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CHEMICAL ENGINEERING education at 
Rensselaer includes process design in which 

the students design and evaluate complex 
chemical process components and systems 
through the application of scientific, technolo­
gical, and economic principles. Emphasis is 
placed on problem formulation and the concep­
tual, analytical, and decision aspects of open­
ended situations through integration of know­
ledge and skills gained in previous and con­
current formal course study. A significant part 
of the course relates process design to economics 
by such measures as return on investment and 
selling price. Probabilistic aspects1 as well as con­
ventional deterministic situations are treated. Al­
though economics calculations are elementary, 
they require significant student time which could 
be better spent in synthesis and analysis. it is 
desirable for students to study economic conse­
quences of production rate changes, manfacturing 
cost variations, depreciation methods, and other 
factors with a minimum of effort being expended 
in obtaining the information. To assist students 
in these analyses, a computer procedure to esti­
mate annual rate of return for a chemical process 
was recently developed under two Master of En­
gineering projects.2•3 Although the procedure con­
siders only the deterministic situation under a 
single set of circumstances, it has improved stu­
dent efficiency in preparing and understanding 
the economics sections of process design reports. 

FEATURES OF THE PROCEDURE 

JT IS THE OBJECTIVE of the procedure to 
provide an annual rate of return on investment 

capital from estimates of capital and operating 
costs derived from equipment specifications; 
utility, product, and r aw material rates and unit 
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costs; labor requirements and rates; on-stream 
time; and similar input information. The pro­
gram, shown schematically in Figure 1, is or­
ganized into four levels of operation having the 
following functions: program control, input/ 
output, basic calculations, and equipment cost 
d~a. . 
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Organization of Process Economics Procedure 

The executive routine MAIN directs the pro­
cedure by properly sequencing the routines of the 
second and third levels of program hierarchy. 
Each set of process specifications is considered 
as a separate case, and MAIN is responsible for 
array initializing and providing the required 
number of case studies. 

Major data input is accomplished by READ. 
These data include specifications for the in­
dividual items of equipment, the current cost in­
dex, and general information concerning manu­
facturing costs: labor rates, utility rates, and 
on-stream time. 

All equipment costs are determined in a 
general costing routine COSTN using the power­
law relation 

Delivered Cost = C1 (SIZE) C2 
Five size ranges are available, and the co­
efficients C, and C, are transmitted from the 
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equipment routines PUMP, CSTR, ... , DRIVER 
via COMMON block. Thus one general cost­
determining procedure including logic for select­
ing the proper size-related power-law coefficients 
is used, resulting in an appreciable reduction in 
core requirements. Logic for accommodating 
equipment sizes outside the minimum and maxi­
mum size ranges is also provided. Access to these 
coefficients stored in the equipment routines is 
accomplished by the routine FIND. 

All individual utility-related calculations are 
performed or controlled by UTIL. As its :first 
function, the routine converts utility usage of 
each item as presented in the equipment specifi­
cations to an annual rate and cost, based on the 
on-stream time. Seven different utilities are con­
sidered: electricity, steam (three types), fuel, 
cooling water, and an undesignated utility to be 
specified by the user. The routine also accumulates 
individual costs by category for presentation in 
the final economic summary. 

Control of capital cost determination for 
drivers is the second function of UTIL. If equip­
ment specifications indicate a driver is required, 
the routine DRIVER is called to supply size­
related cost parameters to the costing routine 
COSTN. The proper type of driver is determined 
by the utility specified. 

Equipment data routines PUMP, CSTR, . .. , 
DRIVER are in a standard format and contain 
two types of data: a description of the equipment 
category, design, and construction material to be 
printed as output; and power-law coefficients and 
size limits for the costing routine COSTN. Each 
item of equipment is specified by 25 input para­
meters which are summarized in Table 1 and 
which determine the options within the data 
routine to be used. The size-related cost coeffi­
cients and size limits were adapted from the 
compilation of Dryden and Furlow• and other 
sources. Forty equipment categories are avail­
able in the procedure: Conventional processing 
equipment including pumps, heat exchanges, 
pressure vessels, etc. - 24. Unspecified processing 
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understanding the economics sections 
of process design reports. 
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equipment - 1. Specified drivers -3. Unspecified 
driver - 1. 

The two unspecified categories for processing 
equipment and drivers permit direct input of 
capital costs obtained external to the program. 

A process comprising of fifty items or less of 
processing equipment (excluding drivers) can 
be accommodated by the procedure. Spares or 
identical items can be specified by parameters 
and are not included in this limitation. 

The economic analysis is performed in RE­
S ULT, a general bookkeeping and output rou­
tine. Manufacturing fixed capital is determined 
from delivered equipment costs and equipment 
Lang factors with cost adjustments by the cur­
rent cost index. Nonmanufacturing fixed capital 
is estimated from the manufacturing fixed capital, 
and working capital items are provided as input. 

TABLE 1. Equipment Parameters 

1. External reference (refers to flowsheet item num­
ber) 

2. Internal reference (designates equipment subrou-
tine called) 

3. Construction material option 
4. Size parameter 
5. Utility type 
6. Utility usage (as power) 
7. Design option 
8. Pressure 
9. Temperature 

10. Number of identical pieces 
11. Utility usage (as flow rate or other) 
12. .Material flow rate 
13. Driver flag (determines if driver is required; utility 

type determines driver type) 
14. Size parameter 
15. Size parameter 
16. - 22. Unassigned. 
23. Driver cost if not calculated in subroutines 
25. Installed equipment cost if not calculated in sub­

routines 

Additional input information required for manu­
facturing cost estimation include flow rates and 
costs for raw materials, product, and by-products, 
and the labor requirements . The final economic 
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analysis is summarized as six tables : 

• Equipment specifications and cost details. 
• Delivered equipment cost summary. 
• Utility cost summary. 
• Capital (manufacturing, nonmanufacturing, and work­

ing) investment summary. 
• Manufacturing (chemical, utility, labor, overhead, 

maintenance, etc.) cost summary. 
• Annual earnings and rate of return summary. 

Additional tables summarize input information. 
The procedure, written in FORTRAN IV, 

occupies approximately 74K bytes of storage 
comprised as follows: 

Equipment data routines 
Operation routines 

Total program 
FORTRAN compiler routines 
Computer operating area 

Support 
Total core requirement 

22K 
17K 

39K 
30K 
5K 

35K 
74K 

The procedure operates in batch mode from disc­
stored object code, and a typical plant containing 
25 major items of processing equipment is cost 
estimated in 10 seconds or less using an IBM 
360/ 50 computer. 

APPLICATION IN PROCESS DESIGN COURSE 

THE PROCEDURE WAS implemented on a 
trial basis in the senior process design 

course at Rensselaer during the spring semester 
of 1973. After several instructional periods on 
concepts and methods of process design eco­
nomics, a one-hour lecture was presented on the 
structure and operating procedure of the costing 
program. This was supplemented with a . hand­
out describing specific details : 

• Summary of procedure for estimating capital require­
ments and manufacturing costs. 

• Outline of equipment specification elements (an ex­
tension of Table 1). 

• Specifications required for each item of equipment 
available in the equipment routines. 

• Detailed format for input data. 
• JCL instructions. 
• Input and output for a sample problem. 

Students applied the procedure during the design 
and analysis of a solvent recovery facility, a con­
ventional design problem assigned for seven 
weeks. Class-supplied instructions for the pro­
gram appeared satisfactory, and no further in­
structions or assistance were required. 

In this limited application, the procedure was 
successfully used. Output records, detailing the 
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economics of the design, were directly incorpo­
rated into the final design reports. As use of the 
procedure was experimental, its use in parametric 
economic studies was not considered. This initial 
success will encourage more extensive use in fu­
ture classes. 

CONCLUSION AND FUTURE WORK 

JN ITS PRESENT FORM, the procedure was 
successful in preparing the economic analysis 

of a typical chemical process based on an annual 
rate of return on investment in a deterministic 
situation. This is a somewhat limited case, so 
future development will be conducted in two 
areas. One area of endeavor will consider re­
structing the input/output procedures and con­
trol concepts so the program will accommodate 
several optional economic analyses ( e.g., selling 
price determination) as well as probabilistic 
situations described earlier. A second effort has 
as its objective the adaption of the procedure for 
interactive use with a teleprocessing system. 
Thus both batch and conversant modes are pro­
jected for future operation. • 
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