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Challenge for the Process engineer

Existing Process

Adjust Operation/ Post 
treatment

Environmental 
Impact

Dynamic 
Legislations



WHY OPTIMIZE?

1. Improved yields, reduced pollutants

2. Reduced energy consumption

3. Higher processing rates

4. Reduced maintenance, fewer shutdowns

5. Better understanding of process (simulation)

But there are always positive and negative factors to be

weighed













Example

ÅPlant design (sizing and layout).

ÅOperation (best steady-state operating 
condition). 

ÅParameter ŜǎǘƛƳŀǘƛƻƴ όƳƻŘŜƭ ŦƛǘǘƛƴƎύΦ ω 
Allocation of resources. 

ÅChoice of controller parameters (e.g. gains, 
time constants) to minimisea given 
performance index (e.g. overshoot, settling 
time, integral of error squared).



Optimization 

ÅTypical engineering problem: You have a 
process that can be represented by a 
mathematical model. You also have a 
performance criterion such as minimum cost. 
The goal of optimization is to find the values 
of the variables in the process that yield the 
best value of the performance criterion. 



Optimization



Properties

f(x) 

Åsingle variable or 
multivariable

Å linear or nonlinear 

Å sum of squares 

Åquadratic 

Å smooth or non-smooth 

Å sparsity

h(x) and g(x) 

Åsimple bounds

Å smooth or non-smooth

Å sparsity 

Å linear or nonlinear 

Å no constraints



Properties

Variable x

Å time variant or invariant 

Åcontinuous or discrete

Å take only integer values

Å mixed

Example of f(x)

Å maximum profit

Å minimum cost 

Å minimum effort

Å minimum error 

Åminimum waste 

Å maximum throughput 

Å best product quality



Feasible region



Feasible region



Steps Used To Solve Optimization 
Problems

1. Analyze the process itself so that the process 
variables and specific characteristics of 
interest are defined, i.e., make a list of all of 
the variables.

2. Determine the criterion for optimization and 
specify the objective function in terms of the 
above variables together with coefficients. 
This step provides the performance model 
(sometimes called the economic model when 
appropriate).



Steps Used To Solve Optimization 
Problems

3. Develop via mathematical expressions a valid 
process or equipment model that relates the 
input-output variables of the process and 
associated coefficients. Include both equality 
and inequality constraints. Use well-known 
physical principles (mass balances, energy 
balances), empirical relations, implicit 
concepts, and external restrictions. Identify 
the independent and dependent variables 
(number of degrees of freedom).
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Steps Used To Solve Optimization 
Problems

4. If the problem formulation is too large in 
scope: 

A. Break it up into manageable parts and/or

B. Simplify the objective function

5. Apply a suitable optimization technique to 
the mathematical statement of the problem.

6. Check the answers and examine the 
sensitivity of the result to changes in the 
coefficients in the problem and the 
assumptions.



Obstacles and Difficulties

ÅObjective function and/or the constraint functions 
may have finite discontinuities in the continuous 
parameter values.

ÅObjective function and/or the constraint functions 
may be non-linear functions of the variables.

ÅObjective function and/or the constraint functions 
may be defined in terms of complicated interactions 
of the variables. This may prevent calculation of 
unique values of the variables at the optimum.



Obstacles and Difficulties

ÅObjective function and/or the constraint functions 
Ƴŀȅ ŜȄƘƛōƛǘ ƴŜŀǊƭȅ άŦƭŀǘέ behavior for some ranges of 
variables or exponential behavior for other ranges. 
This causes the problem to be insensitive, or too 
sensitive.

ÅThe problem may exhibit many local optima whereas 
the global optimum is sought. A solution may be 
obtained that is less satisfactory than another 
solution elsewhere.

ÅAbsence of a feasible region.

ÅModel-reality differences.
























