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An optimum design is based on the best or most favourable conditions
In engineering process design, the criterion for optimality can most 
often be reduced a consideration of costs and profits
The optimum for a process design is the most cost
arrangement, sequencing of process equipment and operating 
conditions for design
Steps in the development of an optimum design:Steps in the development of an optimum design:

• Determine which factor needs to be optimized, i.e., determine the objective 
function

• The process variables and constraints that affect the objective function needs to 
be identified and relationships developed to show how the variables affect the 
chosen function (process variables are variables that affect the values of the 
objective function while constraints are limitations on the process)

• Finally, these relationships are combined graphically or analytically to give the 
desired optimum conditions 
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An example illustrating the principles of an optimum economic design 
is shown in the Figure. The problem here is to determine the 
optimum thickness of insulation
The annual fixed costs increases as the insulation thickness is 

An optimum economic design could be based on conditions giving 
maximum profit per unit production
When one design variable is changed, often some costs increase and others decrease. Under 
these conditions, the total cost may go through a minimum and at one value of the particular 
design variable and this value is the optimum value of the variable.
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The annual fixed costs increases as the insulation thickness is 
increased, while the operating costs decrease as the cost of heat
loss decreases. 
The sum of the costs goes through a minimum at the optimum
insulation thickness.

Though cost considerations and economic balances are the basis of most optimum designs, 
there are times when factors other than cost determine the most favourable conditions such 
as optimum operating temperature for a reactor based on equilibrium and reaction rate 
limitations. Optimum temperature may be based on maximum percentage conversion or 
maximum amount of final product per unit time

An example illustrating the principles of an optimum economic design 
is shown in the Figure. The problem here is to determine the 

The annual fixed costs increases as the insulation thickness is 

An optimum economic design could be based on conditions giving least cost per unit time or 

When one design variable is changed, often some costs increase and others decrease. Under 
these conditions, the total cost may go through a minimum and at one value of the particular 
design variable and this value is the optimum value of the variable.
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The annual fixed costs increases as the insulation thickness is 
increased, while the operating costs decrease as the cost of heat

The sum of the costs goes through a minimum at the optimum

Though cost considerations and economic balances are the basis of most optimum designs, 
there are times when factors other than cost determine the most favourable conditions such 
as optimum operating temperature for a reactor based on equilibrium and reaction rate 
limitations. Optimum temperature may be based on maximum percentage conversion or 



Optimization procedure with one variable
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Optimization procedure with one variable
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Optimization procedure with two or more variables
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Optimization procedure with two or more variables
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Break-even chart for production schedule and its significance 
for optimum analysis

One of the factors that has an important effect on the overall 
costs or profits in a plant operation is the fraction of total
available time during which the plant is in operation. 
If the plant stands idle or operates at low capacity, costs for raw 
materials and labour are reduced, but costs for depreciation and 
maintenance continue at essentially the same rate though the 
plant is not in full use
There is a close relationship among operating time, rate of 
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There is a close relationship among operating time, rate of 
production and selling price
It is desirable to operate the plant at a schedule which will 
permit maximum utilization of fixed costs while simultaneously 
meeting market sales demand and using the capacity of the 
plant production to give the best economic results 
The figure shows how production rate affects costs and profits 

The fixed costs remain constant while the total product cost and profit increases with increased rate of 
production. The point where total product cost equals total income represents the break
The optimum production schedule must be at a production rate higher than that corresponding to the break
point.
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There is a close relationship among operating time, rate of 

It is desirable to operate the plant at a schedule which will 
permit maximum utilization of fixed costs while simultaneously 
meeting market sales demand and using the capacity of the 

The figure shows how production rate affects costs and profits 

The fixed costs remain constant while the total product cost and profit increases with increased rate of 
production. The point where total product cost equals total income represents the break-even point
The optimum production schedule must be at a production rate higher than that corresponding to the break



Optimum Production Rates in Plant Operation
The same principles used for developing an optimum design can be applied when determining 
the most favourable conditions in the operation of a manufacturing plant

The optimum rate of production can be determined from the analysis of the costs involved and 
other factors affecting plant operation 

The optimization can be done based on 

Total product cost per unit time

Total profit per unit timeTotal profit per unit time

Variables involved is the production rate or the amount of product produced per unit time

Total product cost per unit time may be divided into the following 

(i) Operating costs – depends on rate of production and includes labour, raw materials, power, 
heat etc and depends on the amount of material produced

(ii) Organizational costs – independent of rate of production and includes supervisory, 
engineering, administrative personnel, physical equipment and other services or facilities which 
must be maintained irrespective of amount of material produced
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The optimum production rate (P
per unit of production if the selling price remains constant 
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optimum production rate (Po ) gives the maximum profit 
per unit of production if the selling price remains constant 
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