CHE 521 – Process Optimization

Winter 2023

ChE 521 - Process Optimization 
Course Description: 

Techniques of optimization, including formulation of optimization problems, one-dimensional search techniques, analytical methods, n-dimensional search techniques, linear programming, and mixed integer programming. Advanced applications of the principles and theory to the synthesis of chemical processes and systems. Use of software packages for process optimization, synthesis and analysis. 
Instructors: 

Prof. A. Elkamel 

Office: E6-3008

Phone: x37157
Email: aelkamel@uwaterloo.ca

Official Office Hours: 

Mondays: 4:00 p.m. – 5:00 p.m. or by appointment on teams. 
Email: I check my e-mails almost daily and try to   

respond in a reasonable amount of time.
Teaching Assistant:

none 
Scheduled Sessions:
 
Lectures:


Fridays: 
[2:30   -   5:00 p.m.] 
(50min x 3)  Rm E6-4022 
Websites of Importance:

Course Information Posted On:  D2L
I will be making frequent use of the D2L environment and I will be sending e-mails quite often to the class. So make sure you make a habit out of checking your e-mail and the information posted on the course website.
Course Reference Material:


Edgar, Himmelblau, and Lasdon "Optimization of Chemical Processes”, McGraw Hill (2001).

Biegler, Grossmann and Westerberg, “Systematic Methods for Chemical Process Design”, Prentice Hall, 1997.
GAMS:
http://www.gams.com/
MATLAB:      http://www.mathworks.com/
Extensive bibliography will be provided

Course Objectives:

This course is intended to teach students how to use optimization algorithms to improve the design and operation of chemical processes. The first part of the course emphasizes problem formulation; i.e., how one develops mathematical statements for the objective function (usually economic model) to be minimized or maximized and the equality and inequality constraints (the process model). Once the problem is formulated, the student should be able to select the optimization technique which is best suited to the problem characteristics. The second part of the course introduces applications of optimization in chemical process synthesis and planning problems

Knowledge, Abilities and Skills Students Should Gain in this Course:

At the end of this course, the student should

1. Be able to use economics to derive an objective function.

2. Be able to use principles of engineering to develop equality and inequality constraints

3. Be familiar with the preferred software packages and optimization techniques to solve  

    linear programming and nonlinear programming problems

4. Learn how to think about and use optimization as a tool in process design and 
    operation

5. Be able to use the GAMS and MATLAB software packages

6. Be proficient in the applications of optimization for optimizing and synthesizing  

    important chemical processes
Topics Covered:

1. The Nature and Organization of Optimization Problems (Chapter 1 – Edgar)
2. Developing Models for Optimization (Chapter 2 – Edgar)
3. Formulation of the Objective Function Chapter 3 – Edgar)
4. Basic Concepts of Optimization (Chapter 4 – Edgar)
· Stationary points, convexity, concavity, unimodal functions
5. Solving Optimization Problems using Computer Programs (Lecture Notes)
· LINGO
· GAMS

· MATLAB

6. Optimization of Unconstrained Functions: One-Dimensional Search (Chapter 5 – Edgar)
7. Unconstrained Multivariable Optimization (Chapter 6 – Edgar)
8. Linear Programming – Part 1- Introduction (Chapter 7 – Edgar)
9. Linear Programming – Part 2-The Simplex Method (Chapter 7 – Edgar)
10. Network Flow Models (Lecture Notes)
11. Nonlinear Programming with Constraints (Chapter 8 – Edgar)
12. Mixed Integer Programming (Chapter 9 – Edgar)
13.  Applications (mostly through your projects – See section on project requirements)
Software:

No prior programming knowledge is required.

For the development & solution of optimization models we will use the following two software packages:

• Matlab optimization toolbox

• GAMS: can be downloaded from www.gams.com/download

Grading (For Graduate students see note below):
Grades will be based on two tests and a research project as follows:








Date:

Test 1 



25 %  

        March 3, 2023
Test 2



25%   

        March 31, 2023
Project Proposal

5%  

        March 10, 2023
Oral Presentation

10%

        April 30, 2023 (load your presentation to Learn)
Project Final Report

35%

        April 30, 2023
                 

           _____

Total:         

           100%

A major component of the course requirements is a term project. The goal of the project is to allow you to apply the skills learned in this class in a way that is more closely related to actual engineering practice than a homework or exam. You have more time to complete the project, and have access to more resources than on an exam, but the scope of work is also greater and the expectations are higher. I am fairly open to different ideas for the project but the work must be original. You are encouraged to pick something of interest to you and/or related to any research you are currently working on, as long as it doesn't duplicate what has already been done in the literature. Please feel free to talk to me about any ideas or questions you may have; I can also help guide you to a project idea and scope which is appropriate. The project does not have to be based entirely on optimization but you can combine modeling and simulation with optimization. You can also perform parameter estimation or optimization through design of experiments.  In any case, the project must involve decisions among different choices.

The project requires a proposal (5%), an oral presentation (10%), and a final paper (35%). Detailed guidelines on each of these are given below and grading rubrics will be provided later on so that you will know how you will be graded.

Graduate Students taking the course will be assigned individual projects in consultation with the course instructor. If the project turns out to be too involved, some weights from the exams will be shifted towards the project weight. This is to be agreed upon with the course instructor.

Proposal: The proposal should explain your project, what you plan to accomplish, and the parts of your project you anticipate will be most challenging.  You should also include some ideas about the approach you will undertake to solve the problem. Include also some references (Suggested length: 1 - 3 pages). 

Oral Presentation: Explain what you have done in a pre-recorded video that you will load to learn. Please plan to speak for about 15 minutes. Load both the video/recording and the PowerPoint presentation to the designated drop box on learn.
Final Report: The report should document the work you have done. There is no specific page requirement. Target the report to be in the format of a paper to be submitted to a reputable journal. Suggest a suitable journal and use the journal format.  As for report length, 20-25 single-spaced pages is a reasonable length (excluding tables, figures, and appendices). Your report should include an abstract, an introduction, a brief review of the mathematical concepts you used, a description of the method(s) you used, your results, and a conclusion. If you used any data or wrote any computer code (including MATLAB or GAMS), please include those in an appendix (if a data set is particularly large, no need to include it but load it to the drop box for the course under projects) As in the real world, presentation is important so be attentive to spelling, grammar, and consistency with mathematical notation and formatting. 
All project requirements should be submitted on-line. Submit your original word documents, power point presentation, and MATLAB or GAMS codes and any excel files.

Exams:

All exams will be conducted using the Learn Environment. Tests are open book in the sense that you may consult your textbook, course notes, and materials posted in the course LEARN site.  Use of any other resource (including file-sharing services such as chegg.com, coursehero.com, stackexchange.com, ...) is prohibited. You may not communicate directly or indirectly with any person except the course instructor. Remember that according to university regulations the penalty for dishonesty is severe: at least failure of the course (not just the exam). Make-up exams will not be given. Any student who cannot take an exam as scheduled must make special arrangements with Prof. Elkamel before the exam is given.
The exams will have two parts: one multiple choice (MC) part that will test concepts and will also include short calculations; and a second part that will involve solving problems and incorporating computer software. The MC part will be timed for 30 minutes, and all students will take it at the same time (from 4:30 to 5:00 p.m.). You will be given more time for the second part: 24 hours starting on Friday 5:00 p.m. and ending Saturday 5:00 p.m. on the indicated dates above.
Academic integrity: In order to maintain a culture of academic integrity, members of the University of Waterloo community are expected to promote honesty, trust, fairness, respect and responsibility. [Check the Office of Academic Integrity for more information.]

Grievance: A student who believes that a decision affecting some aspect of his/her university life has been unfair or unreasonable may have grounds for initiating a grievance. Read Policy 70, Student Petitions and Grievances, Section 4. When in doubt, please be certain to contact the department’s administrative assistant who will provide further assistance.

Discipline: A student is expected to know what constitutes academic integrity to avoid committing an academic offence, and to take responsibility for his/her actions. [Check the Office of Academic Integrity for more information.] A student who is unsure whether an action constitutes an offence, or who needs help in learning how to avoid offences (e.g., plagiarism, cheating) or about “rules” for group work/collaboration should seek guidance from the course instructor, academic advisor, or the undergraduate associate dean. For information on categories of offences and types of penalties, students should refer to Policy 71, Student Discipline. For typical penalties, check Guidelines for the Assessment of Penalties.

Appeals: A decision made or penalty imposed under Policy 70, Student Petitions and Grievances (other than a petition) or Policy 71, Student Discipline may be appealed if there is a ground. A student who believes he/she has a ground for an appeal should refer to Policy 72, Student Appeals.

Note for students with disabilities: AccessAbility Services, located in Needles Hall, Room 1401, collaborates with all academic departments to arrange appropriate accommodations for students with disabilities without compromising the academic integrity of the curriculum. If you require academic accommodations to lessen the impact of your disability, please register with AccessAbility Services at the beginning of each academic term.

Turnitin.com: Text matching software (Turnitin®) may be used to screen assignments in this course. Turnitin® is used to verify that all materials and sources in assignments are documented. Students' submissions are stored on a U.S. server, therefore students must be given an alternative (e.g., scaffolded assignment or annotated bibliography), if they are concerned about their privacy and/or security. Students will be given due notice, in the first week of the term and/or at the time assignment details are provided, about arrangements and alternatives for the use of Turnitin in this course.

It is the responsibility of the student to notify the instructor if they, in the first week of term or at the time assignment details are provided, wish to submit the alternate assignment.
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