Setup, Licenses, Etc

• support.aspentech.com

• Have an IT person handle all the logistics for you!

• Admittedly can be difficult to install software and license server



Software Usage Issues / Best Practices

• AspenTech’s official community: 
http://www.aspentech.com/Community/Discussion/

• LinkedIn AspenTech Group very helpful

• New CAChE CAPE community discussion boards. 
• http://PSECommunity.org

• Will have some videos as well!

http://www.aspentech.com/Community/Discussion/


9. Accessing Resources



How to Order for Your Courses

• Instructors
• To order examination copy: MHProfessional.com/examcopies
• Download simulation files (solutions): PSECommunity.org/books/lap24
• See flyer included in digital handouts for discount promo codes

• Students and Professionals
• Print Edition $60 from McGraw-Hill: ISBN: 978-1-260-11645-8 

• Give this number to your campus bookstore

• Students can also order from Amazon and Barnes & Noble

• E-book $?? (PDF, Virtual Bookshelf, etc.) from McGraw-Hill
• HTML Version on Access Engineering: Free to subscribers!

• All CSChE Members

• Many universities via library login / Campus IP address

• Available Sept 2017



Simulation Files and Samples

• All simulation files available at:
• http://macc.mcmaster.ca/LAP24.php

• Additional simulation files on CO2 capture at:
• http://macc.mcmaster.ca/solventsims.php

http://macc.mcmaster.ca/LAP24.php
http://macc.mcmaster.ca/solventsims.php


How can you contribute?

• Write your own modules, tutorials, and chapters
• Can publish and peer review on new online community

• PSEcommunity.org

• Write similar texts for other software

GOOD LUCK!


