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CE303 Introduction to 
Construction Engineering

Engineering Economics
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Engineering Economics

� Study of the desirability of making an 
investment

� Very little, if any, true economics (micro 
or macro) in this subject.
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The Application Of  
Engineering Economics

� Cash Flow

� Time Value Of Money

� Equivalence

� Compound Interest

� Single Payment Formulas

� Uniform Payment Series Formulas
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The Application Of  
Engineering Economics

� Uniform Gradient

� Continuous Compounding

� Nominal And Effective Interest

� Present Worth Analysis

� Indefinite Life And Capitalized Cost
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The Application Of  
Engineering Economics

� Future Worth Or Value

� Annual Cost

� Rate Of Return Analysis

� Benefit-cost Analysis
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The Application Of  
Engineering Economics

� Valuation And Depreciation

� Straight Line Depreciation

� Modified Accelerated Cost Recovery 
System Depreciation Inflation

� Effect Of Inflation On A Rate Of Return
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Interest & Interest Rate

� Interest

� A fee assessed to use borrowed 
money.

� The size of the fee will depend upon 
the amount of money borrowed and 
the length of time which it is borrowed.

� Interest Rate

� The percentage rate charged as 
interest.
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Simple Interest

A fixed percentage of the principal
multiplied by the life of the loan.
If:

I = total amount of simple interest

n = life of the loan

i= interest rate (expressed as a decimal)

P = principal

Then:

I = niP
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Interest Example Problem

$100,000 was deposited in a bank 
account and $115,000 is withdrawn 
one year later.

Compute 

a) the interest received from the 
$100,000 investment, and 

b) the annual interest rate which was 
paid.
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Interest Example Problem

$15,000  $100,000 - $115,000  

)

==I

A

per year 15%  100%
$100,000

$15,000/yr

)

=×=  i 

B
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Now End of 1st year End of 2nd year End of 3rd year 

500 + 10%(500) 550 + 10%(550) 605 + 10%(605) $500.00 
$550.00 $605.00 $665.50 

 

Example 1

� At a 10% per year interest rate, how much is 
$500 now equivalent to three years from now?

� $500 now will increase 10% in each on the 
three years.
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Compound Interest

Interest is computed and credited at the 
end of each interest period, and is 
allowed to accumulate from one interest 
period to the next.

daccumulatemoney  of amount total the =

+=

F 

i) P(F 
n1

P = Present Value of Money

i = interest rate (decimal form)

n = Number of interest periods
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The Time Value of Money

� Which would you prefer, 

A. $100 today or 

B. $105 a year from now?  

� If you had the $100 today, you could use it for 

the year.  If you had no use for it now, you 

could lend and receive interest for the privilege 

of using your money for the year. 
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The Time Value of Money

� Money has the ability to earn interest.

� Its value increases with time.

� Since money increases as we move 
forward from the present to the future, it 
also must decrease in value if we move 
backward from the future to the present.
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Cash Flows

� The difference between total cash 
receipts (inflows) and total cash 
disbursements (outflows) for a given 
period of time.

� Important concept in engineering 
economics because they form the basis 
for evaluating projects, equipment and 
investing alternatives.
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Year Cash  Flow Comment

Beginning of Year 1 -$4500 Car is purchased “now” for $4500
End of Year 1 -$350 Maintenance cost per year
End of Year 2 -$350 Maintenance cost per year
End of Year 3 -$350 Maintenance cost per year
End of Year 4 -$350

+$2000
Maintenance cost per year
The car is sold for $2000

Cash Flows

� A cash flow table shows “Cash FlowCash Flow” 
and “TimingTiming.”
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Years

$4500

4 @ $350

$2000

Receipt of
Money

Disbursement
of Money

30 1 2 4

Cash Flows ~ Graphically
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Example 2

� In January 2004 a firm purchased a used 
plotter for $500.  

� In 2005 there were no repairs necessary.  

� In 2006, 2007, and 2008, repair costs 
were $85, $130, and $140, respectively.  

� The plotter is sold in 2008 for $300.  

� Develop the cash flow table.
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Example 2

Normal Conventions

� Purchases are at the beginning-of-year, 

� Disbursements & receipts are at the end-of-
year,

� Resale or salvage value is at the end-of-year.

� Repairs & resale are at the end-of-year.

� A negative sign represents a disbursement 
and a positive sign represents a receipt.
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 Year Cash Flow 

Beginning of 2003 0 -$500 
End of 2003 1 0 
End of 2004 2 0 
End of 2005 3 -$85 
End of 2006 4 -$130 
End of 2007 5 -$140 + $300 = +$160 

Example 2
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Example 2

$500

$85

$130

$140

0 1 2 3 4 5

$300
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Equivalence

� Money at different points in time may 
have the same value in that they may 
both be worth the same amount in 
today’s dollars.  

� When alternatives are acceptable 
substitutes, they are said to be 
equivalent.  

� For example, at an 8% interest rate, 
$100 today is equivalent to $108 a year 
from now.
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Example 1 Revisited

� At a 10% per year interest rate, how 
much is $500 now equivalent to three 
years from now?

� $500 now will increase 10% in each on 
the three years.

� The $500 now is equivalent to $665.50 
at the end of three years.

 

Now End of 1st year End of 2nd year End of 3rd year 

500 + 10%(500) 550 + 10%(550) 605 + 10%(605) $500.00 
$550.00 $605.00 $665.50 
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Equivalence in Engineering 
Economics

If we wish to select the better of two 
alternatives,

First, we have to compute the cash 
flows.

Year Alternative A Alternative B

0 -$2000 -$2800
1 +$800 +$1100
2 +$800 +$1100
3 +$800 +$1100
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SINGLE PAYMENT

Factor To Find Given Function Name Formula
Compound Amount F P (F/P, i, n) ni)  P(1  F +=

Present Worth P F (P/F, i, n) -ni)  F(1 P +=

UNIFORM PAYMENT SERIES

Factor To Find Given Function Name Formula

Sinking Fund A F (A/F, i, n)









+
=

1 - i)(1

i
F A 

n

Capital Recovery A P (A/P, i, n)









+

+
=

1 - i)(1

i)i(1
P A 

n

n

Compound Amount F A (F/A, i, n)







 −+
=

i

1i)(1
 A F

n

Present Worth P A (P/A, i, n)









+

−+
=

n

n

i)i(1

1i)(1
 A P

Compound Interest Formulas
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Compound Interest Notation

�� ii ≡≡≡≡ Effective interest rate per interest period.  

In equations, the interest rate is stated as a 
decimal (that is, 8% interest is 0.08)

� n ≡≡≡≡ Number of interest periods.  

The interest period is usually one year, but 
may be different.

� P ≡≡≡≡ the present sum of money.

� F ≡≡≡≡ the future sum of money or an amount at 
an interest rate i, n interest periods from 
present that is equivalent to P.
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Compound Interest Notation

� A ≡≡≡≡ An end-of-period 
receipt/disbursement of a uniform series 
continuing for n periods. The entire 
series is equivalent to a P or a F at 
interest rate i.

�� GG ≡≡≡≡ Uniform period-by-period increase in 
cash flows, the uniform gradient.

� The functional notation scheme is based 
on the expression (Find/Given, i, n)



10

3/31/2010 28

 

Now End of 1st year End of 2nd year End of 3rd year 

500 + 10%(500) 550 + 10%(550) 605 + 10%(605) $500.00 
$550.00 $605.00 $665.50 

 

Example 1

� At a 10% per year interest rate, how much is 
$500 now equivalent to three years from now?

� $500 now will increase 10% in each on the 
three years.

� The $500 now is equivalent to $665.50 at the 
end of three years.
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Single Payment Formulas

� Suppose a present sum of money P is 
invested for one year at an interest rate 
of i%. 

� At the end of one year, the initial 
investment P is received together with 
interest equal to Pi or a total amount P + 
Pi, or P(1 + i).
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Amount at Beginning 
Of Period 

+ 
Interest for 
The period 

= 
Amount at End 
Of the Period 

1st year P + Pi = P(1+i) 

2nd year P(1+i) + Pi(1+i) = P(1+ i)2 

3rd year P(1+i)2 +  Pi(1+ i)2 = P(1+ i)3 

nth year P(1+i)n-1 +  Pi(1+ i)n-1 = P(1+i)n 
 

Single Payment Formulas 

� If the investment is allowed to remain for 
subsequent years, the progression is:
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Single Payment 
Compound Amount Formula

� The present sum P increases in n 
periods to P(1+i)n.  

� This gives the relation between a present 
sum P and its equivalent future sum F.

� F =  Present Sum x (1+i)n = P(1+i)n

� In functional notation it is written:       
F = P(F/P, i, n)
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Single Payment 
Present Worth Factor

� The reciprocal of the single payment, 
compound amount factor

� The notation (P/F, i%,n) (translation: Given a 
sum of money, F, earns interest at a rate i, 
compounded annually” (if n is in years)).

( ) n
iPFFP
−− +== )1(

1
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Single Payment 
Present Worth Formula 

� This relationship may be rewritten as: 

Present Sum = P = Future Sum x (1+i)-n

= F(1+i)-n

� In functional notation, it is written:               
P = F(P/F, i, n)
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Example 3

� At a 10% per year interest rate, $500 
now is equivalent to how much three 
years from now?

� Solution: It can be solved using a single 
payment, compound amount factor.  

� Given:

P = $500, n = 3 years, i = 10%, & F = 
unknown

Find F:

3/31/2010 35

Example 4

To raise capital for his new business, a 
man asks you to lend him money.  He 
offers to pay you $3,000 at the end of 
four years.  How much should you give 
him now if you want to make 12% 
interest per year?

Solution: 

P = unknown, F = $3000, n = 4 years, & i = 
12% 
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Example 4

� Using a compound interest table: 

� P = F(P/F, i, n) = 3000(P/F,12%, 4) =
= 3000(0.6355) = 

$1,906.50

� The solution based on the compound 
interest table is slightly different from the 
solution using a calculator.

� The compound interest tables are 
considered to be sufficiently accurate to 
solve engineering economic problems.
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Example 2

$500

$85

$130

$140

0 1 2 3 4 5

$300
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Single Payment 
Compound Amount Formula

� The present sum P increases in n 
periods to P(1+i)n.  

� This gives the relation between a present 
sum P and its equivalent future sum F.

� F =  Present Sum x (1+i)n = P(1+i)n

� In functional notation it is written:       
F = P(F/P, i, n)
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Uniform Payment Series 
Formulas

Consider 

A = End-of-period cash
receipt or disbursement
in a uniform series
continuing for n periods

F = A future sum of
money

A A A

F
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Uniform Series Formulas

� Using the single payment compound amount 
factor, we can write an equation from F in 
terms of A:  

� F = A + A(1+i) + A(1+i)2

� In this situation, with n = 3, the equation may 
be written in a more general form:

� F = A + A(1+i) + A(1+i)n-1
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









 −+
=

i

1i)(1
A  F

n

Uniform Series 
Compound Amount Formula

� Multiply the first equation by (1+i),
(1+i)F = A(1+i) + A(1+i)n-1+ A(1+i)n

� Subtracting the second equation:
(1+i)F = A(1+i) + A(1+i)n-1+ A(1+i)n

-{F = A + A(1+i) + A(1+i)n-1}

iF = -A + A(1+i)n
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Uniform Series
Compound Amount Factor

� Equal amounts of money, A, is deposited in a 
savings account at the end of each year.

� The money earns interest at a rate of i, 
compounded annually.

� To calculate the accumulated money after n
years the ratio 

� The notation (F/A, i%,n) is helpful setting up 
the problem, and can be obtained from 
compound interest tables.

( )
i

i
AF

n
11 −+

=
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











+
=

11  - i)(

i
 FA 

n

Uniform Series 
Sinking Fund Formula 

� Solving the equation for A produces
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Uniform Series
Sinking Fund Factor

� The reciprocal of the uniform series, 
sinking fund factor

� The notation (A/F, i%,n) is helpful setting 
up the problem, and can be obtained 
from compound interest tables.

( )
( ) 11

1

−+
== −

n
i

i
AFFA
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Example 5

� If $100 is deposited at the end of each year in a 
savings account that pays 6% interest per year, 

� How much will be in the account at the end of five 
years?

� Solution:

Given:
A = $100, F = Unknown, n = 5 years, and i = 6%.

� F = A(F/A,6%,5) = (100)(?) 











 −+
=

i

1i)(1
A  F

n
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Example 5

� If $100 is deposited at the end of each year in 
a savings account that pays 6% interest per 
year, 

� How much will be in the account at the end of 
five years?

� Solution:

Given:
A = $100, F = Unknown, n = 5 years, 

and i = 6%.
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Example 6

� A fund established to produce a desired 
amount at the end of a given period, by 
means of a series of payments 
throughout the period, is called a sinking 
fund.  

� A sinking fund is to be established to 
accumulate money to replace a $10,000 
machine.  



17

3/31/2010 49

Example 6

� If the machine is to be replaced at the end of 
12 years, 

� How much should be deposited in the sinking 
fund each year?

� Assume the fund earns 10% annual interest.

� Solution
Annual sinking fund deposit   

A = 10,000(A/F, 10%, 12)
= 10,000(?)
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Example 6

� If the machine is to be replaced at the end of 
12 years, 

� How much should be deposited in the sinking 
fund each year?

� Assume the fund earns 10% annual interest.

� Solution
Annual sinking fund deposit   

A = 10,000(A/F, 10%, 12)
= 10,000(0.0468) = $468 
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











+

+
=
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i)i(
 PA 

n

n

Uniform Series
Capital Recovery Formula

� Since F = P(1+i)n, we can substitute this 
expression for F in the equation and 
obtain the following equation.
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











+

−+
=

n
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i)i(

i)(
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1

11

Uniform Series 
Present Worth Formula

� Solving the equation for P produces
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Example 7

� An individual is considering the purchase of a 
used automobile.

� The total price is $6,200.  

� With $1,240 as a down payment and the 
balance paid in 48 equal monthly payments 
with interest at 1% per month, 

� Compute the monthly payment. 

� The payments are due at the end of each 
month.
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Example 7

� Solution:
The amount to be repaid by the 48 
monthly payments is cost of the 
automobile minus the $1,240 down 
payment.

� P = $4,960, A = unknown, n = 48 
monthly payments, and i = 1% per 
month.

� A = P(A/P,1%,48) = 4,960(0.0265) = 
$131.44
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Compound Amount (F/A, i, n) 

Sinking Fund (A/F, i, n) 

Capital Recovery (A/P, i, n) 

Present Worth (P/A, i, n) 

 

Uniform Series
Factor Summary
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Nominal And Effective Interest

� Nominal interest is the annual interest 
rate without considering the effect of any 
compounding. 

� Effective interest is the annual interest 
rate taking into account the effect of any 
compounding during the year.
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Nominal And Effective Interest

� Unless specifically qualified in the 
problem, the interest rate given is an 
annual rate

� If the compounding is annual, the rate 
given is the effective rate.  If 
compounding is other than annual, the 
rate given is the nominal rate. 
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Effective Interest Rates

� Effective Annual Interest Rate        
ie = (1+r/m)

m – 1

� r = Nominal Annual Interest Rate

� m = Number of Compound Periods per 
year

� r/m = Effective Interest Rate per period
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Example 9

� A bank charges 1½ % interest rate per 
month on the unpaid balance for 
purchases made on its credit card.  

� What is the nominal interest rate that the 
bank is charging?  

� What is the effective annual interest 
rate?
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Example 9

� Solution:
The nominal interest rate is simply 

the annual interest ignoring 
compounding.

� i = 12 x 1½% = 18%

� The effective annual interest rate is 
computed considering compounding.

� ie= ( 1+(0.18/12))12-1 = 0.1956 = 19.56%
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P*

100

125

150

175
200

n = 5

Uniform Gradient Series

� Cash flow series may not always be a 
constant amount A. 

� It may be increasing 
at a constant rate.
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Gradient Series Factors

A gradient series is a series of annual 
payments in which each payment is 
greater than the previous one by a 
constant amount, G.

( )
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( ) ( )niFA
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Gradient Series
Compound Interest

UNIFORM GRADIENT

Factor To Find Given Function Name Formula
Gradient Present

Worth
P G (P/G, i, n)






+
−

+
−+

=
nn2

n

i)i(1

n

i)(1i

1i)(1
G  P

Gradient Future
Worth

F G (F/G, i, n)








−

−+
=

i

n

i

1i)(1
G  F

2

n

Gradient Uniform
Series

A G (A/G, i, n)









−+
−=

1i)(1

n

i

1
G A 

n
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Example 10

� The maintenance on a machine is 
expected to be $155 at the end of the 
first year, and it is expected to increase 
$35 each year for the following seven 
years.  

� What sum of money should be set aside 
to pay the maintenance for the eight-year 
period?  

� Using  a 6% interest.
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n = 8 yr

i = 6%P = Unknown

155

Example 10
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Example 10

� Note the diagram for the uniform gradient 
factors.  

� The first term in the uniform gradient is zero 
and the last term is (n-1)G.  

� But n is used in the equations and function 
notation.  

� The derivations were done on this basis, and 
the uniform gradient compound interest tables 
are computed this way.
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Example 11

� For the situation in Example 10, we want  to 
know uniform annual maintenance cost.

� Or to compute an equivalent A for the 
maintenance costs to be experienced. 

� Solution:
The equivalent uniform annual maintenance 
cost is:

� A = 155 + 35(A/G,6%,8yrs) = 155 + 35(3.195) 
= $266.83
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Example 11

� Standard compound interest tables give 
values for eight interest factors: 

� two single payments, 

� four uniform-payment series, and 

� two uniform gradients.  

� These tables do not give the Uniform 
Gradient Future Worth factor, (F/G,i,n).
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i, n)) x (A/G,  (F/A, i,n
i

) - n(F/A, i, n
) (F/G, i, n ==

Example 11

� It can be computed from the given 
tabulated factors: 

If i = 10%, n = 12 years, 
then (F/G,10%,12yrs) =
= (F/A 10%,12yrs) x (A/G,10%,12yrs)

= 21.384 x 4.388 = 93.833
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Single Payment

Factor To Find Given Function Notation Formula
Compound Amount F P [F/P, r%, n] F= P[ern]

Present W orth P F [P/F, r%, n] P = F[e-rn]

Uniform Payment Series

Factor To Find Given Function Notation Formula

Sinking Fund A F [A/F, r%, n]








=

1 - e

1 - e
F A 

rn

r

Capital Recovery A P [A/P, r%, n]








=

rn-

r

e - 1

1 - e
P A 

Compound Amount F A [F/A, r%, n]








=

1 - e

1- e
 A F

r

rn

Present W orth P A [P/A, r%, n]








=

1 - e

e - 1
 A P

r

-rn

Continuous Compounding
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Example 12

� $500 is deposited each year into a 
savings bank account that pays 5% 
nominal interest, compounded 
continuously.

� How much will be in the account at the 
end of five years?
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
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Example 12

� Solution:
A = $500, r = 0.05, n = 5 years

847692
1

1
500

050

5050

., $
e

e
F 

.
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=

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


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



−

−
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Engineering Economics 
Problems

� The techniques presented illustrate how 
to convert single amounts of money, and 
uniform or gradient series of money, into 
some equivalent sum at another point in 
time.  

� Compound interest computations are an 
essential part of engineering economics 
problems and understanding the Time-
Value of Money.
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Engineering Economics 
Problems

� The typical situation is that there are a 
number of alternatives; 

� Which alternative should be selected?  

� The customary method of solution is to 
express each alternative in a common 
form

� Then choose the best alternative by 
either maximizing benefits or minimizing 
costs
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Comparing Alternatives

� There are five major methods: 

1. Present Worth

2. Future Worth

3. Annual Cost

4. Rate-of-Return

5. Benefit-Cost Analysis
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Present Worth

� Present Worth Analysis converts all of 
the money consequences of an 
alternative into an Equivalent Present 
Sum.
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Present Worth

� Present Worth Analysis is most 
frequently used to determine the present 
value of future money receipts and 
disbursements.  

� We might want to know the present 
value of an income producing property, 
like an oil well.  

� This should provide us with an estimate 
of the price at which the property could 
be bought or sold.
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Present Worth

� An important restriction in the use of 
present worth calculations is that there 
must be a common analysis period when 
comparing alternatives.  

� It would be incorrect to compare the
� the present worth of Pump A, expected to 

last 6 years, 

� with the present worth of Pump B, expected 
to last 12 years.  
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Present Worth Comparison

Improper Present Worth Comparison

Pump A

Pump B

6 Years

12 Years
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Present Worth Comparison

� A customary assumption would be: 

� that a pump is needed for 12 years and  

� that Pump A will be replaced by an identical 
Pump A at the end of 6-years.  

� This then yields a 12-year analysis 
period.  
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Present Worth Comparison

Correct Use of Present Worth Method

Pump A

Pump B

6 Years

12 Years

12 Years
Replacement

Pump A
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Example 13

� Machine X has an initial cost of $10,000, 
an annual maintenance of $500 per year, 
and no salvage life at the end of its four-
year life.  

� Machine Y costs $20,000, and the first 
year there is no maintenance cost. 

� For the second year, maintenance for 
machine Y is $100, and it increases 
$100 per year thereafter.   
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Example 13

� Machine Y has an anticipated $5,000 
salvage value at the end of its 12-year 
useful life.  

� If minimum attractive rate of return 
(MARR) is 8%, which machine should be 
selected?
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Example 13

� Solution:

� The analysis period was not stated in the 
problem.  

� Therefore, the least common multiple of 
the lives can be selected, 

� or 12 years, as the analysis period.
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Example 13

� PW of Cost of 12 years of Machine X 

PWX = -10,000 -10,000(P/F,8%,4 ) +
-10,000(P/F,8%,8) -

500(P/A,8%,12) =

� PWX = -10,000 - 10,000(0.7350) -
10,000(0.5403) - 500(7.536) = -

$26,521
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Example 13

� PW of Cost of 12 years of Machine Y 

PWY = -20,000 - 100(P/G,8%,12) + 
5,000(P/F,8%,12) 

� PWY= -20,000 -100(34.634) + 5,000(0.3971) 
= -$21,478  (versus PWx= -$26,521)

� Minimize the PW of Cost 

� PWY cost less than PWX

� Chose Machine Y.
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Year Alternative A Alternative B

0 -$2,000 -$2,800
1 +$800 +$1,100
2 +$800 +$1,100
3 +$800 +$1,100

Example 14

� Two alternatives have the following cash 
flows:

� At 4% interest rate, which alternative should 
be selected?
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Example 14 

� Compute the NPW of each alternative. 

� Net Present Worth (NPW) = 
PW of Benefits – PW of Costs

� NPWA = 800(P/A,0.04,3) – 2,000 =  
= 800(2.775) – 2,000 = 

$220.00

� NPWB = 1100(P/A,0.04,3) – 2,800 =  
=1,100(2.775) –2,800 = 

$252.50

� NPWB > NPWA, 

� Choose Alternative B to Optimize NPW.
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Indefinite Life & Capitalized Cost

� In the special situation where the 
analysis period is indefinite (n = ∞), 

� an analysis of the present worth of cost 
is called capitalized cost.

� There are a few public projects where 
the analysis is infinity.  

� Other examples are permanent 
endowments and cemetery perpetual 
care.
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P + PiP + PiP + PiP

A A A

. . .

Indefinite Life & Capitalized Cost

� When n equals infinity, a present sum P will 
accrue interest of Pi for every future interest 
period.  

� For the principal sum P to continue 
undiminished (an essential requirements for n 
equal to infinity), the end-of-period sum A that 
can be disbursed is Pi.
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i

A
  P Cost Capital =

Indefinite Life & Capitalized Cost

� With n = ∞, 

� the fundamental relationship is:

� A = Pi

� Some form of this equation is used 
whenever there is a problem with an 
infinite analysis period.  

� Thus
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Future Worth Or Value

� In present-worth analysis, 

� the comparison is made in terms of the equivalent 
present costs and benefits.  

� But the analysis doesn’t have to be made in 
terms of present 

– it can be made in terms of a past, present, or future 
time.  

� Although the numerical calculations may look 
strange, the decision process is unaffected by 
the selected point in time.  
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Year Alternative A Alternative B

0 -$2,000 -$2,800
1 +$800 +$1,100
2 +$800 +$1,100
3 +$800 +$1,100

Example 16

� Two alternatives have the following cash 
flows:

At 4% interest rate, 
which alternative should be selected?
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Example 16

� Solution:
In Example 14, this problems was solved 
by Present-Worth analysis at Year 0.  

� Here it will be solved by Future-Worth 
analysis at Year 3.

� Net Future Worth (NFW) 
= FW of Benefits – FW of Costs
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Review Comparing Alternatives

� There are five major methods: 

1. Present Worth

2. Future Worth

3. Annual Cost

4. Rate-of-Return

5. Benefit-Cost Analysis
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Annual Cost

� The annual cost method is more 
accurately described as the method of 
Equivalent Uniform Annual Cost (EUAC). 

� Or where the computation of benefits, it 
is called the method of Equivalent 
Uniform Annual Benefits (EUAB).
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Annual Cost Analysis

� In the present worth method, a common 
analysis period was required for all 
alternatives.

� Although this is not required for the 
Annual Cost Method, it is important to 
understand the circumstances that justify 
comparing alternatives with different 
service lives.
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Annual Cost Analysis

� Frequently this method is used for a 
more-or-less continuing requirement.  

� Pumping water from a well is a good 
example  of requirements on a 
continuing basis.  

� Regardless of whether the pump has a 
service life of 6 years or 12 years, the 
minimum annual cost should be used to 
make the selection. 

3/31/2010 101

Rate Of Return Analysis

� The typical situation is a cash flow 
representing the costs and benefits.

� The rate of return may be defined as the 
interest rate where
� PW of Cost = PW of Benefits, or

� EUAC = EUAB, or 

� FW of Cost = FW of Benefits.  

� The minimum attractive rate of return (MARR) 
is the smallest interest rate of return at which 
one is willing to invest money.
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ROR Between Two Alternatives

� Compute the incremental rate of return 
on cash flow representing the differences 
between two alternatives.  

� Since we want to look at increments of 
investments, the cash flow for the 
difference between the alternatives is 
computed by taking the higher initial-cost 
alternative minus the lower initial-cost 
alternative.   
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ROR Between Two Alternatives

� If the incremental rate of return is greater 
than or equal to the predetermined 
minimum attractive rate of return 
(MARR), 

� Choose the higher-cost alternative;

� Otherwise, choose the lower-cost 
alternative.
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Year Alternative A Alternative B

0 -$2,000 -$2,800
1 +$800 +$1,100
2 +$800 +$1,100
3 +$800 +$1,100

Example 18

� Two alternatives have the cash flows:

� If 4% is considered the minimum attractive 
rate of return (MARR), which alternative 
should be selected?
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Example 18

� Solution:
These two alternatives were previously 
examined in Example 14 and 16 by 
Present-Worth and Future-Worth 
analysis.  

� This time, the alternatives will be 
resolved using a rate-of-return analysis.
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Year Alternative A Alternative B B-A
0 -$2,000 -$2,800 -$800
1 +800 +1100 +300
2 +800 +1100 +300
3 +800 +1100 +300

Example 18

� First, tabulate the cash flow that 
represents the increment of investment 
between the alternatives.  

� This is done by taking the higher initial-
cost alternative minus the lower initial-
cost alternative.

3/31/2010 107

Example 18

� Then compute the rate of return on the 
increment of investment represented by 
the difference between the alternatives.

� PW of Cost = PW of Benefits
800 = 300(P/A,i,3)

(P/A,i,3) = 800/300 = 2.67
i = 6.1%
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Example 18

� Since the incremental rate of return 
exceeds the 4% MARR, the increment of 
investment is desirable.  

� Choose the higher-cost, Alternative B.

� Before leaving this example, note the 
relationship of the rates of return on 
Alternative A and on Alternative B.
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Rate of Return
Alternative A 9.7%
Alternative B 8.7%

Example 18

� These rates of return are:

� The correct answer to this problem has 
been shown to be Alternative B, even though 
Alternative A has a higher rate of return.
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Year Alternative A Alternative B

0 -$2,000 -$2,800
1 +$800 +$1,100
2 +$800 +$1,100
3 +$800 +$1,100

Example 18

� Two alternatives have the cash flows:

� If 4% is considered the minimum attractive 
rate of return (MARR), which alternative 
should be selected?
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Review Comparing Alternatives

� There are five major methods: 

1. Present Worth

2. Future Worth

3. Annual Cost

4. Rate-of-Return

5. Benefit-Cost Analysis
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EUAC

EUAB
 

FW

FW
  

PW

PW
 Ratio B/C

Costs

Benefits

Costs

Benefits
===

Benefit-Cost Analysis

� Generally, in public works and 
governmental economic analyses, the 
dominant method of analysis is the 
Benefit-Cost Ratio (B/C).  

� It is simply the ratio of benefits divided by 
costs, taking into account the time value 
of money.
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Benefit-Cost Analysis

� For a given interest rate, 
a B/C Ratio ≥ 1 or B – C ≥ 1 

reflects an acceptable project.

� The B/C analysis method is parallel to 
that of rate-of-return analysis.

� The same kind of incremental analysis is 
required when comparing two 
alternatives.
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Year Alternative A Alternative B A – B 
0 -$200.0 -$131.0 -$69.0 
1 +77.6 +48.1 +29.5 
2 +77.6 +48.1 +29.5 
3 +77.6 +48.1 +29.5 

Example 20

� With i=10%, Solve Example 20 by 
Benefit-Cost Analysis.
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1.06  
69.0

73.37
  

69.0

n) i,29.5(P/A,
  

Costs of PW

Benefits of PW
  B/C ====

Example 20

� The benefit-cost ratio for A – B increment 
is 

� Since the B/C ratio exceeds 1, the increment 
of investment is desirable. 
� Select the higher cost Alternative A.
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Valuation And Depreciation

� Depreciation is the systematic allocation 
of the cost of a capital asset over its 
useful life. 

� Book value is the original cost of an 
asset (C), minus the accumulated 
depreciation of the asset (Σ(Dj)).

� Book Value (BV) = C - Σ(Dj)
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Valuation & Depreciation 
Notation

� BV = Book Value

� C = Cost of Property (Basis)

� Dj = Depreciation in Year j

� Sn = Salvage Value in Year n
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Items to Consider

1. Cost of the Property, C (called the basis 
in tax law).

2. Type of property.  Property is classified 
either as

� tangible (like machinery) or

� intangible (like a franchise or a copyright) 
and

� either real property (real estate) or 

� personal property (everything not real 
property).
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Items to Consider

3. Depreciable Life in years, n.

4. Salvage Value of the property at the end 
of its depreciable (usable) life, Sn.
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n

C-Sn
 Dj =

Straight-Line Depreciation

� Depreciation Charge in any year,  the 
Cost of Property minus the Salvage 
Value divided by the Number of Years of 
Useful Life.
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Straight Line Depreciation

� You buy a styling new car for $15,000 
with an anticipated salvage value of 
$1,500 at the end of its five-year 
depreciation life. 

� Compute the depreciation schedule for 
the car by the straight line method.  
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Modified Accelerated Cost Recovery System 
Depreciation

� The Modified-Accelerated-Cost-
Recovery-System (MACRS) depreciation 
method . 

�Dj = C x factor
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M o d if ie d  A C R S  (M A C R S ) 
 D e p re c ia t io n  fo r  P e r s o n a l P r o p e r ty  –  H a lf -Y e a r  C o n v e n t io n  

R e c o v e ry  
y e a r  is :  

3 -Y e a r  
re c o v e r y  

5  – Y e a r  
re c o v e ry  

7 -Y e a r  
r e c o v e ry  

1 0 -Y e a r  
re c o v e r y  

1  3 3 .3  2 0 .0  1 4 .3  1 0 .0  
2  4 4 .5  3 2 .0  2 4 .5  1 8 .0  
3  1 4 .8  1 9 .2  1 7 .5  1 4 .4  
4  7 .4  1 1 .5  1 2 .5  1 1 .5  
5   1 1 .5  8 .9  9 .2  
6   5 .8  8 .9  7 .4  
7    8 .9  6 .6  
8    4 .5  6 .6  
9     6 .5  

1 0     6 .5  
1 1     3 .3  

MACRS Depreciation Factors
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MACRS Depreciation

� To compute the MACRS depreciation for an 
item you need to know:

1. Cost (basis) of the item.

2. Property Class
� All tangible property is classified in one of six 

classes (3, 5, 7, 10, 15, and 20 years), which is the 
life over which it is depreciated 

� Residential real estate and nonresidential real 
estate are in two separate real property classes of 
27.5 years and 39 years, respectively.

4. In MACRS, the salvage value is assumed to 
be zero.
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MACRS: Half-Year Convention

� Except for real property, a half-year 
convention is used.  

� Under this convention all property is 
considered to be placed in service in the 
middle of the tax year, and a half-year of 
depreciation is allowed in the first year.  

� For each of the remaining years, one is 
allowed a full year of depreciation.  
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MACRS: Half-Year Convention

� If the property is disposed of prior to the 
end of the recovery period (property 
class life), a half year depreciation is 
allowed in that year.  

� If the property is held for the entire 
recovery period, a half-year of 
depreciation is allowed following the end 
of the recovery period.
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M o d if ie d  A C R S  (M A C R S ) 
 D e p re c ia t io n  fo r  P e r s o n a l P r o p e r ty  –  H a lf -Y e a r  C o n v e n t io n  

R e c o v e ry  
y e a r  is :  

3 -Y e a r  
re c o v e r y  

5  – Y e a r  
re c o v e ry  

7 -Y e a r  
r e c o v e ry  

1 0 -Y e a r  
re c o v e r y  

1  3 3 .3  2 0 .0  1 4 .3  1 0 .0  
2  4 4 .5  3 2 .0  2 4 .5  1 8 .0  
3  1 4 .8  1 9 .2  1 7 .5  1 4 .4  
4  7 .4  1 1 .5  1 2 .5  1 1 .5  
5   1 1 .5  8 .9  9 .2  
6   5 .8  8 .9  7 .4  
7    8 .9  6 .6  
8    4 .5  6 .6  
9     6 .5  

1 0     6 .5  
1 1     3 .3  

MACRS Depreciation Factors
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Example 21

� A $5,000 GPS unit has an anticipated 
$500 salvage value at the end of its five-
year depreciation life.  

� Compute the depreciation schedule for 
the machinery by MACRS depreciation.  

� Do the MACRS computation, and 
compare the results with the values from 
a straight line depreciation.
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Example 21

� Solution:
straight line depreciation.  

Dj=(5000-500)/5 = 900
Year Dj BV @ end of the year

1 900 5000-900=4100

2 900 4100-900=3200

3 900 2300

4 900 1400

5 900 500
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Example 21

� MACRS Solution:
� Five-year property class.  

� Salvage value Sn is assumed to be zero for 
MACRS.  

� Use depreciation factors from MACRS Table

Year Factor Dj BV @ half year

1 20.0% 5000*.20 = 1000 5000-1000 = 4000

2 32.0% 5000*.32 = 1600 4000-1600=2400

3 19.2% 5000*.192 =960 2400-960=1440

4 11.5% 5000*.115 = 575 1440-575=865

5 11.5% 5000*.115 = 575 865-575=290

6 5.8% 5000*.058 = 290 290-290=0
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M o d if ie d  A C R S  (M A C R S ) 
 D e p re c ia t io n  fo r  P e r s o n a l P r o p e r ty  –  H a lf -Y e a r  C o n v e n t io n  

R e c o v e ry  
y e a r  is :  

3 -Y e a r  
re c o v e r y  

5  – Y e a r  
re c o v e ry  

7 -Y e a r  
r e c o v e ry  

1 0 -Y e a r  
re c o v e r y  

1  3 3 .3  2 0 .0  1 4 .3  1 0 .0  
2  4 4 .5  3 2 .0  2 4 .5  1 8 .0  
3  1 4 .8  1 9 .2  1 7 .5  1 4 .4  
4  7 .4  1 1 .5  1 2 .5  1 1 .5  
5   1 1 .5  8 .9  9 .2  
6   5 .8  8 .9  7 .4  
7    8 .9  6 .6  
8    4 .5  6 .6  
9     6 .5  

1 0     6 .5  
1 1     3 .3  

MACRS Depreciation Factors
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Example 21

Year BV @ half year

1 4000

2 2400

3 1440

4 865

5 290

6 0

Year BV @ end of 
the year

1 4100

2 3200

3 2300

4 1400

5 500

Straight Line MACRS

VS
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Straightline

MACRS
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Inflation   

� Inflation is characterized by rising prices 
for goods and services, 

� Deflation produces a fall in prices for 
goods and services.  
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Inflation

� An inflationary trend makes future dollars 
have less purchasing power than present 
dollars.  

� This helps long-term borrowers for they 
repay a loan of present dollars in the 
future with dollars of reduced buying 
power. 

� The help to borrowers is at the expense 
of lenders. 
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Inflation

� Price changes occur in a variety of ways.  

� One method of stating a price change is 
as a uniform rate of price change per 
year.

� Notation: f = General Inflation Rate per 
Interest Period
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� One economist has predicted that there 
will be a 7% per year inflation of prices 
during the next ten years.

� If this proves to be correct, an item that 
presently sells for $10 would sell for what 
price ten years hence?

Example 22
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Example 22

� Solution:
f = 7%, P = $10, F = ?, n = 10 years

� Here the computation is find the future 
worth F, rather than the present worth P.

� F = P(1 + f)10 = 10(1+0.07)10 = $19.67
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� A mortgage will be repaid in three equal 
payments of $5,000 at the end of Year 1, 2, 
and 3.  

� If the annual inflation rate, f, is 8% during this 
period,  and

� the investor wants a 12% annual interest rate 
(i), 

� what is the maximum amount he would be 
willing to pay for the mortgage?

Example 23
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Year Actual
Cash Flow

Multiplied
By

Cash flow adjusted
To today’s (yr. 0) dollars

0
1 +5000 X (1+0.08)

-1
= +4630

2 +5000 X (1+0.08)
-2

= +4286
3 +5000 X (1+0.08)

-3
= +3969

Example 23

� The computation is a two-step process.  

� First, the three future payments must be 
converted into dollars with the same 
purchasing power as today’s (Year 0) 
dollars.
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Example 23

� The general form of the adjusting 
multiplier is (1+f)-n which equals (P/F,f,n).

� Now that the problem has been 
converted to dollars of the same 
purchasing power (today’s dollars in this 
example), we can proceed to compute 
the present worth of the future payments.
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Example 23

Year Actual
Cash Flow

Multiplied
By

Cash flow adjusted
To today’s (yr. 0) dollars

0
1 +4630 X (1+0.12)-1 = +4134
2 +4286 X (1+0.12)-2 = +3417
3 +3969 X (1+0.12)-3 = +2825

$10,376
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Alternate Solution

� Instead of doing the inflation and interest 
rate computations separately, you can 
compute a combined equivalent interest 
rate per interest period, d.

� d = (1+f)(1+i) –1 = i + f +(i x f)

� For this cash flow, 
d = 0.12 + 0.08 + 0.12(0.08) =

= 
0.2096. or 20.96%
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Alternate Solution

� PW = 5,000(1+0.2096) -1 + 
5,000(1+0.2096) -2 + 

5,000(1+0.2096) -3 =

� PW = 4,134 + 3,417 + 2,825 = $10,376

~OR~

� PW = 5000*[(1+0.2096)3-1]/[(0.2096)(1+0.2096)3]

� PW=$10,376
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