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Economic balance approach

• Changes in design variables cause some costs to increase while 
others decrease. Total cost is the sum of fixed costs and variable 
costs. There is always a set of values at which the total costs are 
a minimum. 

• Fixed costs are practically constant throughout time and 
independent of production rate. Examples of fixed costs are: 
interest, rent, insurance, taxes, and depreciation. Variable costs 
are tied to production rate. Typical variable costs include those 
for raw materials, labor and energy utilities. 
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Economic Pipe Diameter
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For a given flow, cost of pumping increases with decrease of pipe diameter
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The pumping cost is increased with decreased size of pipe diameter because of 
frictional effects,  while the fixed charges for the pipeline become lower when smaller 
pipe diameters are  used because of the reduced of capital investment. The optimum 
economic diameter is  located where the sum of pumping cost and fixed cost for the 
pipeline become a minimum 
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Economic Insulation Thickness
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Initially, as insulation is applied, the total annual cost decreases rapidly because the value 
of incremental energy savings is greater than the incremental cost of insulation. Additional 
insulation reduces total cost up to a thickness where the change in total cost is equal to 
zero. At this point, no further reduction can be obtained; beyond it, incremental insulation 
costs exceed the additional energy savings derived by adding another increment of 
insulation. 
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Optimum Number of Effects for 
Evaporation
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Forward feed arrangement in triple-effect evaporator 
(dotted line: recycle stream)
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Backward feed arrangement in triple-effect evaporator 
(dotted line: recycle stream)
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It may be noted that the first effect is that in which the fresh steam is fed, 
whereas the vapour generated in the first effect is fed to the next evaporator 
(connected in series with the first effect) is known as second effect and so on. 

The forward feed requires a pump for feeding dilute solution to the first effect. 
The first effect is generally at atmospheric pressure and the subsequent 
effects are in decreasing pressure. Thus, the liquid may move without the 
pump from one effect to another effect in the direction of decreasing pressure. 
However, to take out the concentrated liquid from the last effect may need a 
pump.
The backward feed arrangement is very common arrangement. A triple-effect 
evaporator in backward arrangement is shown in the fig.9.6. In this 
arrangement the dilute liquid is fed to the last effect and then pumped through 
the successive effects to the first effect. The method requires additional 
pumps (generally one pump in between two effects) as shown in the fig. 9.6. 
Backward feed is advantageous and gives higher capacity than the forward 
feed when the concentrated liquid is viscous, because the viscous fluid is at 
higher temperature being in the first effect. However, this arrangement 
provides lower economy as compared to forward feed arrangement.
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Optimizing Heat Exchanger
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Batch Processing Plants
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