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Introduction to Chemical Engineering

Chapter 13

Economics

(Is It All Worth It?)
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13.1 Costs

 Engineering costs

Capital costs Operating costs

 The initial costs 

 Purchasing or building

 Reactors, heat exchangers, 

computers, control valves, 

piping and etc.

 Day-to-day costs 

 Operating equipment and 

running the process

 Raw materials, pumping, 

heating, cooling, labor, 

maintenance
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13.1 Costs

 Overall costs

• capital costs + operating costs in entire lifetime of equipment

High-Efficiency

Water Heater

Standard 

Water Heater

Purchase (capital) cost $550 $338

Operating cost per year $129 $172

Lifetime 10 years 10 years

Total cost $1,840 $2,058

 Capital and operating costs for two hypothetical water heaters
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13.1 Costs

 Capital costs (capital investment)

• purchase + delivery + installation

• piping, instrumentation, buildings, service facilities, land…

 Marshall & Swift Equipment Cost Index (M&S Index)
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13.1 Costs

 Estimation of equipments prices

   0.61&
$ 47.0 , :

814

M S
Tank or Reactor Cost V V volume in gallons

 
  
 

   0.65 2&
$ 398.0 , :

814

M S
Heat Exchanger Cost A A the area of heat exchanger in ft

 
  
 

   0.46&
$ 421 , : / min

814

M S
Centrifugal Pump Cost V V the volumetric flow rate in gal

 
  
 

 Estimation of delivery costs

• approximately 4 ~ 10%

 Estimation of capital investment by using “Lang” factor

• multiplying 6.0 for major plant addition to an existing site
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13.1 Costs

Example 13.1

The purchase prices of equipment needed for a plant expansion total $900,000. Use the guidelines for delivery costs and capital

investment given above to estimate the capital investment for this expansion.

 Operating costs

• raw materials, utilities, electric power, benefits, legal services, maintenance,

advertising, public relations, insurance, transportation, and etc.
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13.2 Profitability

 Gross annual profit

Gross annual profit Sales Operating costs Depreciation  

 Net Annual Profit After Taxes (NAPAT)

 1 , :NAPAT Gross annual profit fractional tax rate  

NAPAT
ROI

Capital Investment


 Return On Investment (ROI)

ROI value should be approximately 15% or greater.
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13.3 Economics of the acid-neutralization problem

 Equipment list

• HCl tank

• NaOH tank

• HCl pump

• NaOH pump

• Cooling water pump

• Heat exchanger
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13.3 Economics of the acid-neutralization problem

 Purchase price of equipments

• Volume of HCl and NaOH tanks (capable for 7 days)

11,600 0.26417 24 7
: 514,814

6,500 0.26417 24 7
: 288,474

L gal hr days
HCl tank gal

hr L day week

L gal hr days
NaOH tank gal

hr L day week

    
    

    

    
    

    

• Estimated purchase prices of HCl and NaOH tanks

   

   

0.6

0.6

1469
: $ 47.0 514,814 $258,600

814

1469
: $ 47.0 288,474 $181,600

814

HCl tank Cost gal

NaOH tank Cost gal
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13.3 Economics of the acid-neutralization problem

 Purchase price of equipments

• Estimated purchase prices of pumps

• Estimated purchase prices of heat exchanger

   

   

   

0.46

0.46

0.46

1469
: $ 421 51.1 / min $4,600

814

1469
: $ 421 28.6 / min $3,600

814

1469
: $ 421 191.3 / min $8,500

814

HCl pump Cost gal

NaOH pump Cost gal

Cooling water pump Cost gal

        

        

        

   
0.46

21469
: $ 398 818 $56,200

814
Heat exchanger Cost ft

         

Total purchase price of the equipments: $513,100
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13.3 Economics of the acid-neutralization problem

 Capital investment

 

  

  

: $513,100

: 110% $513,100 : $564,400

: 6.0 $564,400 $3,386,000

Purchase price as just calculated

Delivered purchased cost

Capital Investment 

 Gross annual profit

$6,090,000 $4,777,000 $339,000

$974,000

Gross annual profit Sales Operating costs Depreciation  

  



 Net Annual Profit After Taxes (NAPAT)

 

  

1 , :

1 0.33 $974,000

$653,000

NAPAT Gross annual profit fractional tax rate  
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13.3 Economics of the acid-neutralization problem

 Return On Investment (ROI)

$653,000

$3,386,000

19.3%

NAPAT
ROI

Capital Investment






ROI value should be approximately 15% or greater.
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13.4 Reporting the results



14

Introduction to Chemical Engineering

13.4 Reporting the results


