CHE 720 – Process Optimization

Spring 2014

ChE 720 - 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. 
Instructor: 

Prof. A. Elkamel 

Office: E6 - 3008 

Phone: x37157
Email: I check my e-mail (aelkamel@uwaterloo.ca)  almost daily and try to   

respond in a reasonable amount of time.


Official Office Hours: 

Tuesdays & Thursdays - 12:00 p.m. – 1:00 p.m. or [by appointment]
Teaching Assistant:

none 
Scheduled Sessions:
 
Lectures:


Tuesdays & Thursdays 
[8:30   -   10:00 a.m] 
 E6 - 4022
Websites of Importance:

Course Information Posted On:  Uwaterloo - Learn
I will be making frequent use of the UWaterloo-Learn 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 (Mostly for Part II)

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)
· MATLAB

· GAMS

6. Optimization of Unconstrained Functions: One-Dimensional Search (Chapter 5 – Edgar)
7. Unconstrained Multivariable Optimization (Chapter 6 – Edgar)
8. Linear Programming and Duality Theory (Chapter 7 – Edgar)
9. Nonlinear Programming with Constraints (Chapter 8 – Edgar)
10. Mixed Integer Programming (Chapter 9 – Edgar)
11.  Applications (mostly through presentations on 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:

Grades will be based on two tests and a research project as follows:








Date:

Test 1 



20 %  

        June 5, 2014
Test 2



20%   

        July 10, 2014

Project Proposal

5%  

        May 20, 2014

Progress Report

5%

        June 17, 2014

Oral Presentation

10%

        July 14 – 17, 2014
Project Final Report

40%

        August 15, 2014
                 

           _____

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%), a progress report (5%), an oral presentation (10%), and a final paper (40%). 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.

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). 

Progress Report: The objective of the progress report is to make sure you are on track. It will be due on June 17. At this point you should have a good idea of your approach, and some preliminary results (Suggested length: 5 - 10 pages).
Oral Presentation: Explain what you have done to the class. Please plan to speak for about 15 minutes, leaving room for a few questions afterwards. I will provide a sign-up sheet for presentations sometimes in June.  We might have to schedule some evening sessions. 
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. The report will be due during the finals’ week on August 15, 2014.
All project requirements should be submitted on-line in UWaterloo Learn. Submit your original word documents, power point presentation, and MATLAB or GAMS codes.
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	Date:
	Student's Name:
	Evaluator:

	Project

Title:
	Signature:

	Project #:

	Category
	Typical Criteria for Judging Quality

(Please explain A++ and F grades)
	A++
	A
	B
	C
	D
	F
	Mark

	
	
	Out-standing
	Excel-lent
	Good
	Satisfactory
	Marginal
	Failure
	

	Content completeness, accuracy, and originality
	Appropriate title, clear problem statement, explains the relevance and importance of the topic, difficulty and originality of project (30%)
	15
	13.5
	12
	10.5
	7.5
	6
	

	Paper results and contributions
	Demonstration of appropriate methodology and approach to the proposed project. Has performed suitable analysis background review. Clear description of the intended contributions of the term paper. Clear description of research methodology (basic research, empirical study, literature survey (40%)
	20
	18
	16
	14
	10
	8
	

	Organization
	Proper abstract, good title, appropriately numbered (sub) sections with

descriptive titles, good transition between sections, use of diagrams and tables, good English (20%)
	10
	9
	8
	7
	5
	4
	

	Appropriately chosen and annotated bibliography items
	Includes a list of 10–15 references (from credible, peer-reviewed sources) related to the topic of the term paper. Follows appropriate citation and bibliography style (10%)
	5
	4.5
	4
	3.5
	2.5
	2
	

	
	Out of
	50
	
	
	
	
	Total:
	


Comments: 
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