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Pre-requisites: 

Chemical Engineering Calculations, Mathematics, Process Control 

Course Outcomes 

On successful completion of the course, the students will be able to: 

CO1  Students will able to explain the fundamentals of optimization and problem formulation in chemical 
process industries. 

CO2 Students will able to apply basic optimization theory to analyze unconstrained chemical engineering 
problems. 

CO3 Students will able to use appropriate numerical methods to solve simple optimization problems in process 
systems. 

CO4 Students will be able to analyze optimization applications in heat transfer, separation, and reactor systems 
of chemical industries. 

Theory syllabus 

Unit Content Hrs 

1 

Fundamentals of Optimization and Problem Formulation: Nature and scope of optimization 

in process industries, hierarchy of optimization in chemical engineering systems, industrial 

examples of optimization, essential elements of optimization problems, general procedure for 

optimization, basic development and classification of mathematical models, introduction to 

empirical model fitting, equality and inequality constraints, formulation of objective functions, 

economic objective functions, and basic measures of profitability. 

7 

2 
Basic Concepts of Optimization Theory: Basic optimization concepts, continuity and 
differentiability of functions, nonlinear programming problem formulation, convex and non-
convex functions, role of convexity in optimization, quadratic approximation of objective 

functions, necessary and sufficient conditions for unconstrained optimization, and physical 
interpretation of optimality conditions in chemical engineering applications. 

8 

3 
Optimization of Unconstrained Functions: One-dimensional optimization methods, scanning 

and bracketing techniques, Newton and quasi-Newton methods for single-variable optimization, 

finite-difference approximation of derivatives, polynomial interpolation methods, extension of 

one-dimensional methods to multivariable optimization, direct search techniques, and gradient-

based methods such as steepest descent. 

8 

 

4 

Optimization Applications in Chemical Engineering Systems: Optimization applications in 
heat transfer and energy conservation, waste heat recovery, basic optimization of heat 

exchangers and evaporators, optimization of staged distillation columns and reflux ratio, 
optimization of separation process flow rates, optimization of fluid flow systems, minimum 
work of compression, and introductory optimization of chemical reactor systems. 

 

7 
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Mapping of CO with PO and PSO: 

COs PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 
 

PSO1 PSO2 PSO3 

CO1 3 2 - 1 - - - - - - 2 2 1 3 

CO2 3 3 1 2  - - - - - 2 3 1 3 

CO3 3 3 1 2 1 - - - - - 2 3 1 3 

CO4  3 3 2 2 1 1 - - - 1 2 3 1 3 

 
 
  




