
Wednesday July 17, 2019

FOCAPD 2019, Copper Mountain Resort

IDAES Hands-On Workshop



Today’s workshop will be conducted using Jupyter Notebooks, an online 

interactive Python environment.

The materials can be found at the following URL:

https://jupyter.idaes-hub.org/hub/login

Welcome
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https://jupyter.idaes-hub.org/hub/login


In order to setup a personal copy of the workshop materials, please open the 

following workbook

idaes/examples/workshop/update_workshop_materials.ipynb

Then click “Run” in the ribbon at the top.

First Things First
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Today’s workshop will introduce you to the IDAES 

toolset.

The workshop will take the format of a series of 

hands-on demos taking you through building some 

simple process flowsheets.

You are encouraged to stop us at any time if you 

have questions.

Introduction
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1. Getting Started with Jupyter, Python, and Pyomo

2. Introduction to IDAES tools

3. Module 1 – Modeling a Single Unit

– Benzene-Toluene flash unit

4. Module 2 – Modeling a Flowsheet

– Production of benzene by hydrodealkylation

5. Module 3 – Building a Custom Unit Model

– Ideal gas isentropic compressor

Workshop Outline
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Disclaimer

Disclaimer This presentation was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States Government nor any 
agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness 
of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific commercial 
product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by 
the United States Government or any agency thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States 
Government or any agency thereof.

Attribution: KeyLogic Systems, Inc.’s contributions to this work were funded by the National Energy Technology Laboratory under the Mission Execution and Strategic Analysis 
contract (DE-FE0025912) for support services. Sandia National Laboratories is a multimission laboratory managed and operated by National Technology and Engineering 
Solutions of Sandia LLC, a wholly owned subsidiary of Honeywell International Inc. for the U.S. Department of Energy’s National Nuclear Security Administration under contract 
DE-NA0003525. This material is based upon work supported by the U.S. Department of Energy, Office of Science, under Contract No. DEAC02-05CH11231. This research used 
resources of the National Energy Research Scientific Computing Center, a DOE Office of Science User Facility supported by the Office of Science of the U.S. Department of Energy 
under Contract No. DE-AC02-05CH11231.
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Module 0 – Getting Started with Jupyter, Python and 
Pyomo



JupyterHub provides you with your own personal instance of the IDAES 

workshop to work with.

Any changes you make to the files will not affect other users, but will be saved 

within your Jupyter session.

We strongly suggest saving a working copy of the workshop materials so you 

can go back to original files if necessary.

Before We Begin
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Today’s workshop will be conducted using JupyterHub, an online hub for 

interactive Python environments.

IDAES is built upon Pyomo and Python and makes use of many of the features 

available in the languages. 

This section will introduce you to some basics of Jupyter, Python, and Pyomo 

commands. This is not intended to be exhaustive, and will focus on the tools 

needed for the following modules.

Getting Started with Jupyter, Python, and Pyomo
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Introduction to IDAES



You will encounter many different IDAES tools throughout todays workshops.

Documentation is available on all of these (and more) at:

https://idaes-pse.readthedocs.io/en/latest/

We strongly encourage users to read the documentation, as it contains 

information on all the options available for each model and how to use them.

Documentation
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https://idaes-pse.readthedocs.io/en/latest/


• What is IDAES?

– Next Generation Multi-Scale Modeling & Optimization Framework
• Bridges the gap between process simulators and algebraic modeling languages

– Improving the efficiency and reliability of the existing fleet

– Accelerating the development of advanced fossil energy systems

• Why should you care?

– Enables optimization of innovative steady-state and dynamic processes 
• Flexible design approaches, which enable optimization over broad range of conditions

– Extensible, equation-oriented process model library 
• Enables rapid construction of complete system models

– Built upon the powerful Python programming language
• Develop complete modeling and advanced analysis in a single environment

• Access to extensive library of data analysis, visualization and numerical packages

Overview
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• IDAES supports structured models

– Has the freedom and power of an equation-oriented modeling package

– Supports the block structure of a process simulator

• Modular structure

IDAES Model Structure

Process 
Flowsheet

Unit 
Operations

Property 
Packages

Equilibrium Equations

Mixing Rules

Unit Models
Balance Equations

Performance Equations

Reaction 
Packages

Optimization

Conceptual Design

Parameter 
Estimation

Data 
ReconciliationIdeal Property Models
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IDAES Tool and Model Libraries

• idaes

• core

• Building blocks for constructing new models

• unit_models

• Generic models of common process equipment

• property_models

• Models for common property calculations

• core/util

• Some useful tools for working with models

• ui

• Useful tools for visualizing model structure
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• IDAES Models are Pyomo Models

• Equation-Oriented Models

– All equations are solved simultaneously, not sequentially

– Can specify conditions of any variable, e.g. outlet of a unit

– Initialization is often critical – tools being to developed to help

• Structured Models

– IDAES models have well defined hierarchical structure

– Namespace separation – m.unit.control_volume.properties.temperature

– Structure allows us to work with parts of model separately

Important Concepts
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• Degrees of Freedom

– Degrees of freedom are important – always check

– Can easily over- or under-specify problem

– Solvers accept extra degrees of freedom, but problem may be unbounded

• Specifications are on Unit Models

– Other tools specify stream conditions

– In IDAES, these are all done on units

• Models and Analysis are Both Written in Python

– Access to all the Python libraries, e.g plotting tools, data management

– Instructions are executed in order given (order matters)

– Can use iterative loops and procedural instructions

Important Concepts
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Module 1 – Benzene-Toluene Flash



Benzene-Toluene Flash Operation

The basis of any process model is the models of the unit operations that make 

up the process and the property calculations associated with these.

This module will introduce you to unit and property models in IDAES and how to 

set up and solve these models using the core model libraries.

We will then look at some of the tools and techniques available for analyzing 

the results of a model

Module 1 – Modeling a Single Unit Operation
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Benzene-Toluene Flash Operation

In this Module we will cover:

1. Importing from IDAES model libraries

2. Creating a flowsheet

3. Adding a unit operation to a flowsheet

4. Specifying design and operating conditions

5. Initializing and solving a model

6. Visualizing results

7. Analyzing behavior using Python scripting

8. Illustrating use of design constraints

Module 1 – Modeling a Single Unit Operation
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Benzene-Toluene Flash Operation

Module 1 – Modeling a Single Unit Operation

ΔP = 0 Pa

Q = 0 J/s

Feed Conditions

F = 1 mol/s

xBenzene = 0.5

P = 101325 Pa

T = 368.0 K
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Module 2 – Production of Benzene via 
Hydrodealkylation



Production of Benzene by Hydrodealkylation

Now that we have seen how to setup and use unit models and property 

packages, the next step is to connect a number of units together to form a 

flowsheet.

This module will introduce you to the tools for connecting unit models together 

an initializing the resulting flowsheet.

We will then demonstrate how to setup and solve an optimization problem using 

the flowsheet.

Module 2 – Modeling a Flowsheet
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Production of Benzene by Hydrodealkylation

In this Module we will cover:

1. Adding multiple unit operations to a flowsheet

2. Connecting unit operations into a process

3. Initializing flowsheets

4. Adding degrees of freedom and specifying bounds on variables

5. Adding additional variables and constraints to a flowsheet

6. Adding an objective to a flowsheet

7. Optimizing a flowsheet

Module 2 – Modeling a Flowsheet
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Module 2 – Modeling a Flowsheet

H2= 0.30 mol/s

CH4 = 0.02 mol/s

P = 350,000 Pa

T = 303.15 K

C6H5CH3= 0.30 mol/s

P = 350,000 Pa

T = 303.15 K

R101 F101

Purge

C101

F102

Benzene

M101

H101

S101

Toluene

P = 350,000 Pa

Xtoluene=0.75

Q = 0 J/s

T = 600 K

20% to Purge

T = 325 K

ΔP = 0 Pa

T = 375 K

ΔP = -200,000 Pa

P = 350,000 Pa
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Module 2 – Modeling a Flowsheet

H2= 0.30 mol/s

CH4 = 0.02 mol/s

P = 350,000 Pa

T = 303.15 K

C6H5CH3= 0.30 mol/s

P = 350,000 Pa

T = 303.15 K

R101 F101

Purge

C101

F102

Benzene

M101

H101

S101

Toluene

P = 350,000 Pa

Xtoluene=0.75

Q = 0 J/s

T = 600 K

20% to Purge

T = 325 K

ΔP = 0 Pa

T = 375 K

ΔP = -200,000 Pa

P = 350,000 Pa
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Module 3 – Ideal Gas Isentropic Compressor Model



Module 3 – Building a Custom Model

Ideal Gas Isentropic Compressor Model

The IDAES Core model libraries aim to provide generic models for most 

common pieces of process equipment, however there will often be cases where 

the model library is insufficient.

This module will introduce you to the underlying building blocks of IDAES that 

allow you to develop your own models of unit operations.
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Module 3 – Building a Custom Model

Ideal Gas Isentropic Compressor Model

In this Module we will cover:

1. Understanding the structure of unit models in IDAES

2. Creating new unit models

3. Model configuration blocks and linking to property packages

4. Control volumes and conservation equations

5. Adding additional constraints to models

6. Adding Ports
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Module 3 – Building a Custom Model

Ideal Gas Isentropic Compressor Model

Model Equations

Material Balance: 0 = 𝐹𝑖𝑛 − 𝐹𝑜𝑢𝑡

Energy Balance: 0 = 𝐻𝑖𝑛 − 𝐻𝑜𝑢𝑡 +𝑊

Pressure Balance: 0 = 𝑃𝑖𝑛 − 𝑃𝑜𝑢𝑡 + Δ𝑃

𝑃𝑖𝑛 × ratio𝑃 = 𝑃𝑜𝑢𝑡

𝑇𝑜𝑢𝑡 = 𝑇𝑖𝑛 +
𝑇𝑖𝑛
𝜂

ratio𝑃

𝛾−1
𝛾 − 1
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Prerequisites for Building a Unit Model
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1. Realize that documentation is your friend

2. Make sure the unit model is not already in the IDAES unit model library

• https://idaes-pse.readthedocs.io/en/latest/models/index.html

3. Be familiar with the tools available for building unit models

• Control volumes

• State blocks

• Pyomo

https://idaes-pse.readthedocs.io/en/latest/models/index.html


OutletInlet

Typical Relationship Between Unit Models, Control Volumes, 

and State Blocks
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Unit Model

Control 

Volume

Performance 

Equations

State Blocks
• Equations of State

• Flow rates/compositions

• Phase equilibrium

• Etc.

Control Volumes
• Mass balances

• Energy balances

• Momentum balances

Performance Equations
• E.g., entropy is constant for isentropic 

compressor

Outlet StateInlet State



Other Paradigms Exist
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IDAES Flash

Liquid

(No VLE)

(with 

VLE)

Control 

Volume

Inlet Outlet

(with 

VLE)

Separator (no 

control volume)

(No VLE)

Vapor



Don’t Forget
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Constraints can always be added to existing unit models.

For example, suppose you have an empirical relationship between 

reactor conversion and temperature. You can do the following:

Relate conversion to temperature

Relate conversion to outlet concentration


