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SUMMARY

This report presents a revision of a Fortran computer program for benefit-cost and
cost-effectiveness analysis which runs on the Michigan State University Cyber 750. The
program is flexible with large capacity, permitting up to 50 sets of costs and 10 sets of
benefits, entered as quantities times price if desired. The program calculates five
evaluation measures: the Benefit-Cost Ratio (B/C), the Cost Effectiveness Ratio (C/E,
the Internal Rate of Return (IRR), the Net Present Value (NPV), and the Payback
Period. It also displays annual cash flows.

The six options available in the program are: 1) data entry choices for costs and
benefits as aggregated data, in detailed form, or with automatic replication of
repetitious data; 2) changes in scale of costs and benefits for sensitivity tests; 3) a
compound rate function to vary prices; 4) separation of capital costs from operating and
overhead costs; 5) use of a modified B/C ratio for evaluation of a particular scarce
resource; and 6) choice of a printout which summarizes inputs and results (4 tables), or an

expanded set of tables which provide complete listings of all the data employed.




I. INTRODUCTION TO THE USE OF THE PROGRAM*

L. Program Features

This mainframe program computes five evaluation measures; the benefit-cost ratio
C/B, the cost-effectiveness ratio C/E, the net present value (NPV), the internal rate of
return (IRR) and the payback period. It also provides annual cash flows. The benefit-
cost ratio for any identified scarce resource may also be obtained by using an option in
the program. Thus, if a resoruce other than capital is considered scarce, such as
technically trained manpower, analysis can be focused on this resource. For users of
Super Calc on the IBM-PC a similar but more limited program is available as a
spreadsheet (Crawford, Ho and Schmid).

Data entry is flexible. Incremental benefits (outputs), can be read in as aggregate
benefits or computed in the program from physical units of benefit multiplied by their
price, or value. Ten separate sets of benefits are accommodated. Incremental costs
(inputs) may be entered as totals or as up to 50 separate sets of physical inputs along
with their prices enabling calculation of total cost. Capital costs may be separated from
operating costs and overhead costs. The option to enter prices of cost items, or the
value (prices) of benefits for each year of the planning horizon permits complete
flexibility at the cost of more detailed entry of price data.

It should be emphasized at this point that all cost and benefit data entered for
benefit-cost or cost-effectiveness analysis has to represent incremental costs and

benefits, i.e. those additional costs and benefits which are due to the project. Estimates

*Robert Ranger indicated that this program grew out of a suggestion by a
colleague, Mr. Chong Kwong-Yuan and that Dr. Stevens encouraged and aided in its
development. Helpful comments on the manuscript were given by Drs. Liedholm,
Schmid, and Staatz. This edition of the program (Revision 3) increased benefit sets from
1 to 10 and has added the cost-effectiveness ratio. The previous versions of this report
were AER 149 written in 1969, and a revised edition m 1975. This research has been
supported in part by Michigan Agricultural Experiment Station Research Project No.
1079. Michigan Agricultural Experiment Station Journal No. 11855.




of these values are obtained from the difference between costs and benefits with the
project and without it.

Prices may be calculated automatically. This feature employs the price function
P= A(1=B)* (t=year), values for A and B being specified by the user. Hence, a price may
be made constant (with B=0), or it may increase or decrease exponentially each year at a
specified rate due to inflation, or other factors. (see Figure 1.

P
B>0

B

0

B>0

time

Sensitivity analysis can be carried out by using a scale factor to change the level of
benefits and costs. Benefits and costs may be set at some fraction of the original values,
such as 70 percent or 120 percent.

The standard computer printout from this program contains four tables (Appendix
B). Appendix Table | and 2 show the inputs to the program. Appendix Table 3 displays
year, the sum of benefits, capital costs, operating costs, and shows net present value,
cash flow, or incremental net present value, as well as the benefit-cost and cost-
effectiveness ratios. Note that discounting starts in the second year in this program.
Appendix Table 4 shows the internal rate of return calculated in steps of 2 percent
interest rate. Five additional more detailed tables (5-9) may also be obtained. The first
two list by year the values of all sets of inputs and outputs, the latter two give even

more detail with all sets of inputs and outputs and their prices.



Different projects may be compared using results from the program by plotting net
present value as a function of the interest rate to determine whether a ranking problem
exists with use of the internal rate of return. A flow chart of the program is provided in

Appendix A.

IL Background Information About Benefit-Cost and Cost-Effectiveness Analysis

The history of formal benefit-cost analysis and of cost-effectiveness analysis is
relatively short. Until the 1960's most benefit-cost analysis was carried out for the U.S.
Corps of Engineers to evaluate water resource projects. Cost-effectiveness terminology
has been used generally in the literature of a number of disciplines since the 1960's in a
broad sense of an analysis which attempts to assess the cost of producing or providing a
unit of benefit. Often, however, these studies have not employed formal cost-
effectiveness analyses methodology including discounting. In most of the economic
literature the term cost-effectiveness has been reserved to refer to the formal offshoot
of benefit-cost analysis. (See especially Thompson, 1980, p. | and p. 224). Introduction
to the very large benefit-cost and cost-effectiveness appraisal literature may be found in
the list of some recent texts in the reference section.

In formal benefit-cost analysis the sum of the dollar values of all benefits of an
activity, program, or project, over a series of years is compared with the sum of all costs
for the activity, program, or project. All values are discounted with an appropriate
interest reate to provide a B/C ratio. In formal cost-effectiveness analysis the sum of
all costs of an activity, program, or project, over a series of years is compared with the
number of units of benefit. All values are discounted with an appropriate rate to provide
a C/E ratio. The specific differences between the two measures and how they relate
methodologically can be indicated showing how the benefit-cost equation can be modified
to arrive at the cost-effectiveness equation. The benefit-cost formulation (Equation 1)

shows that benefits are estimated in dollar values.



Equation 1. The Benefit-Cost Ratio
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Where: B = Benefits = (o.l X (P, t)

C = Costs = (Ijt) X (pjt)

O = Units of output or benefit (tons of crop, years of life, etc).

I = Units of input or cost (hours of labor, number of machines, or services
and etc.).

P = Price or value of the units of output or input.

h = The rate of interest or the discount rate expressed in decimals.

t = The year of the data.

k = Number of years included in the analysis.

i = | to n outputs (sets of benefits) included in analysis.

i = | to m outputs (sets of costs) included in analysis.

To obtain the cost-effectiveness ratio, the equation is inverted and no price is assigned
to benefits. Thus the expression provides an estimate in dollars, of the cost of providing

one unit of benefit (output). (Equation 2).

Equation 2. The Cost-Effectiveness Ratio
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Note, however, that in cost-effectiveness analysis benefits (outputs) are limited to being
measured in quantitative units, such as years of life, or units of activity completed, as no
price or value is assigned to the benefits (outputs). All the P;,, thus are dropped from
the equation. It follows that cost-effectiveness analysis can usually only be employed in
comparing alternative activities, programs, or projects or scaler thereof which are
measured in the same quantitative units and involving only the same kind of units of
output. Note, also that in cost-effectiveness analysis, the larger the value of the C/E
ratio, the higher the cost, or the more resource use required per unit of benefit. Hence
the lower the cost-effectiveness of the activity, prograin or project, the more cost-

effective.

1. The Five Assessment Measures and Their Use

Five common measures in benefit-cost and cost-effectiveness analysis are the

following:

A. The Benefit-Cost ratio (B/C)

B. The Cost-Effectiveness ratio (C/E)

C. The Internal Rate of Return (IRR)

D. The Net Present Value (NPV)

E. The Payback Period
The cost-effectivenss ratio has no meaning in benefit-cost analysis and the four other

measures are not used in cost-effectiveness analysis.

A.1l. The Benefit-Cost Ratio B/C

The benefit-cost ratio (or the alternative synonomous term the cost-benefit ratio)
is simply the ratio of discounted benefits to discounted costs as is shown in Equation 1.

The B/C ratio is interpreted as follows. When discounted benefits are greater than
discounted costs, the ratio will be larger than one. If the ratio is less than one,
discounted benefits are less than discounted costs and there would be a net loss due to

the activity or project. It therefore, would usually be undesirable. If the ratio were



equal to one, benefits would just equal costs given the interest rate used in the
calculation. The general decision rule for the use of the benefit-cost ratio is to support
the program with the highest ratio, when it is greater than one, unless mutually exclusive
~ projects are being compared. In that case if costs are the same one should choose the
project with the highest NPV. Note, in all analyses care in choosing the appropriate
interest rate is required. For valid comparisons, all analyses have to use the same
interest rate.

2. The Cost-Effectiveness Ratio C/E

Cost-effectiveness analysis is a modified form of benefit-cost analysis in which the
benefits are measured in physical units such as years of life, units of treatment,
immunizations, etc. For ease of use, the equation is inverted so as to estimate the cost
per unit of benefit. (See equation 2).

The decision rule for the use of the cost-effectiveness ratio is to choose the
program, project, or activity which has the lowest cost per unit of benefit. Comparisons
can only be made between activities which have the same units of benefit, such as years
of life, or units of a particular service, or which achieve the same objective. For valid
comparisons, in any of these analyses the interest rate employed must be the same.

3. Internal Rate of Return IRR

The internal rate of return (IRR) is defined as the interest rate in the benefit-cost
calculation which causes discounted costs to equal discounted benefits. If discounted

costs are equal to disconted benefits, the B/C ratio equals 1. (Equation 3).

Equation 3. The Internal Rate 6f Return (IRR)

-____"E =0
g, (1+IRR)
______1___ t:]

K
D k
s
=1 IS z B; - Gy
k
L%




The Internal Rate. of Return is interpreted as the interest rate earned by the
project. IRR is calculated by solving for NPV with the interest rate changed by steps to
reduce the NPV to zero. The program interest rate (h) is first adjusted in steps of 2
percent, then adjusted in steps of 0.1 percent up or down until NPV is near zero. The
final value of h is thus an approximation of IRR accurate within 0.1 percent. In some
projects more than one value for h is possible (multiple roots). In this case the program
may provide inconsistent results.] The decision rule for use of the IRR is, when greater
than the appropriate interest rate applicabale for the use of the resources in the project,
the project would provide a net contribution to the economy. If the IRR were less than
the applicable interest rate, the project or activity should be rejected as other uses of
the resources would be likely to provide greater benefits. It is perhaps obvious that when
the IRR is less than the interest rate h, the benefit-cost ratio is less than one, and when
greater than the interest rate, the benefit-cost ratio is greater than one.

4. The Net Present Value (NPV)

The net present value estimates the net value in discounted dollars contributed to

the economy by the activity, program, or project. (Equation &).

Equation 4. The Net Present Value
K

B. - C,
NPV = ___1_.__::_
+
t=] (1+h)
It is the discounted sum of benefits minus costs. If the NPV is negative, the
activity, program, or project provides a value in dollars less than the cost of the

resources used and it has a benefit-cost ratio less than one. Hence the project would be

an undesirable use of the resources. If the NPV is positive, the activity, program, or

1More than one root is possible only if the net present value becomes negative
again in later years after becoming positive, due to the pattern of distribution of costs
and benefits through time. This may be observed when it occurs in Table 3.



project is estimated to make a positive contribution. It would also have a benefit-cost
ratio above l. If the same amount of resources were used in two projects, the project

with the higher NPV would be chosen as it provides more benefits.’

5. Payback Period

The payback period is the number of years (t) the project must run until discounted
benefits rise high enough to equal discounted costs. The payback period, in years, is
identified as the year net present value becomes positive. It may be found by observing
the net presetn value for each year in Table 3, or the printout of the cost-benefit
analysis. The payback period, or breakeven period, may be chosen validly as a criterion
to choose projects or programs in very limited circumstances. In a risky environment,
projects with shorter payback periods might be chosen. Units of government and
businesses sometimes use this criterion, particularly when concerned about the time
needed to recover expenditures on an investment. The payback period is seldom used as
the primary criteria because a project with a short payback period may provide a much
lower cost-benefit ratio, or a lower internal rate of return. It would be foolish in many

instances to commit to a low return project just because it had a short payback period.

2The relationships between NPV, IRR and the B/C ratio can also be shown in the
following way. When discounted costs equal discounted benefits then the benefit-cost
ratio equals 1. k

B
E 1+t k k k
t=1 =1, th B _ C :\ B-C
K =1, en E * T and r 0
C (1+h) (1+h) Z__1(1+h)
t t=1 t=1 t=1
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t=1
The NPV is defined as the difference between discounted benefits and discounted costs.
k
B-C
t=1

When NPV equals O the B/C ratio equals | (discounteed costs equal discounted benefits)
and the interest rate (h) in the equation is called the IRR.



2. DETAILED DESCRIPTION OF PROGRAM OPERATION

IDENTIFICATION OF THE PROGRAM

TITLE: A General Benefit-Cost and Cost-Effectiveness
Analysis Computer Program (BENCOST)

TYPE: Fortran Main Program

DEVELOPED BY: Robert F. Ranger (original programmer),
Robert D. Stevens, Roy A. Saper, and
Ting-Ing Ho

ORGANIZATION: Department of Agricultural Economics,
Michigan State University

DATE: July 1985 (Third Revision)

PURPOSE

Computation of the Benefit-Cost ratio, the Cost-Effectiveness ratio, the Internal
Rate of Return, the Net Present Value, and display of the Payback Period and the
annual cash flow which helps in the economic evaluation of activities, programs
and investment projects. Projects are often described by using input-outpur
terminology, where inputs are equivalent to costs and outputs are equivalent to

benefits. In this document the terms benefits and costs will be used.

PROGRAM LIMITS AND OPTIONS
A. Limits to the scope of the program:
l. The Planning horizon is limited to 100 years.

2. The total number of operating and overhead costs is limited to 50, and
the number of capital costs is limited to 10.

3. The number of benefits is limited to 10.

4. The internal rate of return calculation will not operate above 400
percent.

5. The internal rate of return is printed to an accuracy of 0.1 percent.

6. Analyses of smaller data sets cost less than $1.00 to run.




ll

Major porgram options.

Data Entry Options For Each Year (Option BCO=1 and CCO=1).
-Two methods are available for entering sets of costs and benefits.

a. Quantities and prices are entered for each uear. The total value is
then computed as the product of price and quantity.

b. Total values for costs and benefits are entered for each year in
place of qualities, then the value for price is set at 1.

Price Function Option (Option BCO=0 and CCO=0).

If prices are expected to show a contstand yearly trend, they may be
expressed in the function P= A (1 + B)Y. Then A would be used to
indicate the price (scale factor) and B would be entered to indicate rate
of change in price (i.e., 0.02 = an annual increase in the price of 2
percent).

Scaling Option for Price or Value.

The value, or price, of each cost or benefit may be changed
independently to explore the effect of possible changes in the prices of
cost items or in the estimates of benefits (for sensitivity analysis). This
is accomplished through the use of scale factor, where a value of 1
means no change, 1.5 means a 50% increase, etc. (See E. below).

Constant Cost Option (Option C2).
Quantities of cost that remain the same over the planning horizon need
be entered only in the first year. they will be replicated automatically.

Separation of Capital Cost, or Scarce Resource, Option (Option Cl=1).
Costs may be separated into operating costs (including overhead costs)
and capital costs (or operating costs and scarce resource costs).

Benefit/Scarce-Resource-Cost Option (Option C1=C2 and C1=C3).
Modified benefit/cost ratios may be obtained which provide a
Benefit/Cost ratio with one scarce resource in the denomenator and
other costs netted from the numerator. ( NPV Benefits/ NPV of a Scarce
Resource).

Table Printout Options

a. Basic Tables for the Analyses

Table 1. Explanation of Input Data.

Table 2. Printout of Entered Input Data.

Table 3. Summary of Benefit-Cost or Cost-Effectiveness
Analyses.

Table 4. Estimated Internal Rate of Return (IRR) for this Analysis

b. More Detailed Tables Which Can be Requested.

Table 5. Lists the value of each capital cost item (I X (Pr)
by year. ) )
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Table 6. ists the value of each operating or overhead cost item
\ jt) X (F’j t) by year.

Table 7. Lists the amount of each benefit by year (Oit) X (Pi t) .

Table 8. Lists the quantity and price, of each operating and
overhead cost by year zljt’ Pjt)'

Table 9. Lists the quantity and price (value) of each benefit by

year (O. ., pit .

PROGRAM SETUP (All lines (or cards) begin with Column 1).

PNC The PNC, usuerid, and password will be
userid, CM120000, JC500. different for each person. These are
PW=password obtained from the Computer Center when

your account is set up.

ATTACH,LGO,BENCOST. To access the BENCOST program.
LGO Runs the program.
*EOS (For card use only 7/8/9) Line for End of Section. (On cards a 7,

8, and 9 are all punched in column one).

The set of BENCOST control and data lines go here as described in Section V
below.

*EOQI (6/7/8/9) Not needed except when cards are used. (9, 6, 7, 8, and 9 are all
punched in Column one of the card).

Note: More than one complete set of control and data statements may be
included in a single computer run in order to carry out more than one
analysis at a time. For multiple analyses, the last data line in the first set
of statements should be followed immediately by the title line for the
second analysis with no statements in between.

CONTROL AND DATA LINE FORMATS

Input Format: All data must be right justified with no demicals excpet as
indicated below. Any field left entirely black will be read as a zero.

A. Title Line
COLUMNS CONTENTS
1-80 Enter identification title for this analysis.

B. Parameter, Program Computation Options and Printout Choices (See

Table | and 3).



COLUMNS

1-5

6-10

11-15

16-20

21-25

30

35

40

12

CONTENTS

Length of planning horizon; the number of years
of project life between 2 and 100.

The number of benefits; a vlue between | and 10.
The number of operating and overhead costs; a
value between | and 50. (Includes capital costs if
they are not entered separately).

The number of capital costs; a value between 0
and 10. Enter 0 if capital costs not entered

separately.

Interest or discount rate (h), entered with a
decimal point, eg. .06 for 6%.

BCO Incidates how prices of benefits will be

entered:

0 (or blank) - Prices of benefits will be computed
using a price function P = A (1 + B) %,

1 - Prices of benefits will be entered as data.

CCO- Indicated how prices of costs will be

entered:

0 (or blank) - Prices of costs will be computed
using a price function P = A (1 + B) .

1 - Prices of costs will be entered as data.

Cl -Separation of capital costs and type of
benefit-cost ratio to compute.

0 (or blank) - No separation of capital and
operating costs. Conventional B/C ratio.
(B/C Ratio =2 NPV Benfits/Z NPV Costs).

1 - Capital and operating costs read in
separately Conventional B/C ratio.

2 - Capital, or scarce resource costs, read in
separately. Modified B/C ratio. Used to
compute net benefits to scarce resource
ratio (B/SR ratio =X Net Present Value
Benefit/ 2~ Net Present Value Scarce
Resource).

3 - Capital costs computed internally as excess
of benefits over costs In any vyear.
Computes net benefits to scarce resource
ratio B/SR ratio.
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COLUMNS CONTENTS

45 C2 -Provides for internal duplication of costs
: that remain the same each year. '

Enter the number of costs that are to remain
constant over the life of the project. This number
must be less than or equal to the total number of
costs (see columns 11-15.

50 0 - Tables 1-4 (always printed)
Table 1 Explanation of input data deck
Table 2  Printout of Entered Input Data
Table 3 Summary of benefit-cost or
cost-effectiveness analysis
Table 4  Estimated internal rate of
return (IRR)

50 1 - Tables 5-9 added to printout

Table 5  Value of each capital cost item

Table 6 Value of each operating and
overhead cost item

Table 7  Amount of each benefit

Table 8 Quantity and price of each
operating and overhead cost

Table 9 Quantity and price (value) of
each benefit.

Benefits - Units or Value Data

The data entered on these lines may be either quantities or values. If they
are entered as quantities, then the corresponding prices will be entered on the
price lines (see F below). If they are values, then all prices should all be
entered as 1's unless a function for the increase in the value of benefits is
desired, in which case the A's should be | and the B's should represent the
yearly proportional increase.

COLUMNS CONTENTS

1-10 Benefit data for first year of the first benefit
always entered with a decimal point, eg., 4963.12
or 5700. or 3.0.

11-20 Benefit data for second year of the first benefit
and so on in fields of 10 columns, for number of
years in planning horizon. (Note: only 8 fields fit
on a line so more than one line may be needed.)
Data are always entered with a decimal point. If
more than one benefit is used, the data for ech
new benefit should begin in the first field of a new
line.




D.
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Cost Data Lines

The data on these lines may be either quantities or values, as explained in C
above, If program computation option Cl = 1 or 2 was chosen, these data will
be assumed to represent operating costs only, otherwise they will be assumed
to include capital costs as well. If internal duplication of costs option was
chosen (C2 = 0), then enter only the value for first year on the data line(s)
below for each cost which is to remain constant. Leave blank fields for the
number of data positions corresponding to the remaining years in the planning
horizon. Note: automatically duplicated costs must come first. The number
of sets of costs must be the same as chosen on the parameter line.

This data is (entered) in the same 10 column field format described above for
the benefit data.

Scale Factor Lines for Benefits and Costs for Sensitivity Tests

The scale factor lines provide a relatively easy way for testing the sensitivity
of a project to changes in the prices of benefits or costs. For the initial run
the scale factor lines (or cards) can be left blank, which implies a scale of 1
for each benefit and cost. Than on later runs, any or all of the benefits and
costs may be given scale factors which will increase or decrease the
corresponding prices across the entire planning horizon. For example, a scale
factor of .9 would result in a 10% decrease in a price, and a factor of 1.25
would result in a 25% increase.

COLUMNS CONTENTS

1-10 Scale factor for first benefit. Data entered with
decimal.

11-20 etc. Scale factor for second benefit and so on. After

the last benefit's scale factor, start a new line to
enter the scale factors for the first cost and use
the following fields for the remainder of the
costs.

Price Function Data Lines

The line(s) specifying price changes for benefits must be first, followed by the -
line(s) giving price changes for costs. The formats for these two sets of lines

depend on whether they contain the price function with A and B values or
whether they simply contain price data.

Prices can be calculated using the price function P = A (1 + B)!, where the A
value is the initial price and the B value is the proportional yearly change. So
if a particular price starts at $3.00 and is expected to increase 5% per year,
the A value would be 3.0 and B would be .05. The parameter line (described
in B above) must specify which way the prices of benefits will be entered and
which way costs will be entered.

For cost-effectiveness analysis a price of 1.0 should be entered when prices
are entered as data or if the price function is used (A = 1.0 and B = 0.0).
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Alternative 0: Use of price function. (BCO=0 and/or CCO-0)

COLUMNS _ CONTENTS

1-10 Enter the A value for the first benefit or cost.

11-20 etc. Enter the A value for the second benefit or cost
and so on.

When all the A values have been entered, start a new line for B values, entering
them in the same format as the A values.

Alternative 1: Prices entered as data. (BCO = | and/or CCO = 1)

COLUMNS CONTENTS

1-10 Enter the price for the first benefit or cost for
the first year.

11-20 etc. Price for the first benefit or cost for the second
year, and so on. If there is more than one benefit
or cost, each one should start on a new line.

G. Capital Cost Lines

These lines should be included only if Cl on the parameter line was set to | or
2. Note: Capital costs, if separated from operating costs and overhead costs,
must be entered as values. The quantity and price of capital costs cannot be
entered. No scale factor can be applied to capital costs, nor can a price
function (with A and B values) be used to calculate capital costs.

COLUMNS CONTENTS
1-10 Enter the first capital cost for the first year.
11-20 etc. Enter the first capital cost for the second year

and so on. If there is more than one capital cost,
each one should start on a new line.
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APPENDICES

Appendix A - Flow Chart

Z/’ READ

PARAMETERS
1//' READ
DATA

FIRST
CALCULATION
OF NPV?

YES CALCULATE NPV,
N BC RATIO FOR
~“| SPECIFIED DISCOUNT
RATE (h) PRINT RESULTS

SET INTEREST
RATE (R) = 2%

CALCULATE NPV
D=11/(1+R) PRINT
NPV = TR'D - TC'D R PV BC

/
YES
i -5 INCREASE R I\
NO
\
5 DECREASE R 44;i
NO
NPV = 0
R EQUAL TO
IRR Print R

BC and NPV




APPENDIX B - Program Table Pintouts

TABLE 1 EXPLANATION OF INPUT DATA LINES

A. AND B. CONTROL LINES
YEARS OF PROJECT LIFE = 15
SETS OF BENEFITS(OUTPUTS) = 2
SETS OF OPERATING COSTS{INPUTS) = 2
SETS OF CAPITAL COSTS = 2
DISCOUNT RATE = (H .10
BCO. THE WAY IN WHICH PRICE DATA FOR BENEFITS IS ENTERED = O
CCO, THE WAY IN WHICH PRICE DAIA FOR COSTS IS ENTERED = O
C1, SEPARATION OF CAPITAL COSTS AND TYPE OF B/C RATIO = i
€2, FOR INTERNAL DUPLICATION OF INPUTS = 0
LPRINT, PRINTOUT TABLE CHOICES = 1
C. BENEFITS - UNITS OR VALUE DATA
0 0. 100. 300. 500. 700 1200. 1800.
1800. 1800. 1800. 1800. 1800. 1800. 1800.
0. I 100. 300. 500. 700. 1200. 1800.
1800. 1800 1800. 1800 1800. 1800. 1800.
D. COSTS - DATA LINES
0. 0. 0. 7315 19699. 33754 44352 44352.
44352 44352 44352, 44352 44352. 44352 44352
i 0. 0. 7315 19699 . 33754 44352 44352.
443532 . 44352, 44352 44352 44352’ 44352 44352
E. SCALE FACTOR LINES FOR BENEFITS - ONCE OVER CHANGE FOR SENSITIVITY ANALYSIS
1.00 1.00
E. SCALE FACTOR LINES FOR COSTS - ONCE OVER CHANGE FOR SENSITIVITY ANALYSIS
1.00 1.00
F. PRICE FUNCTION DATA LINES - A VALUE FOR BENEFIT LINES - A ONCE OVER CHANGE IN PRICES
200.00  200.00
F. PRICE FUNCTION DATA LINES - B VALUE FOR BENEFIT LINES - A COMPOUND RATE OF INCREASE IN PRICES
(EX. 0.05 = 5 PERCENT ANNUAL INCREASE IN PRICES
.00 .00
F. PRICE FUNCTION DATA LINES - A VALUE FOR COST LINES - A ONCE OVER CHANGE IN PRICE
1.00 © 1.00
F. PRICE FUNCTION DATA LINES - B VALUE FOR COST LINES - A COMPOUND RATE OF INCREASE IN PRICES
(EX. 0.05 = 5 PERCNET ANNUAL PRICE INCREASE
.00 .00
G. CAPITAL CO3T LINES
36405.00 109216.00 103149.00 45507.00 9101.00 .00 .00 35146.00
82007 .00 .00 .00 s .00 .00
36405.00 109216.00 103149.00 45507.00 9101.00 .00 ‘00 35146.00
82007.00 .00 .00 .00 .00 .00 00



-- TEST RUN OF PROGRAM BENCOST
TABLE 2 SAMPLE PRINTOUT OF DATA INPUT FORMAT

ANALYSIS TITLE

TEST RUN OF PROGRAM BENCOST
8 22 28000101

WWWWORNON
SRRIS33S

8888

8888883838
28883

1800.
1800.
44352,
44352,

35146.00
35146.00



ANALYSIS TITLE

TEST RUN OF PROGRAM BENCOST

TABLE 3 SUMMARY OF BENEFIT-COST DR COST-EFFECTIVENESS ANALYSIS
PLANNING HORIZON IS 15 YEARS
INTEREST RATE (R) IS .10 OR 10. PERCENT
PARAMETER SETTINGS FOR INPUTS & OUTPUTS
SCALE FACTOR FOR BENEFIT SETS (1 = NO CHANGE) 1.00 1.00
BENEFIT PRICE FOR ONCE OVER CHANGE (A VALUE) 200.00 200.00
BENEFIT PRICE ANNUAL RATE OF CHANGE (B VALUE) .00 .00
SCALE FACTOR FOR COST SETS (1.0 = NO CHANGE 1.00 1.00
COSTS - PRICE FOR ONCE OVER CHANGE (A VALUE 1.00 1.00
COSTS - PRICE ANNUAL RATE OF CHANGE (B VALUE) .00 .00
(D) - DISCOUNT IN SPECIFIED YEAR WITH GIVEN INTEREST RATE (AC) - TOTAL ANNUAL COSTS (OPERATING,
(AB) - TOTAL ANNUAL BENEFITS = UNITS OF BENEFIT (OUTPUT) X PRICE (APVC) - ANNUAL PRESENT VALUE OF COSTS
(APVB) - ANNUAL PRESENT VALUE OF BENEFITS = (D) X (AB) (PVTC) - PRESENT VALUE OF TOTAL COSTS
(PVTB) - PRESENT VALUE OF TOTAL BENEFITS = CUMULATIVE SUM OF APVB (NET PV) - CUMULATIVE NET PRESENT VALU
CASH FLOW, OR ANNUAL NET BENEFIT = (AB
TOTAL ANNUAL SUM TOTAL ANNUAL
COUNT (Dg ANNUAL PRESENT PRESENT ANNUAL ANNAUL ANNUAL PRESENT PRESEN
YEAR FOR SPECIFIED BENEFITS VALUE OF VALUE TOTAL CAPITAL OPERATING COST VALUE VALUE 10
INTEREST RATE (AB) BENEFITS BENEFITS COSTS COSTS (AC) TOTAL COSTS COSTS
(APVB) (PVIB) (APVC) (PVIC
0 1.0000 .00 .00 .00 72810.00 .00 72810.00 72810.00 72810.
1 .9091 .00 .00 .00 218432.00 .00 218432.00 198574.55 271384
2 .B264 40000.00 33057.85 33057.85 206298.00 .00 206298.00 170494 .21 441878,
3 .7513 120000.00 90157.78 123215.63 91014.00 14630.00 105644 .00 79371.90 521250.
4 .6830 200000.00 136602.69 259818.32 18202.00 39398.00 57600.00 39341.58 560592.
5 .6209 280000.00 173857.97 433676.29 .00 67508 .00 67508 .00 41917. 16 602509.
6 .5645 480000.00 270947.49 704623.78 .00 88704.00 88704.00 50071.10 652580.
7 .5132 720000.00 369473.85 1074097.62 70292.00 88704.00 158996.00 81590.09 734170.
8 .4665° 720000.00 335885.31 1409982.93 164014.00 88704 .00 252718.00 117894 .81 B52065.
9 .4241 720000.00 305350.29 1715333.22 .00 88704.00 88704.00 37619. 16 889684 .
10 .3855 720000.00 277591.17 1992924.39 .00 88704.00 88704.00 34199.23 923883.
11 . 3505 720000.00 252355.61 2245280.00 .00 BB704.00 88704 .00 31090.21 954973.
12 .3186 720000.00 229414.19 2474694. 18 .00 88704.00 88704.00 28263.83 983237.
13 .2897 720000.00 208558.35 2683252.54 .00 88704.00 88704.00 25694.39 1008932.
14 .2633 720000.00 189598.50 2872851.04 .00 88704.00 88704 .00 23358.54 1032290
THE BENEFIT COST RATIO (BC RATIO) COMPILED FROM THE ABOVE DATA IS PVIB/PVTIC = 2.78

THE COST-EFFECTIVENESS RATIO IS THE INVERSE OF THE BENEFIT COST RATIO, OR PVTC/PVTB WHICH =

THE NET PRESENT VALUE OF THIS PROJECT
PRESENT VALUE TOTAL BENEFITS (PVTB)

- PRESENT VALUE TOTAL COST (PVTC) OR 1840560. 30

OVERHEAD + CAPITAL)

= (D) X (AC)
= CUMULATIVE SUM OF APVC
E = PVTB - PVTC

) - (AC)

}AL " QEENT CASH FLEU OR
) (xg%ugv NEY BENEFIY
00 -72810.00 -72810.00
.55 -27138B4.55 -218432.00
76 -408820.91 -166298.00
66 -398035.03 14356.00
24 -300773.92 142400.00
39 -168833.10 212492.00
49 52043.29 391296.00
58 ' 339927.04 56 1004 . 00
39 557917.58 467282.00
54 825648.68 631296.00
78 1069040.61 631296.00
99 1290306.01 631296.00
81 1491456.37 631296.00
20 1674320.33 631296.00
.74 1B40560.30 631296.00
.36



ANALYSIS TITLE -- TEST RUN OF PROGRAM BENCOST

TABLE 4 ESTIMATED INTERNAL RATE OF RETURN (IRR) FOR THIS ANALYSIS .
"MRATE'" PRESENT vaLUE cosT RATIO
.020 4143492 .03 3.66
.040 3367651. 44 3.43
.060 2746546. 17 3.20
.080 2246152.29 2.99
. 100 1840560. 30 2.78
. 120 1509904 . 23 2.59
. 140 1238850.66 2.41
. 160 1015488.61 2.25
. 180 830508.23 2.09
.200 676589.09 1.95
.220 547941 .68 1.81
.240 439961.60 1.69
. 260 348967.12 1.58
.280 271998.85 147
.300 206666.01 1.37
.320 151027.69 1.29
. 340 103500.78 1.20
. 360 62788. 10 t: 13
.380 27822.05 1.06
.400 -2279.72 1.00
THE INTERNAL RATE OF RETURN (IRR) OF THIS PROUJECT IS .398 OR 39.80 PERCENT
THE BENEFIT COST ' RATIO USTNG THTS ESTIMATED IRR = 100 > oM e




CAPITAL

YEAR COST 1

1 36405.00 36405.
.00

2 109216
3 103149,
4 45507
S 9101.
6
¥
8 35146.
9 82007.
10
11
12
13
14
15

3888888

00

.00

00
.00
00

Q
o

ANALYSIS TITLE -- TEST RUN OF PROGRAM BENCOST

TABLE 5
CAPITAL
cosT 2

00
109216.00
103149.00

45507 .00
9101.00
.00
.00
35146.00
82007.00
.00
.00
.00
.00
.00
.00

THE VALUE OF EACH CAPITAL COST FOR ALL YEARS



YEAR'

ANALYSIS TITLE -- TEST RUN OF PROGRAM BENCOST

TABLE

OPERATING OPERATING
COST 1

7315.
19699.
33754.
44352,
44352.
44352.
44352,
44352.
44352.
44352.
44352,
44352.

388883%8888888838

cosT 2
.00

.00

.00
7315.00
19699.00
33754.00
44352.00
44352.00
44352.00
44352.00
44352.00
44352.00
44352 .00
44352.00
44352.00

6

THE VALUE OF EACH OPERATING COST BY YEAR



ANALYSIS TITLE -- TEST RUN OF PROGRAM BENCOST

TABLE

YEAR BENEFIT 1 BENEFIT 2

W @ N U A W N -

20000.

60000.
100000.
140000.
240000.
360000.
360000.
360000.
360000.
360000.
360000.
360000.
360000.

22388883%8838888¢83

20000.

60000.
100000.
140000.
240000.
360000.
360000.
360000.
360000.
360000.
360000.
360000.
360000.

2888883883838888888

7

THE AMOUNT OF EACH BENEFIT BY YEAR




ANALYSIS TITLE -- TEST RUN OF PROGRAM BENCOST
TABLE B QUANTITY AND PRICE OF OPERATING COST INPUTS BY YEAR

OPERATING COST 1 OPERATING COST 2

YEAR UNITS PRICE UNITS PRICE
1 0. 1.00 0. 1.00
2 0. 1.00 0. 1.00
3 0. 1.00 0. 1.00
4 7315. 1.00 7315. 1.00
5 19699. 1.00 19699. 1.00
6 33754. 1.00 - 33754. 1.00
T 44352. 1.00 44352. 1.00
8 44352. 1.00 44352. 1.00
9 44352, 1.00 44352. 1.00
10 44352. 1.00 44352. 1.00
11 44352. 1.00 44352, 1.00
12 44352. 1.00 44352, 1.00
13 44352, 1.00 44352. 1.00
14 44352, 1.00 44352. 1.00
15 44352, 1.00 44352. 1.00




YEAR
1

0w ® N0 T s W N

L e e e S —"
N & W N = O

BENEFIT

UNITS
0.

0.
100.
300.
500.
700.
1200.
1800.
1800.
1800.
1800.
1800.
1800.
1B0O.
1800.

1
PRICE
200.
200.
200.
200.
200.
200.
200.
200.
200.
200.
200.
200.
200.
200.00
200.00

8888888888888

ANALYSIS TITLE -- TEST RUN OF PROGRAM BENCOST

TABLE 9 QUANTITY AND PRICE(VALUE) OF BENEFITS BY YEAR
BENEFIT 2
UNITS PRICE
0. 200.00
0. 200.00
100. 200.00
300. 200.00
500. 200.00
700. 200.00
1200. 200.00
1800. 200.00
1800. 200.00
1800. 200.00
1800. 200.00
1800. 200.00
1800. 200.00
1800. 200.00
1800. 200.00



APPENDIX C - BENCOST Program Listing

PROGRAM BENCOS 74/175 OPT=1,ROUND= A/ S/ M a/oz/as .11.49.50 PAGE 1
Eg;éLEgc -OT,ARG=-COMMON/ -FIXED,CS= USER/-FIXED, DB=-1é/ sa/ SL/ ER/ ID/ PMD/ ST,PL=50000

1 PROGRAM BENCOS( INPUT,OUTPUT,TAPES=INPUT,TAPE6=0UTPUT) 140
] COMMON PLANHO 150
3 DIM NS ON A so) 8(60) §(aol x(so 100) Sso too) KC(60, 100), 160
4 + CX R o?i tLe(10), rxl10 c(100) 170
g +Rupcos (60 oo BENEF(uo 100) ,HEAD42(5), HEAD?!(S) HEADB 1(2) :gg
7 INTEGER YEAR PLANHO XKC, BCO,CCO ,C1,C2, XIF, XX,XJ 200
g " CHARACTER+ 130 HEAD41, Hsnoai HEA651 HEADG ,FHEAD71,HEADT2,HEADB 1’ 358
10 C X0 IS THE NUMBER OF OUTPUTS. 230
11 C X1 15 THE NUMBER OF lNPUTs c 1S FOR CONTROL OF THE FORM PRICE DATA WI 240
12 C BE READ IN O TO READ B8 TO DETERMINE PRICE FOR BOTH OUTPUT AN 250
13 € INPUTS 10 READ IN DATA EACH YEAR FOR PY AND FOR INPUTS. 2 A,B 260
14 c PY, DAYA EACH YEAR FOR INPUTS. 3 DATA EACH venﬁ FOR BOTH. 270
15 C C1 CONTROL OF COST INPUT FORM AND TYPE OF BC RATIO CALCULATED. 280
16 C C2 THE NUMBER OF INPUTS WHICH WILL TAKE THE SAME VALUE EVERY YEAR. 290
}; E XKC IS THE NUMBER SETS OF CAPITAL COST geg
19 c 320
39 g COLUMN HEADINGS OF TABLE 4 THROUGH TABLE 8 ggg
22 DATA HEADA41/’ CAPITAL CAPITAL  CAPITAL _ CAPIT 350
gg IEAPIE:BIT Ee$11AL CAPITAL CAPITAL CAPITAL CAPITAL CAP[TA ggg
25 DATA HEAD42(1)/°’ YEAR  COST 1 coST 2 cOST 3 cOoST 4 380
g$ . ‘gosr 357 ‘cg T 6 cosT 7 cosT 8 cOST 9 cOST 10  €OS 338
28 DATA Hsnn42(23 4 YEAR COST 13 COST 14 _ COST 15 _ COST 16 410
gg A gosr égr 22‘ T 18 COST 19 €OST 20 COST 21 COST 22 COS 3%8
31 DATA HEAD42(3&6’ YEAR COST 25 COST 26 _ COST 27 _ COST 28 440
gg -~ 3EOST 2gr i _51 30 COST 31 C€OST 32  COST 33 COST 34  COS 328
34 DATA HEAD42(4?/' YEAR COST 37 COST 38 COST 39  COST 40 470
35 + COST 41 COST 42 COST 43 COST 44 COST 45 COST 46  COS 480
36 +T 47 COST 43’/ 490
g; ,DATA HEAD42(5)/" YEAR  COST 49 COST 50 g?g
39 ] 520
40 DATA HEA DSIé' RATING OPERATING OPERATING OPERATING OP 530
:; iERSEéEET?SE-7T!NG UPERATING OPERATING OPERATING OPERATING OPERATIN ggg
43 . DATA HEAD®&/’ YEAR BENEFIT 1 BENEFIT 2 BENEFIT 3 BENEFIT 4 BEN 560
44 +EFIT 5 BENEFIT 6 BENEF!T 7 BENEFIT 8 BENEFIT 9BENEFIT 10°/ 570
45 DATA HEAD7 i 13/' PERATING COST OPERATING COST 2 oP 580
:? +ERAT[NG cos OPERATING COST 4 OPERATING COST 5 OPERATIN 238
48 DATA HEADT:} &/ RATING COST 7 OPERATING CODST 8 op 610
gg :5naréus1cos OPERATING COST 10 OPERATING COST 11  OPERATIN ggg
51 DATA HEAD71 a)é OPERATING COST 13 OPERATING COST 14  OP 640
gg :gneoé¥a’gus 3, OPERATING COST 16  OPERATING COST 17  OPERATIN ggg
54 DATA HEAD71$4;/' OPERATING COST 19 OPERATING COST 20 OP 670
gg :gneaé¥szgus ! OPERATING COST 22 ~ OPERATING COST 23 ~ OPERATIN ggg
DATA HEA071$524' OPERATING COST 25 OPERATING COST 26 OP 700

gg 15"65§¥638°5 1, OPERATING COST 28  OPERATING COST 29  OPERATIN ;58
0 DATA HEADTl*G&/' OPERATING COST 31 OPERATING COST 32 OP 730
g; :gnegg#aagos g/ OPERATING COST 34 OPERATING COST 35 OPERATIN ;gg
63 DATA HEADTI%T&;' OPERATING COST 37 OPERATING COST 38 OP 760
gg :gaegéue cos 2, OPERATING COST 40 OPERATING COST 41  OPERATIN ;;8
66 DATA HEAD?I;B)é PERATING COST 43 OPERATING COST 44  OP 790
g; +ERST§NG cos 3, OPERATING COST 46 OPERATING COST 47  OPERATIN 3?8
69 ; DATA HEADTI*Q;/' OPERATING COST 49 OPERATING COST 50  OP 820
7? +ERATING cos OPERATING COST 4 DPERATING COST 5 OPERATIN 328
72 DATA HEAD?!/‘ vEAR  UNITS PRICE UNITS PRICE UNITS 850
;2 + PRICE UNITS PRICE UNITS PRICE UNITS PR 3?8

+ICE
75 DATA HEADB1(1)/°* BENEFIT 1 BENEFIT 2 880
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107

RN=QUENONLWN=0UENOUNLWN=0OVENONAWN=QUVENONAWN=OW®D

PROGRAM BENCOS

* %

100

*#0O0O+

F

7044

READ (5,91,END=999) (TITLE(J).,J = 1,10)

FORMAT( 10A8 )
READ(5, 100,END=500) PLANHO, X0, XI,

FORMAT(415,F5.3,515)

CH ECKING IF THE PARAMETERS VALUE ARE LEGAL OR NOT

0,5X, " IS OUT OF BOUND ")
ND *)

ILLEGAL VALUES, PRINT THE DATA AND STOP THE PROGRAM
IF((PLANHO LT 0) .OR. (PLANHO .GT. 100)) THEN
WRITE(6,700) PLANHD
GO TO gés
ELSEIF (&xo .LT. 1) .OR. (X0 .GT. 10)) THEN
WRITE(6,611) X0
GO 10 999
ELSEIF (éXi .LT. 1) .OR. (XI .GT. 50)) THEN
WRITE(6,612) XI
GD TO 999
« ELSEIF (éXKC .LT. 0) .OR. (XKC .GT. 10)) THEN
WRITE(6,613) XKC
GO TO 999
ELSEIF (I .%T 0) THEN
WRITE(8, 701
GO TO 999
ELSEIF (;BC? .LT. 0) .OR. (BCO .GT. 1)) THEN
WRITE(6,702) BCO
GO TO 999
ELSEIF ((CCO .LT. O) .OR. (CCO .GT. 1)) THEN
WRITE(6,7022) CCO
GO TO 999
ELSEIF ($c1 .LT. 0) .OR. (C1 .GT. 3)) THEN
WRITE(6,703) C1
GO TO 999
ELSEIF (scn .LT. 0) .0R. (C2 .GT. 50)) THEN
WRITE(6,704) C2
GO TO 99
ELSEIF ( (LPRINT 0) .OR. (LPRINT .GT. 1)) THEN
WRITE(6,7044 LPR!NT
GO TO 999
ENDIF \
FORMAT(5X,"+#** X0 = " ,110,5X," IS OUT OF BOUND "
FORMAT(5X . "#se# XI = * 110,5X," IS OUT OF BOUND * .
FORMAT(5X."*#+#* XKC = * 114,5%,* IS OUT OF BOUND ")
FOETAT 5X,"#++* NO cAPItAL ¢0St IS EXPECTED, CHECK PARAMETER",
+" &k %
FORMAT(5X, “s#ss PLANHO = * 11

=
FORMAT(SX,"+#*% I = " F1{
FORMAT(5X."+++% BCO = "
FORMAT(5X,"**%% CCO = *
FORMAT(5X."##+s C1 = = 1
FORMAT(5X."*#** C2 = " ]
FORMAT(5X, *#+++ LPRINT =

C
g DISPLAY INPUT DATA ON TABLE 1

7055
9
705
706
707

HR[TE 6 156 TITLE

1TE
wnlre s 3
WRITE(6| 1 5 L
FORMA /6 .'A. AND B. CONTRDL LINES")
FORMAT( 1 2ox BLE 1 EXPLANATION OF INPUT DATA LINES ")
FORMAT(/,5X, "YEAR s OF PROJECT LIFE = *,T40,13)
unlre%e 706 0
53?¥E é6§6; E}S OF BENEFITS(OUTPUTS) = ",T40,13)
FDRMA#(éX "SETS OF OPERATING COSTS(INPUTS) = " ,T40,13)
WRITE(6,708)XKC

XKC, I, BCO,CCO.C1,C2,LPRINT

74/175 OPT=1,ROUND= A/ S/ M/-D,-DS FTN 5.1+4587 08/02/85
+$E2EF1T 3 4 BENEFIT 4 BENEFIT 5 BENEF1
+
DATA HEADB1(2)/"' BENEFIT 7 BENEFIT 8
+ BENEFIT 9 BENEFIT 10
+

.11.49.50
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X
O000000
VENoOUus

RRRRBRKRNRRBRRRRDRRDVRDODRDRDRNRDORN
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PROGRAM BENCOS 74/175 OPT=1,ROUND= A/ S/ M/-D,-DS FTN 5. 14587 08/02/85 .11.49.50 PAGE

708 Eg?¥élés§b; grs OF CAPITAL COSTS = *,T40,13)
709 ;g?¥21é54i6 IESDUNT RATE = (H) *,T40,F4.2) 6
! WRITE(6.71 Scco 8

L B "‘
WRITE(6,7122)LPRINT

71 FORMAT (5X, “BCO, THE WAY IN WHICH PRICE DATA FOR BENEFITS ",
+"15 ENTERED = *,764,12)

7100 +§g§nnrésx.'gco THE 'WAY IN WHICH PRICE DATA FOR COSTS IS ",

TERED 164 12%
711 FOSMAT 5x,"Ci, SEPA ﬁTéDN OF CAPITAL COSTS AND TYPE OF",
+I L

ATio ="+ T64 12
712  FORMAT(5X,"C2, FOR INTERNAL DUPLICATION OF INPUTS = * 1?4.12)
7122 FORMAT(5X."LPRINT, PRINTOUT TABLE CHOICES = *,T64,12,//

DOOXEEEXEDINNNNNNNNNADODDD
8wmdmmnuu—8 DU s
[slslslalolelalololalolololalololsllololololo oo o]

RO R AT RAD R b o o ot it s s s i ks ot s o ks s o s o i s o s o

[

g DEFINE LINES FOR PRINTING MORE THAN ONE LINES OF INPUT SCALE FACTORS é
NRESID=MQD(X1, 10) 3
LINES=XI/1 4

: IF(NRESID .GT. 0) LINES=LINES+1 5

E XX IS THE NUMBER OF SETS OF INPUT g
XX=XI 9

C 900

€ REDEFINE XI. XI IS THE SUM OF SETS OF OUTPUT AND INPUT 358
XI = XI + X0 930

C 940

g INITIALIZE SCALE FACTORS TO O TO FIT LINE 238. ggg
DO 103 JU=1,XI 370

J)=0.0 380

éoa CONT INUE 338

E XIF IS THE INDEX NUMBER OF FIRST SET OF INPUT 858
CXIF = X0 + 1 030

C 040

c 2050

g READ OUTPUTS, INPUTS, AND SCALE FACTORS gggo
wnlress.713) 2080
DO 7133 11=1,%0 2090
READ ? 106 Enn-s ) (X(11,J),J=1,PLANHO) 2100
WRITE(6,106) (X(11,J). J=1,PLANMHO) 2110

7133 CONTINUE 2120

ZIS FORMAT(T10,"C. BENEFITS - UNITS OR VALUE DATA",/) g:gg
HRITESB.114) 2150
ggngi 416é'x‘r'x60) X(11,0), J = 1, PLANHD) 31?8
WRIT ?6 106§N?x?|1.u$. J = 1. PLANHO) 2180

7144 CGNTINU5 2190

g14 FORMAT(//,T10,"D. COSTS - DATA LINES",/) gggg

TE(6,715 2230

READ(S, 110 N?- ) (S(J), v = 1, X0) 2240

WRIT 110) (s(v), v = 1. Xx0) 2250

715  FORMA )6.110 "E. 'SCALE FACTOR LINES FOR aenes;rs ., 2260
- ONCE OVER CHANGE FOR SENSITIVITY ANALYSIS*,/ gg;g
WRITE(6,7155) 2290

READ(S, 110 N?- ) (S(v), U = XIF, XI) . 2300

WRIT 119) (s{u), o = xlF, xI1) 2310

7155 FORMA )6.t 0,"E. SCALE FACTOR LINES FOR COSTS ", 2320
+%- ONCE OVER CHANGE FOR SENSITIVITY ANALYSIS®,/) 2330

106  FORMAT(8F10.0 2340

110 FORMAT(BF10.2 gggg

g BCO=0-- READ VALUE OF A AND B TO COMPUTE BENEFIT PRICES gggg
IF *B 0 .NE, O0) GO TO 120 2390
WR1 f 6 1162 2400
READ(5, 110,END=500) (A(J), J = 1, X0) 2410
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230 WRITE(6,110) {Aéd). J =1 xu; ; 2420
231 716 FORMAT(//.710,"F. 'PRICE FUNCTION DATA LINES - A VALUE FOR", 2430
232 +* BENEFIT LINES - A ONCE DVER CHANGE IN PRICES",/) 2440
233 READ(S, 110 suoasoo) (B(J), J = 1, X0) 2460
234 WRITE(6,717 2470
235 WRITE 6.717?) 2471
236 WRITE(6,110 (B;J). J = xo; 2480
237 717  FORMA (i4.11o “f. "PRICE FUNCTION DATA LINES - B VALUE r?n . 2490
238 +% BENEFIT LINES - A COMPDUND RATE OF INCREASE IN PRICES" 2500
239 7170 rnnunts114.'(sx. 0.05 = 5 PERCENT ANNUAL INCREASE IN PRICES)".,/) 2510
249 g R 230
g:g g BCO=1-- READ PRICE OF OUTPUT AND READ A AND B TO COMPUTE INPUT PRICE %ggg
244 120 WRITE(6,718) 2560
245 DO 7188 11=1,X0 2570
246 READ (5,110,END=500) (P(I1,J), J = 1, PLANHO) 2580
247 WRITE(6.110) (P(I1,J), J ="1, PLANHO) 2590
248 7188 DNT!NU5 2600
249 718  FORMAT 6 T10,"F. PRICES OF BENEFIT(OUTPUT) LINES - ", 2610
250 +"1F PARAMETER'BCO = 1" 2620
251 125 IF(CCO .NE. 0) GO TO 140 2630
252 c 2640
253 READ 110,END=500)(A(J), J = XIF, XI) 265
254 WRITE(,719 266
255 WRITE ? 110)(A(J), U = XIF, XI 2670
256 719  FORMAT 7‘ T10,"F. PRICE FUNCTION DATA LINES - A VALUE FOR ", 2680
257 +*COST LINES -' A ONCE ovsn CHANGE IN PRICE*,/) 2690
258 READE 110 ENo-soo) (8(J)., J = XIF, XI) 2710
259 WRITE(6,720 2720
260 WRITE 6.720?) 2721
261 WRITE ?.110 ( } o M = XIF, xx& 2730
262 720 FORMA /ﬁ T10." PRICE FUNCTION DATA LINES - B VALUE FOR *, 2740
263 “COST LINES - A COMPOUND RATE OF INCREASE IN PRICES" 2750
264 7200 FDRMAT‘TI#.'(EX 0.05 = 5 PERCNET ANNUAL PRICE INCREASE)",/) 2760
265 TOo 145 2770
266 2780
267 C CCo=0 2790
268 2800
269 140 waxrsss.v:a) 2810
270 Do 7% 3 11=XIF,XI 2820
271 READ ? 110 suo-soo)(P( 11,J), J = 1, PLANHO) 2830
272 WRITE(6,110)(P( 11,J), J = 1, PLANHO) 2840
273 7233 CONTI 5 2850
274 723  FORMAT ‘ T10,"F. PRI gs OF INPUTS(COST(S)) LINES - *, 2860
275 +*1F PARAMETER'cO = 2" 2870
276 145 IF( Ct .EQ. O .0 ci .EQ. 3 ) GO TO 150 2880
277 C 2890
278 C IF Ci=1 OR 2, READ CAPITAL COSTS 2900
279 C 2910
280 c 2920
281 WRITE(6,725) 2930
282 IF (XKC .EQ. 0) GO TO 500 2940
333 EEA03551=6-1QSK§ ) (KC(11,J), U 1, PLANHO ) %328
285 WRIT ?é 116§ (KC??!.J). J = 1. PLANHO ) 2970
286 7255 CONTINU 2980
ggg gzs FORMAT(//.T10,"G. CAPITAL COST LINES*,/) 3990
338 g GENERATES SCALE FACTORS OF 1.0 IF BLANK DATA CARD INSERTED. gg;g
291 150 DO 151 J = 1, XI : 3030
292 1F(s(J) .NE. 0.0) GO TO 155 3040
293 151 CONTINUE 3050
294 n? 192 J = 4, NX 3060
295 152 S(J) = 1.0 3070
296 c 3071
297 C TITLE HEADING 3072
298 c 3073
299 155 WRITE(6,156)TITLE 3074
300 c 3074.1
301 HRITE*? aooo& 3075
ggg gooo FORMAT(i1H ,30X,"TABLE 2 SAMPLE PRINTOUT OF DATA INPUT FORMAT",///) 38;2'1001
304 HRITE$? SOSO&TIILE 3075. 1002
305 3050 FORMAT(iH , 10A8 3075. 1003
306 c 3075. 101
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307 C COMPUTE ORIGINAL SETS OF OUTPUT 3075. 102
08 XJ = XI - X0 3075. 103
309 e 3075. 11
310 WRITE(6,3100)PLANHO, X0, XJ, XKC,1,BC0,CCO,C1,C2,LPRINT 3075.2
311 3100 FORMAT(413,F4.2,512) ,3075.3
312 C 3075.31
313 DO 3200 I1=1,X0 3075.4
314 WRITE(6,106) (X(11,J), J=1,PLANHO) 3075.5
315 3200 CONTINUE 3075.6
316 c 3075.7
317 Do 3250 [1=XIF.X; 3075.8
318 WRITE(6,106) (X(I1,J), J=1,PLANHO) 3075.9
319 3250 CONTINUE 3076
320 C 3076. 1
321 WRITE(6,110) (S(J), J=1,X0) 3076.2
322 WRITE(6.110) (5{J), J=xitF,x1) 3076.3
323 WRITE(6.110) (A(J). d-l.xﬁ; 3076.4
324 WRITE(6.110) (B(J), J=1.X0 3076.5
325 o 3076.6
326, C 3077
337 WRITE(6,110) (A(J),J=XIF XI) 3077 .1
328 C 3080
329 WRITE(6,110) (B(J), J=XIF,XI) 3081
330 C 3082
331 C 3085. 1
332 DO 3500 I1 = 1,XKC 3085.2
333 WRITE(6,110) (KC(I1,J),J=1,PLANHO) 3085.3
334 3500 CONTINUE 3085.4
335 c 3085.5
336 C TITLE HEADING 3090
337 c 3100
338 Z1=1+100, 3110
339 WRITE{G 156 )TITLE 3120
340 156 FORMAT(iH1 30X, *ANALYSIS TITLE -- *,10A8.,/) 3130
341 NRITE(?.SST) 3140
342 157 FORMAT(IH .30X,"TABLE 3  SUMMARY OF BENEFIT-COST OR", 3150
343 +" COST-EFFECTIVENESS ANALYSIS",///) 3160
344 wn:vz;e |60%PLANHD ¥, 21 3170
345 160 FORMAT(IH 20X, "PLANNING HORIZON", 3180
346 1" [S"T7I.i4." YEARS®,/.21X, "INTEREST RATE (R) IS",T71,F4.2, 3190
347 +" OR Fa.?, 3200
348 2" PER?éNT" 3210
349 WRITE ? 1601) 3211
350 1601 FORMAT 7.T5?."PARAMETER SETTINGS FOR INPUTS & OUTPUTS",/) 3213
351 WR[TE*? 161 (55111.11=1 X0) 3220
352 161 FORMAT(iH z?x. SCALE FACTOR FOR BENEFIT SETS (1.0 = ND CHANGE)", 3230
353 +(T71,10F7.2) 3240
354 c ; 3250
355 € SUPRESS PRINTING OF A AND B VALUES IF THE PRICES OF OUTPUT ARE 3260
gg$ g PUNCHED DIRECTLY. IF IT IS COMPUTED IN THE PROGRAM, PRINT A AND B. gggg
TRIVIAL * RECORD LENGTH EXCEEDS 137 COLUMNS -- MAY EXCEED I/0 DEVICE
358 IF ec? .EQ. 1)G0 T0 1613 3290
359 WRITE 1611) (Aéd).d=1.!0{ 3300
33? 1611 +f?gTAIo;? iigx." ENEFIT PRICE FOR ONCE OVER CHANGE (A VALUE)", gg;g
TRIVIAL = RECORD LENGTH EXC gu? 37 COLUMNS -- MAY EXCEED 1/0 DEVICE
wnlrssa 1612) (B(J),J=1,X0 3330
363 1612 FORMAT(iH 3?x.- ENEFIT PRICE ANNUAL RATE OF CHANGE (B VALUE)", 3340
ggg g +(T71,10F7.2 3328
366 € IF (XX GT 10) THEN SCALE FACTOR VALUES WILL BE CONTINUED ON THE, 3370
367 g FOLLOWING LINES gggg
TRIVIAL = RECORD LENGTH EXCEEDS 137 COLUMNS -- MAY EXCEED 1/0 DEVICE
1613 IF(XX .GT. 10) THEN 3400
1 1370 NEWXIF=XIF+ 3410
i 97 HRITE{ 162 (sgdd) JU=XIF Nsthra 3420
; g;g 162 F???A| é¥ bgox.- CALE FACTOR FOR COST SETS (1.0 = NO CHANGE)", gggg
TRIVIAL = RECORD LENGTH EXCEEDS 137 COLUMNS -- MAY EXCEED 1/0 DEVICE
1. a4 NEWXIF=NEWXIF+1 3450
1 375 LEND=NEWXIF+9 3460
1 376 * 3470
fo it DO 164 1]=2 Lxuss 3480
1 378 WRIT? 6, 1640 S?(dd).dd=NEW!lF.LEND) 3490
{ 379 1640 FORMAT(T71, 10F4, 3500
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NEWXIF=LEND+1 3510
LEND=NEWXIF+9 3520
164 CONT INUE 3530
ELSE 3540
WRITE(6,162) (S(JJ),JJ=XIF, XI) 3550
g R 5
€ SUPRESS PRINTING, IF THE PRICES OF INPUT ARE PUNCHED DIRECTLY. 3580
g IF PRICES ARE COMPUTED [N HE PROGRAM, PRINT THE VALUES OF A AND B. gggg
IF(CCO .EQ. 1) GO TO 165 3610
F(XX .GT. 10) THEN 3620
C 3630
NwalF=XIF+9 3640
lTE s 1541 (A(dd; JU=XIF ,NEWXIF 3650
1641 r?nuar(1u . s s - PRICE FPR ONCE ODVER CHANGE *, 3660
A VALUE) i o 7.2) 3670
RECORD LENGTH Excteos 137 COLUMNS -- MAY EXCEED ‘éﬂ DEVICE
1642 Fonuaré;uz}zox “COSTS - PRICE ANNUAL RATE OF CHANGE (B VALUE)", gggg
RECORD LENGTH EXCEEDS 137 COLUMNS -- MAY EXCEED I/0 DEVICE
NEWXIF=NEWXIF+1 3700
LEND=NEWXIF+9 3710
DO 1644 {1=2 LINE? 3720
WRITE(6,1643) (A(JJ),JJ=NEWXIF, LEND) 3730
1643 FORMAT(TGT 10F7 '2 3740
WXIF=LEND+1 3750
END=NEHKIF+9 3760
1644 CONTINUE 3770
(o] 3780
C REPEAT SAME PROCEDURE FOR B VALUE 3790
c 3800
NEWXIF=XIF+9 3810
wnlrsgs 16422 sB(dJ),dd=XlF.NEHxIF) 3820
NEWXIF=NEWXI 3830
LEND=NEWXIF+9 3840
LINES=LINES-1 3850
DO 1645 [I=2 LlNE? 3860
WRITE(6, 1643) (B(JJ),UJ=NEWXIF, LEND) 3870
NEWXIF=LEND+ 1 3880
LEND=NEWXIF+9 3890
1645 CONT INUE 3900
ELSE 3910
WRITE(6, 1641 ; { ,Ju=X lF. 1} 3920
WRITE(6, 1642 TUJ=XTF . XI 3930
END 1 3940
- 3950
165 WRITE$? 156} 3960
166  FORMAT(1H-,T72,"(D) - DISCOUNT IN SPECIFIED YEAR WITH GIVEN *, 3970
+"INTEREST RATE* 3971
+770,"(AC) - TOTAL ANNUAL COSTS (OPERATING, OVERHEAD + CAPITAL)", 3980
+//.12,"(AB) - TOTAL ANNUAL BENEFITS = UNITS OF BENEFIT *, 3990
+-$6u1¢u ) X PRIC 4000
+170, “(APVC) - AN AL PRESENT VALUE OF COSTS = (D} (A?l" Y i 4010
+72 (APVB% - ANNUAL PRESENT VALUE OF BENEFITS = n Bj", 4020
+r16.-épvr ) - PRESENT VALUE OF TOTAL COSTS = CUMUL TIVE *, 4030
+*SUM OF APVC' 4040
+T:.*(Pv733 - $ENT VALUE OF TOTAL BENEFITS = CUMULATIVE *, 4050
+*SUM OF A v3~. 4060
+77o.-éNET PV) - CUMULATIVE NET PRESENT VALUE = PVT? - pvTC",//, 4070
+770. *CASH FL W nn ANNUAL NET BENEFIT = (AB) - (AC)") 4080
IF(X0 .GT. ?o 178 4090
c IF(C1 .NE. o GO TO 175 3:?8
g COLUMN HEADING IF C1 = O (ND SEPARATION OF CAPITAL AND OPERATING COST ::gg
WRITE 110% 4140
170° FORMAT(1HO, 723, “TOTAL OUTPUTS",T42,"TOTAL",T52, "ANNUAL",T78, 4150
+*TOTAL" ,TB8 , "ANNUAL " 4160
+7X, *DISCOUNT (D)* Sx. . "(BENEFITS)*, 7X, "ANNUAL * "PRESENT", 4170
16X, "PRESENT ", 5X »ANNUAL " ,5X, "PRESENT*,6X, -rnsée fe, 4180
+6X."NET" . 5X, *"CASH FLOW OR" 4190
2% YEAR FOR SPECIFIED Ules ancs OR*,4X, "BENEFITS", 4200
33X, "VALUE OF VALUE TOTAL", 5} OST",7X, "VALUE",5X VALUE -. 4210
4:321AL PRESENT'.SX “ANNUAL"/ . 6X, 'leEREST RATE' lo)".3 :ggg
?nas- 6X,"BENEFITS BENEFITS",8X,"(AC)",4X,"TOTAL COSTS",SX 4240
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455 6"COST",7X, “VALUE" ,4X, "NET BENEFIT",/, 753 “SAPVB)'.TBB.'(PVTB)". 4250
456 +789, *(APVE) ", T102. " (PVTC) ", T112, "(NET PV)*" 4260
457 G0 to 200 4270
458 C 4280
:gg g COLUMN HEADING IF CAPITAL COSTS ARE SEPARATE FROM OPERATING COSTS 3%88
0
461 175  WRITE(6 l76% 4310
462 176  FORMAT( 1HO,T22,*TOTAL OUTPUTS",T37,"TOTAL", 4320 .
463 +T45_ "ANNUAL".T78, "SUM" 786, "TOTAL".T95, "ANNUAL",/, 4330
464 . +6X, "DISCOUNT (D) *,aX "(BENéFlTS)'&BX.'ANNUAL".SX. 4340
465 +"PRESENT* , 4X, PRngNf“iBK.“ANNUAL 4350
466 +4X, "ANNUAL ", 34X, "ANNUAL*, 3%, "PRESENT " 4X, "PRESENT" 4X, "NET", 6X, 4360
467 +*CASH _FLOW", 1X, "OR"/" YEAR FOR SPECIFIED UNITS pPrICE'OR", 1X, 4370
468 +"BENEFITS", 1X, *VALUE OF*, 1X 4380
- 469 +"VALUE TOTAL CAPITAL OPERATING COST*",5X,"VALUE" 4390
470 +3X, "VALUE _TOTAL PRESENT", 4X, "ANNUAL*/6X, " INTEREST RATE ™ 4400
471 +1X.*(0)", 3%, "VALUE (P)",3X,"(AB)",3xX, "BENEFITS" 3X, "BENEFITS", 4410
472 +3X, "COSTS™, 5%, COST*, 4420
473 +6X -&acz-.zx TOTAL COST* 3X, "COSTS".6X,"VALUE" 4X, "NET BENEFIT", 4430
474 +/ T46," Apvsi"irsv '(PVT?}”.fQS."(APVC) .T106, 4440
475 +u{pvTé) ", T116, *(NET PV)" 4450
476 GO TO 200 4460
477 17 F(C1 .NE, og GO TO 181 4470
478 C COLUMN HEADING C1=0 AND MORE THAN ONE SETS OF OUTPUT 4480
479 W lTE{G.IBO 4490
480 180 FORMAT( 1HO,T23.*"TOTAL* T33, "ANNUAL",T58,"TOTAL",T6B, "ANNUAL",/, 4500
481 +6X, "DISCOUNT (D) *.3X, "ANNUAL",SX, "PRESENT", 6X, 4510
482 +"PRESENT ", 5X, *ANNUAL 4520
483 +3X, "PRESENT" .7X, "PRESENT" ,5X, "NET",6X, "CASH FLOW OR"/ 4530
484 +% YEAR FOR SPECIFIEDY,2x,*BENEFITS  VALUE OF VALUE foTAL" 4540
485 +4X,"COSTS",5X, “VALUE VALUE TOTAL",2X,"PRESENT" 6X, "ANNUAL"/, 4550
486 +6X  "INTEREST RATE",4X,"(AB)",5X, "BENEFITS BENEFITS",5X, 4560
487 “(Ac)*, 2x,"TOTAL C?ST§' 6X,"C0STS" . 6X, "VALUE" 4X, "NET BENEFIT",/, 4570
488 +T34, {Apvé)- 146, "(PviB)",168, "(APVC) *,TB1, "(PVTC) ", 4580
489 +791 . *(NET PV)*) 4590
490 Go to 200 4600 X
491 c 4610
492 C COLUMN HEADING IF C1 IS NOT EQUAL TO O AND OUTPUTS ARE MORE THAN ONE 4620
493 C SETS 4630
494 c 4640
495 181 HRlTE(G.iBS% 4650
496 183 FORMAT(1HO,T22, "TOTAL",T32 4660
497 +"ANNUAL * Téa.'sgu' T80, "TOTAL", 790, "ANNUAL", /, 4670
498 +7X, "DISCOUNT (D) ", 23X, "ANNUAL ", 4X, "PRESENT*,4X, "PRESENT", 4680
499 5X. "ANNUAL" , 6X, 4690
+"ANNAUL ", 6X . "ANNUAL™ ,5X, "PRESENT",5X, "PRESENT" ,6X, "NET ", 4700
501 +4X, *CASH FLOW " "OR" ./, 11X, 4710
502 +* VEAR FOR SPECIFIED*) iX, *BENEFITS VALUE OF*. 2X "VALUE TOTAL", 4720
503 +3X, "CAPITAL® 4X, “OPERATING" 5X."COST* 7X *VALUE® 4X, "VALUE ", 4730
504 +*TOTAL", 2X, "PRESENT ", 4X, "ANNUAL "/, 7X, INTEREST RATE® 1x, 4740
582 J e :gi:.éx. BENEFITS".3X."BENEFITS" 65X, "COSTS",8X, “CO8TS*,7X, 3328
507 +5X, "TotAL cosTS cu?rs " 5X "VALUE", 3X, "NET BENEFIT", 4770
508 + fazﬁ-(apva *1143." pvre)*, t90, "(APVC) ¥, T103, *(PVTC) 4780 .
509 +T113, *(NET PV) 4790
g}? " 200 IF(C2 .EQ. O ) GO TO 208 :3?8
g:g g DUPLICATES VALUE FOR INPUT DATA WHEN IT IS SAME EACH YEAR. (C2.NE.O) :ggg
514 LC2 = C2 + X0 4840 ‘
515 LPH = PLANHD - 4850
516 DO 206 J = XIF, LC2 4860
517 DO 205 K = 1, LPH 4870
518 205 X(J,K+1 = X(J.K) 4880
519 206 cONTINU 4890
520 o 4900
521 C L COUNTS NUMBER OF TIMES NPV IS CALCULATED 4310
522 c 4920
523 208 L =0 4930
524 C 4940
525 C INITIALIZE OPERATING COSTS AND BENEFITS 4950
526 c 4960
527 DO 213 N=1,PLANHO 4970
528 DO 211 J-I,XI 4980
529 0PCOST(J,N)=0. 4990
530 211 CONT INUE 5000
531 DO 212 J=1,X0 5010
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PROGRAM BENCOS

BENEF (J,N)=0.
CONT INUE
CONT INUE

-
[A1S]

R SET EQUAL TO I FOR FIRST NPV CALCULATION
R =1
R1 = 0.0
R2 = 0.0
R3 = .02
PREVENTS DIVISION BY ZERO

210 IF(R.LE.-1.0) GO TO 350
SUMP .0

aooonn

anon

v€C = O
SUMPVR = 0.0
SUM NPV = 0.0
SUMPVK = 0.0

LOOP TO STATEMENT 270 CALCULATES NPV
DO 270 N = 1, PLANHO
¥ N-1

[21g]e]

R
IF(L .GE. 1) GO TO 254
oc 0.0

COMPUTE PRICE OF ODUTPUTS, P=A+((1+B)**YEAR)
IF(BCO .EQ. 1) GO TO 217

1 =1, X
Eg}f 3)1}(11)-?(1+3(115&--vn)
7 1F(cé0 .EQ. 1) GO TO 2

COMPUTE PRICE OF INPUTS, P=As((1+B)**YEAR)
DO 220 J = XIF, XI

220 ng N) = A(dg'itlwaéd))tsvn

230 IF(C1 .NE. O .AND. C1 .NE. 3) GD TO 237
DO 236 J=1,6XX

236 KC(J,N)=0.0

COMPUTE CAPITAL COSTS AND OPERATING COSTS

237 DO 240 U = XIF,
cx&ug = P(J,N)
OPCO Téd.N -fx‘

240 OC = 4+ cx(u
TKC(N)=0.0

DO 241 J=1,XKC
241 TKC(N)=TKC{N)+KC(J,N)

TOTAL COST IS OPERATING COST + CAPITAL COST

TCEN? = 0C + TKC(N)
COMPUTE TOTAL REVENUE
TTR=0.0

IF (X0 .EQ. 1) GO TO 247
DO 245 f-c.xo
nx(dz-P J Ni-x(g.n)'s(dl
BENE {u.n}-nx(u

245  TTR=TTR+RX(J)

000

15
21

aon wn

aoon

X1
* X(J,N) * S(J)
J)

0O o000

74/175 OPT=1,ROUND= A/ S/ M/-D,-DS

FTN 5.1+587

TR(N&-TTR
. GO TO 253
g TOTAL REVENUE IS PRICE # OUTPUT ,ONLY ONE SET OF OUTPUT
247 Y = X(1,N)*S(1)
TR(N} = p(1 NI Y
BENEF(1,N)=TR(N)
gsa IF(C1 .NE. 3) GO TO 254
8 DETERMINES CAPITAL COST AS EXCESS OF COST OVER RETURNS

KC3 = TR(N) - TC(N
1F?KC3 .ET? 0.0 S )TKC(N) = KC3 + (-1.0)
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OC = 0OC -TKC(N) 5790

TC(N) = OC + TKC(N) gg?g

8 DETERMINE DISCOUNT gggg

254 D = 1. / 1. + R) ** YR 5840

" IF(D.LT.OS D=D*(-1) gggg

g DISCOUNT * TOTAL REVENUE=PRESENT VALUE TOTAL REVENUE (PVTR) gggg

PVTR = D * TR(N) 5890

5 SUMPVR = SUMPVR + PVTR 33?8

g DISCOUNT * TOTAL COST=PRESENT VALUE TOTAL COST (PVTC) gggg

PVIC = TC(N) * D 5940

SUMPVC = SUMPVC + PVTC 5950

SUM NPV = SUMPVR - SUMPVC 5960

lPV-TR(Ng-TC(N) 5970

" IF( ¢1 .fQ. O .OR. Ct1 .EQ. 1 ) GO TO 256 gggg

g COMPUTE SCARCE RESOURCE 28?8

PVKC = D * TKC(N) 6020

" SUMPVK = SUMPVK + PVKC 2838

g DETAILED PRINT OUT ONLY ON FIRST NPV CALCULATION gggg

256 IF(L .GE. 1 ) GO TO 270 6070

IF(C1 .EQ. O GO TO 267 6080

IF(X0 .GT. 1) GO To 257 6090

WRIT (5.253& YEAR, D, Y, P(1,N),TR(N),PVTR,SUMPVR,TKC(N), 0OC, 6100

158 ¥§.g¥5c, UMPVC . SUM NPV, IPV g:ég

257 wanEéa 259) YEAR,D,TR(N),PVTR,SUMPVR,TKC(N),0C,TC(N) ,PVTC, 6130

CEIERC LT - 10V e150

258 FORMAT?1H0.13.F10.4,F10.2 FB.3,8F10.2,2F12.2 6160

259  FORMAT(1HO.1X.13,FB.4,2X,3F12.2,F10.2.6F12.2 6170

267 IF(X0 .GT. 1)'GO'T0 263 6180

260 WRITE(6,261) YEAR,D,Y,P(1,N),TR(N),PVTR,SUMPVR,TC(N),PVTC, 6190

1GBUAEYEoSUM NPV, 17 £

263 WRITE(6,264)YEAR,D,TR(N),PVTR,SUMPVR,TC(N),PVTC, 6220

+SUMPVC, SUM NPV, 1PV 6230

261  FORMAT({1HO,13,F11.4,F12.2,F8.3,8F12.2) 6240

26;70 Egg¥?augﬂo.xa.r|1.4.8F12.i) gggg

IFiC| .EQ. 0 .OR. C1 .EQ. 1 ). GO TO 275 6270

& IF(SUMPVK .EQ. 0.0 ) GO TO 272 gggg

g MODIFIED BC RATIO (C1.EQ.2.0R.C1.EQ.3) gggg

BC = SUM NPV / SUMPVK 6320

GO TD 276 6330

272 W ITE%6.2732 6340

273 FORMA &qn CAPITAL COSTS ARE EQUAL TO ZERO. DIVISION BY ZERD IS 6350

c iNOT PERMITTED, SO THE CONVENTIONAL BC RATIO WAS COMPUTED.") gggg

g CONVENTIONAL BC RATIO (C1.EQ.0.0R.C1.EQ.1) gggg

275 BC = SUMPVR / SUMPVC 6400

276 IF( L .GE. 1 ) GO TO 300 6410

WR TE#? 2303 BC 6420

280 FORMAT(IHO BX,* THE B;NEFIT COST RATIO (BC RATIO) COMPILED FROM T 6430

ZEEF?BQYECDATA IS PVTB/PVTC = " ,F5.2 g:gg

wﬂlTe;s 282&CEFF 6460

282  FORMAT(1HO,9X,*THE COST-EFFECTIVENESS RATIO 1S5 THE", 6470
+" INVERSE OF THE BENEFIT COST RATIO, OR PVTC/PVTB*, 6480 .

+* WHICH = * F8.2) 6490

WRI $? 255& SUM NPV 6500

285 FORMAT(IHO,B8X,* THE NET PRESENT VALUE OF THIS PROJECT =",/ ,T14, 6510

+"PRESENT VALUE TOTAL Bgugﬁgvs (PVTB) - PRESENT VALUE *, 6520

£

+'TDTA? COST €¥IC orR *, ‘) 6530
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" 6560
2851 FORMAT(1H ,T30, "TABLE ESTIMATED INTERNAL RATE
Sg? 2; OF nérunu (IRR) FOR TH[S ANALYSIS"/) gg;g
3 (ci® 6590
359 65%?& éEgéa JOR. €1 .EQ. 14 ) GO TD 289 4
gg? 288 FURMA%&‘H LA0X,"R",6X,"NET PV",8X,"BC/KC RATIO") 8258
23% 289 33:%%469390) gggg
iH-,33X, *INTEREST",7X, "NET", 14X, "BENEFIT",/, 36X,
ggg = +Eg§¥é-f1?,‘ggsée§r VALUE".7X."cOsT RATIO" ? gggg
696 292 L = 1} 6660
697 TO 210 6670
698 g 300 L =L + 1 6680
?83 g LIMIT OF 400 PER CENT ON PROGRAM _ g;?g
;8§ 5 IF(L .GE. 200) GO TO 350 g;ag
;84 g PRINT OUT ONLY FOR 2 PER CENT INCREASES IN R g;gg
7
ggg 5 IF(R3 .EQ. .001 ) GO TO 315 gggg
WRITE(6,310) R, SUM NPV,
;83 ; 310 FORMAT( iHO, zax FL1.9, 3%, r12 2,13X,.F4.2) gggg
;}? g DETERMINE WHETHER R SHOULD BE INCREASED OR DECREASED TO REDUCE NPV TO 2358
712 82
714 318 a5 2uRa 't 020, 250, 330 2348
s . a
715 IF(R1 .GE. 1. .AND. R2 .GE. 1.) GO TO 340 gaeg
716 R =R - R3 6860
718 G? 10912101 6880
3}3 490 ?F(Rt L,GE. 1. .AND. R2 .GE. 1.) GO TO 340 8390
35? anTg +2?8 6910
722 c 340 IF(R3 .EQ. .001) GO TO 350 ] 2358
;%3 C VICINITY OF SOLUTION . CHANGE R IN STEPS OF .001 TILL NPV NEAR ZERO 2328
725 c 6350
726 R3 = .001 8960
i3 5 8 Hh
. 729 GO TO 210 ggoo
730 350 CONT%NUE 7000
*
s L] 10l o T B4, Ky ¢ 9 00 mn i
733 TE(6,355)R, 7030
" F RETURN (IRR) OF THIS PROJECT I
738 3552§9Rg#%§1ﬂ0635'F;H5 !N;EggéhrEZ;E gTHE REMAINING NET PRESENT VALUE 7050
;gg 3using THIS ESTIMATED IRR IS THEN'= " E15.2/7X,"THE BC/KC RATIO USI ;8?0
737 4ANG THIEGESTIMATED IRR IS = * F5.2 107
738 GO T 7080
739 59 WRITE(6,360)R,W, SUM NPV, BC : 7090
“ TE OF RETURN (IRR) OF THIS PROJECT
;4? 36 259R¥#$gi- déﬁ'F;HE EN;EEEQhTE 7X,"THE REMAINING NET PRESENT VALUE 7110 .
722 3UsinG THIS ESTIMATED IRR IS THEN = " _F12.2/7X,"THE BENEFIT COST ;}gg
743 4RATIO USING TH;S ESTIMATED IRR = " ,F5.2) 7139
;:g 362 LESTE$ Lgssgoo GO TO 370 ;}28
i W M PER CENT AND HAS
;:? s angﬁ Zig Tﬁerhémiﬂrg§~1?5n§¥gag? né?uggots THEREFORE INCORRECT ;:58
748 -Z' CHECK THE DATA CARDS FOR ERRORS.") 7180
;gg tt?Z?‘E‘tI!TE’.‘tttittt.i.ttttttll‘ttt.ic‘tttt.tl.tt‘t‘tttt‘tt..ttt: ;g(')g
E
;g; :tthE?Ii?E!EfEEIEEUE?§ItIeEL-ttt.tt.‘ltlit.t.totto.t#.t‘tttt‘ttin‘ttt ;%gg
C
322 g CHECK VARIABLE LPRINT. DECIDE TO PRINT TABLE 4 THOU TABLE 8 OR NOT ;ggg
igg c ‘IF(LPRINT .EQ. O0) GO TO 516 §§§§
758 IF (C1 .EQ. 1iT[gR. C1 .EQ. 2.) THEN 7280
17 seLE(e: 18] 7
11 FORMAT(1H .T30,"TABLE 5 THE VALUE OF EACH CAPITAL ",
: ;gé w +"COST SUR ALL YEARS",///) 7320
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.
IF&XKC .LE. 12) THEN
NREM1=0

C NEWKC DEFINES THE END OF COLUMN HEADING STRING
NEWKC=(XKC+1)*10
CALL SINGL(NEWKC,HEAD41,HEAD42, 1 ,KC, 1, ,XKC)

ELSE
MORE THAN ONE TABLES ARE NEEDED TO PRINT OUT THE WHOLE CAPITAL *
* COST DATA .
NREM1=MOD(XKC, 12)
LINE1=XKC/12

-

NSTAR=1
*
DO 422 KK=1,LINE{
LAST1=NSTAR+11
wRITE}G.iQOO; HEADA4 {
WRITE 6.1%00 HEAD42(KK)
1200 Fo&MATSlHo.A
21 N=1,PLANHO
wnlrsgs.1210;N.5Kcsd.n).u=NSTAR.LA511)
;g}o FDR@SL%;HBE X, 13,12F10.1
IF ;KK .LT. LINE1) WRITE(6,1270)
1270 DRMAT(1HO.T65.'C?NTINUED')
IF((KK .EQ. LINE1) .AND. (NREM1 .NE. O)) WRITE(6,1270)
NSTAR=LAST 1+1
422  CONTINUE
END IF
%
c
g PRINT OUT THE LAST PART OF THE TABLE
RN RS e
= +
NENxx='iNREM1+1 )+ 10
CALL SINGL(NEWXX,HEAD41,HEAD42,LINE1,KC,NSTAR, XKC)
END IF
*
0i“ttsegtzfatttototttttat.;tttnotottaodtn.tttti‘ttltnttosttoacao--
* PRINTING OPERATING COST TABLE -

i I T T T T Ty e e R R R R R R R R

WRITE 6.!58& ITLE
WRITE i 15

1500 FORMAT(iH .T30,"TABLE 6 THE VALUE OF EACH",
+" OPERATING COST BY YEAR",///)
*
L
IF axx .LE. 12)THEN
+ PRINT OUT PARTIAL TABLE
NREM2 =
NEWXX = xx+z)-|o
Ef%% SINGL(NEWXX ,HEADS1,HEAD42, 1,0PCOST, XIF ,XI)
*
NREM2=MOD( XX, 12)
L[NE2=xxé 2
NSTAR=X1
DO 432 KK=1,LINE2
LAST1=NSTAR+{1
WRITE 6.1200] HEADS 1
WRITE(6, 1200) HEAD42(KK)
DO 431 N=1,PLANHO
WRITE(6.1210)N, (OPCOST(J,N),J=NSTAR,LAST1)
431 CONT INUE
IF ,KK & g LlNE?} leTE(?.i270)
IF; KK .EQ. LINE2) .AND. (NREM2 .NE. 0)) WRITE(6, 1270)
NSTAR=LAST 1+1
432  CONTINUE
END IF
* %
* &
IF (NREM2 .GT. O) THEN
LlNE!-%lNE2+$
NEWXX=(NREM2+1)* 10
CALL SINGL(NEWXX,HEADS1,HEAD42,LINE2,0PCOST,NSTAR, A XI)
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END IF 8100
LR L e R R R B110
= PRINTING BENEFIT TABLE » 8120
T  E EE  E E E  E E E A R R R R R A R L 8130

WRITE 6.156)TITLE 8140

WRITE(6, 16 8150

1600 FORMAT(1H ,T 'TAB 5 THE AMOUNT OF EACH", 8160
+* BENEFIT BY YE 8170
NEHXO‘(X0+I)'IO 8180
HRITE$6.1610) HEADE(l:NEHXD) 8190

1610 FORMAT(1HO,A,/) 8200
DD 486 N-i.PLAN 0 8210
HRITE#?. 1620) (BENEF(J,N),J=1,X0) 8220

;ggo FORMA 1HO, 6X, Iﬁ 10F10. ) . g%gg
Oiti‘t‘ttttt‘litt..tt.intt.-ott..n.lettooolt.t‘-‘toio“‘t‘to-‘tt-i‘t 8250
* PRINTING OPERATIONAL COST PER UNIT * 8260
LR R R A R A A A R R A R R A A AR R A 8270
WRITE 6.158& ITLE 8280

WRITE 17 8290

1700 FORMA ‘H T30,"TABLE B8 QUANTITY AND PRICE OF OPERATING ", 8300
+-c?51 NPUf? BY YEAR",///) 8310
IF(XX .LE.6) THEN 8320
NREM3= 8330
INDEX1=(XX* )+ 8340

WRITE(6, 1200 H AD7 1{1)51 iNDEx!) 8350

WRITE(6, 1200 H D 2 NDEX 1 8360

DO 4 N=1,PLANH 8370

WR E%? 11105 N sx&u Nz P(d ).u=x1r.x1} 8380

1710 FORMAT (1HO,13,6(F1 0 8390
487 NT INUE 8400
* 8410
ELSE 8420

» 8430
NREM3=MOD(XX,6) 8440
LINES=XXé 8450
NSTAR=X1 B460

DO 489 KK=1,LINE3 8470

LAST 1=NSTAR+ 8480
NRITE{G.IQOO HEADT7 1(KK) 8430

WRITE(6, 1200) HEAD72 8500

DO 488 N=1,PLANHO B510
WRITE(6,1710) N, (X(J,N),P(J,N), J=NSTAR,LAST1) 8520

488 CONT INUE 8530
IF (KK .LT. LINE3 HR!TE(?.W?O) 8540

lrg KK .EQ. LINE3) .AND. (NREM3 .NE. 0)) WRITE(6,1270) 8550
NSTAR=LAST 1+1 8560

489 CONTINUE 8570
END IF 8580

IF (NREM3 .GT. O) THEN 8590
LINE3=LINE3 8600

NEWXX= NR£M3'202 B610

WRITE(6, 1200 ADT71 LlNES)(i NEWXX) 8620

WRITE 6,1200 HEAD72( 1:NEWXX) 8630

DO 511 N=1, PLANHO 8640
WRITE(6,1710) N, (X(J,N),P(J,N),J=NSTAR,XI) 8650

511 CONTINUE 8660
END IF 8670
L e R R R A R R R R R R 8680
* PRINTING BENEFIT PER UNIT . 8690
e R R R R R R 8700
WRITE(6,156)TITLE 8710

WRITE 1800 8720

1800 FORMA ‘H ., 730, "TABL ? QUANTITY AND PRICE(VALUE) OF", 8730
o BENE ITS BY YEAR",./// 8740

IF (X0 .LE. 6) THEN 8750

NREM4 = 8760
INDEX2=(X0*20)+5 8770
WRITE(6,1200) HEAD 1){ : INDEX2) 8780
WRITE(6,1200) HEAD NDEX2) 8790

DO 512 N=1,PLANHO 8800
WRITE(6,1710)N (X(d N),P(J,N),J=1,X0) 8810

512 CONT INUE 8820
» 8830
ELSE 8840

" 8850
NREM4=MOD(X0,6) B860
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1 917 LINE4=X0/6 8B70
1 918 NSTAR=1 8880
1 919 DO 514 KK=1,LINE4 8890
1 920 LAST 1=NSTAR+S 8900
1 921 WRITE 6.1200} HEADBi(KK) 8910
1 922 WRITE(6,1200) HE u B920
1 923 DO 513 N=1,PLANH 8930
1 924 WRITE(6,17 O)N (X(J.,N),P(J,N),J=1,LAST1) 940
1 925 513 CONT INUE B950
1 926 IF ikk LLT. LINE4) WRITE(6,1270) 60
1 927 IF((KK .EQ. LINE4) .AND. (NREM4 .NE. Q)) WRITE(6,1270) B970
1 928 NSTAR=LAST 141 B98O
1 929 514 CONT INUE 8990
1 930 EN? 1F 2000
931 IF(NREM4 .GT. 9010
1 932 NEWXO0=(NRE M4-20 +5 2020
1 933 . 9030
1 934 WRITE(6, 1200) HEADB1(2)( 1:NEWX0) 9040
1 935 WRITE 1200 HEADTz 1:NEWXO0) 9050
1 936 DO 51 =I 0 9060
1 937 WRITE é,1110)N.(x(u.N).P(J.N).J=N51An,xo) 9070
1 938 515 CONTINUE 080
1 939 END IF 9090
1 940 tco*n.*t.‘.mi*aQt..ct.tttqtttt."t't!'t.t't‘t00’*00titi.ttttti*ti!t&&“ 9100
941 516 {éXKC GT o) AND.((C1.EQ.0).OR.(C1.EQ.3)))THEN 9110
1 942 9120
1 943 9130
1. 944 9140
945 GO TO 20 9150
946 C 9160
947 C DATA IS NOT COMPLETE 9170
948 C 9180
949 500 WRITE46.690£ 9190
gg? goo FORMAT(///.5X,"+*++ EOF OCCURS, INPUT DATA IS NOT COMPLETE #*#*#+") gg?g
952 999 END 9220
--VARIABLE MAP--(LO=A/R) A=ARGLIST, C=CTRL OF DO, I=DATA INIT,
-NAME - --ADDRESS --BLOCK----- PROPERTIES------~- TYPE-==-====~ SIZE---REFERENCES- R=READ, S=STORE, U=1/0 UNIT, W=WRITE
A 6211B REAL 60 3 229/R 230/W 253/R 255/W 323/W 327/W 359/W 394/W
402/W  421/W 564 570
B 63058 REAL 60 3 233/R 236/W 258/R 261/W 324/W 329/W 362/W 411/W
416/W 422/W 564 570
BC 706558 REAL 662/S 670/S 672/W 675 708/W 733/W 739/W
BCO 704708 INTEGER 553 86/R 109 109 110/W 156/W 227 310/W 358
BENEF 661718 REAL 1000 3 532/S 593/S 602/5 852/W
cCo 704718 INTEGER 56§ 86/R 112 112 113/W  157/W 251 310/W 390
CEFF 706568 REAL 675/5 676/W
CX 516158 REAL 60 3 578/S 579 580
(] 704728 INTEGER 7 86/R 115 115 116/W 158/W 276 276 310/W
440 477 571 571 603 628 628 638 657
657 689 689 732 732 758 758 941 941
c2 704738 INTEGER 7 B6/R 118 118 119/W 159/W 310/W 510 514
D 706518 L g:g;a gég/w 615 615/S 619 624 632 640/W 643/W
HEADA4 1 704778 CHAR* 130 8 22/1 769/A 7T79/W 799/A
HEADA42 701418 CHAR* 130 5 3 8 25/1 28/1 31/1 34/1 37/1 769/A 780/W
799/A B816/A B25/W B839/A
HEADS 1 705148 CHAR* 130 8 40/1 B816/A B24/W 839/A
HEADG 705318 CHAR+* 130 8 43/1 BA9/W
HEAD7 1 702428 CHAR+* 130 9 3 8 45/1 48/1 51/1 54/1 57/1 60/1 63/1
66/1 69/1 B865/W B879/W B92/W
HEAD72 705468 CHAR* 130 8 72/1 B866/W BBO/W B893/W 909/W 922/Ww 935/W
HEADS 1 704278 CHAR+* 130 2 3 8 75/1 78/1 90B/W 921/W 934/wW
1 704618 REAL 6 B6/R 106 107/W 154/W 310/w 338 344/W 539
11 706168 INTEGER 351 377/C 401/C 415/C 563/C 564 564 564
INDEX 1 707008 INTEGER 864/S B65 B66
INDEX2 707128 INTEGER 907/S 908 909
1PV 704638 REAL 6 627/S 640/W 643/W 649/W 652/W
It 705678 INTEGER 198/C 199 200 205/C 206 2 245/C 246 247
270/C 271 272 283/C 284 285 313/C 314 317/C
318 332/C 333
J 705638 INTEGER 82 186/C 187 199/c 199 200/C 200 206/C 206
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SUBROUTINE SINGL 74/175 OPT=1,ROUND= A/ S/ M/ FIN 5. a
DO=-LONG/-0OT,ARG=-COMMON/ -FIXED,CS= USER/-FIXED, oa=-ré/ sa/ SL/ ER/-1
FTNS,L0.
1 -
2 .
3 -
g s SUBROUTINE SINGL(ISTRING,CHAR3,CHAR4 M2, XVAL, IMPOR,LASTX)
6 C SUBROUTINE SINGL PRINTS PARTIAL LENGTH OF TABLE SEGMENT
; g gg%sLENGTH OF TABLE SEGMENT DEPENDS ON THE NUMBER OF DATA
9 ¢
10 COMMON PLANHO
11 DIMENSION HAR4(9& XVAL(EO 100)
12 CHARACTER= 1 30 CHAR3,C
:3 INTEGER PLA
-
15 WRITE(6,5100) CH ana‘ ;?TRING&
16 WRITE ? 5100) CHAR4(M2){1:ISTRING)
17 5100 FORMAT(1HO,A
18 DO 789 N=1,PLANHO
19 HRITE(6,5130;N SxVALsg.N).J-lMPDR.LASTX)
20 5180 FORMAT(1HO.6X,13,12F10.
21 789  CONTINUE
22 RETURN
23 END
--VARIABLE MAP--(LO=A/R) -
-NAME - --ADDRESS --BLOCK----- PROPERTIES---==-=~ TYPE--------- SIZE---REFERENCES-
CHAR3 2  DUMMY-ARG CHAR=130 4 12
CHAR4 3  DUMMY-ARG CHAR+ 130 9 4 1
IMPOR 6  DUMMY-ARG INTEGER 4 19/C
ISTRING 1 DUMMY - ARG INTEGER 4 15
J 42 INTEGER 19 19
LASTX 7  DUMMY-ARG INTEGER 4 19/C
M2 4  DUMMY-ARG INTEGER 4 16
N INTEGER 18/C 19/wW
PLANHO 66 INTEGER 10 13
XVAL MMY - ARG REAL 6000 4 1"
-STATEMENT LABELS-- Lo-A4n£
-LABEL--ADDRESS---PROPERTIES----~ DEF--REFERENCES-
789 INACTIVE DO-TERM 21 18/D  21/L
5100 638 FORMAT 17 15/W 16/W 17/L
5180 658 FORMAT 20 19/wW 20/L
-~ENTRY POINTS--(LO=A/R)
~-NAME - - - ADDRESS--ARGS------ REFERENCES-
SINGL 48 T 4/D 22/R
--!/n UNITS--(LD=A n
~NAME--- PROPERTIES----========- REFERENCES-
TAPEG FMT/SEQ 15/wW 16/W 19/w
--STATISTICS--
PROGRAM-UNIT LENGTH 1538 = 107
CM BLANK connou LENGTH 1B = 1
CM STORAGE USED 06008 4960

COMPILE ?IME
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PMD/ -

15/W
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16

-
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=0

aéoz/as .11.49.50
ST,PL=

A=ARGLIST, 1

R=READ, S=

C=CTRL OF DO,
STORE,

16/W

-DD STMT,
=LABEL

N STMT
=lefE

L)

D=DEFINITION, R=RETURN

R=READ, W=WRITE

U=1/0 UNIT,

PAGE




