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A contractor has a choice of two sites on which to set up the asphalt-mixing plant equipment.
It costs $2.75 per cubic yard mile (yd3-mile) to haul the asphalt-paving material from the mixing plant to the job

location.

Factors relating to the two mixing sites are as follows (production costs at each site are the same):

The job requires 50,000 cubic yards of mixed-asphalt-paving material.
Four months (17 weeks of five working days per week) will be required for the job.

Required:

1. Compare the two sites in terms of their fixed, variable, and total costs.

2. Assume that the cost of the return trip is negligible. Which is the better site?
3. For the selected site, how many cubic yards of paving material does the contractor have to deliver before

starting to make a profit if paid $12 per cubic yard delivered to the job
location, if the cost of material is $1.5/yd3. At what point does he break even \'

and begin to make a profit?

2

Cost Factor Site A Site B
Average Hauling Distance 4 miles 3 miles vafiahle
Monthly Rental of Site $2,000 $7,000 P\)@QA
Cost to set up and remove equipment $15,000 $50,000 Fyed
Hauling Expenses $2.75/yd*mile $2.75/yd*-mile \apighle
Flagperson Not required $150/day Q\X°$
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Example 15

A company produces an electronic timing switch that is used in consumer and
commercial products. The fixed cost (Cr) is $73,000 per month, and the
variable cost (cv) is $83 per unit. The selling price per unit is
p = $180 — 0.02 (D)
a b
1) Determine the optimal volume for this product and confirm that a profit
occurs (instead of a loss) at this demand.

2) Find the volumes at which breakeven occurs; that is, what is the range of
profitable demand?
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Example 16

An engineering consulting firm measures its output in a standard service hour unit.
The variable cost (cy) is $62 per standard service hour and the charge-out rate [i.e.,
selling price (p)] is $85.56 per hour. The maximum output of the firm is 160,000 hours
per year, and its fixed cost (Cr) is $2,024,000 per year.

1.What is the breakeven point in standard service hours and in the percentage of total
capacity?

2.what is the percentage reduction in the breakeven point (sensitivity) if fixed costs
are reduced 10%; if variable cost per hour is reduced 10%; and if the selling price per
unit is increased by 10%?
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Example 17

The demand for a certain part is 100,000 units. The part is produced on a highspeed
turret lathe, using screw-machine steel costing $0.30 per pound. A study was
conducted to determine whether it might be cheaper to use brass screw stock,
costing $1.40 per pound. Because the weight of steel required per piece was 0.0353
pounds and that of brass was 0.0384 pounds, the material cost per piece was $0.0106
for steel and $0.0538 for brass. However, when the manufacturing engineering
department was consulted, it was found that, although 57.1 defect-free parts per
hour were being produced by using steel, the output would be 102.9 defect-free parts
per hour if brass were used. Assuming the machine attendant is paid $15.00 per hour,
and the variable (i.e., traceable) overhead costs for the turret

- .. NIVERSITY O
lathe are estimated to be $10.00 per hour. Which material should be used for this
part?
Unknown or constant revenue (demand is constant) = compare the cost per
defect-free unit
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Top  down
Suppose that the published cost of attending your university is $15,750 for the current year. This figure is anticipated to
increase at the rate of 6% per year and includes fulltime tuition and fees and a weekly meal plan.

Linflation Rate
Not included are the costs of books, supplies, and other personal expenses. For the initial estimate, these “other”

expenses are assumed to remain constant at $5,000 per year.
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Sum Over Four Years to Obtain Total Cost
of a B.S. at Your University

(Bottom, up

s o . 07
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— Tuition — Books — Rent — Fuel
— Activities fees — Duplication — Food — Maintenance on car
— M ip — ies — Clothing — Insurance
~ Medical insurance ~ Computer rental — Recreation — Traffic tickets
— Lab fees — Software — Utilities

Figure 3-1 Bottom-Up Approach to Determining the Cost
of a College Education beE’, Acrg te
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Ex) A company wants to install a new boiler. The price of the boiler in the
year 2016 was $525,000 when the index was 468. What is the price of the
boiler in 2021 given that the index value is 542 in the year 20217?
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Ex) Suppose the Air Force’s B-2 aircraft costs $68,000 per hour to own, operate, and maintain. A certain
mission requires two B-2 aircraft to fly a total round-trip time of 45 hours.
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Ex) Suppose that we need a slightly refined estimate of the cost of a house consisting of 2,000 square feet,
two porches, and a garage. Using a unit factor of $85 per square foot, $10,000 per porch, and $8,000 per

garage
Calculate the total estimate:
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The purchase price of a commercial boiler (capacity S) was eight years ago. Another boiler of the same basic design,
except with a capacity of 1.42 S, is currently being considered for purchase. If the cost index was 162 for this type of equipment
when the capacity S boiler was purchased and is 221 now, and the applicable cost capacity factor is 0.8, what is your estimate of

the purchase price for the new boiler?
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Suppose that an aircraft manufacturer desires to make a preliminary estimate of the cost of building a 600-MW
fossil-fuel plant for the assembly of its new long-distance aircraft. It is known that a 200-MW plant cost $100
million, 20 years ago when the approximate cost index was 400, and that cost index is now 1,200. The cost-
capacity factor for a fossil-fuel power plant is 0.79.
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The time required to assemble the first car is 100 hours and the learning rate is 80%. What is the time
required to assemble the 10t car?
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You have been asked to estimate the cost of 100 prefabricated structures, each structure provides 1,000
sq.ft of floor space, with 8-ft ceilings. In 2018, you produced 70 similar structures consisting of the same
materials and having the same ceiling height, but each provided only 800 sq.ft of floor space. The material
cost for each structure was $25,000 in 2018, and the cost capacity factor is 0.65. The cost index values for
2018 and 2023 are 200 and 289, respectively. The estimated manufacturing cost for the first 1,000 sq.ft
structure is $12,000. Assume a learning curve of 88% and use the cost of the 50t structure as your standard
time for estimating manufacturing cost. —

Estimate the total material cost and the total manufacturing cost for the 100 prefabricated structures?

oty = Cory * G S22
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A $1,000 loan for 3 years at a simple interest rate of 10% per year.
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Example: You borrowed $5,000 at a simple interest rate = 0.5% per month to be repaid

after 4 years.
How much will you pay back? Or

What is the future equivalent of the borrowed $5,000?

= Yyers x  lemonthe - 4 wonihs
e
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Example: $1,000 loan for 3 years at a compound interest rate of 10% per year.
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Repayment of $17,000 in Four Months with Interest at 1% per Month:
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Example: An investment of $10,000 will produce a uniform annual revenue of $5,000 for 5 years and have a
market (recovery) value of $2,000 at the end of year (EQY) five. Annual operating and maintenance
expenses are estimated at $3,000 at the end of each year. Draw a cash-flow diagram from the corporation’s
viewpoint.

A= 5000 - 3000 = Jooo T QD?R\O\Y‘K(,# oy )
T 1]
1 B 5
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10,000

Cinerment )

In a company’s renovation of a small office building, two feasible alternatives for upgrading the heating,
ventilation, and air conditioning (HVAC) system have been identified. Either Alternative A or Alternative B
must be implemented. The costs are as follows:

» Alternative A: Rebuild (overhaul) the existing HVAC system

* Equipment, labor, and materials to rebuild : $18,000
At the end of eight years, the estimated market

* Annual cost of electricity :$32,000 value for Alternative A is $2,000 and for
Alternative B it is $8,000. Assume that both

* Annual maintenance expenses : $2,400 N N N h
alternatives will provide comparable service
(comfort) over an eight-year period, and assume

. . - that the major component replaced in Alternative

» Alternative B: Install a new HVAC system that utilizes existing ductwork B will have no market value at EOY eight.

* Equipment, labor, and materials to install : $60,000

* Annual cost of electricity :$9,000

* Annual maintenance expenses : $16,000

+ Replacement of a major component after four years :$9,400 \B IHE UNIVERSITY O1
\E 5 (YR AN

Aermakive A: 7\ s

1’\ R SIS
Atternarive. B

\(Ur 2 Sing'e caphn flow 51 U%HS Wt oompound inreresr (ate  formua Using Ywe Sransar 3 paration e Cnn Fina

ook o pleseny amont (0) , Bow info @ flbue amount- (E) , 1 N time periods ab WSk ke

Foe(ia) o Fe P CEIP i N
P F C1e) " or P-F(RF, b, N



Example:

Suppose that you borrow $8,000 now, promising to repay the loan principal plus accumulated interest in
four years at i = 10% per year. How much would you repay at the end of four years?

Fo P(F/P, 1or, 4)

Qv

F= %000 (Lyew) = 1, }3

Fir\div\fj the inkerest Rate (1) Criven

Fop s )Y
4
F= 9000 (1401 = 1,313

Pk, an

Example: What is the interest rate that will double an investment of $50,000 in 10 years?

|

Q
00,000
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Findingg N when  ojuen

N- oy ( o)
lol (L+y)

PR

0.0F (%

Example: How many years does it take to double my money at an interest rate of 5% per

year?

N- loy (2)
logy (\+ 0:0% )

Twe  concepr ot Ewnomic Ewuivmlfn%

ﬁnv\uil—fj-. N serves A unborm (-Upuu\x Ft\mmenh

oA { (14" - } ox
L
P: A {: LH'\SN —\} or
(14"

[U- L Yealt

OU,U(HN) af Fwe end of eath lou{oé tor N perlods
F-AFIa i, N



A= [ [ / } or h=F (AIF i), n)

(YN =1

A- [ i (Hi)N } oc A= P (RIP, ¥y 0N
L4y =\

Example: How much will you have in 40 years if you invest $3,000 of your income each
year in a project that earns 8% per year? P
= boo

F-n(CF/m, 9, Uo) r ]

F- Zooo (2690965 ) :i)?ﬁ) hq 5

Example: You took a loan that is to be repaid in uniform payments over 4 years. Assuming
the interest rate is 1% per month, and your monthly payment is $300. What is the
principal amount (the amount of money borrowed)?

Yuears X 12 wonths = §Emonths

P A (P/M, 00l , u&)
P= 3p0 (3FAF40) = 1,392.¢2

Example: Calculate the compounded future value at EOY 20 of 20 annual gayments of $5,000 each into a
savings account that earns 6% per year. All 20 payments are made at the beginning of each year.

3 1

\9 2o

> fokue fonuty o year @ (0519 = 120) J To converk et fo Gear o
F=RACF/A, 006, 1) (FIP | 0:06,1)
Cooo (26 F56b) (L otod =§au, 96 6



Example: A loan of $10,000 is to be repaid in 4 equal payments (over 4 years) and the
interest rate is 10% per year. Determine the interest paid and principal repayment every

v |7’— 10,000 )J:L[ 1= |0}
A= P(A/P, Tof,4)
booo (0.355) = 3165 PUr Year
nteredl Annui Fy Princifle 1epayment
o jpar | 0,000 X 0-1 = 1000 3155 165
yedr 1 [ASERTN = 785 3155 1570
year S 5475 x 9\ = A7 oo 160
jear Y 1367 o | = 1%] SIAN 186%
Example: You borrowed $100,000 at an interest rate of 7% per year. If the annual payment is $8,000, how many
years does it take to repay the loan?
P= A CP/M, 71, A
(00 o6 = 4000 LD/A > I} )J\)B
(P/A )T NS = (205 = By \nverpole ion
35-20 = 129471 - (2-Yodo
N -2 Q-5 - \Z-Lloclo
Nz 2073

Example: You invested $20,000 in a project and you are expected to gain $4,000 annually. At a 10% interest
rate, when will you recover your investment?

MNAN AAA M4 AN A 4ans AT

14N

Pop i+ )

\ Ll‘f'i),\)
lo,000 = 4ooo (1 + o~\\N ~\
ol Cltot)Y

N= 7.27 Year s



Example: Your company has a $100,000 loan for a new security system it just bought. The

annual payment is $8,880 and the interest rate is 8% per year for 30 years. Your company

decides that it can afford to pay $10,000 per year. After how many payments (years) will P = (00500 ﬂ T TES L= % N
; 2

the loan be paid off?

]

50

/'\’—\Ulooo
P=A (P/A) 37 | N)
(DO,OOD = ,OIOOO ( P/A ) %))N
D= LP/H) Z-L) N D NEEN \%D ln{-UrPoquov\ _Z(_—?,_b_ : |lodbs - 9.\
N-20 1o - 4818
N= 109

DU!V[IIg JOr ¢
Example; You wanted to start saving so that you will have $60,000 in your bank account eight years from now. Each year, you
deposit $6,000 in your bank account. What should be the interest rate so you can achieve your goal?

=on CFmmy iy N
b0 ,000 = b.00O (f)H, . LB

10269¢ - 9.3978
lo ~q-94FS

0 = (F/A )iy %D ~> BY nrespo\ation 3:0F -0-06b
|- 006

'L'_ 62‘1 1-

Dt d  Annuikies
* Ordiary Amuity  Coniform Series) agpears a- fhe end ok the firsh period
o Dethered  Annity (Vgo uniform ceres ) beins o o lrer {ime,

Fndiy the vale o fime 0 ob a delfores Aanuity is o fwo Shep process

P- ALPIA, i4,0-3) (PIE, v,

(177

o f (
[N J I Tty - N-I

0



Example: You just purchased a new sports car and want to also set aside cash for future
maintenance expenses. The car has a bumper-to-bumper warranty for the first five years. It was
estimated that the car will need approximately $2,000 per year in maintenance expenses for
years 6-10, at which you will sell the vehicle. How much money should you deposit into an
account today, at 8% per year, so that you will have sufficient funds in that account to cover the
projected maintenance expenses?

||||||||||||| e

Trestnl at year &

P= 2000 (3492F ) = 7935Y

Present af qeur Lero
p: FLPIF) $7,5)
P. 3950y (b.6%0b) = 64 .5k

Example: How much money should be deposited each year for 12 years if you wish to
withdraw $309 each year for five years, beginning at the end of the 14th year? Assume the
interest rate is 8% per year.

[—H—geqr 13

|

(
P R(P/A, 11, D) ’

2

P= 309( 3-942%) = 1233 -F443

BF yeur Lelo
P= F(PIF,%-13)
P=12323943 (0317 ) = Y93 3 Ftal

hnoiFy
P= RCPMA, T ,12)
4oy -by3#34l = p( 75361
h= 0602

1 T
13 Y

1]



Compounding  Intetes) fachor
€9 G onifarm payments

* EXAMPLE 4-16: The cash flow below have a problem with a series of year-end cash flow
extending over eight years. The amounts are $100 for the first year, $200 for the second
year, $500 for the third year, and $400 for each year from the fourth through the eighth.
These could represent something like the expected maintenance expenditures for a
certain piece of equipment or payments into a fund.

Find the present equivalent expenditure if the annual interest rate is 20%.

Yoo

Goq

> for Singie pyments
P ECp/F 200, 1) + 5, (DIE, 207,10 + 5 C PIF, 207, 3)

P-100(0.353) * z00(0-k94y) + oo (0576F) = 5193

= Annuity
P~ ACP/A, 0/ SILPRIF 200, 3D
P- 400 (29406 ) (0.578F ) = 692 .lbYobd

P = 412.261108% Lolas = 1oy,

Lrnitform (f-\vikhmeh'c) gradient b (s flaws
Cash Flow fhat ohnges by a anstani- amont CO) euda pefiod

Present %udikﬂP

[ NP U | }
P- G { i L(m)“ CladN j

P- O (P/6&, i1 ,0)



Annvity Fopuivq\en*

= ()1 L - N
: ( ‘ (Iﬂ)’\kl\B

A~ G (A6 id, N

fobwe  Equivalent

F- EL (F/A it ) - Nxb
[

)

Example: suppose that we have cash flows as follows:

Calculate their present equivalent at j = 15% per year

Bo0o
Jooo
booo )
f,000 ] o TCJOO;
/]\\ T I f [ [ f
( 1 3 Y I 1 3 Y
éb(oo
000
Poo\ \bQO
S I
\ z B Y
Fzr[ : rPo,t\ 1 P 0G5

Pop‘-, ﬁ(?/ﬁ,lﬁ)/,"\) = 6000 (2%66) B ,1127'6
b,z O (Fl&r,157,9) = 000 (3-1%h) = 3756

Po’\' = H\OH

r Cash Flows (§)

5,000
6,000
7,000
8,000

(= \000



Example: suppose that we have cash flows as follows:

Calculate their present equivalent at i = 15% per year

e« DNT — DNA _ DNr=

2060
Hoo 1p00
f ]ﬂ (0% T I
' ' | T [ T
\ @ 2 L ‘ 1 _—,) <
o= ACP/A, 19,4 4 [ (P/6 157, N
$000 (2959 ) + -1000 ( 2.726)
Fm_: 1905 Y4
(reom i Sequance o Ok Flows
Cash Flow  +hat Changes by & tensrank (ate E— eadh period
- First pymental {oY |
l\.[l_LHi)"N (\+ﬁ)"’_x ;4\
P= i-] -
I\(I\]LH'\Y\ /»:L\

AV = (PIF VL N (F/P, i, nY)
.I‘ ‘5_
AN C/E i1 ,1)

P-

m

=]

L3 b =

=

Year

r=ach e (t)
a3l SV )

8,000
7,000
6,000
5,000

(7= -1000



Example: Assume that a payment of $1,000 is made at EQY 1 and decreases by 20% {. - -0 /
per year after the first year for 4 years. At a 25% interest rate, Determine the ]
present equivalent, A, and F. i= 257

f+i
pe AL i- (el 257 W (AP ~10r,9))
-}

P~ rogo [ | - (0-40%6) LH%Z)W

025 - (-10)

1\

1549 39

A~ P AP, 257, 4)
1$U9.58 (0u224) = 712 .03
L= I F/P 26/\ LI)

| §44-5% (2 4414 ) = Y5]5.0%

Example: On your 23rd birthday you decide to invest $4,500 (10% of your annual salary) A\ = Y500 ( > T

in a mutual fund earning 7% per year. You will continue to make annual deposits equal to

10% of your annual salary until you retire at age 62 (40 years after you started your job). } =Y

You expect your salary to increase by an average of 4% each year during this time. How
much money will you have accumulated in your mutual fund when you retire?

P- 4L4Spo [l- (P/F) 7'/-21‘[0) (F/P) L/'/‘} L[o)-]

0-0f -0-0Y
P~ 4500 [ - ( 00bb3) L‘i-éﬁ@loﬂ ~ lol, ga4
0ot —6'0Y

F- v (FIP, 77, 4o)
o\ 594 ( 4-97 116) = \)%LC))‘E\Z/



InfGlest  Rares  thar Ay with timg,

nferst rafes  difen gt with time
= Resork Yo moving  (ash flowS  ong  pefiod a ot time, ft\:\td/ih‘j the jnrtlesy ate  for Jhelk

swele  Period
TV\E_ Plestnt  equivalent  of o« wsh flow occurring gk the end of poriod N can bt ompYed with the
ejuakion - _ fure. &y bivalent

p. I

[ (I+iK§
N
O l'V\YE’/T‘%\‘ (At {'m’ K sz\({oé_

If ;3= $2,500 and i,=8%, i,=10%, and #;=11%, then

p. 2500 = 14
G+0.08) (g o 1) (VoY

EXAMPLE 4-27: Ashea Smith is a 22-year-old senior who used the Stafford loan program to
borrow $4,000 four years ago when the interest rate was 4.06% per year. $5,000 was
borrowed three years ago at 3.42%. Two years ago she borrowed $6,000 at 5.23%, and last
year $7,000 was borrowed at 6.03% per year. Now she would like to consolidate her debt
into a single 20-year loan with a 5% fixed annual interest rate. If Ashea makes annual

payments (starting in one year) to repay her total debt, what is the amount of each 1000
payment? Fo=Py Pty
%wo A:?_ —l: [;’J
N
Tuop|342# 524 (603 |
| | | T v v \
- - -~ -\ ° (- - ]
From (-45-3) ¢ = P(FIP, Yobr 1) 1o b
F= 49000 ( 14 0-0406)" = 4lbl-Y
ak yesw -3 Ulb2-Li+ Geoo = $AlbL ¢

hom (<35-2)  F-PLF/P, 242, 1)
Foab2y (l+o0342) = M15.75
ak year -2 T4F5-3G + oo =¥ 15, 41575



fom (-1>-1)  F=P (/P 52574 ;')
F: 1541535 (1+ 0-0523) = (b,lﬁ{br 13
ot yomr -\ 16,165 130F + Tood =§ 25285, 12

Hom( > 0) F=p(F/P, 603 ,1)

ZQ’Z?Q-)} ( [+ o0 0603%) = Z"{}bcﬁo\.ZZ
ﬁﬁnﬂuitj A= P (AP, 5/ 10)
A= ZLI)b%G\‘Zl (©-0%0l) = i) 4 40 -0% l;wr Y e

Nominal % eHeckive Interest rates

b Campounding period s less fhan ayear
* Amual faie s odled  nominal inferes\- rare or  RAnual percenegt Rake  (APR )
o Pctontl or Lxatt oYe is called ekbective inferest e

pominal  Interak rate,

v
. M
L= ( |+ ) -
J M
ellecive o) Cempoundin J:ar\'oAs per
nfelegh qotre. per Ee
Jear
Suppose that a $100 lump-sum amount is invested for 10 years at a nominal P 100 (= pt-
interest rq"te of 6% compounded quarterly. How much is it worth at the end of the
Oy e M=y Nz \o gears
) CaY 3
= L \+ 0.0 ) \ = b |y .
Yy

F<P (e, bm),10)
oo (11 0064)° = 194k



Example: A credit card company charges 1.375% per month on the unpaid balance. They claim that the
annual interest rate is (12 x 1.375% = 16.5%). Is that true?

|+ oles It = [7.%
S B

» Does this card provide a better deal than another card which charges 16.8% annual rate compounded bimonthly?
’ InaA

narmb

i (1+ olex )‘= y ~  1%.02 7

b
not abethy deal.

Example: A loan of $2,000 at 10% annual interest rate for 8 years is to be repaid in two equal payments, @
EOY 4 and EQY 8. What is the value of the payments?

lo/. M=% yeeng

XY

[07 xY = 40t
L\
- 0-4 - - U)-
L (w _q_) \ Y. )

Az PCA/P, by | L)

20 wl) - 17399
(1 fouby )= - |

If the monthly interest rate is 1%, what is the effective semi-annual

rate?
M

sewinnval = © per year

bpfraem* x rer monkh  ~= [9'/'
,'= ( H- 0:©b (a_ { = 6-'6'/'



EXAMPLE 4-32: A loan of $15,000 requires monthly payments of $477 over a 36-month
period of time. These payments include both principal and interest.

- 15,000

(a) What is the nominal interest rate (annual percentage rate (APR)) for this loan?
(b) What is the effective interest rate per year? = [ﬂ?

(c) Determine the amount of unpaid loan principal after 20 months.

) P=ACPMR, I4,3b)

15000 < 43% k (\Jf'\)ﬂ> -\ }
\L \*\)gg

L= 0757 (por monkh)

h) |~ (H‘ Qﬂ) - | = 425 per year

26-20 = b
Qy P ALP/A, 035, (b))

P Y1F (15.0243) ° 7, 1bh S

Nz 2 Lol n



Confinaus — Compounding

(\(lowif\g Wrefes to wmpon g Conbingusly twioughok  Fne period > M approaches o

L-e o)
(Frp 01, 0D = er"
(PIF 0l N> = Pl o
of N

N
(€1p y Oy NN = e' -

eV -\
(Prp e, N = GrN =\

ery Cg””_\s

Example: A bank offers loans at an annual interest rate of 12% compounded continuously,
- What is the effective annual interest rate?

- What is the effective monthly interest rate?

nan

0\l = 0.0 Cnomipal monthly
12
= e _| = l-005/
- If you borrowed $10,000 on these terms, what is the future equivalent of this loan after 5 years?
Fo PLS/p 2L, 5)
o2 ¥S
Fo w00 (€577) = 1B 020




Example: A nominal interest rate of 8% is compounded continuously.
- What is the uniform EQY amount for 10 years that is equivalent to $8,000 at EQY 10?

F= A CF/A, -y 10D
1000 = A (Y. 206D k- 54248

- What is the present equivalent value of $1,000 per year for 12 years?

P. A (P/A, D ,00)
P. 1000 (F-4oqy) = Tuol.u

- What is the future equivalent at the end of the 6 year of $243 payments made every 6 months during the 6 years (first payment

occurs 6 months from the present and the last occurs at EQY 6)?

omonths ey year = Lhimen pel yea

LHMS por year x 6 Yemrs = Y Vimsk.

F-ACED, Ul ) 3 per year - 2ximes ayenr
‘:: ’Ll{% { ﬁD-c"|)¢|Z _ 1 = 3;}6%5 = l - (1)_
0.4 Z

e - |



Chagter 5 - fuuatiog & single, projeck
bethods for Ealuaking o tigle  projeck

- Minimum alfeekive,  Rate of Retorn (MARRY = The lowes) nfernal fafe of eforn thok {he orsanigation
woul} Considec 1t fo bo a good invesrmenk

= Prseny worfhy (Pw )

= [orore worblh (Fw)

= fowl Workh  (AW)

= hienal Rave of- Reton (1RR)

= Exhernal Rre of Retrn (ERR)

= Rybagk  period

* A projed musk provide o reboon ootk s eqoe fo of fetaber Fhan fne  MBRE

Present worth
Al cash inflowsi; ok flows ave dbwonled to the pesent bime, ot on intregt  fdve (Mhm_\

PW(i = MARR ) Z0 - Pughable  prjeck

Example: A project has a capital investment of $50,000 and returns $18,000 per year for 4
years. At a 12% MARR, is this a good investment?

PW= -%,000 + 000 (P/A, (127 ,4)

~S0pg0 + 3000 (30333 ) = (‘(]H\‘(’{ = (eod inesrment

§ e higher e inkereg- rate |, the lower the Present worth



A new heating system is to be purchased and installed for $110,000. This system will save
approximately 300,000 kWh of electric power each year for 6 years with no additional
O&M costs. Assume the cost of electricity is $0.10 per kWh, the company’s MARR is 15%
per year, and the system's market value will be $8,000 at EQY 6. Using the PW method, is
this a good idea?

Ao 200,000KWR v 0.103 = 30,000
WWh

PW - ~0y000 + 20,006 ( PIB, )57 ) 6) + %,ooo(_P/ﬁ) |50 ,6)

-10,000 t 20,000 (23849) + F1000 (04323 ) = 6, M3.Y 5 Guoed invesrwment

- Present wor by Assumphiong
1. Assume we Krow the [fulwe  with certainty

L fissme Wt (an borrow 9 lend monty d e same mitiesk mfe

Fofore worth
= Maximize tae Futue wealth of the owners
3 Et}ui\mlent W@ al cash inflons ?7 ouHFlows ot the end UL the shudy Péﬁod ok MARQ
5 fWzo  projetk is econmically  ukifie 8
Example: A $45,000 investment in a new conveyer system is projected to improve
throughout and increase revenue by $14,000 per year for five years. The estimated

market value of the conveyer at the end of five years is $4,000. Using the FW method at a
MARR of 12%, is this a good investment?

tW = 4000 +-45,000 (FIP, 127,50 * (Y000 LFIR, 125, D)
Yoo + -Y5p000 ( \F6l3) + [Yooo (62352%) = 136353 — Greed Jnvgrmenr

Example: A $110,000 retrofitted space-heating system was projected to save $30,000 per
year in electrical power and be worth $8,000 at the end of the six-year study period. Use
the FW method to determine whether the project is still economically justified if the
system has zero market value after six years. The MARR is 15% per year.

Fw= -\Wo,000 [ FIP) 152, 6) + 20,000 ( FIf , 1) 6)

6,000 ((2213\) v 200m(475%1) = 4,170 > Clonomnenlly sk Fied



Amua) Wor fh

- Bqvivalgnt fo cagh inFlows g oukflow's ob (MARR)
> Aw 70 —"Cwnom'lO\\\j ‘\\usHHed
Annua) eﬂ]/uiwlm»L Revent or Savings  minLs Prnual 2uivalen) Qpenses (less ihs  antua\ capelity
hecovery amoont ((g)
AwCir) = R-E - (rRa)

CRGE) = 1 CaIP il NY = SCRIE, i, N
il vy ; lvay, yalu,

Example: A project requires an initial investment of $45,000, has a salvage value of
$12,000 after six years, incurs annual expenses of $6,000, and provides annual revenue of
$18,000. Using a MARR of 10%, determine the AW of this project.

AW~ If,000 -~ 6000 — (R

[/K'- U5,000 ( AP, lol, 6) — 12000 (A/E ol )6)
Y9000 (0.2196) — 12000 (0%b) = B73?

Aw:- §ovo - booo - $HE = 2213

Example: Lockheed Martin is increasing its booster thrust power in order to win more
satellite launch contracts from European companies interested in opening up new global
communications markets. A piece of earth-based tracking equipment is expected to
require an investment of $13 million, with $8 million committed now and the remaining
$5 million expended at the end of year 1 of the project. Annual operating costs for the
system are expected to start the first year and continue at $0.9 million per year. The useful
life of the tracker is 8 years with a salvage value of S0.5 million. Calculate the CR and AW

values for the system, if the corporate MARR is 12% per year. 05
AW: Q’E - CK m /]\
XO L Vi1 ‘%
V P09
T 5
Cr-= (‘6 Mism (PIE, |1, uB] CAIP 127 )%) = 0.5M [A/T,) 12/ )B)
Gz [M+45mM (0129) )(0.2603) = bSM (0.0813) = 2.47 M

Aw= -0l -2Ul = -2.24m



Pw Beplicstion : onds

P redgmbion or dispesal PR 8

Ny= CCPIF) 1k, n> 4 rZ (P, i+ ND

N \

\alpe o Bmd . ield

bond rate ( nominal)

Example: A bond with a face value of $5,000 pays interest of 8% per year. This bond will be
redeemed at par value at the end of its 20-year life, and the first interest payment is due one year
from now.

(a) How much should be paid now for this bond in order to receive a yield of 10% per year on the
investment?

(b) If this bond is purchased now for $4,600, what annual bond yield would the buyer receive?

A) \y= CCP/F 00, 20) + 72 (PMA o] | 207 i - yield - (o7
Ny = 5000 ((0145bd + o0 (Hoo0) (§:9136) = Y1us-uy

) Uboy = 60@0( ‘_) . 008 (oo ) | UF1® -1 }
P (1+i)ee

(= %87

Example: A bond has a face value of $10,000 and matures in 8 years. The bond stipulates a
fixed nominal interest of 8% per year, but interest payments are made to the bondholder
every 3 months. The bondholder wishes to earn 10% nominal annual interest
(compounded quarterly). Assuming the redemption value is equal to the face value, how
much should be paid for the bond now?

NByea> X “quatters - 31
§
Yea Vw = lolooo( P/E, 2. )%l) + o-oz[(oom)( P/d\)z.c,-/.j 20)

[ ?:_/_ = U/

{ \Iw- lOOOO[I— }1 ooz oy | (1+2&133E )

LH’L’%% );Z' ( 5.0y 12 }

(= 0/ - 1.5 [t2-51)" 1.5/

4

\IN: 401 .55



Example: What is the value of a 6%, 10-year bond with a par (and redemption) value of
$20,000 that pays dividends semi-annually, if the purchaser wishes to earn an 8%
return?

N= 10Yyearsy L = L0 \Nw= oo P/F, 41y 10) + 0cd(w,000) (pIp 2 Loy
= I Yl
3

L0000 | 04364) T o-05(101000)(13-5%03 > =\, 182 %

RAENEs b Lepensts our  08C an inkinite fength o Hime
i Ohly EENSes e Gnsidefed = Capifalingd Cob)
A (W o aseries b end ob peviod  Oniform poyments f it inktrest rake 1 per period , 3
ACPA, 17, N)

As N bewmes \ery - large the (/B ) ferm approtches '/l

Example: A bridge was constructed at a cost of $1,900,000 and the annual upkeep cost is
$25,000. It is also estimated that maintenance will be required at a cost of $350,000 every
8 years. What is the capitalized worth of the bridge over its life assuming MARR = 8%?

A/F 8%.8 $25.000

i I 41 4
5 \
400,000 S 30,000
(W = - |’€{00)000 - 550(000 (A,F ) ¥/ }%) - 26|ODO
o 0% 0-0%
- 1,900,000 — 250,000 (0.0940) — 15000 = 163, 750
0-0% ©.08

* If the bridge has an expected life of 50 years, what is the capitalized worth (CW) of the
bridge over a 100-year study period?

(W > —1,400,000 - |, 900,000 (PIf, 51, 50) - [5'30/000 (A/5, 31,9 - 2boso
L o%
0-0% °
- 00,000 ~ [ qb0se0s (002123 = 3501000 [0.cAMD) | 2goes - UhbY, 10

00 o00%B



Betty has decided to donate some funds to her local community college.
Betty would like to fund an endowment that will provide a scholarship of
$25,000 each year in perpetuity, and a special award, “Student of the
Decade,” each ten years (again, in perpetuity) in the amount of $50,000.
How much money does Betty need to donate today, in one lump sum, to
fund the endowment? Assume the fund will earn a return of 8% per year.

50000 (p(F ;3) ,10)
0,000 (0.06& ) = 3450

(w - Lboop + 3450 = 2p Bg

0'0%

Infernal Rare £ Retuip

(Ueh inwestors method, diseeunted ash Flow mephod ) proballity indeX
The [RR is hwe indertsk e Frot equabes the eguimalenk worflh of- an allemabive s ooh inblows (Rewent ) 1o
the {’,"Luivq\f,l!\k worth ot cash o (ows (gmﬁs)
RR > reakeven |nteredt gute

bR 7 AR = onomiaaly otk fied

Fqualen worth ot cush whlows = Equivalent worthn of Gsh kbl §
ZR R k) = SERIE ) k)



Example: A company is considering the purchase of a digital camera for the maintenance of design
specifications by feeding digital pictures directly into an engineering workstation. The capital
investment requirement is $345,000 and the estimated market value of the system after a six-year
study period is $115,000. Annual revenues attributable to the new camera system will be
$120,000, whereas additional annual expenses will be $22,000. You have been asked by
management to determine the IRR of this project and to make a recommendation. The
corporation’s MARR is 20% per year.

PW: -34500p 1 15000 P I(F, (' y 6) + (Jzoooo - 22000)< PIh i, 6)

D= 345600 + |5000 K \ e] 1+ (\2oooo — 22600 ) { () -
(H'-\L}') . ( \—F\""\L’

(= -4

Example: A piece of new equipment has been proposed by engineers to increase the
productivity of a certain manual welding operation. The investment cost is $25,000, and
the equipment will have a market (salvage) value of $5,000 at the end of its expected life
of five years. Increased productivity attributable to the equipment will amount to $8,000
per year after extra operating costs have been subtracted from the value of the additional
production. Use a spreadsheet to evaluate the IRR of the proposed equipment. Is the
investment a good one? Recall that the MARR is 20% per year.

-t -~ . 1 . r . «* A4 A

D= -25o000 + 5oooCP/F,’|/~ 16) + Booo(P/A, i) 5)

_ | )2
19000 + 5000 - ] + boo [ L+ \ ‘)
QRN ()
L= NoT1)
N-62) 7 W) = beod ineSment

External fake oF  Retun

LA gt osh obflus ore discounted fo Hmt 0 ot 2F

FV et cabh inflws afe  compounded o period N ab Ul

E‘RR - 2 I%\(.F/P,i'/\II\FKX = éEK (P/F)i’y‘)K\(F/P/i)')~)/\))



Example: When €=15% and MARR = 20% per year, determine whether the project (whose net
cash-flow diagram appears next) is acceptable.

[ 10,000 + 5,000 (PIF, 150, 1)) (F/0, i ,6) = Sooo (F/n) 9l %)
E|D,ODO+BDOO {0-%6%)] (H—'\’\}\}b — 500 ({),/H'L‘w

14, 248 (\+iz ) = 2271L U= 163
5.3 < MARR = Unacephably,

Example: For the cash flows given below, find the ERR when the external reinvestment

rate (&) = MARR = 12%. /@/\ ‘
VN

Year 0 1 2 3 4
Cashflow | (515,000)| ($7,000) | $10,000 | $10,000 | $10,000
L N\ )

[léooo + 7ooo(P/F, 1Lk, l)‘BLF/P ik )L!) = |0000L CIr 127, %)

18-
(150w +7000 (p.5924) ) () = 10090 [ LM}
\2)

'] =\22h
Paybock  ( payeut Period )
The paybad method ) whidh iy obten alied the simple J’“‘UOU\’ mernod ) moinly indiotes e projesk 3 Ii}uidi}j
fther than ks pohkablity

= ligudity deals with how fad an ik ment cn be recarcred

Dimple  PYPak - iqnores fhe fme \alug of  meney
i(KK' EK) - 1 7/0



Diswunted PYback - bime Vol ot mongy i considesed
T - BOCPIE 1 0) =Y 70

T > (opbal investment

Example: An investment of $5,000,000 yields net annual revenue of $1,500,000. What is
the simple payback period?

$5.000.000
Pay ok fefiod i = bHowoos 3.32 =Y yenrs
\ %00 900

slépﬂalaqc)ﬂ Pe\ﬁ‘\od Lun Pv‘oduoe, m‘\slea&frg reSUlkg | ir Vs recommended as svyp\emmqul inforpankion onltj
N conckion Wik o o mole o the Fiee methods (PN, Fw Aw  RR ERR)

Example: For the following cash flows, what is the simple and discounted payback periods

ati=6%? oY o 1 2 3 4 5

Eoy gy @h Flow | (onulakive P (Simple ) Pw ok o flow (61 Comolative PW (1)

0 - 42 000 -42000 - Ylovo -42 000

[ 12 ©oo - 20 b00 \ 30 % -0 b?Q
L \\ 000 -\4 000 atq0 - 1o 234
b L0 0oo - 4000 $30 b 12493
Y lo 000 000 AT\ -U5t?
4 9 oo v125.7} 2153 .

o - L(“y\rs

g'- 5years



olumn1 Column 2
End of 'fF*- i uulati, (simple) | P (esh flow 207) comolafive (207
Tear K C
0 825,000 - 26000 - 5000 — 5000
1 8 000 ~ 7000 bbb+ -1% 333
2 8,000 ooV 555 b -\173F
3 8000 1000 1%30 -HIF
4 8,000 700 0 335D ‘({Z%Ol
5 13,000 513 7 gq
0 -4years

9" ~ 5 Yesrs



Chepter b Comparison Y seletking Among A lterratives

Mt)hmllj exclusivg = Selelkion oF ong, allernative ex(ludel the others
Independent = Seiekion vb one alternafive dees nok excude the other alfernatives.

¥ Ateplable allrnabivt with the leas Capibal inveSkmen- = bsse alkernativg,

L inveskment Attgraarives  (Pesitive cash Flow

Ly o Atternebived ( regative o frows D

Use a MARR of 10% and useful life of 5 years to select between the investment
alternatives below:

Alternative Capital investment Annual revenues less expenses
A -$100,000 - P& $34,000
B -$125,000 $41,000
Pwy : - looj000 + 34ooo (P/A, L0715 5) A TR N,
Pwp = ~\25000 + Ylooo (P/Hn o, by 7 2o, Y2t — More rpent ) better alternative

Use a MARR of 12% and useful life of 4 years to select between the cost alternatives

below:
Alternative Capital investment Annual expenses
C -$80,000 -$25,000
D -$60,000 - Rase, -$30,000
Pwe = =30,000 ~19000 (P/A 127 )4 = 155 93}
Pwp = -6o,000 = 000 ( P/IA L \LE YUY = =16 0\ —ess Cosk , better altprnalive

Bh}éj Period

> Mgcktd timg,  pariod  ower  whickh rv\uhlqllj exclisive alfernatives are compared

> Usehul lives of all mubually Exclysive Atematived = Skody period = No (ashflow adjosh men b
> Useful Wwes  ave unedua - Reraqkzbi\ikj ASumpYion

(- Yerminale d P\SSUW\QFW\



Buse,

» If PW (B-A) is positive, the additional capital | Alternative
invested in B is justified. @ MARR = 10% A B AB-A
L Altemative A 2 Aliernative B 3. Aernative  minus Altermative A (year-by-year) Capital investment —$60,000 —$73,000 —$13,000
I I"’]:WI I I"‘f":zi I I"T::;I Annual revenues less expenses 22,000 26,225 4,225
‘-‘l‘" 1 2 3 4=N 1 2 3 4-N ”.lmx 2 3 4-N
Pwy- -bojoco + 12000 (P/B \o-,H) = 9,331 %
Dg: ~Fiooo + Lo L6 (P/H ot U) = 10 Y > higesk  Towenve

PW&_A - -1%00 + L‘W,?,%( F(F\ y Lok '1,|) = %93

» If PW (D-C) is positive, the additional capital
invested in D is justified. @ MARR = 10%.

» Alternative C is the base alternative (lowest capital).

g“ﬁ/ Alternative
: N
End of Year C D A(D - C)
0 —$380,000 —£415,000 —$35,000
1 38,100 27 400 10,700
2 —39,100 —27 400 11,700
3 40,100 27 400 12,700
e 0 26,000 26,000

T Market value.

PWe - =3801000 - 3%,000 (P/IA, 101, D) - (voo (P[0, Lot ,3) = ~—Y17 07}
Pwp s -Yi5,000 - LIYoo (P/A, 10 R 20000 (P (f o)k ,3> = “462 60F  jeas) expenses

P, = -35000 + (0700 Py, (ot ,3) +1000 (Plfn, 10:,3) + k000 (PIF, [0F,3) = 13,470

Alternatives J,%f/

A B C D
Capital investment -$150,000 -$85,000 -$75,000 -$120,000 MARR =12/-
Annual revenues $28,000 $16,000 $15,000 $22,000
Annual expenses -$1,000 -$550 -$500 -$700
Market Value (EOL) $20,000 $10,000 $6,000 $11,000
Life (years) 10 10 10 10

PWn> -(%0,000 + L7000 (P/A, LA, 0) + Jowoo (F(F, [Lt,10) - B199 = hignesy Rewenie
Pwg= 85000 + 19490 (P(A, 1+ ;10 ) + lo,000 (P/F, 12/-,10) = 2516
Pc = =75,000 + [Y%oo (PIB 12k ,10) + booo (P/E , 129, (6) = $%bb

PU\)D: ~120 ooo + 21300 (P(B, 12+ ,|D/ + oo CPIF 120 /10‘) = 3%9)
— 0222

b0l




Example 6.2: A company is planning to install a new automated plastic-molding press. Four different presses are
available. The initial capital investments and annual expenses for these four mutually exclusive alternatives are
as follows @ MARR = 10%:

lsolsf’ Press PI Press P2
1 Press 0 1 2 i 4 5 0 1 2 3 o4 s
P1 P2 P3 P4 j l ‘ l } ' l l l l 1
Capital investment $24 000 S30,400 $49600 $52000 $24.000 $29.128
Useful life (vears) 5 5 h 5 $31,200 $30.400
Annual expenses o, Press P4
Power 2720 2720 4800 5040 S g e g e
Labor 26400 24000 16800 14,800 0 1 2 3 4 5 i t i i 1
Maintenance 1,600 1,800 2,600 2,000 l l l l l
Property taxes and insurance 480 608 992 1,040 $22.850
$25,192 S5
Total annual expenses $31,200 $29,128 $25192 $22880 $49.600 $52.000

P, = -2M,000 - D200 (P(A, (o) ,50) = ~\YL1T3

Py = -3p, 400 ~ 22128 (PR (0 15D = ~Uo B

Pwy = Y9400 =250 CPIB, Lo D) = -UG04%

Py = -SL000 - 10860 (P/A, 104,5) = —13BT3Y4 — lss conps

-“—

2.390%
AW, - - oo (AP, 10h,6) <dlop = -3F6h3)
Fwi= -tMooo CE/P 100, %) - 31200 (F(A lot 5) = —2U4 13)
¥ sme answer using P, AW, Fw

Example: Three mutually exclusive design alternatives are being considered. The estimated cash flows for each
alternative are given in the following table. At a MARR of 20% per year, which one will you select?

ACC B C

Investment cost ~ $28,000 $55,000 $40,000
Annual expenses  $15,000 $13,000 $22,000
Annual revenues $23,000 $28,000 $32,000

Market value $6,000  $8,000 $10,000
Useful life 10 years 10 years 10 years
IRR 264%  24.7%  22.4%

pWr = -L%000 + Dboo (P/A , 1o/ ) lo) + 6ooo (Pre, ’ZO')-, ©) = bGoY

Pwg = -D5o0o 4 150p0 (P, 267 ,00) t 000 CPrE, 207, 16) = Q10 = nignegk roneave

PW, = -Yo 000 <0000 (PIB 201 ,10) + Looo (PF Lo (0) = 35y0
Y1925 o146

¥ Do not (ompare AR only IRR 7 MpRR



> fave o] Perurny  Method

@ MARR = 10%. Calculate PW and IRR for both of the following alternatives:

}\]: L“CU\( Alternative
SHL Bq%& ~A B A(B — A)
Capital investment —$60,000 —$73,000 —$13,000
Annual revenues less expenses 22,000 26,225 4,225
= 60,000 + 1l,000( P/A ] LYY =0
a ~b0,000 % 71,000 | Ui )" - \ =
. . ¥
L (4!

A - [N A > MMRR

) “Fo0o t 16lS C P, 1l 1) =0
IRR = s 165 7 MARR
R-A) ~\2000 + Y6 ( P)h VU Uy =o

LCE RN VR

X A\ osedon  \RR e ajfrehivt to Settk fhe besk akerpofive  use PW

/

PWa = -0, 000+ 12,000 (P/A, (0F 4) = 133
Pwg = =751000 t (2S5 (PIA 107k 4) = jo, 30 = Begralttmafive  lnghest igneme

= Inuemental javeskment Pralysis  plocedufe
" Arange Alrernatives baed on  ingeasing  Capital invesTneNF
1 Eatlish o« baee atterative
2. Evayate di Fergnees l:‘|rx.reme/n|'q\ cash Fgws )
Y- Work up the, order of fanked akelmbives gmaledl ro quf]ﬁF
5. lower Rank - hij‘“&r (onk

b |} abfragkive Keep, it nok  ellmipete



Six mutually exclusive alternatives with equal useful lives (10 years) are analyzed and
compared using the IRR method. Assuming MARR = 10%, which alternative will you select?

D
Capital investment $900 $1,500 $2,500 $4,000 $5,000 $7,000
Net annual income $150 $276 $400 $925 $1,125 $1,425

IRR 10.6% 13.0% 9.6% 19.1% 18.3% 15.6%
L» RR < MARR
Eliminate
A —>Bast J Bisthe npw base ¥ elimipu[e A

B-A D - B E-0D (-¢

bob 1500 1000 oo

176 64q loo 300
(bl /. 12-61 |61/ LY

A Ly JRR< MARR
Cwoosse Eiminet £

B-A RR: -0 t16 (P/A, i o) 0 (" = (oY)
Un%val UseFul  lives

sibbhe  osefl [ife of an alternativg s fess Fhan fre Shudy period-
Cod- albtrnatived:  (onbradtking or leasing
Repeatability - frsSump fion
[nvesStment alfernakivey: feinEdt aF the MARR ak the end vt Brudy perio
Replace. with another asek affer fhe gody period

> il Fng wseful Life ol an allerrabie 1S greater Mo Hroe Study per iod
fruncate, fue alfernative afbhe end of te srudy period [ using estimated markek value )

Repeatabi Iifj Assumprion [ wnen ﬁwl\’wb\ﬂ



|- Repeat abi i

Example: Two mutually exclusive alternatives with different useful lives. If MARR = 10%
per year, and using the repeatability assumption, which alternative would you pick?

Capital investment $3,500 $5,000
Annual net cash flow $1,255 $1,480
Useful lives (years) 4 6
Market value at end of useful life 0 0
eadr common  multiple “xd =12 A iy epeattd 3 hmes
NRERY) B s repeated LYimen

P = =3,500 f{-35oo(P/F) [0, 4) +(PIF, 107, ‘6)} T | 255 (P~ \or 112) = olg
Plog = 5000 + ~ 9000 (P/E 101, 6) + 1450 (PR, o/, 12) = 2261 - \ngher Reyhve.
AL fepedrabiliyy con b assumed, = (ompary Py AW ok each aligmakive Owp its own Lseh) ife

Awn - -3500 (AP, 100, 4) + 255 = (5)
Awg = -So00 (AP, ot (6) + 1YFo = 331 - highest Rownwe



1. (o - Hrminated

Two mutually exclusive alternatives with different useful lives. If MARR = 10% per year,
and the study period is 6 years, which alternative would you pick?

Capital investment $3,500 $5,000
Annual cash flow $1,255 $1,480
Useful lives (years) 4 6
Market value at end of useful life 0 0

b yars Csh)dg mr[o@ 1§ nol- a Common eulbiplt =y Cepectability isnob applicab) e,
(e -termingted  Assumpyion = Money al- €Y 4 is reinvested
T ¢ 21T 7T¢

~300
Fwa{%oo(ﬂf’, [0/, 4) + 1295 (FIB 5107, Y ﬂ (F/p, lon,1) = 43

fwg - -%boo (F1P, o), b + Jugo (FIA I/ (b)) = 966 = Retrer Mremativ

Example: Two mutually exclusive alternatives with different useful lives. At 5% per year MARR:

Capital investment $6,000 $14,000
Annual expenses $2,500 $2,400
Useful lives (years) 12 18

Market value at end of useful life 0 $2,800

Determine which alternative to select assuming repeatability applies.

AWp = - 6000 (A /P, S/, 12) — 2600

-2\164
AWg = ~IHovo (A/P, 5F ,13) — 2400 + 1,900 (AIF, 54 ,1%) = - 341, b

- (5% sk




Example: Two mutually exclusive alternatives with different useful lives. At 5% per year MARR:

Capital investment $6,000 $14,000
Annual expenses $2,500 $2,400
Useful lives (years) 12 18

Market value at end of useful life 0 $2,800

* Determine which alternative to select if the repeatability does not apply, study period is 18 years, and a
new system can be leased for $8,000 per year after the useful life of alternative A is over.

2600 i \*?DO
AT T
T T 1T 7]

1 8

- beoo

P = ~hooo - 2600 (P/B, 51, 12) - (?boo (Phy, 57, 6)](P/F)’5'/~ L) = ~5o,76F, 45
P - -1yoon - 2400 (PID, S, 13) + %00 (PIE, 5, 1%) = -Uo F41.6Y - lower codt

Example: Which alternative should be selected assuming MARR = 20%? Use the IRR method.

Capital investment $3,500 $5,000
Annual cash flow $1,255 $1,480
Useful lives (years) 4 6
Market value at end of useful lives 0 0
AU\)p = HWG
~3500 (A/P il ,u) +1255 = -%000 (A (P, i"t, ) + IYBO

L'/ = Thi >  IRR 7 makk
Weer B



Chapter 7: Bepreciakion i( lgome  Toxed

Deprevationy
Measy(es tne  deuense in vawe ok pysical properties with Fime, g usg

Besins once the property 1& placed in service for  lousiness

- D@prgo\'q* fon Merhodd
Time:
Styaight Line (SLY method
um of years  digits  (S0Y D) mefhod
Dtining  Batanie, (DB mtkod

Use -
Wits, o produthrion  Mebhod

Streigl lioe. Mothod  (SL)
- Gonshanl apouhl- s depregiated  gadh Yeme over the depreciable (usehul ) life

pSr hasis Ll ? ﬁﬂlvquﬁ Valve,

g\ d M
e ietion
.
6\r\ = K- oAy
(NMUMHVSQP(MCAHDV\
BV = B - d¢

Rook



Example: A tool has a cost basis of $200,000 and a five-year depreciable life. The estimated salvage value
is $20,000 at the end of five years. Determine the annual depreciation using SL method and tabulate the
annual depreciation amounts and book values at the end of each year.

d= 200,000 - 10,000 s 36000

5
Eoy d BY 37 = \x3booo -~ 36000
0 . 100,00 ¥, Lx 3booo = Tlooo
\ 31000 lbY 000 .\
1 3koou 128 000
3 2000 IL 000
Y 34,600 5b 000
5 2Lo00 10 wob

L solvage \ral b

Sum o yers Digiks (SOYPD Méthed

_ Renaininsy Use bl
Deprecidyion fxponse = \ife of asser ¥ Depresiqhly s

Som Ut ¥he years
Lighs

sovp = Ln vy )
1

oo [au-kar) o (n-sv)
SoVp

A: = % c)v\

Bv: B- by



Example: a property has a cost basis of $33,000 and a salvage value of $3,000 with a 5-year useful life. Use
the SOYD method to determine the annual depreciations and book values at end of each year.

fele 1N

Eoy | 13V Sovp - [elen)) - 15

0 - 33 cop v

! (0 0o 13 000 dy\’: [o-141) [ 33,000 — 3000) =\0 QOO
A Bpoo0 \5 000 5

5 6060 4000

y Yooo 5000

9 {900 3000

> sWae yatue

Daclining  dalance, (DB) Method

- f\o cxlied  constant - percgntage  Methog
de > B U-R)T R
b - n[l-C=RYE)

4

¥ R preenrage. folio

when 200

when

150+ DB

DG of devble DR

: I%}

Example: A new cutting machine has a cost basis of $4,000 and a 10-year depreciable life. The machine
has no market value at the end of its life. Use the DB method to calculate the annual depreciation when:

(a) R =2/N or 200% DB or DDB.
(b) R = 1.5/N (150% DB).

|-1

A) dw,= Yooo (h_llo\) (02) = SO

|
- 6MW|P]6 For 7ep\r 7

Hooo ( |zg)7"’ (b2) = 101152

do.
ke =

&= Moo [1-(1- o2y ) - 3ib) |y
BVv<  Hoop (\—0-1)7 %58 .36

oy

d
%00
640

Sl
{096
5L1.b%
22 -11Y

RVy
Y o0
Lloo
L5b0
Lo4B
163€.Y
135lo . 72

10Uy 576

7%



b Vale aF EoV (lah year oF toe lfespan ) doesnob  equal Salvage \altl — Sk to S
% Swikh fo Sb when d¢ o SL 7 ok oF DB

Units o production  Meked

Depre tiation  per unit ok produckion = R-8V
&hmated lile Wme  production URits

Example: An equipment has a basis of $50,000 and is expected to have a $10,000 SV when replaced after

30,000 hours of use. Find the depreciation rate per hour of use and find its book value after 10,000 hours
of operation.

Deprecekion = B0iooo— (b,000

20,000 hours oF Use

< 1233 B per hoor

~ ffter 1o,000

BV = Gooon — (1232 x ,0e0) = 3bToo

Tayes"
> fnchion b Gross rewnvt  mints allewable, deduckions

Toxaple, income = Gross Weme - Al Lyponies (&xcem CApikl inveskment ) = Deprediakion  De duckions

Example: A company generates $1,500,000 of gross income during its tax year and incurs operating
expenses of $800,000. Property taxes on business assets amount to $48,000. The total depreciation
deductions for the tax year equal $114,000. What is the taxable income of this firm?

Toxap\e income. = 1,500,000 = F00,000 — I4,000 -4B,000 = 53 ooo
¥ Afher Taw (ash flow  (ATCE)

Te= =6 CRi-Ee- did
_
eHedive d G taxablt [nceme
Invome. Fax rate BTCF I



Example: A new equipment is estimated to cost $180,000 and is expected to reduce net annual expenses by $36,000

for 10 years and to have a $30,000 market value at the end of the 10t year. Usmg the SL depreC|at|on method, and

assuming a 40% effective income tax rate, develop the ATCF and BTCF.

FoY
D

Rno€)

Cqpital
~1%06 000

Jb 000
b 000
2b 0vo
2bboo
2booo
36000
26000
3b6oo
36000

2boob

30,000

%\ld

S di -

Nomt,

ATCr

BICF d

- 30000 -

Jb 000 15000
p 000 |So00
3b 600 \Hoo
2bpoo (5000
2, 600 15600
L0000 15000
26000 |So00
26600 \H000
36000 (5000
2boob 16600
30,000 -

\£0 000 - $b 06O
lo

tay =

lncome, terx

- $Uop
-$4oo
- $Uoo
-$4oo
- $Uop

- 400
- $Uop

-$Yoo
- 3Uop

-tUoo

1S 06

04 (3booo - 19000) = - § Yoo

= BTF + inome, fax

ATCY
~1%0 avg
LHboo
Vlboy
11 boo
LTboo
L1660
LHooo
L1boo
11 boo
L7boo
L1660

50 1000



Example: A company wants to purchase a machine with an initial cost of $100,000 with additional $10,000 installation
and transportation costs and a salvage value after 10 years of $10,000. If the annual revenue is $20,000 and the

annual expenses are $5,000, and using the SL depreciation method and a 30% income tax rate:

«» What is the BTCF for the 3" year?

BTCE - 20,000 — 9000 = [S00
ATCE for 27 Year

B1¢F = Zo,o00 - 5,000 = 5060

oL oy = (leoboo +1o,000) — lo 000 = (o boo
\o
inome fox =~ 0% (15000~ 10000) = - l5pg

ATCE ~ |Gooo +-1500 = 13660



¥ (nted- @te 7 omponding

Example 4: Finding the Effective Annual
Interest Rate from Quarterly Compounding

Aloan has a nominal annual interest rate of 7%
compounded quarterly. What is the effective annual
interest rate?

Steps:

1. Use the formula because you're asked to find the

effective annual rate, which is over a longer period
than the compounding frequency (quarterly).

. n
i
;o nom
o = (l +—) —1
n

Where:

« tuom = 7% 0r 0.07
« n =4 (since interest is compounded quarterly)

Substitute values:

0.07\* )
G = (1 +T) —1=(140.0175)" —1 =1.071859 — 1

Convert to a percentage:

e = 7.19%

- elechve

Aonod| Inttles- 7 cempoond  quartarly =3 l‘eell‘(H ALA)N\‘

% Inkgedr  (ate <@mpyunclm3 — Diride

Example 7: Finding the Monthly Interest Rate

from Annual Nominal Rate

Corapounden MOY\H')(j = monthly inkeresy

A loan has a nominal annual interest rate of 15%

compounded monthly. What is the monthly interest

rate?

Steps:

S Dot

1. Simply divide because you're asked for the rate over

a single compounding period (monthly).

15%

) = — 1959
Zlnouthly - F =1.25%



% Compounde ¢ mon}hkﬂ

Example 8: Finding the Effective Quarterly
Interest Rate from Monthly Compounding

A bank offers a nominal annual interest rate of 12% COY“POUndCd /Y\Oﬂﬂl\ - ”\\’U&\"
compounded monthly. What is the effective quarterly 7
interest rate? \?'
Steps: Q YV\DY\\' L\S _ 3
1. Use the formula because you're asked for the L’f DL,UO\( H/(S
effective rate over a period longer than the
compounding frequency (monthly to quarterly).
First, calculate the monthly interest rate: llUU\f M(Iﬂ l m'l’/ﬁ&)’ 7 rY\Dr\ "h\j W MPOU h d\ r\j
- M
. 12% r _
Lmonthly = TQO =1%=0.01 \,‘(&g < L l _k M S L

Now compound this for 3 months:
fguarterty = (14 0.01)% — 1 = 1.030301 — 1 = 0.030301
Convert to a percentage:

=3.03%

Lquarterly

[ Smonrhy  gkheive ety
1-G) w2 = %)
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