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AAC
BCR
CC
CRF
CRF!
EiRR

R!
RFR

SCAF
SFF
SPWF

UCAF
UPWF

NOMENCLATURE

Average Annual Cost (including capital)

Benefit-Cost Ratio

Capitalized Cost (present worth of perpetual service)
capital recovery factor

capital recovery factor after tax

Equated Interest Rate of Return

nominal interest rate, compounded annually

. interest rate after tax

resale or scrap value

number of years

principal, investment, or present worth of future amounts

present worth of both invested and future costs

annual return (revenue less operating costs), annual repayments
on a loan (returning capital plus interest)

annual return after tax

Required Freight Rate

a future sum of money

single payment compound amount factor

sinking fund factor

single payment present worth factor

tax rate in proportion to annual profits before tax

uniform series compound amount factor

uniform series present worth factor

annual operating costs (wages, repairs, insurance, overhead,
supplies, fuel, and so on)
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PREFACE

My object in preparing these notes is to introduce students
of naval architecture and marine engineering to engineering economy as
a tool in ship design. The emphasis is on the principles of engineering
economy. Methods of making practical application of these principles
to commercial ship design are dealt with as well, but no effort is made
to provide factual cost data. You will find such information available
in industry, and years of experience may bring you the facility of
making reliable proJjections into the future.

There is no intent here to teach business administration.
Overlapping areas exist, however, and I shall try to indicate which
decisions are clearly management's prerogative, which may belong éither
to management or engineering, and which belong to engineering alone.

Problems in communication frequently arise in matters of the
sort dealt with here. Businessmen, engineers, and economists all may
use different words for the same thought--or the same word for different
thoughts. I make no claim that my particular definitions are better
than anyone else's. But I do aim to be clear and consistent, and hope
you will concentrate on the thoughts, not the semantics, herein.
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INTRODUCTTON

Economics is defined in many ways. For our purposes, it
is the task of allocating a finite supply of investment funds in
the face of infinite possibilities. Most large companies and cor-
porations decide between alternative investment opportunities prin-
cipally on a basis of predicted profitability.

Engineering also is defined in many ways. Most defini-
tions refer to using scientific knowledge for the benefit of society.
And in a free economy, society expresses its collective needs through
its individual purchases--which places businessmen between engineer
and consumer. In short, the engineer must alternately deal, and
communicate, with both scientists and business managers.

Engineering economy, then, is an approach to design aimed

at meeting society's needs with a maximum effectiveness in the use
of resources: man-power, materials, and investment funds.

In general, if he wants to be convincing to the business
manager, the engineer must demonstrate that his proposed design
promises to be more profitable than any alternative design. Further-
more, the engineer must realize that the wise business manager will
consider several competing investment opportunities. An oil company,
for example, may find a pipeline more profitable than a tanker. Or
it may find the most profitable alternative is to rely on independent
fleets, investing the capital so saved in a new refinery. These
concepts are in keeping with both good economics and good engineering.

Economy is also something of a universal solvent, allowing
the engineer to weigh the relative merits of design alternatives in-
volving different units. For example: a choice between two engines,
one heavier but more compact than the other, involves both weight and
volumetric units. Converting both to resulting costs, present and
future, allows rational quantitative judgment. There are, of course,
certain considerations such as pride of ownership that defy reduction
to cash value. These intangible factors are normally managementg
responsibility, although a complete engineering analysis should at
least include mention of them.

Many engineers equate sophisticated technology with good
design. They slight the economic aspects of their work and the
result is over-design. The best wheelbarrows, commercially, are
hardly goldplated. The same is true of ships.
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In summary of the above, the well-engineered project has
a basis of careful economic thought. Such thought is applied not
only to the preliminary, major decisions but to every detailed
decision along the way. And, finally, when ready to present to
menagement the proposal is couched in terms of profitability. A
good naval architect, then, must know how to make economic studies
and must unendingly develop his ability to estimate future costs
of building and operating ships.



THE TIME-VALUE OF MONEY

Misers to the contrary, money does you no good until you
spend it on the necessities or pleasures of life. Most of us would
rather be given a dollar today than the promise of one in the
future, simply because we are humanly impatient to have our neces-
sities and pleasures. This time-value of money means that you
should be rewarded if you are willing to lend or invest your spare
cash since you are thereby postponing the pleasures it can bring
you. The reward, or rent money, we call interest, which is
generally expressed as an annual charge in percent of the funds
invested.

Interest can be thought of in three ways:

1. Contracted interest is the type you are most familiar
with. Savings deposits, bank loans, mortgages, and bonds all carry
mutually agreed-upon interest rates.

2. Implied interest is appropriately considered when
funds are tied up without any resulting visible reward. For example,
if you hide a sum of money in your mattress, your decision is in ef-
fect costing you the interest you would gain from a savings bank.
This is lost-opportunity interest.

Returned interest is a measure of the gain (if any) from
risk capital invested by an entrepreneur. This is sometimes called
internally generated interest or interest rate of return. It is
The one true measure of profitability, expressing the returns from
a venture as equivalent to returns from a bank at some rate of
interest. Since most nations impose a tax on corporate profits, we
must differentiate between interest rates of return before and after
tax (abbreviated 1 and 1i').




PRESENT WORTH

If you are satisfied with an interest rate of 5 percent,
then $1.00 today is exactly equivalent in desirability to $l.05 a
year hence. Conversely, $1.00 a year from now is worth only $0.95
now. That is, the present worth of $1.00 one year hence is only
$O.95, assuming an interest rate of 5 percent. Thus, interest
relationships can be used to transpose dollars to equivalent values
in other periods of time. Future cash flows are often analyzed by
discounting all future annual amounts to their individual present
worths and finding the sum of those values. This important concept
will be illustrated shortly.

Present worth is also called present value.

b



INTEREST RELATTIONSHIPS

We shall presume that you are aware of the logic behind
compound interest. In engineering economy studies we almost always
assume annual compounding and the interest rates we talk about are
annual rates. As far as decision making in ship design is con-
cerned, the assumption of annual compounding yields accurate con-
clusions. This is despite the fact that money may change hands
almost every day.

There are basically six compound interest relationships
that we must understand. The first two apply to single-payment
arrangements. First, some abbreviations:

P present sum, principal, invested cost, or
present worth of future money

St future sum of money

R: uniform annual amounts of money

i: interest rate compounded annually

n: number of years in the future.

Plotting time on a horizontal scale and money on a vertical scale:

S

<
sCP
0 ! \ A/L/y{ + - years
////’ “4? n
¥

where

SCAF is single compound amount factor
SPWF is single present worth factor.
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The algebraic values (proof of which you can find in
standard texts) are as follows:

SCAF (1 +1)"

1
(1 +1)"
Numerical values of SPWF for various combinations of 1

and n are given in the Appendix. Values of SCAF can be found
by taking the reciprocal of SPWF.

SPWF =

Where uniform annual amounts (R) are balanced against a
present value or investment, we have these two relationships:

R: note: arrows represent
T T * T T T f total cash flow

0 0 during the time
CVZF WE unit to the left
U/P/
of the arrow.

P

R = [CRF]P 1
}UPW:F:EEF-

P = [UPWF]R

where

CRF 1is capital recovery factor
UPWF is uniform present worth factor.

The algebraic value of CRF is:

i(1+1)"
(1#)B-1

Numerical values of CRF are found in the Appendix.
Reciprocal values give UPWF"

A common application of CRF is in installment buying.
If you wish to find the periodic amounts (R) that will repay a
debt (P) in n periods, at an interest rate (1), simply multiply
P times CRF . Conversely, if you have an opportunity to buy a
facility that promises to return R dollars per year for n years,
you can find how much you could afford to pay for it (P) by multiply-
ing R times UPWF , the latter based on the years of life of the
facility and the interest rate you desive.
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Where uniform annual amounts (R) are balanced against a
single future amount (8), we have these two relationships:

S
\

¢
5%

e

=]
1l

[SFF]S
} o -

[UCAF]R

[€2]
I

where
SFF is sinking fund factor
UCAF is uniform compound amount factor.

The algebraic value of SFF is

i
(1+1)2 .1

Numerical values of SFF are found in the Appendix.
Reciprocal values give UCAF.

If you want to accumulate by some future date a certain
amount of cash (S) by regularly banking R dollars, find R by
multiplying S by SFF . Conversely, if you know you can afford to
bank R dollars per year, you can find the compounded future amount
(8) owed you by the bank by multiplying R by UCAF.

Some miscellaneous notes are appropriate at this point:

a. Although we use annual compounding in most engineering
studies, the algebraic relationships and numerical values are valid
for other compounding periods. For example, if the interest rate
is one percent per month and we compound monthly for two years, the
numerical value of any interest factor is the same as for annual
compounding at one percent per year for 24 years. Do not be fooled
into thinking, however, that one percent monthly interest compounded
monthly is equal in desirability to 12 percent annual interest com-
pounded annually.
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b. All vertical arrows in the cash flow diagrams could be
reversed without changing the interest relationships. We represent
money paid out by a downward pointing arrow, money coming in as an
upward pointing arrow. But remember that money out to a lender is
money in to a borrower.

c. Professor Wilbert Steffy's shorthand method is used here
for specifying interest rates and years applied to interest formulas.
For example, the capital recovery factor for 10 percent interest
and 5 years would be represented by: [CRF]g'lO. In numerical solu-
tions, as a further short cut, the numerical value may be immediately
appended : [CRF]%‘lO 0.2638.

d. As a matter of incidental concern, the sinking fund factor
plus the interest rate is numerically equal to the capital recovery
factor. Also, the uniform present worth factor is numerically equal
to the sum of all the single present worth factors up to and includ-
ing the total number of years involved. You can discover other re-
lationships for yourself.

e. Accountants and bankers must make their calculations to
the last penny. In engineering economy, however, no such accuracy
is required. Engineers try to predict future costs and there is
no point in predicting profitability levels to five significant
figures when the inputs are seldom accurate in the second figure.

f. An enginner uses engineering economy largely to help in
decision making. Decisions are between alternatives: no alternatives,
no decisions. History offers no alternatives. Therefore an engineer
does not analyze past performances except to help predict the
future.

g. As a matter of convenience, in most of our studies, we
start the measurement of time at the moment of delivery of the ship
even though that may be several years in the future. This simpli-
fication is perfectly valid unless one alternative promises a
greatly different time of delivery than the others. In precise
studies, payments made before delivery may be compounded to an in-
creased amount at the time of delivery.

h. 1In choosing between alternatives, relative values are
more important than absolute values. Costs that are much the same
between alternatives can usually be ignored. It's the differences
that count.



Summary

Good engineering involves economic as well as scientific
analysis. Design optimization requires an understanding of the
factors influencing the potential success of the ship as an invest-
ment. Profitability is best measured as equivalent interest rate
of return. Interest relationships are therefore appropriately applied
to ship design economic analyses, which invariably require that we
relate future amount to intial investment. The six basic interest
factors (SCAF, SPWF, CRF, UPWF, SFF, and UCAF) can be used in
various combinations to analyze cash flow pattern, no matter how
complex.

Problems

In the following problems, assume an interest rate of 10
percent unless otherwise noted. Repeat solutions using other
arbitrary interest rates if further practice is desired.

1 Calculate numerical values of the following interest factors.
Assume a life of 5 years. Check your answers against the
interest tables.

a. SCAF
b. SPWF
c. CRF
d. UPWF
e. OFF
f. UCAF

Solution to (la)

The object is to find the numerical value of the single compound
amount factor, SCAF, for 10 percent interest (i) and 5 years (n).
Annual compounding is implied.

(scar]l = (1 +1)"
[SCAF]élO: (1 + 0.1)5 = (1.1)? = 1.61 (ans.)
(Value from interest table: 1 = 1.61)
0.6209

Note: Raising 1.1 to the fifth power can be done in various ways:
a. Multiply 1.1 by itself (n-1) times.
b. Use LL scale on sliderule.
c. Use logarithms:

log(L1)? = 5 log 1.1 = 5 x 0,041k = 0.2070
. N
from log table
(1.1)> = 1.61
it

g

from log table



-10-

Solution to (1b)

i 1

[SPWF]H ) (1+i)m

[SPWF]'lO= L = L - 0.6 (ans.)
5 (1+0.1)> 1.61 -

denominator same as
SCAF found above

Value from interest table: 0.6209.

Note: The purpose of the first problem is to convince you of the
credibility of your interest tables. Also, there will be
occasional combinations of i and n not covered by the
tables. In normal cases, however, you should use the tables
rather than calculating every factor. Using the tables is
both faster and safer.

2 In the problem above, check the relationship:
CRF = ©SFF +1
3 If you borrow $1000 today and repay the loan in a lump sum 5
years from now, how much will you return to the lender?
Solution
.10
S = [SCAF]g 1.61 $1000 = $1610 (ans.)
fP = $1000 —
5 This is the shortcut way
of saying:
Soo [SCAF]é (which equals 1.61)

L Find the present worth of the future amount found in Problem

No. 3.

5> Find the present worth of the future amount found in Problem
No. 3 using an interest rate of 3 percent.

Solution

f P=27
0 > .03
P = [SPWF]5 0.8626 $1610 = $1390 (ans.)
s = $1610

Comparing this answer to the one above, we see that lowering the
interest rate increases the present worth of future amounts.
Conversely, increasing the rate decreases present worth.
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é What is the total present worth of $100 five years hence and
$200 three years hence? (answer: $212)

7 If you borrow $5000 and repay the debt in 5 equal annual
payments, how large will these be?

Solution

AR

5

P = $5000

.10
R = [CRF]5 0.2638 $5000 = $1319 (ans.)

Let us see how a bookkeeper would keep account of the
annual payments of $1319 found above:

End of Residual Debt Interest Charge  Total Annual Reduction
Year Before Payment Due at lO% Payment in Debt
at End of Year

1 $5000 $500 $1319 $819
2 4181 418 ' 1319 901
3 3280 328 1319 991
L 2289 229 1319 1090
5 1199 120 1319 1199

0 $5000

Based on the above, we can show on a cash flow diagram how
the distribution between interest and debt reduction varies from
year to year:

R = $1319
A A A |
5P { |5
%.
2 (N A
0 = —
o @ R
1 2 3 L 5



§ Find the present worth of the annual payments found in Problem
No. 7.
9 Find the present worth of the annual payments found in Problem
No. 7 using an interest rate of 20 percent. (answer: $3940)
10  You think you will need $15,000 in a lump sum 5 years hence.
How much must you invest each year at 10 percent interest in
order to meet this objective?
Solution l S = $15,000
Ot ' 5
L l L ‘ [ R =2
.10
R = [SF'F]5 0.1638 $15,000 = $2460 (ans.)
11 Find the present worth of $15,000 five years hence.
12 Find the present worth of the annual amounts found in Problem
No. 10.  Compare this answer with that found in Problem No. 11.
13 VWhat is the present worth of $1000 per year for each of the
next 5 years? TFind this in two ways: using UPWF, and tabulating
values based on SPWF.
;&_ TFind the present worth of the following cash flow.

-12-

During year 1 $100
during year 2 $ 50
during year 3 0
during year U4 $100 loss
during year 5 $200

con
(cont'd)
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Solution
| $200
$100
$50
L
1 1 |
0 1 2 3 1 5
$100
P:'?
~10
Year Amount [SPWF}n Product
1 $100 0.909 $ 9
2 50 0.826 Lo
3 0 0.751 0
L -100 0.683 -68
5 200 0.621 12k

Total Present Worth $188 (ans.)




PRESENT WORTH OF COMPLEX CASH FLOWS

The final problem in the previous section shows the uni-
versal solution to finding the present worth of complex cash flows:
simply tabulate the individual annual amounts, multiply each by the
appropriate SPWF, and add up the products. TFrequently, however,
alternative solutions are more convenient. Consider the problem of
finding the present worth of R dollars per year for each of t
years, starting in year S :

This can be done in several ways. One is to find the present
worth at year (S-l), then transfer that present worth back to
year zero:

P at year (S-1) = [UPWF]i R
i
P = [SPWF]S 1 {p at year (s-1)}
combining: ) .
' _ i i
P = [spwF]l | [UPWF]} R

Another method is to find the uniform present worth for n years,
then subtract the uniform present worth for (8-1) years:

i

P - [UBWF] R - [UPWF], R
or
B i i
p = {(wF]l - [upwF]; IR

Example 15 illustrates the foregoing approach.

15 Find the present worth of $175 per year for 15 years starting
in the 6th year. Assume an interest rate of 10 percent.

R = $175

oo ttttpprbbbbELL

5 10 15 20

-1k~
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Using the first method:

.10 1
15 0.1315

1}

P at year 5 $175 = $1331

[UPVWF ]

P = [SPWF]élO 0.6209 $1331 = $828 (ans.)

Using the second method:

_ .10 1 .10 1l
Fos {{UPWF]zo o - [P 0.2638} h75
P = (8.51-3.78) $175 = L.73 #$175 = $828 (ans.)

Devise and solve by a third method.

A slightly more complex problem involves a step in annual
amounts:

Ry

BEEE

The present worth could, as before, be found in any of several ways.
One solution would be to find the present worth of R, dollars per
year for n years, then subtract the present worth of (R2 - Rl)
dollars per year for (S-1) years:

]i

i
P = [UPWF] R, - [UPWF
[UPWF] Ry - [ 5.1

(Ry-Ry )

16 Find the present worth of $40 per year for the first 5 years,
$100 per year for years 6 though 10, and $1000 at the end of
the 10th year. Interest is 10 percent.

(continued)
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L $1000

$100

‘L ' 5 10

let
Pl = present worth of $lOO/yr for 10 years
P, = present worth of $ 60/yr for 5 years
P3 = present worth of $1000 at end of 10th year.
P :Pl—P2+P3
200 1 101
P = [UPWF ———— $100 - [UPWF —— $60
WBFo 5y $ (=l 5aes ¢

.

10
+ [SPWF]lO 0.3855 $1000

av)
1

$61h - $227 + $385 = $772 (ans.)
Repeat this problem using 20 percent interest. Check your
answer using tabular form.

17 Find the worth of a single payment during the 3rd year equivalent
to the following cash flow:

Year Thousands of Dollars
1 2000 outflow
2 2000 outflow
3 2000 outflow
L through 13,
each 1000 return
14 through 28,
each 800 return

(The answer is $1,860,000)
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%@_ Find the present worth of the following cash flow. Do this
by iteration (tabular form) and by at least one other method.

Year Amount
1 through L $100
5 through 10 $300
11 $100 loss
12 through 15 $200

19  What is the present worth of a facility that will cost $1000
to start with and cost another $200 per year for 20 years?
There is no income. Interest rate is 6 percent.

EERERRERERRRRRRRREREE

i ' Y = $200

L P = $1000

There are two thingsto note here. One is that we are
really talking about costs, not worths. The same principles
nevertheless apply. ©Secondly, the initial investment is already
designated "P" ; we shall therefore call present worth of both
present and future amounts "PW":

PW = P+ [UPWF]i Y

_ .06 1
PW = $1000 + [UPWF]QO ST $200
PW = $1000 + 2295 = $3295 (ans)

Repeat the above using an interest rate of 3 percent;

also add an income from resale of $lOOO at the end of the 20th
year.



AVERAGE ANNUAL COST

The previous section has used present worth to measure the
cost or value of various cash flows. An alternative is to find
the average annual cost, which converts all costs to an equivalent
uniform annual amount, taking due recognition of the time-value of
money. The following examples illustrate the principle of average
annual cost.

20 Find the average annual cost for a ship that requires an
initial investment of $l0,000,000 and annual operating costs
of $1,500,000. The ship is expected to last for 25 years.

[AIRRRR AR AR AL

[ P = $10,000,000

The average annual cost of operation is, of course,
$1,500,000. To this must be added the average annual cost of capital.
This is found by converting the invested cost (P) to an annual
cost by multiplying by the CRF corresponding to the specified
years and interest rate:

AAC for operations = ..eeeeee.... e $1,500,000
: .18

AAC for capital = [CRF]25 0.1829 x $10M = $1,829,000
Total AAC $3,329,000

(ans.)

In algebraic form:

i
AAC = Y + [CRF]n P

-18-
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21 Recalculate Problem 20 with the added assumption of a special
expense (T) of $3,000,000 during the fifth year:

p)

HHJHHHHHHHHngs

Y =$1,500, 000

T = $3,000,000
P = $10,000,000
The average annual cost of a single expense such as T

is found by first calculating its present worth and then multiplying
by CRF . The complete average annual cost would then be:

.18 .18 .18
AAC = Y + [CRF) P + [SPWF] [CRF] T

25 5 25
(To be completed by the student)

22 Find the average annual cost (better phrased: equivalent annual
return) of a predicted $5,000,000 resale 25 years hence.
Interest rate is 18 percent.

| 1 = 5,000,000

ot 25

There are two ways to do this. One is to treat L Just
as T was treated in the previous problem:

AAC = —[SPWF);SLB [CRF]é? L

An easier method is to multiply L by SFF:
AAC = {SFF]'lS L
= w 25

Note that incomes are treated as negative costs.

(You should complete this problem by both methods.)
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Complex cash flow can be converted to average annual costs in
two steps: 1. Find the total present worth as illustrated in
Problem 14; 2. Multiply the total present worth by the capital
recovery factor: '

n
AC = [CRF] { L S[SPF] + p}

gi Find the average annual cost of the following, if interest rate
is 15 percent: (See sketch at bottom of page.)

Solution

First, use the tabular form to find the present worth of the
future costs (and don't forget the initial cost of $500):

Year Amount [SPWF]I'l15 Product

1 $100 0.8696 $ 87
2 200 0.7561 151
3 -200 0.6575 -132
L 300 0.5718 172
Total PW of future amounts 278
P 500
Total PW $778
.15
AAC = [CRF]h 0.3503 $778 = $272 (ans.)

(Repeat, using an interest rate of 10 percent.)

g&_ Find the average annual cost of a ship that has an invested
cost of $6,000,000, a predicted resale value of $3,000,000
after 5 years, and operating costs as listed in the table
below. The interest rate is 20 percent.

Year: 1 2 3 L 5
Operating Costs: $1M  $1.24 $3M $3M  $3.2M

(M: million)

(Sketch for Problem 23) 1 $200
1 2 L
0 ‘ 3 ‘
$100
$200 $300

$500
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Find the average annual cost of a passenger ship that has an
invested cost of $28,000,000, a life expectancy of 30 years and
a disposal value of $M,OO0,000. The operating costs are
$3,000,000 per year for the first 10 years and $3,500,000 per
year in the final 10 years. There are also rehabilitation

expenses of $5,000,000 in the 5th, 10th, 15th, 20th and 25th years.
Interest rate is 22 percent.



FINDING AN UNSPECIFIED INTEREST RATE

The principle of this section is best presented in an

example such as this: Suppose a banker offers to give you a sum
of $1220 in 10 years if you will deposit $750 in his bank today.
What interest rate does he have in mind?

| s = $1220

0

P = $750 10

We know P, S, and n . Dividing P by S gives us the

single present worth factor the banker used:

P = [SPWF] S

P _ $150  _ i
S $1220 [ SPWF ]
[SPWF]; = 0.614

If we examine our SPWF table we will find that the calculated

value of 0.614 is appropriate to 10 years and 5 percent interest. We
can then infer that 5 percent interest was what the banker had in mind.

A banker offers to give you a sum of $121.60 five years from now
if you will give him $lOO today. What interest rate is implied?

A retirement plan involves your paying annual premiums of $4lL5
for the next 50 years. At the ena of that period you will be
given $50,000. What interest rate is implied?

A banker says he'll give you $300 for each of 5 years if you'll

lend him $1000 at the beginning of the first year. What interest
rate is implied?

-22-
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R = $300

P = $1000

i $300
CRF = —=—— = 0,30
: ]5 $1000 3

i = 15.3% (ans.)

Note: TFigure 1 may be used in place of interest tables
when CRF is known.

29  Suppose you can predict that a $1000 investment in a business
venture will return $300 to you each year for 5 years. How
profitable is this in terms of equivalent rate of interest?

R = $300

P = $1000

As you may see, this cash distribution is exactly the same as that
shown in the previous problem. The principle is the same and the
method of solving is the same. The only difference is that the returns
are not guaranteed.

1R _ $300 _
[CRF]5 =5 - = 0.30

In short, the predicted returns from this investment are equivalent
to repayment of the principal at 15.3 percent interest. When used
in this way, the ratio of R to P 1is often called rate of return,
and the derived interest may be called interest rate of return.

Note: Returns are not the same as revenue. They equal revenue minus

operating costs. More on this later.
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30 Would you rather buy $500,000 worth of bonds paying 5 percent
interest or buy a tugboat with the $500,000? The tug will last
25 years and bring you $35,500 returns each year. Assume there
are no taxes involved in either case and the tug's salvage value
is nil.

31 What is the equivaleﬁt rate of interest for an investment of
$1000 that promises returns of $200 the first year, $500 the second,
zero the third, $600 the fourth, and $100 the fifth?

$500 \ $600
\
$200 $100
o | |
1 2 3 L 5
P = $1000
Solution

The key idea for a problem of this type is as follows: There
is one and only one interest rate that will make the present worth of
the future returns exactly equal to the investment. If we find that
interest rate, we have the answer. This is essentially what we did by
a shortcut method (using CRF) in the previous problems. For complex
patterns we must resort to a trial-and-error approach. That is, we
guess at an interest rate, find present worth and compare with investment.
We repeat this process with other rates until we get agreement between
invested cost and present worth of future returns.

i = 10% i=12% i=13%
Year  Return ; [swp]:C P | [sewr);* P | [emwr)t3 b
1 $200 .9091 180 .8929 178 .8850 177
2 500 .826k h13 | L7972 398 .7831 392
3 0 .7513 - | .7118 - .6931 -
L 600 .6830 L10 .6355 381 .6133 368
5 100 .6209 62 567k 57 .5k28 5k
Total 1065 101k 991
Error +65 +1h -9

(continued)
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Plotting error in PW vs interest rate:

d
1&
4

+

,~ = Error is zero at i = 12.6% (ans.)
4 / -
Error O - - ’\;\
e e —

10 11 12 13 14

This method has a potential enigma. When one or more of the years
produce a loss, more than one interest rate may bring the present worth
of all returns into balance with the investment. Such a situation is
unlikely in ship design studies, however.

The trial-and-error procedure described above is called here
equated interest rate of return. Other writers call it discounted

cash flow, profitability index, etc.

32 Find the equated interest rate of return for the investment and
return shown below:

$1200 $1200

|

$600 $600

P = $2000



CORPORATE PROFITS TAX

Most of the major maritime nations tax the profits of cor-
porations. The tax laws not only vary between countries but are
likely to change over the years within each country. We cannot of
course deal with all possible tax situations here. We can however
present the principles involved in the simplest sort of tax. You
can then develop analytical solutions to sulit your own needs. The
monograph "Profitability Before and After Tax" deals with the com-
plexities of U.S. tax laws and also serves as an example of how these
simple principles can be applied to complex situations.

An understanding of taxes is important for reasons that
will be explained shortly.

Figure 2 shows the distribution of annual revenue from a
capital investment such as a ship. Taxes are actually computed on
a corporate - wide basis. But, for our purposes, we cut the pie as
though it applied to a single ship. Figure 2 is for the simple case
of an all-equity investment, and straight-line depreciation without
fast writeoff.

To find the return after tax (R‘); we must subtract from
revenue the operating costs (Y) and the tax itself. The tax is usu-
ally taken as a percentage of what the government calls profit:
return (R) minus depreciation allocation (P & n)

(When bank loans are involved, interest payments to the
bank are treated as operating costs, that is they are subtracted
before tax.)

The mathematics of Figure 2 can easily be manipulated to
develop the following relationship between capital recovery factors
before and after tax. The prime symbol denotes the after-tax condi-
tion:

CRF" CRF (1-t) +

(1)

St

or

CRF' -
CRF = —— (@)
(1-t)

Sl

-27-
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depreciation
allocation profit before tax
= P/n =R - P/n
A A
' Y
| |
| ! profit after tax
|
| ' =R - P/n - t(R-P/n)
[ | = (1-t) (R-P/n)
| .
AN
| - 3
|
R : E v E N q E
L VN A
! |
= operating | R' = return after tax tax
costs | =R - t(R-P/n) = t(R-P/n)
|
1§
~

R = return before tax

Figure 2. Division of Revenue.
(all amounts are on an
annual basis)

Note: The wordsprofit and profitability are not synonymous. A
$1,000,000 investment that generates profits of $2 per year
is not as profitable as a $10 investment that yields $1
profit per year.

The following examples illustrate the use of Equations (1)
and (2).

gi An owner specifies an after-tax interest rate of 15 percent and

a life of 25 years for his proposed ship. The tax rate is L8
percent and straight-line depreciation is used. What interest
rate should you use in relating present and future cash flows
before tax?
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Solution

0.48

?

15% %
25

5o
1

|

i

The solution requires three steps. First: find CRF' from interest
tables. Second: convert to CRF by means of Equation (2). Third:
find i from Figure 1 or from interest tables.

[CRF']'l5 = 0.1547
25 "
CRF=E{_B:__-__§
1 -1
0.48
0.1547 - ===
CRF = 22 = 0.261
1 - 0.48

| —
1}

25.9% (ans.)

35 Continuing the above, how much annual revenue would be required
if the first cost of the ship is $10,000,000 and the annual
operating costs are $1,500,000?

Solution
P = $10,000,000
Y = $ 1,500,000
R = [CRF]P
1 ‘ 1 { required
{ { T “V—= ete. revenue
) 'Y ‘
P = $10M Y = $1.5M
Required revenue = Y + [CRF] P

$1,500,000 + 0.261 x $10,000,000
$1,500,000 + $2,610,000
$4,110,000 (ans.)

]

]
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35 Starting with the $h,ll0,000 annual revenue calculated above, set
up a table and derive the after-tax interest rate of return. In
short, reverse the procedure of Problems 33 and 34, Keep Figure 2

in view.
Solution
Item $ per Year Notes
Revenue 4,110,000
Operating costs 1,500,000
Return before tax 2,610,000
 Depreciation allocation 400,000 1
Taxable profit 2,210,000
Tax at 48% 1,060,000
Profit after tax 1,150,000
Return after tax (R') 1,550,000 2
CRF' 0.155 3
it 15% L
(ans.)
Notes
1. Depreciation allocation = P *n = $10,000,000 + 25
2. Return after tax = Return before tax minus tax
also = Profit after tax plus depreciation
3. CRF' =R' 2P '
4. Interest after tax is found from Figure 1.

The validity of Equations (l) and (2) is shown by the two
examples above.

§§. A shipowner stipulates an after-tax level of profitability

equivalent to 13 percent interest rate. If ship's life is 20
years and tax rate is 48 percent, find interest rate before
taxes. (Answer: 22.4%)

37 Based on above, find top price owner should be willing to pay
for a gadget that would last 10 years and save & net amount of
$lOOO per year before tax. Gadget has zero scrap value.
(Answer: $3860)

38 Based on #l, convert the scrap value of the ship ($400,000) to
an average annual return before tax.
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A ship costs $15,000,000 and is expected to last 30 years. Its
annual gross income is $4,000,000 and its annual operating costs
total $750,000. There are no interest charges. Tax rate is
L8 percent. Find capital recovery factors before and after tax,
using tabular form.

Check CRF relationships above by means of Equations (1) or (2).



CHOOSING AN INTEREST RATE

There are often circumstances when cost studies require
that a minimum acceptable interest rate of return be specified.
Specifying a rate is primarily a responsibility of management.
Nevertheless, engineers should develop some insight along these
lines.

In stipulating an interest rate, a business manager will
weigh alternative investment opportunities and relative risks.
Furthermore, if free-market economic conditions exist, he knows
that such condition will set reasonable upper and lower limits on
returned interest over the life of the ship.

Most business managers think about after-tax levels of
profitability, so stipulated interest rates should be adjusted up-
wards (as in Problem 33) before applying to before-tax cash flows.

What constitutes a reasonable interest rate of return for
a commercial ship is a matter of opinion that varies in different
parts of the world. In the United States, owners of captive fleets
generally aim for after-tax interest rates of about 12 percent.
Independent operators, with their greater risks, aim for about 15
percent. These levels are based on idealized cost studies; actual
returns are usually somewhat lower. In all too many cases they are
considerably lower.

Some engineers advocate lower rates than those mentioned
above. They argue that half or more of the investment comes from
a bank loan with interest rates of only about 6 percent. Thus, if
half the investment requires 6 percent interest and half requires
12 percent, the overall interest would be 9 percent. There is some
merit in this argument, but how far you should go is a matter of
business judgement. Since bank repayment takes priority, the return
of profits on equity capital is less certain than if no bank loan were
involved. Which means that expected returns on equity capital must
thereby be higher than normal.

Service vessels owned by governments seldom earn income.
The time-value of money invested in them is real, nevertheless. Low
rates, about 4 percent, are used in the United States. Many of us
suspect the rate should be considerably higher.

-32-



ECONOMIC CRITERIA

Figure 3 outlines the major combinations of circumstances
under which we may have to analyze a commercial ship design. The
bottom of each column shows, by abbreviation, the one or more economic
criteria that are sulted to the circumstance.

Where revenues are predictable, the optimum ship can (to
save time) be chosen on a before-tax basis; the best alternative
before tax normally being the best after tax.

In this discussion, specific terms are capitalized; generic
terms are not. For example: The Present Worth method uses present
worth discount procedures.

All valid criteria adhere to the following principles:

I. A commercial ship is an investment that earns its
returns as a socially useful instrument of transport.

IT. The best measure of engineering success is profitability;
and the only meaningful measure of profitability is the returned
profit (after tax) expressed as interest on the investment.

In keeping with the above principles, our recommended
criteria either predict the returned interest rate, or make use of a
specified rate. Most of these criteria have already been discussed
but all are included below for convenience.

EiRR: Equated Interest Rate of Return

In those rare cases where we can predict quantitative fluc-
tuations in returns, we can use the trial-and-error procedure illus-
trated in Problem 31 to find that rate of interest that will make the
present worth of the returns equal to the investment (EiRR). As a
shortcut, if the cash flow patterns are similar for all alternatives,
take average returns and use the following method.

CRF: Criterion Based on Capital Recovery Factor

If we can predict future returns, and if we can assume them
to be reasonably uniform, we can find the capital recovery factor
(R = P) and then find the corresponding interest rate of return from
Figure 1. This is really a shortcut way of finding the equated interest

-33-
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COMMERGIAL VESSELS

PREDICTABLE REVENUE UNKNOWN _REVENUE
FLUGTUATING UNIFORM R > REVENUE oaMe
RETURNS RETURNS ALTERNATIVES ALTERNATIVE
E\?:é;-untﬂ UNEQUAL €QUAL 5::5‘0'11 At” UNEQUAL EQUAL
LIVES LIVES LIVES Yives LIVES LIVES

IHM [HH JIIH {TITI [—]—m m
iR i iulialiun

DISSIMILAR GCRF CRF OR CRF AAC AAC AAG

PATTERNS: CONVERTED CONVERTED CONVERTED OR OR CC
ELRR TO L T0 i TO RFR CC OR PW
SIMILAR FIND AVERAGE ANNUAL RETURN AND U: R

PATTERNS: AND USE 2ND OR 3RD COLUMN

Figure 3. Suiteble Criteria Under Various Economic Circumstances.

Abbreviations

EiRR: Equated Interest Rate of Return
CRF: Capital Recovery Factor

i ¢+ Interest Rate

AAC:  Average Annual Cost

RFR: Required Freight Rate

CC : Capitalized Cost

PW : Present Worth
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rate of return. Research has shown that the CRF approach is often
valid even when returns fluctuate. TFor example, uniform fluctuations

A T O

are quite accurately treated as uniform returns of average value.
And, as already mentioned, non-uniform returns may be averaged and
treated as uniform if the patterns are similar for each alternative:

P b

Alternative A Alternative B

Where all alternatives have equal lives, CRF by itself
is a suitable criterion; the highest CRF will automatically cor-
respond to the highest interest rate. Where lives differ, however,
CRF may be misleading and interest rate should be found.

The reciprocal of CRF is the payout time, or years to
pay back the investment. It has the same limitations as CRF as
a criterion and should not be used where lives differ. In unsettled
political environment, however, payout time is intrinsically
significant. All other things being equal, the owner would select
the alternative that promised quickest return of his investment. A
high CRF would of course be equally meaningful.

In discussing both EiRR and CRF , we have referred to
known returns. These concepts can as well be applied to cases where
returns are not known but annual cost savings are. Each dollar saved
will increase the returns by a like amount. For example, we can use
CRF to weigh the merits of a proposed heat exchanger that will add
a known amount to the first cost of the ship but will produce predict-
able annual savings in fuel cost. Usually we would require that the
incremental CRF be at least as great as the ship's overall CRF .
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AAC: Average Annual Cost Method

The Average Annual Cost method is appropriate when we
cannot predict income but know it will be the same between alter-
natives. The most profitable ship will be the one that can produce
the service at the lowest average annual cost. It should also
eventually set the freight rate.

This method requires a stipulated interest rate and may
result in wrong decisions if the interest rate is unrealistic, or

if the influence of corporate profits tax is overlooked.

The AAC technique has already been described and will not
be repeated here.

RFR: Required Freight Rate

The AAC method is valid only when all alternatives have
equal (but unknown) annual revenues. In bulk trades, where cargo
is relatively unlimited, different possible ships may promise varying
annual transport capabilities. Revenues then may vary between alter-
natives. In such cases, we can use the Required Freight Rate method
to find the optimum design. Required Freight Rate is the income per
unit of cargo that a shipowner must collect in order to earn returns
equivalent to the repayment of his investment at a reasonable rate
of interest. The optimum ship is the one that can provide the service
at minimum RFR. This criterion is based on costs to the customer,
not the owner; this sets it apart from the popular but unsound
criterion of Operating Cost per Ton, which is discussed later.

The mathematics of RFR for any given trade route are:

RFR = 2o
where C
C = Cargo carried each year
AAC = Average annual cost

Again, proper interest rates must be used if the results are
to be valid.
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PW: Present Worth Method

Proposed ships may be compared on a basis of their total
present worths including investment. For example, in the case of
uniform annual costs:

PW = P+ [UPWF] Y

The Present Worth method may be used under the same economic
circumstances as AAC : unknown but equal revenues for all alterna-
tives. There is one further restriction however: PW must not be
used where the alternatives have unequal lives, unless we find the
least common multiple and grind out the total present worth of each
combination.

CC: Capitalized Cost

The Capitalized Cost is the present worth of providing a
perpetual service. The method is infrequently used and can do nothing
that cannot be done more easily by the Average Annual Cost method.

Criteria for Non-Commercial Craft

We can treat naval craft or other governmental vessels of
no measurable benefit exactly as we do commercial vessels of unknown
but equal revenues. That is, use Average Annual Cost or, alter-
natively if lives are equal, Present Worth.

Tn the case of state-owned vessels of measurable benefit,
we. can use the Benefit Cost Ratio (BCR)

U _U
BCR = o I

FI + YI - Fo - YO

where subscript O refers to original or existing facility and sub-
script I refers to improved or new facility.

U = Average annual cost to public benefiting
from facility

F = Average annual cost of investment = [CRF]P

Y = Annual cost of operating facility
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Problems

E£ A proposed ship has a life expectancy of 20 years. The pre-
dicted uniform annual before-tax returns are $2,000,000. The
estimated first cost is $12,500,000. Would it be economic to
add a heat exchanger that would have an installed cost of
$130,0007 The unit would save $25,000 per year in fuel; it
would not affect crew costs or cargo capacity. Annual insurance
costs would be 1 percent of investment; repairs cost $2,000
per year for the unit. Salvage value would be nil.

Solution

For the ship: CRF = B = $M_ _ 5.5
P $12.5M

Incremental annual returns from the heat exchanger:

Fuel saving + $25,000
Insurance at 1% - 1,300
Repairs - 2,000
Net incremental return + 21,700
For the heat exchanger:
CRF = $21,700_ 0.167 (ans.) (vs 0.16 for ship)

$130,000 —

Conclusion: Addition of the heat exchanger would be barely worth
while.

42 Repeat Problem 41 but assume the ship's first cost is dropped
to $10,000,000.

Comparing the results of the last two problems leads to
an important point: High technical efficiency is most appropriate
in ships of low profitability. The owner of the highly profitable
ship should use his spare cash to build another ship, not add
refinements. If you argue that perhaps he can't afford another shit

but can afford a heat exchanger, his reply is that that's his worry
not yours.
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43  What economic criterion or criteria would be suitable for
finding the superior alternative below. Explain

Alternative A B

Investment $8000 $12,000
Life, years 12 20
Annual return after tax  $2000 $ 2,400
Resale value $ 200 $ 6,200

Lt A company, which generally earns profits of 18 percent
(equivalent interest rate) before tax, has the following alter-
natives. Which would you recommend?

Alternative A B C*
Annual gross revenue $4000 $4,500
Invested cost $10,000 $9,000
Life, years 8 10
Annual operating costs $2000 $2,700
Resale value 0 0

¥ Alternative C is to turn down both A and B and seek
other investments.

45 A ship needs a new compressed air tank. Tank A will cost
$4000 and last 10 years. Tank B will cost $6000 and last
20 years. The ship itself is expected to last another
20 years, also. Desired rate of interest is 20 percent
before tax. Which tank would you recommend?

Solution

Revenues are unknown but equal. Lives are unequal .. Use
the AAC criterion. '

20
0.2385 $4000

Tank A: AAC = [CRF]iO = $955
2
Tank B: AAC = [CRF]goO 0.2054 $6000 = $1230

Choose Tank A (ans.)

46  Rework Problem L5 using an interest rate of 5 percent.

47 Find the indifference rate for Tanks A and B (Problem 45). That

is, find the interest rate at which both tanks would be equally
desirable.
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48 A Baratarian shipowner expects his new ore carrier to move

o 200,000 tons of cargo per year on a given trade route. The
ship will cost $6,000,000 to build and will last 25 years. Its
average annual operating costs will be $1,000,000. The Baratarian
corporate profits tax rate is 33 percent. What revenue per ton
must he charge if he is to earn 12 percent interest on his invest-
ment, after taxes?

Solution

The problem is to find Required Freight Rate, which equals the

average annual cost per ton of cargo. In finding average annual cost,
the invested cost must be converted to an annual cost by a capital
recovery factor gaged to produce the stipulated after-tax level of
profitability. The first step is to find CRF:

12
[CRF']2 = 0.1275
> N 0.33
CRF' - £ 0.1275 -5
CRF TTT T TTo033 0.1705
The second step 1s to find AAC:
AAC for operationS......... e, $1,000, 000
AAC for capital: [CRF]0.1705 $6,000,000...... $1,023,000
Total AAC $2,023,000

Dividing AAC Dby annual cargo capacity we find Required Freight Rate:

RFR = $2,023,000 _ $10.11 per ton (ans.)
200, 000

If the above owner can reduce average building costs by 15 percent
through buying several identical ships, what will the new RFR
become?

Rework Problem 48 assuming an increase in the Baratarian tax rate
to 50 percent.

Rework Problem 48 assuming a resale value for the vessel of
$1,000,000 at the end of 25 years.

Reverting to the original conditions of Problem 48, how profitable
would the investment be if the attainable freight rate were only
$9.00 per ton?
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Find the superior alternative if desired interest rate before
taxes is 18 percent:

Alternative A B

Life, years 25 30
Invested cost $10,000,000  $11,000,000
Annual operating costs $ 1,500,000 $ 1,250,000
Salvage value $ 1,000,000  $ 1,000,000

In Problem 53, would the Present Worth criterion be as suitable
as the one you chose? Explain.

Which of these proposed ships would you recommend? All have an
expected life of 25 years. (Costs shown are in $1000, weights
in 1000's of tons.) :

Ship A B c D E F

Invested Cost Looo 4200 4500 4900 5400 6000
Annual oper. costs 600 610 620 630 640 650
Cargo per year 50 555 62 6l.5 67 70
Annual revenue 1000 1110 12k0 1290 1340  1koo

Explain why you did or did not add depreciation and/or interest
charges in the above analysis.



UNSOUND CRITERIA

The marine industry harbors several persistent economic
criteria that do not give proper weight to the time-value of money.
For example, some studies compare alternatives by adding the cumu-
lative total operating costs to the first cost. This is present
worth with zero interest.

Another common misconception is to design for maximum annual
profit. Remember, however, that a small investment yielding a modest
profit is more profitable than a large investment yielding a slightly
greater profit. In the design stage, profit and profitability are
not the same. Once the ship is built, however, the investment is no
longer a variable and maximum profit means maximum CRF hence maximum
profitability.

One of the most common criteria is the Minimum Cost method
or its cousin Minimum Cost per Ton. These methods can also be called
Cost of Service. They are akin to AAC and RFR with one important
exception: they use unrealistically low interest rates (or none at
all) and overlook the corporate profits tax. This slighting of the
time value of money means that high capital costs are (in appearance)
easily offset by future savings. This leads to over-design; which
prompted Basingstoke to call it the Sales Pitch criterion. Another
flaw in the Minimum Cost concept is that it is totally blind to
market conditions and available freight rates.

Here are three related problems that illustrate the danger
of wusing the Cost of Service criterion. All are based on a proposal
that a fuel-saving device be included in the specifications for a
new cargo ship. The device would cost $200, 000 installed and save
$25,000 each year over the 20-year life of the ship. Insurance costs
per year for the device would be 1 percent of its first cost, maintenance
and repair: 2 percent.

27 Analyze the above proposal using the Minimum Cost approach.
Assume an interest rate of 5 percent.

Solution

In this method, depreciation and interest are usually shown
as separate annual charges. The annual interest charge would not be
> percent of the investment as you might at first think; this is

hoo
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because the residual debt is continually reduced and the stipulated
interest rate applies to a diminishing amount. Therefore, as a
percentage of the initial debt, the annual interest charge is only
about half the interest rate.

Since the capital recovery factor is made up of capital
return (depreciation) plus interest payment, we can find the annual
interest cost (as a percent of the investment) by subtracting the
depreciation allocation from CRF :

Annual Allocation as Percent of Investment

.05
[CRF]EO

1/n "= 1/20

1l
1

0.0802
0.0500

Capital recovery factor
Depreciation

il
1

Annual interest allocation 0.0302 (say 3%)

Annual depreciation allocations, interest allocations, in-
surance, and maintenance and repair costs are now all given in terms
of the investment. We can summarize as follows:

Costs per Year

epreciation 0.05P
Interest 0.03P
Insurance 0.01P
Maintenance and repair 0.02P
Total 0.11P

Total capital - related costs per year
= 0.11 $200,000
Fuel cost saving per year

$22,000
$25,000

$ 3,000 (ans.)

i}

Ui

Net saving per year

Based on costs alone the proposal appears beneficial. But
let's analyze its after-tax level of profitability in the following
problem.
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2@ What after-tax interest rate of return is implied in the problem
above? Assume a tax rate of U8 percent.

Solution
Depreciation allocation = 0.05P
Annual interest allocation = 0.03P
Annual return = 0.08p
CRF = 0.08

%
CRF' = CRF(1-t) + g7

0.48
20

0.08(1-0.48) +

0.0656

1}

From Figure 1:

it = 2.75% (ans.)

Would you ask a business man to risk his capital for this
level of profitability?

22 Given all of the other conditions mentioned in Problems 57 and
58, what annual fuel cost savings would be needed to justify the
invested cost of the heat exchanger if the shipowner stipulates
an after-tax interest rate of 11 percent?

Solution
it o= 11%
CRF' = 0.1256
t
CRF = CRF' - g7
1-1
0.1256 - 9§g§
= = 0.195
1 - 0.48
R = Annual return from the device
R = [CRF] 0.195 $200,000 = $39, 000
also:
R = F- (N+NM)
F = R+ N+M
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where
F = Annual saving in cost of fuel
N = Annual cost of insurance
M = Annual cost of maintenance and repair
N = 0.01P
M = 0.02P

NM =

o

.03P = 0.03 $200,000 = $6,000
F = $39,000 + $6,000 = $45,000 (ans.)

(This compares with the predicted annual fuel
saving of $25,000.)

The three foregoing examples illustrate how the Cost of
Service criterion can lead to over-design in the case of feasibility
studies. When applied to optimization studies, however, the criterion
leads to under-design. The next three examples illustrate this point.

ég. Choose the optimum SHP for a proposed tanker, given the costs

and revenues tabulated below. The owner wants to earn an after-
tax interest rate of 12 percent. The ships are expected to last
for 20 years and the tax rate is 48 percent.

(Costs and weights are in 1000's)

Tanker A B C D

SHP 10,000 15,000 20,000 25,000

Speed in knots 12.83 14.59 15.90 16.93

Cargo: tons/year 315.0 351.3 376.6 395.2

Investment: $ 13,425 14,010 14,511 14,977

Annual oper. costs: $ 117k 1347 1509 1668
Solution

Revenues, which are unknown, would vary between alternatives
because of differences in annual transport capability. Required Freight
Rate (RFR) would be the appropriate criterion. The first step is to
find CRF :

it = 129
.12
[CRF'],, = 0.1339
t 0.48
F - = - 9139 @m 5115
Tl -t 1-0Q0.8 7

(continued) -~
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Applying this capital recovery factor to each invested cost
Continuing the table,

gives us the annual capital cost for each design:
we have:

Tanker A B C D

Annual cap. costs: $ 28L0 2962 3070 3167

Annual oper. costs:$ 117k 13h47 1509 1668

AAC Lok 4309 4579 L4835

Cargo: tons per year 315.0 351.3 376.6 395.2

RFR $12.75 $12.26 $12.16 $12.23
(min.)

Conclusion: Tanker C (20,000 SHP) is optimum by virtue of

promising the lowest Required Freight Rate.

61  Rework Problem 60 using the Minimum Cost (Cost of Service)

criterion. Assume 6 percent interest.
Solution
The annual capital costs are now:
.06
CRF 0.0872P
: ]20
In the usual manner of presentation:

Depreciation 0.0500pP

Interest 0.0372P

Total annual capital cost 0.0872p

(Annual cost of insurance and maintenance and repair
are already included in the operating costs in this

instance.)

Using this CRF, we find the cost per ton of cargo by modifying

the table as follows:

Tanker A B C D
Annual capital costs: $ 1171 1221 1266 1306
Annual oper. costs: $ 117k 1347 1509 1668
Fullydistributed costs$ 2345 2568 2775 297k
Cargo: tons per year 315.0 351.3 376.6 395.2
Costs per ton cargo $7.45 $7.31 $7.37 $7.53

(minJ
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On this basis, we would choose Tanker B (15,000 SHP). This
would be a mistake, however, because under normal market conditions
Tanker C would be more profitable.

62 Assume Owner X buys Tanker B and Owner Y buys Tanker C above.

" Assume the freight rate is an average of RFR found for Tankers

B and C in Problem 60. Find the after-tax interest rate of return
in each case.

63 Assume a freight rate of $12.16 per long ton. Analyze proposed
Tankers A, B, C, and D on the Maximum Annual Profit basis.

(Profit = revenue - operating costs - depreciation allocation.)
Solution

Tanker A B C D

Annual revenue: $ 3830 k270 4579 4803

Annual oper. costs: $ 117k 1347 1509 1668

Depreciation (.05P):$ 671 701 726 748

Annual profit: $ 1985 2202 234k 2387
(mex.)

& Under the conditions of Problem 63, which tanker would be the
most profitable?

These examples have illustrated the shortcomings of the
Minimum Cost and Maximum Profit criteria, both of which fail to weigh
correctly present and future monies. There are other criteria that
have similar weaknesses, and some do not even use monetary units.
The concept of deadweight times speed divided by horsepower is an
example. Another kind of disorder may arise when basically valid
criteria are applied under the wrong circumstances. For example, the
Present Worth or Average Annual Cost criteria may lead to a poor
decision if used where incomes (or savings) are known. Consider
Problems 65 and 66:

65 Choose the better alternative:

Alternative: A B
Invested cost (P) $100 $150
Life, years 10 10
Annual return (R) $ 25 $ 35

(continued)



-L8.
Solution

Since revenues are known and lives are the same, CRF 1is a
valid criterion:

Alternative; A B
CRF = R ¢ P: 0.25 0.233
(max.)

Conclusion: Alternative A 1is more profitable.

éé Rework Problem 65 on the basis of present worths. Assume a
before-tax interest rate of 10 percent.

Solution
For Alternative A , the present worth of the future returns
equals:
.10 1
UPWF 25 = $1
[ ]10 0.1627 #5 $153
For Alternative B:
.10 1
_— = 21
[UPWF]ILO 0.1627 $35 = 9215
Finding total present worths:
Alternative A B
Present worth of future savings $153 $215
Invested cost $100 $150
Net gain in present worth $ 53 $ 65

(max.)

Conclusion: The PW criterion would, in this case, lead to an incor-
rect decision. (AAC would have done so too.)

67 Suppose you are asked to find the optimum ship design in a
situation where the owner has given you a predicted freight
rate. You analyze several possible designs and find the best
using CRF. Its value is 0.70. Would you be satisfied with
CRF as a criterion? Discuss.
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Suppose you are asked to decide whether to add to a new ship a
device costing $1000 and saving $700 per year. The device will
last as long as the ship. Would you be satisfied with CRF as
a criterion? Discuss.

How would you compare two proposals both of which would reduce
both the building cost and the operating cost of the ship?



CAPTIVE FLEETS

Managers of subsidiary fleets, wholly owned by some industrial
corporation, are apt to aim for minimum cost rather than maximum profit-
ability in their ships. They reason that the fleet is not really pro-
ducing any income and is simply a service facility to the corporation.
In truth, however, each ship is producing a hidden income: annual cost
of chartering the services of an independent operator minus the annual
operating costs for the captive vessel.

Put another way, the corporation has a choice. It can invest
in a ship and pay relatively small annual operating costs, or it can
invest in another mine, oil refinery, or whatever, and pay large annual
amounts for chartering. If this annual charter cost is smaller than the
average annual cost of the captive ship, chartering would be more profit-
able. The CRF wused in finding average annual cost should reflect
alternative investment opportunities.

An analogous approach is to find the equivalent interest rate

based on
A-Y
CRF = E—
P
where
A = annual chartering costs, including internal administration
Y = annual operating costs for captive ship
P = invested cost in captive ship

70 A corporation needs transport services that an independent operator
could provide on long-term contract for $12,500,000 per year.
Internal administrative costs would add $50,000 per year. As an
alternative, the corporation could enlarge its own fleet at a first
cost of $30,000,000 plus annual operating costs of $5,000,000. The
ships would last 20-years. The corporation has other investment
opportunities that would yield interest rates of 12 percent after
tax. Which choice would you recommend ?

=50~
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APPENDIX
P=[sPWF]s

1% 2% 3%
.9901  ,9804 9709
9803  ,9612 9426
9706 9423 L9151
9610 9238 8885
9515 ,9057 ,8626
9053  ,8203  ,74ul
8613 ,7430 ,6419
.8195 ,6730 ,5537
L7798 L6095 4776
JT419 5521 L4120
.6080 .3715 ,2281
1% 12% 13%
.9009 ,8929 ,8850
8116 ,7972 7831
J7312 7118 L6931
.6587  ,6355 6133
5935 5674 5428
3522 ,3220 L2946
.2090 1827 ,1599
.1240  ,1037 .0868
0736 ,0588 ,0471
L0437  ,0334 ,0256
.0054  ,0035 ,0022
1% 22% 23%
.8264 8197 8130
.6830 ,6719  ,6610
5645 5507 5374
665 4514 L4369
3855 ,3700 .3552
1486 L1369  ,1262
.0573  ,0507 0448
.0221 .0187 ,0159
.0085 ,0069 .0057
.0035  ,0026 ,0020
.0001 ,0000 .0000
31%  32% 33%
JT634 7576 7519
.5827 5739 5653
448 4348 L4251
3396 ,3294 ,3196
.2592 L2495 2403
.0672 ,0625 0577
L0174 L0155 0139
.0045  ,00%9 0033
.0012 ,0010 .0008
.0003 ,0002 ,0002

Single Pavment Present Worth Factors

s=[ScCAF]P

4% 5% 6%
L9615  .9524 9434
9246  ,9070  ,8900
.8890 ,8638 .8396
8548 8227 7921
.8219  ,7835 7473
.67%6  ,6139 5584
5553 L4810 4173
4564 3769 3118
3751 .2953  ,2330
«3083 .2314 1741
1407 .0872 .0543
14%  15%  16%
8772  ,8696 ,8621
L7695 7561 7432
6750 ,6575 6407
.5921 ,5718 ,5523
5194 L4972 4761
.2697 2472 2267
L1401 L1229 L1079
.0728 ,0611 .0514
.0378  ,0304 ,02u5
.0196 ,0151 .0116
.0014 .0009 .0006
4% 25%  26%
.8065 .8000 7937
.6504 6400 .6299
.5245  .5120 4999
4250 4096 3968
J3411 3277 L3149
J1164 L1074 L0992
.0397 ,0352 L0312
.0135 ,0115 ,0098
.0046 ,0038 ,0031
.0016 ,0012 ,0010
.0000 ,0000 .0000
34%  35%  36%
JTH63 7407 7353
.5569 ,5487 5407
L4186 4064 3975
.3102 3011 ,2923
.2515  ,2230 2149
.0536  .0497  ,0462
.0124 0111  ,0099
.0029 ,0025 ,0021
.0007 ,0006 ,0005
.0002 ,0001 0001

7%

29346
.8734
.8163
#7629
.7130

.5083
3624
.2584
.1842
.1314
.0339

17%

8547
.7305
. 6244
«5337
.4561

.2080
.0949
L0433
.0197
,0090
.0004

27%

.7874
»6200
.4882
#3844
«3027

.0916
«0277
+0084
.0025
.0008
.0000

37%

.7299
.5328
.3889
.2839
.2072

0429
.0089
.0018
.0004
.0001

8%

9259
.8573
.7938
.7350
.6806

L4632

..3152

.2145
.1460
.0994
.0213

18%

8475
.7182
.6086
.5158
L4371

.1911
.0835
.0365
.0160
.0070
.0003

28%

.7813
.6104
L4768
3725
.2910

.0847
.0247
,0072
.0021
.0006
.0000

38%

.7246
.5251
.3805
.2757
.1998

.0399
.0080
.0016
.0003
,0001

WF =

SCAF =

9%

29174
.8417
.7722
.7084
.6499

4224
<2745
.1784
.1160
.0754
.0134

19%

.8403
.7062
.5934
.4987
.4190

.1756
.0736
.0303
.0129
.0054
.0002

29%

.7752
.6009
.4658
.3611
<2799

,0784
.0219
.0061
,0017
.0005
.0000

39%

.7194
.5176
3724
.2679
.1927

.0371
.0072
.0014
.0003
.0001

_
(1+y)"

|
SPWEF
10%
.9091
.8264
«7513
+6830
+6209

+3855
.2394
.1486
.0923
.0573
.0085

20%

,8333
.6944
.5787
.4823
.4019

.1615
.0649
.0261
.0105
.0042
.0001

30%

»7692
5917
4552
.3501
#2693

.0725
.0195
.0053
,0014
.0004
.0000

40%

.7143
.5102
« 3644
.2603
.1859

.0346
.0064
.0012
.0002
.0000
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CRF = L(ted)
PT—LLL-L!‘ APPENDIX Capital Recovery Factors (i)™=
R

|
= [CRF]P P=[UPWF]R UPWF = —==

1% 2% 3% 4% 5% 6% 7% 8% 9% 10%

n

1 1,0100 1.0200 1,0500 1.0400 1,0500 11,0600 1,0700 1,0800 1.0900 1,1000
2 5076 ,5158 ,5226 ,530%5 3376 ,5455 ,5529 ,5606 ,5685 ,5760
3 .3401 3466 3534 3604 ,3671 ,3741 ,3811 ,3880 ,3951 4021
4 ,2564 ,2625 ,2691 ,2755 ,2820 ,2886 .2952 ,3019 ,3086 .3155
5 L2062 ,2121 ,218% ,2246 ,2309 ,2374  ,2439  ,2505 ,2571 ,2638

10,1056 L1113 ,1172 ,1233 ,1295 ,13%59 1424 1490 ,15%8 ,1627
15 .0721 ,0778 .0838 ,0899 ,0965 ,1030 ,1098 .1168 ,1241 ,1315
20 ,0554 ,0612 ,0672 ,0736 ,0802 ,0872 0944 ,1018 ,1095 L1175
25 ,0454 ,0512 .0574 ,0640 L0710 ,0782 ,08%58 0937 ,1018 ,1102
30 .0387 .0447 ,0510 ,0578 ,0851 ,0726 .0806 ,0888 ,0973 ,1061
50 .0255 .0318 ,0389 ,0465 ,0548 ,0634 ,0725 ,0817 ,0912 ,1009

11% 12% 13% 14% 15% 162 ~ 17% 18% 19% 20%

n

1 1.,1100 1,1200 1.1300 1,1400 1,1500 1,1600 1.1700 1,1800 1.1900 1,2000
2 5839 ,5917 ,5994 ,6074 ,6150 ,6231 ,6308 ,.6388 ,6467 L6545
3
4

—

4092 4164  ,4236  ,4308 4380 L4453 L4526 4599 4673 4747
»3225  ,3292 ,3362 ,3432 ,3503 ,3574 3646 3717 ,3790 .3863
5 L,2706 .2774  ,2843 ,291%  ,2983 3054 ,3126 ,3198 ,3270 3344

10 .1698 ,1770 .1843 ,1917 ,1993 ,2069 ,2146 ,2225 ,2305 ,2385
15,1391 .1468 .1547 ,1628 ,1710 ,1794 ,1878 .1964 ,2051 ,2139
20 ,1256 L1339 1424 ,1510 ,1598 ,1687 .1777 ,1868 .1960 ,2054
25,1187 ,1275 1364 ,1455 1547 ,1640 .1734 ,1829 ,1925 ,2021
30 L1150 1241 ,1334 1428 ,152%5 ,1619 L1715 ,1813 ,1910 .2008
50 ,1106 .1204 ,1303 ,l402 ,1501 ,1601 ,1701 ,1801 .1900 ,2000

21% 22% 23% 24% 25% 26% 27% 28% 29% 30%

1.2100 1,2200 1,2300 1.2400 1,2500 1,2600 1,2700 1,2800 1,2900 1,3000
.6625. ,6705 .6785 ,6865 ,6944 ,7025 ,.7105 L7187 ,7266 ,7348
.4822  ,4897 .4972 ,5047 5125 ,5199 5275 5352 5429 5507
03936 4010 ,4083  .4159 4234 L4310 4386 4462 4539 4616
3417 3492 3567  ,3642 ,3719  ,3795 .3872 .3949  ,d4027 .4106

10,2467 ,2549 ,2632 ,2716 ,2801 ,2886 .2972 ,3059 .3147 ,3235
15,2228 ,2317 .2408 ,2499 ,2591 ,2684  ,2777 ,2871  ,296% .3060
20,2147 ,2242 2337 2433 ,2529 ,2626 2723 ,2820 .2918 ,3016
25 ,2118 ,2215 ,2313 ,2411 ,2510 ,2608 ,2707 .2806 ,2905 .3004
30 ,2107 .,2206 .2305 .2404 ,2503 ,2603 ,2702 ,2802 ,2901 3001
50 .2100 .2200 .2300 ,2400 ,2500 .2600 2700 .2800 .2900 .3000

nMeEwpo=

31% 32% 33% 34% 35% 36% 37% 38% 39% 40%

1,3100 1.3200 1,3300 1.3400 1,3500 1,3600 1,3700 1,3800 1,3900 1,4000
L7429 7510 ,7591 .7673 77755 ,7838 ,7920 .8002 ,8085 ,B8167
.5584 5662 5780 .5818 ,5896 5975 .6055 6134 ,6214 6293
(4694 4772 ,4850 ,4929 ,5008 ,5087 .5167 .5246 ,5327 5408
(4185 (4264 4344 4424 L4505 L4585 L4667 4749 L4831 L4913

10 ,5323 ,3415 ,3502 ,3595 ,3685 3774  ,3866 .3958 ,4050 .4143
15,3155 ,3250 3347 3443 3539 3636 .3735 ,3831 ,3928 4026
20 L3114 ,3215 3511 3410 ,3509 ,3608 .3707 .3806 .3905 ,4005
25  ,3104 ,3203 ,3305 ,3402 ,3502 .3602 ,3701 ,3801 .3901 .4001
30 3101 .3201 .3301 ,.3401 ,3500 ,3600 .3700 .3800 ,3900 ,4000

wmEWwHy= 3

=52~
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SFF = T

R APPENDIX Sinking Fund Factors
l
R = [SFF]s S-i[UCAF]R UCAF = ——
1% 2% 3% 4% 5% 6% 7% 8% 9% 10%

n

1 1,0000 1,0000 1,0000 1.0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000
2 L4975  ,4950 L4926 4902  ,u4878 4854  ,d4831 4808 4785  ,4762
3 ,3300 .3268 ,3235 ,3203 ,3172 3141 3111 ,3080 3051 ,3021
4 L2063 L2426 L2390 .2355 ,2320 ,2286 ,2252 ,2219 .2187 .2155
5 .1960 ,1922 .188¢ ,1846 ,1810 L1774 ,1739 ,1705 1671 .1638

10 .0956 ,0913 ,0872 ,0833 ,0795 ,07%9 ,0724 ,0690 ,0658 0627
15 ,0621 ,0578 .6538 ,0499 ,0463 ,0430 ,0398 ,0368 ,0341 .0315
20 L0454 L0412 .0372 ,03%6 ,0302 ,0272 ,0244 ,0219 ,0195 .0175
25 ,0354 ,0312 ,0274 ,0240 ,0210 ,0182 ,0158 ,0137 ,0118 .0102
30 .0287 L0246 ,0210 ,0178 ,0151 ,0126 .0106 0088 ,0075  ,0061
50 ,0155 ,0118 ,0089 .0066 ,0048 ,0034 ,0025 ,0017 ,0012 ,0009

11% 12% 13% 14% 15% 16% 17% 18% 19% 20%

1.0000 1,0000 1,0000 1,0000 1,0000 1,0000 1.0000 1,0000 1,0000 1.0000
739 L4717 L4695 L4673 L4651 L4630 4608 L4387 4566 4545
22992 ,2963 ,2935 ,2907 ,2880 ,2853 .2826 ,2799  ,2773  .2747
.2123  ,2092 ,2062 ,2032 ,2003 L1974 .1945 ,1917 ,1890 ,1863
1606 1574 L1543  ,1513  ,1483 L1454 .1426 .1398 L1371 .1344

—

mEWNOD- o9

10 ,0598 ,0570 .0543 ,0517 ,0493  ,0469 0447 ,0425 ,0405 .0385
15 ,0291 ,0268 ,0247 ,0228 ,0210 ,0194 ,0178 .0l64 ,0151 ,0139
20 ,0156 ,0139 ,0124 0110 ,0098 .0087 ,0077 ,0068 ,0060 .0054
25 .0087 .0075 ,0064 ,0055 ,0047 ,0040 ,0034 ,0029 ,0025 .0021
30 .0050 ,0041 ,0034 ,0028 ,0025 ,0019 ,0015 ,0013 ,0010 .0008
50 .0006 ,0004 ,0003 ,0002 .0001 ,0001 .0001 ,0000 0000 .0000

21% 22% 23% 24% 25% 26% 27% 28% 29% 30%

1.0000 1,0000 1,0000 1.0000 1,0000 1,0000 1,0000 1,0000 1,0000 1.0000
L 0525 L4505 L4484 4464  ddud 4425 4405 4386 4367 4348
22722 ,2697 2672 2647 ,2623 ,2599 ,2575 .2552 ,2529 .2506
.1836 ,1810 1785 .1759 ,1734 ,1710 1686 .1662 ,1639 .1616
L1318 ,1292 L1267 1242 ,1218 1195 1172 1149 ,1127 .1106

mEwNO~ 3

10 .0367 .0349 ,0332 ,0316 ,0301 ,0286 ,0272 .02%9 .0247 .0235
15 .0128 ,0117 ,0108 ,0099 ,0091 ,0084 ,0077 0071 .0065 .0060
20 .0047 ,0042 .0037 .0033 ,0029 ,0026 ,0023 .0020 ,0018 ,0016
25 ,0018 .0015 ,0013 ,0011 ,0009 ,.0008 ,0007 ,0006 ,0005 ,0004
30 .0007 ,0006 .0005 .0004 ,0005 ,0005 .0002 ,0002 ,0001 .0001
50 ,0000 ,0000 ,0000 ,0000 ,0000 ,0000 ,0000 ,.0000 ,0000 .0000

31% 32% 33% 34% 35% 36% 37% 38% 39% 40%

1.0000 1.,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000
L4329 L4310 L4292 L4274 L4255 4237 L4219 4202 4184 4167
L2484  ,2462 ,2440 ,2418 ,2397 ,2376  .2355 ,2334 23514  ,2294
1594  ,1572 ,1550 1529 ,1508 1487 1467 1447 1427  ,1408
,1085 .1064 ,l044 ,1024 ,1005 .0986 ,0967 .0949 ,0931 ,0914

10 .0223 ,0212 ,0202 L0192 ,018% ,0174 ,0166 ,0158 ,0Q150 ,0143
15 .0055 ,0051 ,0046 ,0043 ,0039 .0036 ,0053 ,0031 ,0028 ,0026
20 .0014 ,0012 ,0011 ,0010 ,0009 .0008 ,0007 ,0006 .0005 .0005
25 .0004  ,0005 .0003 .0002 ,0002 ,0002 ,0001 ,0001 ,0001 .0001
30 .0001 ,0001 ,0001 ,0001 ,0000 .0000 .0000 .0000 .0000 .0000

mEsEwNO—~ 3
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EPILOGUE

A Closing Reflection on the Minimum Cost Criterion

. ‘““Gentlemen—we’ve achieved the ultimate in cost reduc-
tion . . . we’ve gone out of business!”
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