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gineering Economy”, Sullivan, Wicks, &
elling, 17th Edition, 2018

» Chapter 5, will discuss the methods commonly used to analyze the economic
consequences and profitability of an alternative.

» Chapter 6, covers these methods and their proper use in the comparison of alternatives.

» Chapter 7, the additional details required to accomplish engineering economy studies on

an after-tax basis.
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Introduction to Engineering Economy

The purpose of this class is to develop and illustrate the principles and methodology
required to answer the basic economic question of any design.

omv involves the systematic evaluation of the economient

proposed solutions to engineering problems.
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Solutions to engineering problems must:
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Engineering economic analysis can play arole in
many typessofisituationsr - 42 Mot 2B fde FLl e

Q* Selecting the most suitable machine for a welding operation on an automotive assemb
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Choosing the best design for the type of slab for a certain building. N 5w
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Determining the opumal staliing plan for a computer help desk.
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A small furniture-manufacturing company wants to increase its profits to get a loan
the bank to purchase a more modern pattern-cutting machine. One proposed solut
to sell waste wood chips and shavings to a local charcoal manufacturer instead of
them to fuel space heaters for the company’s office and factory areas.
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> Define the company s problem.
The company’s problem appears to be that revenues are not sufficiently covering costs.
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Several reformulations can be conducted: VAl 4 oL

1. The problem is there is a need to increase revenues while reducing costs. . s W PR Vs L L0
2. The problem is to maintain revenues while reducing costs. //—'1;52.0, LalsCle =~

3. The problem is an accounting system that provides distorted cost information. o N P o

4. The problem could be that the new machine is not needed {and hence there is no need for a bank loan).
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= An alternative is to sell wood chips and shavings as long as increased revenue exceeds

the extra expenses that may be required to heat the buildings.

r Another alternative is to discontinue the manufacture of specialty items and
concentrate on standardized, high-volume products.

# The alternative is to pool purchasing, accounting, engineering, and ¢
support services with other small firms in the area by contracting

involved in providing these services.
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inda and Jerry are faced with a car replacement opportunity where an interest rate can be ignored. Jerry’s old

clunker that averages 10 miles per gallon (mpg) of gasoline can be traded in for a vehicle that gets 15 mpg. Or, as

an alternative, Linda’s 25 mpg car can be traded in for a new hybrid vehicle that averages 50 mpg. If they drive

both cars 12,000 miles per year and their goal is to minimize annual gas ¢ consumption, which car should be
replaced—Jerry’s or Linda's? They can only afford to upgrade one car at this time. p aU;ﬂ 8 BT Luﬂ

Solution ‘V;L:/ 3“._"; Z_lJ Q—J: ’D SaUI nj f‘ 3
Jerry's trade-in will save = (12,000 miles/year)/10 mpg — (12,000 miles/year)/15 mpg

: 2 ke J"" 5 Sou
= 1,200 gallons/year — 800 gallons/year = 400 callonsvear defra e - Z o - .

Lindsstradesinwill save = (12,000 miles/year)/25 mpg — (12,000 miles/year)/50 mpg pe o | CAs o Ara ‘0 Oed S _3'-\‘ «
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Development of prospective outcomes:

In addition éo the economic aspects of decision-making, some factors often play a sngmﬁcant role in the final
tion.
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1. Meeting or exceeding customer expectations; /L* ‘ﬁe i - = 8

2. Safety for employees and the public; Ml:::‘ =1 2l
. Improving employee satisfaction; -

4. Maintaining production flexibility to meet changing demands; i
Meeting or exceeding all environmental requirements; 3 \

'6. Achieving good public relations or belng an exemplary member of the b
Community. e l
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Examples of objectives other than profit m:
organization include the following:
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A ‘
IS)Or_ne:one bought.a small apartment building for $100,000. He spent $10,000 of his own money on t
uilding and obtained a mortgage from a local bank for the remaining $90,000.

:;hg annual mortgage payment to the bank is $10,500. He also estimates that annual maintenance on the
uilding and grounds will be $15,000. !

There are four apartments in the building that can each be rented for $360 per month.

' Problem? yes L sls w i<
Wil 255 00
- > money spent (510,500 + $15,000 = $25,500) every year J~7 TN
oy ;‘5_3"] ' revenue (S360x4x12 =$17,280) every year .
> 58,220 loss per year. L UWsdeo
< 17230
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Economic analysis example (Cont.) CPENE e o) Suuliy L@
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* Development of alternatives: 3] ém e ‘-"b‘l"s * money spent (510,500 + $15,000
@ > Raise the rent. . d—_\_-.(\a \.-._#\.Au s = $25,500)
@ > Decrease maintenance cost. revenue (5360 x4x12 = $17,280)

2 58,220 loss per year.

| @ > sell the building.
) @ ~ Abandon the building.

* Development of prospective outcomes:

Pl
Option 1: raise the rent so the net balance is zero. ~~y 3

58,220/4 Apts./ 12 months = $171.25 increase per apartment per
month (48% increase).

‘Option 2: lower monthly expenses.

‘ 510,500 + X = 517,280 2 X = 56,780 per year (maintenance) =
S565 per month.

“Option 3: Selling the building.
Option 4: Abandoning the building.

Muhamavad T Hatamieh, Extracted from Sullivan et al (2018)
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An engineering economy is a collection of problem:
techniques that are applied to engineering, busmess,
environmental issues.
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Example: highway paving

A new highway is to be paved and the contractor ha
up thelr asphalt mlxmg eqmpment - The
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Chapter 4: Time value of money

Topics to be covered this week:

'Objt;JnJ\?éM How we can a d€al with monéey when ever the

* Interest: valve  of ”‘On(’J S a cOmP\c’(arc’é Rckorl .

p'm €

= Simple Interest ]“’\, l'm“’é“ 3\ g_\Jn "’f \_‘(35 P
= Compound Interest A Omoncg e rl9 (S “
mTheconceptofW \__,Jsl o 3 rj-.\\v;\..\\um
* Cash-flow diagram \_)\3._.. 5w mnrm Lg\»_.u-b
» Relating present and future equivalent values S\ \5‘-0 u*ul G-
~* Interest and Annuity Tables for Discrete Compounding Vel
allemative S J.té 3

g pregeck e
< \» l,é.,a__;_'m L.u

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)



Chapter 4: Time value of money
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» The objective of Chapter 4 is to explain time value of money calculati

illustrate economic equivalence.

i /> ime
Time value of money is important because money can earn more nloney overt. b
(interest on capital). et 3, Gy Ups [0 Ko Jlos G5 (e et s
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Time value of money T SR
=

'G(/.‘gg(t/aj refers to wealth in the form of money or property that can be used
to produce more wealth.

'* Engineering economy studies involve the commitment of capital for
extended periods of time.

* A dollar today is worth more than a dollar one or more years from now (for
several reasons).
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* Not commonly used.
* Total interest is linearly proportional to the initial loan amount (principal).
WU shlp
@ » Compound interest
* More common in personal and professional financing.

* Interest is based on the remaining principal + any accumulated interest.
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Muhammad T. Hatamieh, Extracted from Sullivan et al. (2018)
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When the total interest earned or charged is linearly proportional to the
initial amount of the loan (principal), the interest rate, and the number of
interest periods, the total amount of interest are said to be simple.

*» The total simple interest, |, earned or paid may be computed using the

formula below: (., 4 ainipal g ARy © Ba) Lo
O TWueT Glg—§

I= PXNX o pox d_’-&-b
» [: Total simple interest paid or earned. nj._‘_g L‘5 -:u.;b I T, AP
= P: Principal amount lent or borrowed. o3P \J-*—" LL?; IS AN Eesb
* N: Number of interest periods (e.g., years). "‘“’ U ' \a g Lan e 7V, WA

00y Yo y ==
* I Interest rate per interest period. s Gl

The total amount repaid at the end of N interest periods is P + . ] V .: AN BRG] OF
TSR
\ 3\-..n g \\
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Example: Clue iy %) da* &
A $1,000 loan for 3 years at a simple interest rate of 10% per \f_a_r.
NN\ AN + N pom—
L’_'_(—-D-— = Ok '
|00

P= Principal = $1,000.
N= Number of interest periods = 3 years.
iz Interest rate per interest period = 10% per year.
> The total interest paid .= I= $1000 x 10% x 3 years = $300.
The total amount repaid at the end of the loan period = principal (P) + interest (1)
=$1000 + $300 = $’£3/0\9__.

e HE L
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Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018) (-7’;\-“ XA : )
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Simple Interest

NIV ERSLE

A

#Bxample: You borrowed $5,000 at a simple interest rate = Wh to be repaid

after 4 years.
How much will you pay back? Or j O )
what is the future equivalent of the borrowed $5,000? AR
' G5)
, SIMPIE DL \aa, =6
\P= Principal = $5,000. P B, $ ; = %
“N= Number of interest periods = 4 years. Tk

' Interest rate per interest period = 0,5% per month x 12 months/year = 6% 1 .
4 i : e yous

paid= [= $5,000 x 6% x 4 years = .s‘igoo.
lent) = $5,000 + $1,200 = $6,200,

P S

Muhammad T. Hatamieh, Extracted from Sullivan et a (2018}
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Compound Interest

3 Interest is based on the remaining principal + accumulated interest.

‘Example: $1,000 loan for 3 years at a compound interest rate of 10% per year.
i NN ~N

) C@=(Dx10% | (3)11)H2)
@ 4y SO e Amount owed Interest Amount
i at beginning of  amount for® | owed atend
(P O lguan\ow | period! | period period of period
oL “ e | W $1,000 $100 $1,100
‘-— =k - ———e ]
S @5 2 e T i S110 $1,210
mat e $1.210 ¢ $121 $1,331 |
Uiw _,:'Q V) A ‘
A = LG’*’ \3- ?.J"'L‘ &
3"‘“&_‘3—5 \_;L.ud b\ﬂuawwoml ’\_'
J\-L-o Li& k_{; \_,_E'l Muhammad T. Hatamieh, Extracted from Sullivan et 3l [mmw U_yp L)JU\
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Simple Versus Compound Interest
$1,000 loan for 3 years at a simple versus compound interest rate of 10% per year.
looo J\U"v MA,L ow\,J i
Gabs A Ul 3 (D5 nem "4:’ < M sTmph ensi
Compound“ evibe, \\00 =2 /;/"/ o o wills ad L"i
W \ 1100
30 5 el \.»lJ\,.&;‘,u}, !nu- - DI R B
S *“5““ ‘u» o // loce $
1 000 ¢
Hls LH.. (‘:)l v {
Fud of Interesi Perind
e m
AR
Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)
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Simple Versus Compound Interest

Repayment of $17,0Q0 in Fp\u/r\h//lgmbs with Interest aMz

Simple Interest A Compound Interest
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2 200 e 7a% { 70 2 1770 71T 0
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The concept of economic equivalence

Used for comparing alternatives when time value of money is a factor (compound interest
is involved).

» Each alternative can be reduced to an W dependent on

o Interest rate, ~ iales oo s e SULLl ez 3
# Amount of money involved, and — \:*:“b A princigal Gl cqdive basis ot
*¥Timing of monetary receipts or expenses. —3 (o - alterfakbive 0-:_\'.» P17
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“ Using these elements, we can “move” cash flows so that we can compare them at
“particular” points in time.
» Cash-flow diagram is an essential tool in economic equivalence. ; :
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The concept of economic equivalence (Cont.)

Notation used in formulas for compound interest calculations,
s-mplt' ol Comp -» v'_,uu

drawing the cash-flow diagram
= & effective interest rate per interest period.

S

ﬁﬂ: number of compounding interest periods (e.g., years)./’l
5»—& present sum of money (or the equivalent sum of one or more cash flows at present time).

ﬁs’. future sum of money (or the equiva'ent sum of one or more cash flows at future time). —

and used for
dn_,..)b sunle 131

\
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Futore . al later

= A end-of-period cash flow (or the equivalent end-of-period value) in a uniform series starting at the end  ©f fﬂu:f
of first period and continuing through the last period. Hrgc on
cash flow
5 Ll wed =, : o
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Muhammad T. Hatamieh, Extracted from Suliwan et al. (2013)
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market (recovery) value of $ at the ¢nd of year (EOY) five. Annual operating and maintenance

[Examplé An investment of ;é%%wili produce a uniform annual revenue of $5,000 for 5 years and have a \
expenses are estimated at $3,000 at the end of each year. Draw a cash-flow diagram from the corporation’s
—_—
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In a company’s renovation of a small office building, two feasible alternatives for upgrading the heating,
ventilation, and aiir-.nditioning (HVAC) system have been identified. Either Alternative A or Alternative 8

wst be implemented. The costs are as follows: %
e [ [RCPTIN
3 Alternative AiRebuild (gverhaul) the existing HVAC system . & =
o O 2
Equipment, labor, and materi : Ts18,000 -8 s
S ' i ’a“d pstosebuld % At the end of gight the estimated market
- = Annual cost of electricity :$32,000 = SLﬁS“ value for Alternative A is $2,000 and for

Alternative Bt is $8.000zAssum t both

alternatives

~ # Annual maintenance expenses 152400 TG Lep
B mﬂm  new HVAC system that utilizes existing ductwork
4" Equipment, labor, and materials to install 560,000 » “SP W\S
B e oo sicibiscits : 159,000 —» 5 LA
:$16,000 ~» ’q""‘.‘“"‘“
: $9,400
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formulas to “move” cash flows along the cash flow diagram.

We can apply compound interest

e compound interest rate formula using the standard notation, we can

For a single cash flow and using th
t, F, in N time periods at interest rate i

find that a present amount, P, can grow into a future amoun

according to " éu!.u Qo
‘} ng . o 5 \ i
ﬁ(ﬂ’ SIRCFA A Jaldt A
‘ T or F=P(F/P.]

I\..sdg
(' 3

oF PEROE / & . %, N

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)




> For various values of i from{1/4% to 25%

» % i = effective interest rate per period (usually one year)

- m N=number of compounding periods
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SFE P (1+ )X = $8,000|

b
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Wm promising to repay the loan principal plus accumulated interest in
ar. How much would you repay at the end of four years?




" or
From the Tables, i= 5% page to find (P/F,5%,5) 112 LN T VERST

P= 610,000 (P/F,5%,5) = $10,000 (0.7835) = 57835 { SRIDA N

Muhammad T, Hatamleh, Extracted from Sullivan et al. (2018)

Relating present and future equivalent values

e S —————————————— =

Exnmple Problems (All u'mg ap Interest Rate of @m,p@r Year—Seo Table C-13 of Appandix O

M:mmvmnt CashoFlow’

ToFind;_Given: jopguoty  Sclution
For si%gl( casht flows: by ?""
s PI Afirm borrows gl What is the future = $1.000 (E): Piksp,10%, 8
for eight years, How equivalent at the end t N8 — $1,000(2.1436)
much st it repay in of eight years of $1,000 = $2.143.600
alumpsumattheend  atthe beginaing of ! '
of the eighth year? those eight years? F=1714 r o
o7 ¥ Afirm wishes to have What is the present F=$2.143.60 T { . 1
W"W equivalent of 2,143.60 } d jgﬁf ; L
from t received eight years f N=8 1,000
should be from now? [
deposited now to i J
provide for it? P= .
A e
A 4
§V 3 M
pask hr—;ﬂf ecie

dT leh fram Sullivan et al. (2018)



Iwosums of money (P and F) and how much time
gﬁ!he interest rate (i) that makes them equivalent.

THE GNIV SRSITY OF

JORIDA?

Muhammad T. ieh from Sullivan et al. (2018)

ate (i) Given P, F, and N

that will double an investment of $50,000 in 10 years?
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sometimes we are interested in finding the amount of time needed for a present sum to

" grow into a future sum at a specified interest rate.

log(F/P)
log(l-+1)

N ol Lsud

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

Finding N when Given P, F, and i

uble my money at an interest rate of 5% per

Example: Hown@w@does it take to double
T /P g

year?

« F/P=2, i= 5%, N=7?

& N=log(2)/log(1+0.05)= 14.2 years N lag(F,(P
N=15 years Yeger—

To use Appendix C tables, you need interpolation. L_‘,;)

ASJ:Aﬂd-‘?_Jy.J
2=F/p > iz 57 &E‘: &ﬁ!ﬁ\ﬁn
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s ‘mnes of uniform (equal) payments occurring at the end of each period for N periods ( also
called annuity).
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3¢ Start a1 the end o year 1 and end by the end of the last year § ;

.: A(F/A,i%,N) from tables in Appendix C
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Uniform Series (Annuity)

» Find A given F

e o R, = v bs .
o ] or = F (A/F.i1%.N) from tables in Appendix C

aA+¥ -1
» Find A given P

{1+~ | I
= — or
5 PI:‘l'—t)-"—ll

Muhammad 1 Hatamleh, Extracted from Sullivan et al, (2018)

Uniform Series (Annuity)

By
Rpedin Biosire i)~ b3 T EeO v tus
Te Find \r_aﬂl("ﬁ,u-imu_a,u;-q‘ T oPmsiay; &
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- B e YENE T
For wmfore scvics -
F Al If cight annua) deposits ~ What amount at the end

of the elghth year s

of 518745 cacharc

placed in an account equivalent to eight o o
how much money EQY payments of I‘-ﬂ- &1 “I ‘1

has accumulated SI87.45 cach?
mmediately after

the last deposit?

o A How much should be What is the prosent

deposited in a fund equivalent of aight
nOW 10 Prov ide EQOY pavments of
for eight EOY 5157 45 each?

withdrawals of

§1R7 45 cach?

Muhammad T Hatamleh, Extracted from Sullivan et al (2018)

A=P(A/P.i%.N) from table
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- FiAF,10%, 8)
T &0, 143 60(0.0874)
— S18745

What yay_:m annual What uriform payment
‘ M at the end of eight
deposite vach year successive years I5
order e «\mmulaw equivalent to $2,143.60
at the end of the

eighth year?

E);PM P,10%, 8)

— &1 u0.18745)
S o

What is the si0 of eight © What uiform payment
equal annu! at the end of eight

wm:s 10 Tepay @ successive vears is
1 The equivalent to 31,00

ﬁs!pnym %y lbdlh at the beginning of

oneyeara the first year?
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o | Hatamleh, d from Sullivan et al (2018)

(1+0.08)* —

g - 1
.=3oool Eh ]=$777,169.6

-

“orecieve




. - \ ] - it

LT i Lol 690 LTl L 0BT e e B
u ‘\.’.‘L:h\' 5 L)\;l’ QOQ 3 . . g e . Tl
_J"‘ pere .JO- A “‘f.f,\y\:sjk_ﬁ)?\gs.?h .
S gan e, » Leadl Lls LU ¢ (0500 {2076/ 0\ ¢ 1205/

‘ui.v(f_g\_,b..]’:l ge © > "}%\‘:’5‘\5—— L‘lebi....‘u;.’ut O\

\',-9 d'\..uyc J\wo> 200

- e P <
4 °J-’k35 ‘nﬁ.u-l
- \4...9;1 S .,-la—\:nd;, s Lt

Wi
- You took a loan which is to be repaid in uniform payments over years.
Assuming the interest rate is 1% per

nth, and your monthly payment is $300. What is
the principal amount (the amount of money borrowed)? 5t

(S 5 35 al)
Ly P 21 i 3
o 2o glao Js 300
3 $300, 4% 1% per month, V& 4 years x 12 months/year = 48 months ol g T
B The period Nshould be consistent with the interest rate (interest per month, then, period in months)

8- 300 (14+001)*-1 Wiice. 3
; 0.01(1+0.01)%8| e et
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=»O0R

From Appendix C tables, (P/A,I%,%;: 37.9740 P2 5300 x 37.9740=511,392.2
NN )

Muhammad T. Hatamleh, Extracted from Sulfivan et al (2018)

valut »V GG s oS ?ﬁfna\ I
5 g uture

s J"J““\_-o\énfc sy fe UL prfsrn+ e
q}gcar (—1)(,;,:, e(tSCn}(P)J‘ '5‘_1,‘\’

- g . S . A it L d< 5000 Ko sw
Uniform Series (Annuity) e e
M AT
A A
M_Calculate the compounded future valuf 20 annual payments of $5,000 each &y
vings account that earns 6% per year. All 20 payments are made at the beginning of each. =, "
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0 3 Sl et s Lind Lol Vi o= S N S i dS
« Definition of annuity occurs at the end of each compounding period. i m“"“*—"—_‘
» |n the example, payments are made at the beginning of each period. - S AR

Payments start at the beginning of each year, so the first annuity is at time 0. Hence, the prese
year -1 and the future e wivalent is at year 19. We first use the (F/A) relationship to '

, eterm
equivalent at EOY 19 and then we determine the future equivalent at EOY 20 using (e (F/R©
A SO ey -

Cly 20 4l ssustas g ‘
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2S5 000 (F/A,6%,20) (F[P6%1T gl A
= 5 000 x 36.7856 x 1.06 =$194,963.68 ~ o, 9
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— MIRAI: Colculate the compounded future value at EOY 20 of 20.annual payments of
each into 2 savmgs account that earns 6% per year All 20 payments are made at

- Another way to solve: >S "-"3“"” e .

IS5 000 /R 8% 20155000 U/ A&%,19) (] 6%,

msmo x3.2071  + 55000 x 33.7600 x 1.06 = 5194 963.68
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i A
- qe:s‘imz borrowed Wat an mierest rate of 7% per year. If the annual payment is $8,000, how many
Yoy Y e -

it take to repay the loan?

N
125 = - -l

g - B s s LOOnyT =1
0.07 (LOT)N S o

« $100.000=58,000 /A 7% N)
J®& 30.73 years or use ‘he tables 1+ find (P/A %,N)=12.5

P LA
- You i“"es“’d'529\“;‘.\01in a project and you are expected to gain $4,000 annually.
\ : ! Taia e
At 2 10% interest rate, when will you recover your investment?
= £20.,000- 54,000 (P/A,10%,N) AN

= ___—___._ 051" =1
NN 7.27 years i YTy i @
i THE (VERS

Muhammad T Hatem'oh, Extracted from Sullvar #t al (2018)

ries (Annuity)
¢

1
q: Your cgmpany has a $100,000 loan for albew security systen] it just bought. The
annual paymentis 0 and the interest rate is 8%.per year for 30 year®. Your company

decides that it can afford to pay[Sl0,0oq per year. After how many payments (years) will
the loan be paid off? 44L& A e
‘."! G- F @L. A 314
o N _prdas)
+ The original loan payment was found as following:
A= $100,000 (A/P, 8%, 30) = $100,000 (0.0888) = $8,880 per year, However

We can calculate using{:Sloo,OOO = $10,000 (P/A, 8%,N}_}-) (P/A, 8%,N)=10. Ry
b y 4 .

84 We can now use the interest tables provided in Appendix C to find N. Look 1 d %
Factor column (P/A) , we see that

_(P/A, 8%, 70) = 9.8181 and (P/A, 8%,@) = 10.01 I;“a
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wanted to start saving so that you will have ﬁ?m L in your bank accountqlg?.ms from row. Each year,
6,00 ‘mw‘;balﬂciwoms!. Whaﬂyhould be the in ercst ‘.s_szoso you can achieve your goal? g vou \
W 5000, 60,000, M Byears, ey

e R € ) -
& alanderror, . 1 R |
'-'mr'pdatm. e $60,000 = $6,000 F‘ o l-) I

Caleulator. with solver. !
® Spreadsheets (Excel function; Rate),
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at the end of the first period.

ins at later time.

® Ordinary annuity (uniform series) appears

% Deferred annuity (also uniform series) beg
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isi J
“,’lou just purchased a new sports car and wants to also set aside cash for future
nce expenses. The car has a bumper-to-bumper warranty for the first five It was

that the car will need approximately Jg,g@__pﬁwm maintenance expenses for
0, at which you will sell the vehicle. How much money should you deposit info @

today, at 8% per year, so that you will have sufficient funds in 1at account to cover the
cted maintenance expenses? S . :

¥ Find the present

Pi= 52,000 (P/A,8%,5)(P/F ,8%,5)
W PNANANAAS
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How much mgggx_should be deposited each year for 12 years if you wish to
d of the 14th year? Assume the

‘withdraw each year for five years, beginning at the en
interest rate is 8% per year. At o g4 mh *
. f ST'}Q ' §/.4) md
o i

“'i[l ! J 14 18

A?

W-ﬂ:e present worth of both annuities and equate:

R  Laos 5 s« A(P/A,8%,12)= $309 (P/A,8%,5)(P/F 8%, 1)
W

3‘“"0 4 s A x 7.5361= $309 x 3.9927 x 0.3677 \

' A 560.2
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The cash flow below have a problem with a series of year-end cash flow
200 for the second

extending over eight years. The amounts are 5100 for the first year, | _
year, §\5,0\Q for the third year, and $400 for each year from_the fourt thrqu h the eighth.
These could represent something like the expected maintendnce expenditures for a

certain piece of equipment or paymerts into a fund.
nnual interest rate is 20%_?

s Find the present equivalent expenditure if the a
s
@ 2 o R g cl
(__’,__.-_“im_.__] M a
_ o : ; :
P’ ! l‘ RS0 -
Ao P oo ol :
& e —. K » . [m L= (R ) TR A m]
8 oy 1 (€ 5\,’&—% \dS L : d '._H 3 \:_\_‘;.I,..‘.
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ad 7. ¥ leh, d from Sullivan et o (2007
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~ Compounding-Interest Factors

- Find the present equivalent expenditure?

-
J =
Ead of Yiar

Pio ol 2 : 5 ,.

= $IX0 B BT E '1" ;

82N 51558 : $100
4 SANNILETET) + 5 :'jﬁ ".'H'l—_l \!3‘7'
ERY .+ SN0 « 58T +6226 R LU
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Muhammad T Hatamish, Extracted from Suilivan et al (2018)




R : 3.0 - CHE 2N AT LS
,% - Clezao A8 Qi 48 s faitds 5 Mo e
b Grabs 4y Asis Cils s > 50 Waie A g S5L)

with « Coﬂ.ﬂ‘ amoupt €ach  pericd u-\:k\ L s LB RE e
.;,.-’h \_p\_,..]) &U-MUJJ‘-“
aniferm 3raJenP

metic) gradient of cash flows

Cash flow that changes by a constant amount (G) each period. i U it
3 1 (e
2 NG
3 G

e x+1)" N : ‘
P=&x {; 0N sy } N1 i
OrP =G = (P/G,i%.N) .. tanles in Appendix C 2 -

LO-:' ;.m:b: €~
——>< (F/A,i%, \1—-‘—5 2ero of const
amount . i
G N g 2irest I3 G5, P Siumet U2
Kﬁ Muhammad T. Hatamleh, Extracted from Sullr.4n et al. [2018)

MKS 0 nus P vk
vniform  gradient

- suppose that we have cash flows as follows:

Hb 3
Calculate their present equivalent at (= 15% per year : o s
= POT=POA+POG ¢ : e loco
- : 3

e A = A(P/A, 15%, 4) + G(P/G, 15%, 4)
) ﬂ = $5,000(2.8550) + $1,000(3.79)
= 514 275 + 3,790 = $18,065.

Ykas
= *‘m lll
.'. ‘. i}l-‘l
i §2.000
d—;'~' e b1 ! r l
L1 . R 1 I 4

=

J 1 2 F-
ln-;lu'Ya: Eond vl Yoar

_--_;f

Muahamaad T Hatsmleh, Ertracted from Sullivan ¢t ol (2018)
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_SU ppose that we have cash flows as follows:
Calculate their present equivalent at j = 15% per year

el

’ e

o iy e AL e s €L

= A(P/A, 15%, 4) - G(P/G, 15%, 4)
= $8,000(2.8550) - $1,000(3.79)

= $22,840 ~ $3,790 = $19,050. e
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s by a constant rate{(f) each period.
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e mat a payment of $1 Q05 is made at EQY 1 and decreases by 20%

ﬂaﬁ ﬁm year for 4 } years. At a 2516 :nterest rate, Determine the
'-.-iAI l
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QaVﬂ k....n"j\ W

NUA—D| 6000
4Hhoo (odu o7,

ﬂl
SEXSHBIE On your 23rq, birthday you decide to invest wo (10% of your annual salary)

in a mutual fund earning M\Far You will continue to m 'ye annual deposits equal

to 10% of your annual salary until you retire at age 62 (4Q years after you started your
1ob). You expect your salary to increase by an average of 4% eacp year during this t/me.
Aow much money will you have accumulated in your mutual Tund when you retire

< v

p . $4,500[1 - (P/F, 7%, 40)(F/F, 4%, 40)]

0.07 - 0.04 F = $101,894(F/P, 7%, 40)
p - 45001 - (odogesxa.sow)] F=5101,894(14.9745)
.03

- $101,894. - 51,525,812,

o T
Do
.
B -
oLy
N v

Muhammiad | Hatamleh, Extracted from Sullivan ot al. (2018)

Interesk ra}Fc

rest Rates that Vary with Time 7, . er."cdo S\z;

Lo ynteiset folc A

Interest rates often change with time (e.g., a variable rate mortgage).

We often must resort to moving cash flows one period at a time, reflecting the interest rate for that single
period,

The present equivalent of a cash flow occurring at the end of period N can be computed with the equation
below, where i, is the interest rate for the K period.

TE= 52,500 and 7,=8%, i-=10%, and i;=11%. then M= 1 i)
ero BOAD g 354 \GlD P y R ¢
BB = $2,500(P/F, 8%, 1)(P/F, 10%,1)(P/F,11%,1) - | —

B = 52, 500(0.9259)(0.9091)(0.9009) = $1,896 gg; A

: - ad a
L '- I
&I E‘\ reci
Muhamunad T Havamieh, b acted from Sullsan et ol (2018}
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wifthe compounding period is less than g year: | Sl

# Annual rate is called nominal interest rate or anhual percentage rate { _Af’_m. S *:“ ol
_9‘\ \A.n'.n;l At

o pleds ool

8 Actual or exact rate is called effective interest rate.

RSN | :nnual interest rate i4.10% compounded\a nnually’

then the Effective rate = Nominal rate = 10%. = _:r"“' solail

:l:j-uu o/, )\_,\_53....; &S"‘“ ‘é-yno.u\_d\d 1o/, \-6-‘-‘:"’
Nominal = eff 21 WAL Ol e

Muhammad T. Hatambeh, Es 17 vt t1om Sullvan et ¥ (2018) i
1al and Effective interest rates
nominal
'Ja"J-"'-‘ ° e Nomina) ) k@ M
J\\..uua_c.wl_,ﬂ.uwm \:ﬁfﬁ(l-F ) _1
ov Waus AP effective v M
actual
Where: U‘J' Lt .
2 of effechive GLA a5 & X
jii effective interest rate per year. LT \ Z‘J 3 o :
'# nominal interest rate per year. / \_4_3{? B! ',3 3_.» o Lad . 1
umber of compounding periods per year. 2 \_.j| |
ol & Slgaa s © K
- o e o —
. O”b \umu.slh W00 AWM 0K RW 5N = B,
b o s R - 2 W S\
v st Bimondily & 6.15 B 42 1262 1597 A
p ) Maonthiy 12 J %17 8™ 1047 1265 w8 gk
¥ Daly 35 y 18 83 052 127 (1 =4




x
* R
§
orY = 40 )
' ” r » Z
is invested for 10 ¥egr§ at a nomipal
.Srt‘t'é‘?g;eéﬁgﬂ,? 6% compounde: fﬁﬁ‘@ﬂ How much is it worth at the end of 1,
10th year? =3 A4 .
There are four compounding penods per year or a total of 4 x10.5 4AiNSg e RO ‘s B \
The interest ramperhwﬂestpeﬁodlsw ] - g ;‘,n.\ § Lk
WF= P(F/P, 1.5%, 40) = $100 00{1.015)"40 = $170.00(1.814) = $181.40. ot
OR " u\,,u N '....-u.o_o
Anzmanve!y, the offective interest rate from - (1 > M) ok D
i={1+ 22%ng -y -'-tﬁldﬂThere!ore
- P(F/P, 6.18%, 10) = $100.00(1.06 1 4)*10 = $181.40. ‘ ,
ey L..-u. T UND
N Loy, effect - @101’-‘!
Muhas: o T Hatamieh, Dxtracted from Sofivan et ai (2013) )

v credit card et
TR g S WA
e EV5 2, Coaa,

j 1,375 4.
A credit card company charges L372%per month on the unpaid balance. They claim that the

annual interest rate is (12 x 1.375% = 16.5%). Is that true?

—_—
——

| | 0.165\"
A(nominal interest vate per year) = 16.;,6 i=il1+ -1_2_

-1=1781%
E_F 12 mmpmmdmgpemdspcryear »

0 168 :
!M\' A compounding peviods per year = § for l!nutlm‘undas(l i . ) —~ ) = B0
-1

JLERY S IELIN > et fed ourd (IR O fy woor umispnded aoathly) is bettes o .
] : B2 tamamig | Mt Iﬂth'ﬂml‘nnﬂl(l\u) f I'EL IE‘FE
BIgvD J‘g‘ WY Gaal e ;
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G sl il 59

‘wuou\

' ffA«ioan of §2 § 000 at 10% annual interest rate for 8 8 years ars is to be repaid m[two equal pavmentg @

d EOY 8. What s the value of the payments?
toterest fer. o= ojus Tt 4 st L )

s 43 Gmas < A, 2inberst
i “ ) P"\'-_-:Ja.:. WL s

sider every 4 years as one payment
= 40% per4 years compounded annually.

= =0
“ 'g(l-l- —-—) — 1 = 46.41% per 4 years A=P f:—gg‘%_f'
| Uﬁﬂxmrelmonshqp
$2.000 b((0%41 x 1.4641%) . A 2t 5 cosh fow -y wb A—b‘w:“ ‘f“
o .= 1.4641° -1 b S <__ zero A ‘Ahnyg 8 uso 9 s
+ o> t";\l\-’ Coign & K¢ s -
P %Oo Al ”l wlte tl-&\ @ QE -l‘x‘l;-.; : )“".
: \)‘r‘. & '}‘:‘ Mohammod T. Hatambeh, Extractist om S o = etal, (2013) (o] e --q‘-—-—:—-; e %

2000 = X(P/F107.,9) + X (P/F,i0%.8)

2000 = 0.6330 X L 04665 K
2000 = Wt bR
xg-133%.9 %

interest rates

If the monthly interest rate is 1%, what is the effectlve[seml -annual
te? r M C?F Al |
= (1 + -M) -1 Kt ¢ g

e i e T

j onthly rate = 1% = effective monthly = nominal monthly
(no addati*onal info on compounding is provided).
"»Memml seml-annual rate ['6 x 1% = 6%1

e semi-annual rate-= (1 + 006) —1=6.15%

Muhammad T. Hatamleh, Extracted from Sullivan et ol [2018)




ninal-and-Effective interest rates =% ¢

A 477 > '
EXBVIREREEED: A loan of $15,000 requires month| Bt 1o oot
period of time. These payments include both principal and interest,
W\A

(@) What is the nominal interest rate (annual pe:centage rate (APR)) for this loan?
{b) What is the effective interest rate per year?

{€f Determine the amount of unpaid loan principal after 20 months.
sy 1€ 3 “4nns 20 A i-s;‘ Lo oo &

% egdtv. N g A

Mutarmmad stamieh, b« wm Sullevan o al. (2018)

Nominal and Effective interest rates

{a} What is the nominal interest rate (APR) for this loan?

. 5 A=P
59: $15,000, 8= 5477, andfif= 36 months :
$477 = 515,000{A/P, imo, 36) ¥ (A/P, imo, 36) = 0.0318

We can now look through Appendix C to find values of / that have an (A/P, i, 36) value dose to 0.0318. From Table 3= 3/a%)w

find (A/P, 3/4%, 36) = 0.0318. Therefore,

‘ i'ng = 0.75% per month And r = 12 x 0.75% :W compounded mofithiy
g What is the effective interest rate per year?

. A o | i
OF N =l SbE . -
“‘ !,I - i ) — ) =098 w938 {per vear \'v. =
h 4
i
n

€} Determine the amount of unpaid loan principal after 20 mon
B2B - 5477(P/A, 3/4%, 16) = $477(15.0243) = $7,166.59

.Notice that we usedﬁe monthly interest rate of 3/4% in our caiculation
since the cash flows are occurring monthly

i
Matuoutes | wotaehoh Ltoced & o ge o 604
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Chapter 5: Evaluating a Single Project
s ULEL J.la) S5 gofen ais
BN P 1Y \_,Jmu_g evaluqlion
Gas) dodd ¢ i e Sledalis LL-JL Soyull
W Luuuuu-é-tsu-byl YNy _y-u-o‘ Yo

Topics to be covered this week:

*/Evaluating a single project
*: Equivalent worth methods

> Present worth (PW). ~~ al year o -

» Future worth (FW). ~< gt Puture intrest an'oc]

> Annual worth (AW). ~~» come Erom a un. fo(m qumml_
' Applications PW: Bonds

) UHE UNIVERSITY OF
TORDAN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)
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Methods for evaluating a single project . ... .o cas s

(evinu e »'-ule, uf RR
—/‘1 -

Minimum Attractive Rate of Return (MARR): The lowest internal rate of return that the . °' ';:4‘;:
organization would consider a good investment. ﬁ‘uffP- .
Aad oy 5, 1

* The Minimum Attractive Rate of Return (MARR) is_usually a policy issue resolve\g/by an nrganization’s
top management given numerous considerations. R N e e

ol Y5 555050 o g Ovam
NGBSl By G
Among these considerations are the following: /, NG s 1o Lew \d profel fate

1. Amount, source, and cost of money available g (Ua ; soult¢ of moﬂC"_-j iy 1hves
2. Number and purpose of good projects available L' G Ive oL U"u:.‘. Olre 23 O Fo

3. Perceived risk of investment opportunities V267 NP anl) e
4. Type of organization (i.e., government, M or WW) }g; L'»;Ei' Wo MAR R '_l

eans T

A RR

Gv Boas O UARR ol QS Jd  Usadan ¥ (IS gi 2l p1 ST 3 T ag

SN A, 5 JLAYIES,  culure Dids s s 3 § IHE UNIVERSITY OF onve

ofg X shrucjure Ji, \ CI e ACH) PRIRSY

'_ Muhammad . Hatamieh, Extracted from Sullivan et al. (2018] d"‘.‘:‘.’ 4 L ' L’J\A’_& (s'_;

) o\ Jd R VY B

hw o ENE s + 2
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s 2 2Ol Fhu g b LIt s gasiue $5 s
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Methods for evaluating a single project”

cash Plow S gl

L <
> Present worth (PW) (the most common method). ~~ J‘ar O Jul 8 dseis

JS pfou PW 31 Gu

» Future worth (FW). ~ Pulure sv o4 Pw - revenue — €xperes

S e T LR T

Eowfllbe b :

» Annual worth (AW). e ¢ by g
(’\N H’l( fnd Ufi { } = -o lu\\ eguf o

> Internal rate of return (IRR).  J €¢F (Ve ,\) il L at year o

:1*?3,.\3\_,1_,50,“_4 "
> External rate of return (ERR), <-4 &L 1“1l fw PW>0 = revenk Si

_ olSign e lgated W e P gt Jo1 13 geed iV DL
> ffﬁ)\a/c\%eriod: least common method. __, s ‘@_9:..:.»11_:\_:: - A e,
Y- R

A project must provide a return that is equal to or greater than the Minimum Attractive Rate o

L
Beturn (MARR). 31 \ %4, R THE UNIVERSITY OF

sfuld MARE D JORIDAN

R S I IR D

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)



ethods for evaluating a single project
OS& Inbrat rate vl Lias| e el S P B
ab the end oF ycar PmoJ Lz o= 50 S J1 o, Simple o compoundecf
jﬁa\,od\.» 3 ¢ LBl < ER e (c\uﬁ L\ Gooo slal o5l ,dmx,g A
ﬂ é);‘“-ﬂ 0\»-"1'\6-'(}::3'«)8 \-(v‘\r‘)-u_v-P-Um O Lab i
Unless otherwise specified, the end-of-period cash-flow convention and discrete
compounding of interest are used throughout this and subsequent chapters. A planning

horizon, or study (analysis) period, of N compounding periods (usually years), is used to
evaluate prospective investments throughout the remainder of this course.

3 THE UNLIVERSITY QF
( X1 o
@I ORDAN

Muhammad T. Hatamieh, Extracted from Sullivan et al. (2018)

method 1> Lo Jibull x

Present worth (PW) 2% S os e
Fuj o) PLU

» All cash inflows and outflows are discounted W time at an interest rate
(generally MARR). Ls ak year O

*PW (i = MARR) >0 = acceptable project (profit required by investors is satisfied or
exceeded).” 15 (5 ), pilo

[ (i P N
@_c:ﬂpjg A project has a capital investment of $50 000 and returns Sw per year for 4_
years At a WR is this a good investment? ,S;Ow ~s EVENLL
l A
W =[50,000 + 18,000 ( P/A,12%, 4) —ﬁ1 .
&y)&b\.éa ")(l"w; ~r» expt’mt’d
PW =-50,000 + 18,000 x 3.0373 = $4,671.40 = It is a good investment. 1 HL UI\I\ ERSITY O
@ ORDAN
Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018) L
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* |t is important to observe that the higher the interest rate and the ™% S oo

farther into the future a cash flow occurs, the lower its PW is. =%

> PW of $1,000 Received at the End of Year k at an Interest Rate of LN N N o

i% per Year

Prowat Wouh iPW) o b
-
’

BRI 3 FON Gty LIS %
. Wl, fw s e b TN

- L
o 1 2 3 4 5 4 7T 8 %M
Endof Yom &

b THE UNIVERSITY OF
WioRD

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

BW:'.EX&mple RLETFR Waat .22 aving L,

b‘f_j
e

A new heating system is to‘ie purchased and installed for $110,000. This system will save
approximately 30 of electric power each year for a 6-year period with no
additional O&M costs Assume the cost of electricity is $0.10 per kWh, and company’s

MARR_ is 15% ar, and the market value of the system W|I| bei%@’gt/fgif Using
the PW met od is this a good idea? L F
AN A~

[Estimated annual savings} 300,::::% X i‘:;: = $30,000 per year. 111 1

1 OD O
PW (i = 15%) = —$110,000 + $30,000 (P/A,15%, 6) + $8,000 (P/F ,15%,6)

= —$110,000 + $30,000 x 3.7845 + $8,000 x 0.4323 = $6,993.4

=» Good investment'

Muhammad T. Hatamieh, Extracted from Sullivan et al. (2018)
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resent worth (PW)

There are two assumptions that we make when using PW: N,

2L L1 savin
R b \b o
> First, it is assumed that we know the future with certainty (For example, we presume to
know with certainty future interest rates and other factors).

> Second, it is assumed we can borrow and lend money at the sWe (i.e.,

capital markets are perfect). WA e o

) FHE UNIVERSITY OF
“ WY
@ ORDAN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

Future WOI’th (FW) JusL Fw ) Qw ’|»:-£\ Quey Fw N, PW

at end of: &1 dS
o inves F
The future Worth (EW) method is an alternative to theﬁ%method JoR0 1 Ule Y Vg

POV e 1Y L
= Looking at FW is appropriate since the primary objective is to maximize the future
wealth of owners of the firm.

= FW is based on the equivalent worth of all cash inflows and outflows at the end of the
study period at an interest rate that is generally the MARR.

= Decisions made using FW and PW will be the same.

) ’1‘}{E UNIVERSITY O L
JORIDAN
Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018) 1 Y
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uture Worth (FW) PW 3 (s Uians Uim i

A il S8 OR
* FWis equivalent to PW [FW = PW (F/P,i%,N)]. 4 o\-21d.3
fulare 3 9P

* FW = 0, projectis economically justified. “(F/P)

’\/\/\r
throughout and increase revenue by $14,000 per year for five years. The estimated
NN NS NN st

market value of the conveyer at the end of five years is $4,000. Using the FW method at a
—~—NTN S—
MARR of 12%, is this a good investment?
F e S G S

FW = —$45,000 (F/P,12%,5) + $14,000 (F/A,12%,5) + $4,000 = $13,635.7

= Itis a good investment. Ll oo R
\ JORD AN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

%" A $45,000 investment in a new conveyer system is projected to improve

ZlJ q-:‘}-:UI \3' —“-f‘:t; 4booo - Convcjcr \:_,u}.:»l
sl T JC 14000 o OLlp¥l #p 5 51>Y G

3;_,:5 It L Qlgew 5 I RIS te o € Sl 5
>£ . “Hooo wls k2

Future Worth (FW)

EXample; A $110,000 retrofitted space-heating system was projected to save $30_ r
yearin electmwer 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 12_/3 peryear. Eovuli 4

—— 3351 Lo Lda VB 250 e )
« FW(15%) = -$11 9 %6l 1 lyies —
(15%) 0,000 (F/P, 15%, 6) + $30,000 (F/A, 15%, 6) Tl Bu 2 L Roco

= ;5110,000 (2.3131) + $30,000 (8.7537) Uto o G0 ¢ sl S5
= $8,170. v 3
’ \B ¢ 1o (IANES Lgl'b
"G postHive RN
Yyooo

20 Get 4o UL

) IHE UNIVERSITY OF
JORDAN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)



Annual Worth (AW)

Annual Worth (AW) is another way to assess projects.

» Equal annual series equivalent to the cash inflows and outflows at a specific interest rate

5
(normally MARR). \#& il OB gy
« ‘AW is equivalent to PW and FW. <7 pe PW s
AW o)

*'AW = 0, the project is economically justified. (n/ p)'

THE UNIVERSITY OF

JORDAN

Muhammad T. Hatamieh, Extracted from Sullivan et al. (2018)

Annual Worth (AW)

The AW of a project is annual equivalent revenue or savings minus annual equivalent
expenses, less its annual capital recovery (CR) amount.
Salvage Value

] Income

AW(i%) = R — E — CR(i%) | I SO RRE Nes fyaee
annuity 31 l ' b
S P v :j " Annual Cost l
Where. ey oo 1” I Initial Overhaul Cost
GV Ml O ‘ :
R: annual equivalent revenue. n N
f.&r‘\ds:_},s_‘)llr: ¥ O I A 0 .
E: annual equivalent expenses. 3V Ly U—‘f A Equivalent Uniform Annual Worth (§/yeer)
: , « J1sMdy
CR: annual capital recovery which covers the loss in value of the asset and interest {at MARR) on invested capital

CR("%)\= I (A/P;l%:N) -3 (A/F,l%,N) 2{)’ Ly <+) ANk
Where I is the initial cost and S is the salvage value. $43 L1 (=) 153! 2 s 4L UNIVERSITY OF
B s JORDAN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)
Rl de Pk
CEI Qo F X



Annual Worth (AW)

EXample: A project requires an initial investment of $45,000, has a salvage value of
$12,00Q after six years, incurs annual expenses of $6,000, and provides annual revenue of
5,13;290' Using a MARR of}%, determine the AW of this project.

AW (10%) = R — E — CR(10%) R oaow A A
R =$18,000 i ‘ , \

E = 56,000

CR(10%) = $45,000 (A/P,10%,6) — $12,000 (A/F,10%,6) = $8,777

AW (10%) = 18,000 — 6,000 — 8,777 = $3, 223

y THE UNIVERSITY OF
Since the AW is positive, it’s a good investment. / - "
3 ; 1@1_1&_1\*.

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

\‘)Jc:l: ZIJ ‘b\.q'nuu\ s Eﬁ: ,_\L(\ u"“_,

U yde 13
Annual Worth (AW) Gies T Gies
at year o at year 1

ample: 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 thMar 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 $0.5 million. Calculate the CR and AW

values for the system, if the corporate MARR is 12% per year. -
0’

E%OWl S bblel. |’ 'I CR(i%) =1 (A/P,i%, N) — S (A/F ,i%, N)
AW =1 AW (i%) = R — E — CR(i%)

THLE UNIVERSITY OF

Y JORDAN

v

(L]

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)




Annual Worth (AW)

CR(i%) =1 (A/P,i%,N) — S (A/F,i%,N)
I =8 +5(P/F, 12%, 1) = $12.46M; $S=0.5M

CR=12.46M(A/P, 12%, 8) - 0.SM(A/F, 12%, 8) = 12.46M(0.20130) - 0.5M(0.08130) = $2.47M
AW(i%) = R — E — CR(i%)
AW =-0.9-2.47 = $-3.37 million per year

) FHE UNIVERSITY OF
i |~ TGINAEEN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

O Le ZL.o Z.ﬁJf LUl o oL "r:u.\_u— ol
Bond BIRSAV (}:L$
O bl & bd defult Jou arc stalt

Applications PW: Bonds - geling an antual monihly

Bond value is a good example of present worth. °f c;uaﬁa[’j dcpen "
V= C (P/E i%, N) +rZ (P/A, i%, N) "Niresk peniod thieost

Where: G55 Ly ¢ the l'fapand U Fie

sl bond cee ¢

Vyy: value (price) of the bond N interest periods prior to redemption (or present worth).

Z: face, or par value of the bond.

C: redemption or disposal price (WL

r: bond rate (nominal interest) per interest period.

N: number of periods before redemption.

1 i g PIE UNIVERSITY QF
i: bond yield rate per period. ]O RD:\_]_\]

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)



Applications PW: Bonds

[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 reccive 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 pr Mt Sl b

(a) V\=C (P/F, i%, N) +rZ (P/A, i%, N)
» The value of VN can be determined:
€=z L $5,000, [Tk 8%, (i 10%, [N$20
V,, = $5,000(P/F, 10%, 20) + $5,000(0.08)(P/A, 10%, 20) § FHE UNIVERSITY OF
= $743.00 + $3,405.44 = $4,148.44. K JORDAN
\;’J_}‘A“’ \—d: .tL"G CJ Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018) : o e
Rond 1 drt 120

Applications PW: Bonds

@ﬁl 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?
—
B Ueoo o
n \;“u S 4 feo ~ \/l"

(b) we are given VN = $4,600, and we must find the value of i%?? sntrert ral e

V\=C (F/F, i%, N) + rZ (P/A, i%, N)

C=2=$5,000, r=8%, i= 72 N=20
! . , N -1
$4,600 = $5,000(/F, /%, 20) + $5,000(0.08)(P/A, i'%, 20). CEMN =g @Ama=lE

* To solve for i'%, we can resort to an iterative trial-and-error procedure (e.g., try 8.5%, 9.0%) .

to determine that THE UNIVERSITY OF

JORDAN

-

"% = 8.9% per year.

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)
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Applications PW: Bonds

gxample: A bond has a face value ofiLO}Q(/)Q 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
(compomm\d/g\lj/;wly) Assuming the redemption valmce value, how

much should be paid for the bond now?

Z = face value = $10,000.

C = redemption value = $10,000.

i = 10% nominal per year = 2.5% per quarter. 107, /4
N = 8 years = 32 quarters. W

r = 8% per year=Wn %'/ /4

Vy = $10,000 (P/F,2.5%,32) + 0.02 x $10,000 (P/A,2.5%,32) = $8,907.55
PHE UNIVERSITY OF

JORDAN

= The bondholder should pay no more than $8,907.55 for the purchase of the bond.

-]

Muhammad T. Hatamileh, Extracted from Sullivan et al. (2018)

Applications PW: Bonds

5/./2 0% 2

Example; What is the value of a 6%, 19\\@3[ bond with a par (and redemption) value of
$20 000 that pays dividends semi-annually, if the purchaser wishes to earn an 8%._
/\/\/\"\N

return" L, 8/ /2

v, = $20,000 (P/F, 4%, 20) + (0.03)$20,000 (P/A, 4%, 20)
V,, = $20,000 (0.4564) + (0.03)$20,000 (13.5903)
V, = $17,282.18

‘;;} THE UNIVERSITY OF
L ]Q]\]j AN

™M T. , E from Sullivan et al. (2018)
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Chapter 5: Evaluating a Single Project

Topics to be covered this week:

* Applications PW: Capitalized worth
* Internal Rate of Return (IRR)
* External Rate of Return (ERR)

PHE UNIVERSITY OF

JORDAN

)

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)
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Chapter 5: Evaluating a Single Project

> ’\JL{I t.LrL':l \sﬂc‘,)_yue k_.,#.s

T L |,| \—{3‘“\.3 evaluqlien
L_gn.n\ Z‘J(J—D( \_)A-A.S\d/ \)lﬂ_.}.afl_) LL-JL— é_)_y“l.—“
j\X\ML»WuA&S\:\’/VI A (A ¢ S'Jux‘(a(_) &J

Topics to be covered this week:

*/Evaluating a single project
*: Equivalent worth methods
% Present worth (PW). ~~ al yeal © -
» Future worth (FW). ~~ gt Pulure intrest perod .

> Annual worth (AW). ~~ come from a un of e pa menk .
*" Applications PW: Bonds J

\ 4L UNIVERSITY 01‘
JORDAN

Muhammad T. Hatamieh, Extracted from Sullivan et al. (2018)
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Methods for evaluating a single project | juc.. .2 ci.’
f(’vmug N C,_:LC;, U RR
i Y f._s_,b.:r.:
o EXpENCS

_,\ -
o drew 130 -2

Minimum Attractive Rate of Return (MARR): The lowest internal rate of return that the
organization would consider a good investment. Lok 44
' The Minimum Attractive Rate of Return (MARR) is usually a policy |ss%g!xeworganlzatlon’s o J‘—g *

f\_,\,'\-/

i l__,_ Y &3
top management given numerous consideratons. g 3, ¢, - 4y L st O a s
"ru;—")w\:‘c'—-%\ 1aaWBs o Gaw MAKK
Among these considerations are the following: / G L:;&d..a.» Cow \d profc} ratc
1. Amount, source, and cost of money available Yy Ut ¢ source of mene Ji Yives

>

2. Number and purpose of good projects available Ui G Ve oL uu-bl Olre $*P Sl
3. Perceived risk of investment opportunities V:267. R Al Gw
4; Type of organization (i.e., government, public utility, or private industry) f_(l U:(—'J' o MAR Q -
~ - 1 P o W, N PP
o Rl uj%u UARR "ho p-¥{ \JLSJWJ\QJ &jsmw‘" PGS 9 2H LS T Ge S sy
M RslEy JLM.J w1505 cullufe D455 s 3 ) FHE UNIVERSITY OF 8qvey)

ofg A shuchure Ji, \ &_wa}_]&um

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018) d‘w \_4,

k_.\.sl_s
AW R . lew ks
.ud_ctz > uniform payment
N 23-51:-) evene d,\su &—‘»‘: Onudj
Expees
2 S e “3")29 Gl 2l o UJ/\ s Easue o S [
a\:"Es.-J'Lo _)Ml \__su_lj.
. . L] /
Methods for evaluating a single project
CGSh EIouJ Y ‘(_,J‘ L
» Present worth (PW) (the most common method). ~~» year 0 4 ';"‘ dS dasis
S 2f o0 PW 31 Gud
» Future worth (FW). ~— Balaie. b D4 Pw = revenue — €xperes
o o . O aan \_A-J'Ju'*“ . e
» Annual worth (AW). Ewil be by * e gt Lo w1 (I o gl
A~ the end  of { iy Lo, equf No
> Internal rate of return (|RR)Mmy;j:;f:;':lﬁ;'fi-u_‘)l \ al year 0 Y Py
» External rate of return (ERR), 1%\ q-_-Jl e fw PW >0 = revenw _,.Sl

X, ol ,v \6)\...5 - e YL ..,..n pl 151 Ju("CJ inv uzwt,
Payback eriod: least common method. __, \56“‘—9‘““' ey oLi s D

A project must provide a return that is equal to or greater than the Minimum Attractive Rate of

.y
Return (MARR). v AN 2Y NI um\'u\&n QF
Wl MARE DI JOR D/“]\

Muhammad T. Hatamieh, Extracted from Sullivan et al. (2018)
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ethods for evaluating a single project
\J;_;S:b inkreat ratc N Gl ).u._s| ‘_»a “\_‘ .jgt«u J' USU.
a} he end CPJ"M P"nOJ FIPERE W] NS \)-uw_, SImPIC o compouno’ecf
Ledls U8 ¢ N PO TRV | 1,\.9. (C\Ld Ll 5000 \5slal u-olo ,wug « Q%
r’ C—’J‘"’ﬁ obt\@;&n:}ulljuulu’_)-u S-\MU‘—' O L
Unless otherwise specified, the end-of-period cash-flow convention and discrete
compounding of interest are used throughout this and subsequent chapters. A planning

horizon, or study (analysis) period, of N compounding periods (usually years), is used to
evaluate prospective investments throughout the remainder of this course.

) THE UNLV LL\II\ QF
@ IORDAN

Muhammad T. Hatamieh, Extracted from Sullivan et al. (2018)

method 31> Lo diawll x

Present worth (PW): 2 2o et %
fw o Pw

* All cash inflows and outflows are discounted W time at an interest rate
(generally MARR). L» ab year O

*PW (i = W = acceptable project (profit required by investors is satisfied or

exceeded). L Gas ) puo
(< p ~
ample: A project has a capital investment of $50 000 and returns 51\/&99 per year for 4_
ye’arsf’At a LZMR is this a good investment? 1200 P v
T 1
PW—@OOOO-PISOOO(P/A 12%, 4) L——L—L~ —3
\AED\.@\“J 5000 ~ow expt‘mo!
PW = -50,000 + 18,000 x 3,0373 = $4,671.40 -> It is a good investment. ) THLE UNIVERSITY QF

JORDAN

Muhammad T. Hatamieh, Extracted from Sullivan el al. (2018)
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W..Ej‘(‘ample) ( “:‘-—"‘*'L"-—‘ L) P
2

* Itis important to observe that the higher the interest rate and the
farther into the future a cash flow occurs, the lower its PW is.

Tse mam

Rl y—
2 34 5 6 7 8 910

[End of Yo k

P 'S
o 1

Muhammad T. Hatamieh, Extracted from Sullivan et al. (2018)

[
PW-Example A5 el Wael 5.2 sa0ing L Lo
al
A new heating system is to‘ie purchased and installed for $110,000. This system will save

approximately 300,000°kWh of electric power each year for a 6-year period with no
additional O&M costs Assume the cost of electricity is $0.10 per kWh, and company’s

» PW of $1,000 Received at the End of Year k at an Interest Rateof 3 | %\ = —
i% per Year E; vn!l \‘\ :‘ ’;\\\"ﬁ‘l::l':"vt:'l:d
PR TR , z \ N
W)H a)*)\ C))‘) \Ag * 2 -~ \\\ \‘\ T g
S WG TN

) IHE UNLVERSITY OF
WIORDAN

»
n ok

GOy

S P U'“-#

MARR_is 15% ar, and the market value of the system wnll beig@/o\() at EQY 6. Using
the PW met od is this a good idea? L
AN A
£ooo
30 Ooo j\
. . 300,000 kWh _ $0.10
| [Estlmated annual savmgs} o~ o = $30,000 per year. 41T 14 T %
; J
1Hoo o
PW (i = 15%) = —$110,000 + $30,000 (P/A,15%, 6) + $8,000 (P/F,15%, 6)
= —$110,000 + $30,000 x 3.7845 + $8,000 x 0.4323 = $6,993.4
THE UNIVERSITY OF
| o ;
=> Good investment" \ TORDAN
Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018) b




resent worth (PW)

There are two assumptions that we make when using PW: Ny
LU savin
o ZLE-JLD;*)‘- "
> First, it is assumed that we know the future with certainty (For example, we presume to
know with certainty future interest rates and other factors).

> Second, it is assumed we can borrow and lend money at the SW (ie.,
capital markets are perfect). 1 gias o)

Muhammad T. Hatamieh, Extracted from Sulfiven et 2l (2018)

Future Worth (FW) = tor 1ah il Fw e

at end of: ;
A7 inves F

The future Worth (FW) method is an alternative to the PW method el A Ll VL)
ot AA " - -
W o o 2O W
= Looking at FW is appropriate since the primary objective is to maximize the future
wealth of owners of the firm.

= FW is based on the equivalent worth of all cash inflows and outflows at the end of the
study period at an interest rate that is generally the MARR.

= Decisions made using FW and PW will be the same.

FHE UNIVERSITY QF
JORDAN

Muhammad T. Hatamileh, Extracted from Sulfivan et al. (2018)
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uture Worth (FW) P 1 Cds Usss Lol
A s A g OF
* FW is equivalent to PW [FW = PW (F/P,i%,N)]. & ol>hd53
futare 2 ‘tL}’
* FW 2> 0, projectis economically justified. “CF/P)

Exam gle. A $45 000 investment in a new conveyer system is projected to improve
>hroughout and increase revenue by $14,000 per year for five years. The estimated
narket value of the conveyer at the enW& Using the FW method at a
VIARR of 12%, is this a good investment?

e T

"W = —$45,000 (F/P,12%,5) + $14,000 (F/A,12%,5) + $4,000 = $13,635.7

» It is a good investment. . HE L’\"\ L 1\\11\ OF
\ AN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)
- =N \ e T e - -
Z,)C\:; Y"wl Wl N~ 45000 2 COnVCdcr e )‘-“’I
2.0 :\',._—AC 149000 2 L';l,\_rg(l ﬂy) s1>¥) (‘,.-ui

°>_)£ SuouLA’ \Jlj—t-w 5 A alste an ¢ Sl 5
. Hdooo \g)L:-‘L?

“uture Worth (FW)

Xample; A $110,000 retrofitted space-heating system was projected to save $30,000 per

/ear in electrica power and be worth $8,000 at the end of the six-year study period. Use

he EW method to determine whether the project is still economically justified if the

.ystem has zero market value after six years. The MARR is 15% per year. s é_);‘u_(l do

O -‘-‘>‘ Lo L | l)l yo |
. FW(15%) = -$110,000 (F/P, 15%, 6) + $30,000 (F/A, 15%, 6) = g g 2

1Ly B 5 AL
=-$110,000 (2.3131) + $30,000 (8.7537) Ut Qoo o WZ(J Lio \O: ] .J'
<\./
= $8,170. ' i |
AN

G posthve 2l tws Logall st 1 Sls
20 Gest o BUIL ¥0oo

) THE UNIVERSITY QF
JORDAN
Muhammad T, Hatamieh, Extracted from Sullivan et al. (2018) v ——



Annual Worth (AW)

Annual Worth (AW) is another way to assess projects.

* Equal annual series equivalent to the cash inflows and outflows at a specific interest rate

(normally MARR). \ 28 G P oy
P PW s S

« ‘AW is equivalent to PW and FW. <7 )
AW Gau_o )

« AW = 0, the project is economically justified. A/P)

Y IHE UNIVERSITY OF
@ oRDAN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

Annual Worth (AW)

The AW of a project is annual equivalent revenue or savings minus annual equivalent
expenses, less its annual capital recovery (CR) amount.

I Income 0 N
1 4 4
AW(i%) =R —-E — 0 By
(i%) E CR(‘;A)) annudy o r | AWLCMI i | 2 G |
Where: _ _P 3V G Tl Inivial Overhaul Cost
- OB A ML “
R:annual equivalent revenue.  J f\{S §ossi ¢ F {4 1 G ]

Equivalent Uniform Annual Werth (§/year)

sig g 5
E: annual equivalent expenses, A3 lbk | U\S;o A
¢

1 . :
CR: annual capital recovery which covers the loss in value of the asset and interest (at MARR) on invested capital.
CR(i%)=1(A/P,i%,N)—S (A/F,i%,N) zfy_\ﬁt C4) Al
Where 1 is the initial cost and S is the salvage value. 5‘1,5 DRNES R S, ds IHE UNIVERSITY QF

-4 @ IORDAN
Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018) . e
v $o Pk
R Gk o F %



Annual Worth (AW)

EXample: A project requires an initial investment of $45,000, has a salvage value of
12,00Q after six years, incurs annual expenses of $6,000, and provides annual revenue of
sflg;gg)o. Using @ MARR of 10%, determine the AW of this project.

AW(10%) = R — E — CR(10%)
R = $18,000 AR

E =$6,000
CR(10%) = $45,000 (A/P,10%,6) — $12,000 (A/F,10%,6) = $8,777

AW (10%) = 18,000 — 6,000 — 8,777 = §3, 223

" . oy . m . ) IHE UNIVERSITY QF
Since the AW is positive, it’s a good investment. : g N
i . JORDAN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)
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Annual Worth (AW) ez & ks
at year o at year 1

imple; 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 $0.5 million. Calculate the CR and AW
values for the systemjxlrfﬁ?e corporate MARR is 12% per year. - -

05

o ‘”'E%? 123 456 7 CR(i%) =1 (A/P,i%,N) — S (A/F ,i%, N)
AW(i%) = R — E — CR(i%)

s10 \) ‘)J’ :\:\\b
5 5 @ o " THE UNIVERSITY O
. 2 - for 3 3 .
b;\ b))?o\\)} Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018) ‘] W l\] j A‘ 1\]



Annual Worth (AW)

CR(i%)=1(A/P,i%,N) — S (A/F,i%,N)
I =8 +5(P/F, 12%, 1) = $12.46M; S=05M

CR= 12.46M(A/P, 12%, 8) - 0.5M(A/F, 12%, 8) = 12.46M(0.20130) - 0.5M(0.08130) = $2.47M
AW(i%) = R — E — CR(i%)
AW = -0.9-2.47 = 5-3.37 million per year

3 IHE UNIVERSITY OF
g R O
“* @ ORDAT

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)
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Applications PW: Bonds - geHing an amug! menhy

Bond value is a good example of present worth. o guaﬂaifj CJCP e w e
Vi=C (P/E i%, N) +rZ (P/A, i%, N) intrestk  period thioott

Where: G0 Lo / the hf&spano' by the

Jrakl bond ees ¢

V: value (price) of the bond N interest periods prior to redemption (or present worth).

Z': face, or par value of the bond.

C: redemption or disposal price (W).

r: bond rate (nominal intetest) per interest period.

N: number of periods before redemption.

i: bond yield rate per period. THE UNIVERSITY QF
o @ TORDAN

d T. Hatamleh, E. d from Sullivan et al. (2018)
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Applications PW: Bonds

[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. AR

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

(b) If this bond is purchased now for 5/1_1\,99/(2, what g@y_@l\lgond yield would the buyer receive?

(a) V=C (P/F, i%, N) +rZ (P/A, i%, N)
» The value of VN can be determined:
[C=zF $5,000, [7E 8%, [iZ 10%, [N$20
V,, = $5,000(P/F, 10%, 20) + $5,000(0.08)(P/A, 10%, 20) X ‘11 UNIVERSITY OF
= $743.00 + $3,405.44 = $4,148.44. k ] QORIDAN
\;,p)_)‘n-g L’d-— -z‘ld.-a C'J Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018) :
Qond I Jadl <asd

Applications PW: Bonds

@Q 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 ggie/aJ 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?

(IEY koo o) v
A -
00 ~ VA
(b) we are given VN = $4,600, and we must find the value of /%?? o 8 :‘ :’a’, fat e
V=C (P/E i%, N) + r Z (P/A, i%, N) »
€ =Z=$5,000, r=8%, i=?? e
$4,600 = $5,000(P/F, i'%, 20) + $5,000(0.08)(P/A, i'%, 20). (PIF,P%N) = :m PRA RN = _—a.-'(+l TZ}: '

to determine that FHE UNIVERSITY OF

& ORDAN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

* To solve for i'%, we can resort to an iterative trial-and-error procedure (e.g., try 8.5%, 9.0%)
| E



Applications PW: Bonds

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/ggiﬁgghe.bo\r_@/r\ugw?

Z = face value = $10,000.

C = redemption value = $10,000.

i = 10% nominal per year = 2.5% per quarter. 107, /4
N = 8 years = 32 quarters. W

r=28% peryear=/216/p\e/r\q/u\a;t~en g7/ /4

Vy = $10,000 (P/F,2.5%,32) + 0.02 x $10,000 (P/A,2.5%,32) = $8,907.55

YR 1L UNIVERSITY OF
= The bondholder should pay no more than $8,907.55 for the purchase of the bond. ]O ]_W\D _—\_]_\\5'

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

Applications PW: Bonds

67/2 o= 2

7 A
Exampl What is the value of a 6%, 19\-y/qg~r bond with a par (and redemption) value of
SM that pays dividends semi-annually, if the purchaser wishes to earn an 8%_
return? AT GgY /2

Vy, = 520,000 (P/F, 4%, 20) + (0.03)$20,000 (P/A, 4%, 20)

V,, = $20,000 (0.4564) + (0.03)$20,000 (13.5903)
Vy=$17,282.18

@ PHE UNIVERSITY O
IR A '
Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018) ] k’j l ] j _/j-— 1\]
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Chapter 5: Evaluating a Single Project
Topics to be covered this week:
* Applications PW: Capitalized worth

* Internal Rate of Return (IRR)
* External Rate of Return (ERR)

@ UHE UNIVERSITY OF
QORI l
Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018) \ ] \ /_\ ]\



Applications PW: Capitalized worth

Capitalized worth is a special variation of present worth

» Capitalized worth (CW): special case of PW; where revenues or expenses occur over an
infinite length of time,

» If only expenses are considered, then it is called capitalized cost.

The capitalized worth method is especially useful in problems involving grants and public
projects with indefinite lives.

The CW of a series of end-of-period uniform payments A, with interest at i% per period, is
A(P/A, i%, N).

Mubammad T Mza~ie* Erracted from Sullivan et al. (2018)

Applications PW: Capitalized worth

The capitalized worth of a project with an interest rate of i% per year: is the annual
eguivalent of the project over its useful life divided by i.

The CW of 2 series of end-of-period uniform payments A, with interest at /% per period, is
A(P/A, i%, N).

= As N becomes very large (if the A are perpetual payments), the (P/A) term approaches

o

[1/i]. So, CW = A(1/i).

£ N _ \
CWI%) = PWyy_ 0. = APJA,i%,00) = A| lim T -1 :A(—]_)
AN (+i™

Nox | 4

LHE UNNERSERY OF

W sarmad | ratamint, Loy ated hom Sommen et o (1918,

) IHE UNIVERSITY
1Y 1 )
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Applications PW: Capitalized worth

As N becomes very large (if the A are
. perpetual payments), the (P/A
[1/i]. So, cW = A(1/i). fA)term approaches
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Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

Applications PW: Capitalized worth

Ebmféﬁ'g‘lg a bridge was constructed for $1,900,000 and the annual upkeep cost is
S2 OQO. It is als_o e;timated that maintenance will be required for $350,000 every 8 years.
What is the capitalized worth of the bridge over its life assuming MARR = 8%?
CW(8%) = —$1,‘i)00,000 - $350,000A/ F(;‘;;% i .. $20560800\ L. i
P gd ' T s Laas) A
= —$2,623,815 Wyt e &
s o Axn, A '

* If the bridge has an expected life of ;Qle/a\gs, what is the capitalized worth (CW) of the
bridge over a 100-year study period?

CW(8%) = —$1,900,000 — $1,900,000 (P'/F, 8%,50)
— |$350,000 (A/F, 8%, 8)]/0.08 — $25,000/0.08.
THE UNIVERSITY OF

JORDAN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)



Applications PW: Capitalized worth

B%tt:/thas delmd.ed to donate some funds to her Igcal community college.
etty would like to fund an endowment that will provide a scholarship of
$25,000 each vear in perpetuity and a special award, “Student of the
Decade,” eve in, i ity) i
ecade,” every ten years (again, in perpetuity) in the amount of $50,000.
How much money does Betty need to donate today, in one lump ﬁfr?\,“‘t\o
fund the endowment? Assume the fund will earn a return of 8% per year.

= 9 = 5 s
A = $50,000 (A/F, 8%,10) = $3,451.47 Fosh Lt padt g

2500 O wsw | TCew
CW = 525,0000+(]$83,451.47 3 5355,64343 L.«:r‘u,l . ; o dS_g
' 5o coo ) IHE UNIVERSITY OF
.~ ATQ)NBEEN
Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018) .
Ska b ) 3'; W.I i
(Nf) ffi(nUC B L’_-LUJ_\.) _,{ fe\/fnuc Jl d«L‘.}—U L:SL ra-'.a.
] - - - . - o
b s Tniesk faje 2 year o S Lolive  expentes 21,
N \pae 6 OXPENSES N (UL al the same period of
L V. Il \ASe A G A a e
\’—.’-’ . N J - ' - ! ‘L&.A'b aun | th s we wr"’ CJO l-ha"
(’xp A

at year zero.

Internal Rate of Return (IRR) 4

The most widely used rate of return method in engineering economic analysis.
2 W aul slew!

Also called the investor’s method, the discounted cash flow method, and the S

profitability index.

. r
&_i|um_3lk‘_-,‘u

= PW = O

The IRR is the interest rate that equates the equivalent worth of an alternative’s cash
inflows (revenue, R) to the equivalent worth of cash outflows (expenses, E).

|
N"
|
F

The IRR is sometimes referred to as the breakeven interest rate.

.
L 1

&

UHE UNIVERSITY OR

TORDAN

seoe

LAANS NS

#- IRR Decision Rule: If IRR 2 MARR, the project is economically justified. @

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)




rnal Rate of Return (IRR)

R is the interest i'% at which

quivalent worth of cash inflows = equivalent worth of cash outflows .
P70, — i’0, - . - 2
D Ru(P/F.i%K) = > Ex (P/F, %) RS
k=0 k=0 -
R a bk o at k
SIINE oA — >

Vhere: B 'l | { o
cas W = cashh out o

’k: Net revenue or savings for the k'™ year. cash nkjo

x: net expenditures including any investment costs for the k" year. \Jf)known & v

I'HEE U \]\ Lr \ll\ QrF
\ }Lj AN

Muhammad T. Hatamieh, Extracted from Sullivan et al. (2018)

Z"J“““ s [ WSS T

A (VPHEN ks‘\..,_,__-,.l.‘.n i
nal Rate of Return (IRR)

or the IRR is a bit more complicated than PW, FW, or AW,

Lub;‘_;‘» uSM Gl lﬂ;erpohhon(}.s.m Zts i1 T

2s in applying the IRR method:  }«uSt, C}M-wu_: trial Lemors i
omputationally difficult without proper tools. . 5,51 L 0%‘ X

e instances, multiple rates of return can be found. ~~ PP ey i

IR method must be carefully applied and interpreted when comparing two more
ally exclusive alternatives (e.g., do not directly compare internal rates of return).
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Internal Rate of Return (IRR) ~ ##ee  22c00

Examplet 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, wheréas 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. a..a)) esta Uslb 5]

CHall Aerrer Jat w9 g G, min ek

PW =0 = -$345,000 + ($120,000 - $22,000)(P/A, i'%, 6) + $115,000(P/F, %, 6) <52+ L' i, ==

s ad l

- -
%= DLals g 4 0l 0L G Ly
ﬁ J 2 . - - 3
ﬁ’fmu”mola o > A7 =20%: PW = -$345,000 + $98,000(3.3255) + $115,000(0.3349) = +519,413 " 4> 5
© Trial and error. Since the PW is positive at 20%, we know that /' > 20%. Nitrpoal.

@ Calculators with solver. » At /" = 25%: PW = -$345,000 + $98,000(2.9514) + $115,000(0.2621) = -525,621 1. S, Pw
© Spreadsheets.

* i=22.16%. ) THE UNIVERSITY OF £
i TOYDTIY) A N &
* Spreadsheets IRR = 22.03% > MARR > Acceptable project INSINL AN tas

Muhammad T. Hatamieh, Extracted from Sullivan et al (2018)

AN

Internal Rate of Return (IRR)

EXample; A piece of new equipment has been proposed by engineers to increase the _ p
productivity of a certain manual welding operation. The investment cost/i\sj\gij,lqpo,ﬂd
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
peLyggLaﬂer 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 i%er year.

» The IRR for the proposed piece of equipment is 21.58% .\
A A A
* PW(MARR= 20%) = $934.29; _— | _T
_ _ . PW =0 9
* FW(MARR= 20%) = $2,324.80; e ; r
* AW(MARR= 20%) = $312.40. _925000 4 Sooo (P/A i/.,5)

"1 o A 1D TINT I IS O cu
Pt o sy + Sooo (P/F v/, 5 r | 'HE UNIWERSIEY OF
£ " S TORDAN

v 8
o\ ) suy 2
:

Aw - /P 207 ,5)

) QO =
2000

M baeranad T Haramich, Exuacied rom Suliscan et 3 (2018)
.
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External Rate of Return (ERR) (md of shudy peried) period U

W ERR O S G gut

three steps are used in the calculating procedure: C e s @ plui

1. all net cash outflows are discounted to time zero (the present) at €% per
compounding period.

2. all net cash inflows are compounded to period N at €%.

3. the ERR, which is the interest rate that establishes equivalence between the two
quantities, is determlned

Z Ry (F/P,e%, N — k) = ZE,, (P/F &%, K)F/P,'%.N)
k=0

Where:
Ry.: excess of receipts over expenses in period k.
Ej: excess of expenses over receipts in period k.

" . ; IHL L‘I\l\ ERSITY OF
£: external reinvestment rate per compounding period.

. e \ _,' _’1_1\

ERR > MARR; project is economically justified.
Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

External Rate of Return (ERR) @& e lados 000
d\_.’..l\,\ju( 1,;\,(1 LV N
A JR 1,0 BE N L@K\.,J_.,_b
Graphically, we have the following (the numbers relate to the three steps) o

N R:E (FIPI €l N-K)
@ E“R, (FIP.e%,N-K) ;
et f@ 5 Bz Rx (PiF €l N -K)

@l Time N 4
AS— unknown Vvariobl€
— \SLLA a1 ),

L
The ERR method has two basic advantages over the IRR method: Sl

1. It can usually be solved for directly, without needing to resort to trial and error. — 7AET LA
2. It is not subject to the possibility of multiple rates of return. drail & ercop

(>$)
3 ’l'_l{E UNIVERSITY Qlf
@ JORDAN

Muhammad T. Hatamieh, Extracted from Sullivan et al. (2018)



External Rate of Return (ERR)
d: jMU (}SH—J.MJ ﬁ ’q; )‘\_;_sU dull.;u
(Examplé: When €=15% and MARR = 20% per year, determine whether the project (whose
net cash-flow diagram appears next) is acceptable.
W \)l),\‘ L:&Lj)
o gl JJ_%).;).I\:su

35,000 .

i 9 v-6 (Fubut)

. j 2 3 4 5 6 C_, ’(L':";D_

L,\,JL%; T 3 E.)I_Ts Y o s jm End of Year g . zjd'ﬂ

Yyear 0 r&,;gy $10,000 }
[$10,000 + $5,000(P/F, 15%, 1)](F/P, i'%, 6) = $5,000(F/A, 15%. 5);
E alymro 3t cez OV CLA o oy _ s R
J . b e i'% = 15.3% a\l etd oetij

The "% is less than the MARR = 20%; therefore, this project would be
unacceptable according to the ERR method.

Muhammad T. Hatamieh, Extracted from Sullivan et al. (2018)

) UHE UNIVERSITY OF
@ ORDAN

External Rate of Return (ERR)

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

$21,250 (F/P,i'%,4) = $33,744

= I' =12.26% > 12% (acceptable project)

Muhammad T. Hatamieh, Extracted from Sullivan et al. (2018)

AL MARR = 12%. E
A2
———
Year 0 1 2 3 4
Cashflow | (515,000)| ($7,000) | $10,000 | $10,000 | $10,000
1 ‘ | - 1 ]
)L
Expenses: $15,000 +$7,000 (P/F,12%,1) = $21,250 - R 1 o
) PUN Jdos
Revenue: $10,000 (F/A,12%,3) = $33,744 CPEINS Jwi sn il
= al C‘ﬂc! Oﬁ @‘5
Solving for ERR: yeat

UHE UNIVERSITY QF

VIORD AN
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Evaluating a Single Project

Topics to be covered this week:

» Payback (payout period)
> 2 G
o ol Ja
s ‘-é:-b.‘.o) U,l

) UHE UNIVERSIEY OF
g JORDAN

d T. Hatamleh, d from Sullivan et al. (2018)




yack (payout period)

s of payback period:
ds presented thus far reflect the profitability of a proposed alternative for a study period of N. The
1ethod, which is often called the simple payout method, mainly indicates a project’s liquidity

n its profitability. nme valve Oy L
W . ' ' | ib g
lidity deals with how fast an investment can be recovered. )\:.‘ sC) Lrm of mo n(j'

back period: ignores the time value of money @ - Discounted payback period: time value of money is considered N R N 2“)“-’ 3
L\jea F 0 J€

e’ >

=1 2 0,where 8 is the simple payback period (0 < N) (Rx — Ex) (P/F ,i%,k) — I = 0,where 8’ is the discounted payback period (8’ = N)

k=1

nple payback period, 6, ignores the time value of money and all cash flows that

after 6. \ FHE UNIVERSITY OF
LN ] ' ] w‘
0 GilS (Sa5un , k JORIDAN

5.: A i Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)
© 3 Vw S

:)‘:L__-S A8 \5:)\4

. i 3

2> A Booco O geul
Kme value of mong 2!

rack (payout period)
A7 A R
€ An investment of $§_,\()/%Q9\0 yields net annual revenue of W What is

ple payback period?

PRI SO0 333 years
aybackperiod = 51,500,000 ~ AKX

= Simple payback period () is 4 years. RSl
S Ay
(STMP)C \&l—‘fhﬂ 3=) Hooo ooZ:

payback period can produce misleading results, and it is recommended as
slemental information only in conjunction with one or more of the five methods

riously discussed.
I'HE UNIVERSITY QF
: - :
JORDAN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)



N dJa

Payback (payout period) ,...i ...,
P i ds, delaf‘ 0

- Discounted payback period: time value of money is considered )\ ‘.,.{,_.; (Ve 1
%fhal nvel- .

el

(Rx — Ex) (P/F ,i%, k) — I = 0,where 0’ is the discounted payback period (8’ < N)

k=1

> % is the MARR, | is the capital investment usually made at the present time (k = 0).

) IHE UNIVERSITY OF
"

@ ORDAN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

Payback (payout period)

ple 5-13 in the book.

re

The payback calculatio

af

n for Exam

Column 3
Column1 Column2 Cumulative PW PW of Cumulative PW o
Endof NetCash  ati=0%Ar Cash Flow at i =20%AT )

Column 4 Column 5 1000 -

of Sl R

o

-
7
/
/
;
S 1= 0% per Your
;
’

.
/
s

Endof Yeur o~

L
o

Year k Flow  through Yeark at/=20%/r through Year k

£
H
0P ¢ —s25000  -$25000 -$25,000 ~$25,000 jrm
1 8,000 -17,000 6,667 -18333 £ o
2 A 8,000 —9,000 \»an) ¢ 5556 12777 7 -
3 8,000 —1,000 “a::;ds 4,630 ~8,147 !
4 8,000 +7000 - T 3858 -4,289 -um
5 Fe13000 A gv 523 +934 i
s I because] P A t
- rs use the &’ = 3 years because the
25000 ¢ g ¢ balance cumul:uve discounted
F0oo0 turns positive at balance turns positive
b at EOY 5.
* Notice that &' > § for MARR = 0%

simple

o= 20% pos Your

THE UNIVERSITY QF

TORDAN

¢

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)
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Payback (payout period)

'Net cash ﬂow -$42,000 su 000 su ooo $1o 000 510 ooo $,ooo

Net cash Cumulative | Cumulative PW
e PW at 0% at 6% Keep calculating cumulative PW until

flow
reaching a positive value.

0 -$42,000 -$42,000 -$42,000
1 $12,000 -530,000 -$30,679 From the table:
2 $11,000 -$19,000 -$20,889 L 0 = 4 years and 8’ = 5 years
3 $10,000 -$9,000 -$12,493 (}:“u; G
4 | $10,000 $1,000 -$4,572 42000 1 g
5 | $9,000 $2,153 12.000 x (P/F, 6, 1) . IHE w\n ERSITY OF
¥ K IDAN
5;MP IC Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018) cone
ARS CS R PERN
L g’bﬁq ub *
al wveal 0
J
W ST asie g
fo['?Fm investmen !
The end

) I'H 2 UNLVERSITY QF
JQORDAN
Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018) 4 K
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Chapter 6: Comparison and Selection Among

Alternatives S o
L _,'_;,s
Topics to be covered this week: pPLis B l-cih.- Jl

Ol G 5 0l s
. . ; Lapg I (
» Comparison and Selection Among Alternatives. alkernabivg ' o2

»: Evaluating multiple projects
» Comparing Alternatives with equal lives:
1. Equivalent-Worth Methods (PW, FW, AW)
2. Rate-of-Return Methods (IRR, ERR)

) THE UNIVERSITY QF
@ 1 ORDAN
Muhammad T. Hatamieh, Extracted from Sullivan et al. (2018) 1 ®ews
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Comparlson and Selection Among Alternatives

Making decisions means comparing alternatives.

« In this chapter, we examine feasible design alternatives.
» The decisions considered are those selected from among a set of mutually exclusive alternatives
(when selecting one excludes the choice of any of the others). e &
(& o )‘S ' U &
(] }JJ )J.:
o L b, alernaliv

J-.b')

Mutually exclusive alternatives (MEAs) characteristics:
» We examine them on the basis of economic considerations alone.
> The altemnatives may have different initial investments and their annual revenues and costs may vary.

» The alternatives must provide comparable “usefulness” criteria: performance, quality, etc.
% The basic methods from chapter 5 provide the basis for the economic comparison of the alternatives.

) 1HLL‘\\
JORDA

Muhamemad T. Hatamieh, Extracted from Sullivan et al. (2012)

Comparison and Selection Among Alternatives
3 k_S_)-uu o— e Clas —-’:r‘“ L

o)\ ‘J-—J u\/‘—-—-—q’_;l
nC\F alter
-PE N ey

Alternatives:
» Mutually exclusive: The selection of one alternative excludes the others.

» Independent: Selection of one alternative does not exclude other alternatives.
=k L._,{‘ UL J*’J-v 2l b=

An acceptable alternative with the least capital investment is called the base alternative.
s Gus LU

Md’)u'()h’wff

If the incremental investment (over the base alternative) is justified by extra b LN )
benefits: ol T G Sl
' base affernakiye,
= Investment should be made. @ ] 3 \l\]%q: “] O
o albermabit 31 Ge anl e M ammad T Hatamteh, Exuscied hom Subean ot . 2010 \ A~ "\_' ;"‘“\

d)r‘fl YLt Gedasi ¢ B
PO TR PP R C B R RN Y



Two basic types of alternatives:

L)\ﬂ «.r’.‘) —\Q.r-‘l Z‘J
&“ :]" | ES“" e ‘l (As o
> Investment Alternatives FT(;:J Uses A 440, L2y 7o R

Those with initial (or front-end) capital investment that produces positive cash flows
from increased revenue, savings through reduced costs, or both.

L})"E"d)bjf&\)td L‘)_g‘D )
> Cost Alternatives CCad) \

A
Those with all negative cash flows, except for a possible positive cash flow from the
disposal of assets at the end of the project’s useful life. The decision involves the most

economical way of conducting an activity/project.
) THE UNIVERSITY OF
W ORDAN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

Two basic types of alternatives: . -uuivyiws
S,

EX)lUse a MARR of 10% and useful life of 5 years to select between the Ewestment
alternativeg below:

Alternative Capital investment Annual revenues less expenses
[A] -$100,000 $34,000 base a\trrnoh;vu\*
B | -$125,000 $41,000 o Ly (A) 5o

1
PW.a = —100,000 + 34, 000(P/A, 10%, 5) = 28,887
PWg = —125,000 + 41,000( P/A, 10%, 5) = 30,423

Both alternatives are attractive, but Alternative B provides a greater present worth, so is

better economically. S¥ Gusi@ & y O ——
max my profit @]ORDAN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)
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Two basic types of alternatives: M gt s
&1 Ldn
E)_;?OU“SI? a MARR of 12% and useful life of 4 years to select between the[cost alt:rnatives}
Alternative Capital investment . Annual expenses
£) -$80,000 -$25,000
(o -$60,000 -$30,000

PWe = —80,000 — 25,000(P/A, 12%,4) = —155,933
PWp = —60,000 — 30,000(P/A, 12%,4) = —151,119

Alternative D costs less than Alternative C, it has a greater PW, K A ——
so is better economically. ' N B IR
L~ A[GINBESN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

Study period

study period (or planning horizon): selected time period over which mutually
exclusive alternatives are compared.
lado A 3,024
’ of {1heé samé P(’rl'ocj

Study period cases: 5
- Useful lives of all mutually exclusive alternatives (MEAs) are the same and equal to
1 AN
the study period.

= No cash flow adjustment.
= MEAs are compared using equivalent worth methods (PW, FW, or AW) or rate of return
methods (IRR or ERR). .
_ AP IR S I,|§
A doap i S fosunt -
- Useful lives are ynequal and at least one does not match the study period.

= Repeatability assumption. X F4E UNIVERSITY OF
11 o ) A ) g
=> Co-terminated assumption. ] O ]_"\D _/_\\_l\T

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)
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Comparing Alternatives with equal lives. aliernabve
> If PW (B-A) is positive, the additional capital - ””/“EE}«WJ*_'
invested in B is justified. @ MARR = 10% | A B AB-A)
1 ARcmatne A 2 Ahernmive B 3 Alcrnaive A meeu ABcraaiivo A (yeor by year) Capital investment A —;(:ﬂ;!_)ﬂ ";;[—n——:sgtn&;
' I I_l ) l l‘ ;lxr e [ ll-llLli‘l ,Am!‘,ul men\xnlesinpfrfr 22{)2) ,,,_2%__,_‘:%2_3_
[ 3 4-N 1 2 ' a-w -
| Ll saan G J n 3 ?W t\'_;, \4\ *
PW (10%) , = -$60,000 + $22,000 (P/A, 10%, 4) = $9,738. P o st D s g >
PW (10%) = -$73,000 + $26,225 (P/A, 10%, 4) = $10,131. a8 s base 0 Lag
2 b. UJ

e PW (10%) g = -$13,000 + $4,225 (P/A, 10%, 4) = $393.~> () = =  °: PW e 95202

Incrementa) !
g5 = Both alternatives are acceptable (PW @ MARR 2 0) ... investment alternatives. J))\ C+) Vo \)ju >

= Alternative A is the base alternative (acceptable + lowest capital). &‘L“ s o,
AT NN NN NSNS

Also, PW g , is positive => additional investment is justified. N

Select alternative B (higher PW @ MARR) = additional capital investment in B is justified HE ~\‘\ ERSITY OF
\ ZIGINBES AN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2012)

Comparing Alternatives with equal lives.

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

7 Alternative C is the base alternative (lowest capital).
AN TN

$38.100
Alternative £39.100
$40.100
End of Year & D AD-Q -
FA of Year Ead of Your

0 —$380,000 _S415000  —$35000

1 -38,100 —27 400 10,700

2 -39,100 -27,400 11,700 ulpmnss

3 —40,100 -27,400 12,700
- i s 0 26,000 26,000 3 Alcrmaiing Dmmlmﬁl&m
* Market value.

1L
PW (10%) ¢ = -$380,000 ~ $38,100 (P/A, 10%, 3) - $1,000 (P/G, 10%, 3) = -$477,077.
PW (10%) 5 = -$415,000 — $27,400 (P/A, 10%, 3) + $26,000 (P/F, 10%, 3) = -5463,607.

e PW (10%) o =-$35,000 + $10,700 (P/A, 10%, 3) + $1,000 (P/G, 10%, 3) + $ 26,000 (P/F, 10%, 3) = +313,470.

$35,000
E

- ad of Yeas
GOL 4
PW @ MARR < 0 for both alternatives ... cost alternatives. oo 1
. . (ST LI ) FHEUNIVERSITY OF
select alternative D (higher PW @ MARR) =» Additional capital investment in D is justified. i j ]\, 'lj /\ ] "
JORIDAN
Muhammad 7. Hatamileh, Extracted from Sullivan et al (2018) 4
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10 10 10

Life (years)

Use a MARR of 12% to select one alternative among the four alternatives:

PW,
PW, = - $85,000 + $15,450 (P/A, 12%, 10) + $10,000 (P/F, 12%, 10) = $5,516.

PW, = - $75,000 + $14,500 (P/A, 12%, 10) + $6,000 (P/F, 12%, 10) = $8,860.
PW,

All alternatives are acceptable (PW > 0)

Alternatives
A B c D
Capital investment -§150,000 -$85,000 -$75,000 -$120,000
Annual revenues §28.000 $16,000 $15.000 $22,000
Annual expenses -81,000 -3550 -$500 -$700
Market Value (EOL) $20,000 $10,000 $6.000 $11.000

10

- $150,000 + $27,000 (P/A, 12%, 10) + $20,000 (P/F, 12%, 10) = $8,995.
_-—>

-$120,000 + $21,300 (P/A, 12%, 10) + $11,000 (P/F, 12%, 10) = $3,891.

Repeat using AW and FW methods

Comparing Alternatives with equal lives.

» 2
allernative
PN et A

"C,’)
THE UNIVERSITY OF

=> Cis the base alternative (lowest capital).

=>» Should get the same conclusion

=>» Select alternative A (highest PW)

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

Worth Methods

as follows @ MARR = 10%:

Ly

JORDAN
- :

. Yo PGl
LGSR pY 5,

Comparing Alternatives with equal lives: Equivalent-

@_EEGEA company is planning to install a new automated plastic-molding press. Four different presses are
Svailable. The initial capital investments and annual expenses for these four mutually exclusive alternatives are

Pross PI Press P2
I foen . - galogicog Vo RIR R F a8 S
,- 1 Pz P Pg« l l J , j l ' l
Capntal investment $24000 $30,400 $49,600 $52,000 $24,000 ©£9.138
Useful life (years) 5 5 5 5 $31200 $30,400
Annual expenses Pi
Power 27200 2720 4300 5040 ot 0 :- e
Labor 26400 24000 16800 14800 AR V| Rk N SR :
Matntenance 1600 1800 2600 2,000 l l l 1 ] l l l
Property taxes and msurance 480 608 992 1040
Total annual expenses $31200 $29,128 $25192 $22880 bl b et K.
. »f”ﬁw B0 foup i Les o
258 ppVbe du s fluao, _ >
. The preferred alternative will minimize the equivalent worth of total costs over the five-year analysis period
AAJ PP NP
3
P ) THE UNIVERSITY OF

Same output = same revenue —> minimize cost

Calculate the PW of all costs and select the one with the highest value.
Muhammad T. Hatamieh, Extracted from Sllvan et 3l [2018)

TORDAN



Comparing Alternatives with equal lives: Equivalent-
Worth Methods

Example 6.2: o :mp; o
PW(10%)P1 = -$24,000 - $31,200(P/A, 10%, 5) = ~$142,273, | [ [ l l
$24 000
$31 200

AW(10%)P1 =--$24,000(A/P, 10%, 5) - $31,200 = -$37,531,
FW(10%)P1 = -$24,000(F/P, 10%, 5) - $31,200(F/A, 10%, 5) = -$229,131.

Press (Equivalent-Worth Values)

Method Pl [ P3 P4
Present worth —$142,273 —$140,818 —$145,098 —$138,734
Annual worth —37,531 —37,148 —38,276 [ —36,598
Future worth —229,131 —226,788 —233,689 —-223431

A 8N W S e
QO The preference ranking‘@4 > P2 > P1 > P3)

§ THE UNIVERSITY OF
The results are the same from the analysis for all three methods.

JORDAN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

Comparing Alternatives with equal lives: Equivalent-
Worth Methods

Ex a_m_p_l_é 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?

A 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
_ , , 4 Useful life 10 years 10 years 10 years
BWL 207 e 360 IS e [IRR] 264% 247%  224%

22 L ) AS
PW (20%) , = 528,000 + ($23,000 - $15,000) (P/A, 20%, 10) + $6,000 (P/F, 20%, 10) = $6,509.

PW (20%) g = -$55,000 + (528,000 — $13,000) (P/A, 20%, 10) + $8,000 (P/F, 20%, 10) = $9,180.
PW (20%) = -$40,000 + ($32,000 — $22,000) (P/A, 20%, 10) + $10,000 (P/F, 20%, 10) = $3,540.
> Select B~

P S o) ole
Mo JeaiTA WL IRR
Ced WV ds, PW O s

THE UNIVERSITY QF

JORDAN

v

Muhammad 7. Hatamleh, Extracted from Sullivan et al. (2018)



Comparing Alternatives with equal lives: Rate of
Return Method

The return on investment (rate of return) is a popular measure of investment performance.

> Selecting the alternative with the largest rate of return can lead to iicorrect decisions (do
not compare the IRR of one alternative to the IRR of another alternative).
* The only legitimate comparison is the IRR to the MARR. - Ol G
RS A ERHS IS ey RN \ 20 \sad 1531 s g
incremental qnql‘jgus
> Remember, the base alternative must be attractive (rate of return greater than the MARR),
and the additional investment in other alternatives must itself make a satisfactory rate of

return on that increment.

) THE UNIVERSITY O \:.:
@ ORDAN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

Comparing Alternatives with equal lives: Rate of
Return Method

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

Alternative
A B A(B - A) X \
Capital investment —$60,000 —$73,000 —$‘I3000 ] ...5 \"J"‘ s IRR
Annual revenues less expenses 22,000 26,225 Hs 10 Lo }S| '
: )
A L6 J3 sl gl
Both have positive PW & IRR > MARR: $ 4 -
f Both are acceptable alternatives. Alternative p 0%
=) Based on PW = select B (the PW method is always correct). 5 29.3% $9,738
(=3 Based on IRR = select A (,rg_i,s,\lggg/igg). B 16.3% $10,131

« To solve using IRR, the base alternative is A: find the IRR of the incremental cash flow (B = A)
IRR g = 11.4% > MARR ... The incremental investment is justified. § I UNIVERSITY OF

PW g4 = $393 > 0... same conclusion. s i
Select alternative B. ] R ]j /‘ ]\]

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)
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Lo Jram e (4 proces

usina rate of
A return. metheo

Comparing Alternatives with equal lives: Rate of
Return Method

Use the incremental investment analysis procedure:
1. Arrange (rank order) the feasible alternatives based on li_t}(:reasing capital

investment. T D aller g . Ty
: : bas ¢ 31 g7 Laslas alternabive
. Establish a base alternative. R .
2 3\,.5\,\ N Zlg") basc

@® Cost alternatives—the first alternative is the base. 0 e
= Investment alternatives—the first acceptable alternative (/RR>MARK) is the base.

3. TIteratively evaluate differences (incremental cash flows) between alternatives
until all have been considered.

4. Work up the order of ranked alternatives from smallest to largest.

5. Subtract cash flows of the lower-ranked alternative { THE UNIVERSITY O]
from the higher ranked \ ] QORIDAN

Muhammad T. Hatamleh, Extracted from Sullivan et 2. (2018)

Comparing Alternatives with equal lives: Rate of
Return Method

Use the incremental investment analysis procedure:

6. Determine if the incremental initial investment in the higher-ranked alternative
is attractive (e.g., IRR> , PW_FW, AW all >0). If it is attractive, it is the
“winner.” If not, the lower-ranked alternative is the “winner.” The “loser”
from this comparison is removed from consideration. Continue until all
alternatives have been considered.

7. This works for both cost and investment alternatives.

Y 1‘_14.13 UNIVERSITY Ol
JORDAN
Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018) i R J



Comparing Alternatives with equal lives: Rate of

Return Method

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?

f »
Capital investment | $900 | $1,500 | $2,500 | $4,000 | $5,000 | $7,000
Net annual income | $150 $276 $400 $925 61,125 | $1,425
IRR -‘,r'»'y» oA R 10.6% 13.0% 9.6% 19.1% 18.3% 15.6%

- IRR is computed for each alternative ...
-4 - IRR < MARR for alternative C 2> - “Cis eliminated” ~

alternatives are ranked from lowest to highest capital.

C )‘RR ‘ P
1O IV ge b

- The rest of alternatives (A, B, D, E, and F) are all acceptable alternatives. \s\. 4L

(\_e,uuu) '

Alternative A has the lowest capital among all acceptable alternatlves\ o U ¢/ o
) RSIT QOF
Al mr\L AN
Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018) i e
Comparing Alternatives with equal lives: Rate of
Return Method
A, B, D, E, and F from the lowest capital
) D
A Capital $900 $600 $2,500 $1,000 $2,000
A Annual income $150 $126 $649 $200 $300 g
IRR A 10.6% 16.4% 22.6% 15.1% [8a%1—— J&!
s T
Is increment justified? - 5 yes yes yes no Bl
»5 Gao N ;e
B becomes ojdl"’ w8 BLL E :
the new pamdie L
base (A is Select E
eliminated)

T Hl UNI\ ERSITY QF

DAN

LIl

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018) I89e




Comparing Alternatives with equal lives: Rate of
Return Method

Check Example:6=4;

= This example is a cost-type situation with four mutually exclusive cost alternatives. The solution demonstrates the use
of the incremental analysis procedure to compare cost alternatives

) '1‘_HE UNIVERSITY ;‘_\’E
W ORDAN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

Comparing Alternatives with equal lives: Rate of
Return Method

Four alternatives are compared at MARR = 9%.

‘ "l
A - - . aD

A $15,000 12% - - -

b pas g B $20,000 15% 15% . .

\“C_j \Z“"’f ' e c $25,000 10% 9.3% 10% -

DYt B gl D $30,000 20% 9.5% 12% 7%

Lt N L .
> If all alternatives are independent, which one will you select? v yal

All (all have IRR > MARR and the selection of one does not exclude others). Nl q DL 94
(<]

Iternatives are mutually exclusive, which one will you select?
:tﬁ a”ta_ C y y THE UNIVERSITY OF
ernative C. 2N :
& ORIDAN

Muhammad T, Hatamleh, Extracted from Sullivan et al. (2018) ’ s s
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Muhammad T. Hatamleh, PhD
Department of Civil Engineering
Slides 12

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

Chapter 6: Comparison and Selection Among

Altematlves allernative  3,t50 el >
S
Topics to be covered this week: i my prof.‘l— 2 mh m 5
) . ) loses .
+ Evaluating multiple projects IRR i &l

« Comparing Alternatives with Unequal useful lives: .
( v
1. Repeatability Incemantel  analys¢)

2. Co-terminated

«' Exercises and practical examples

THE UNIVERSITY QF

W IORDAN

Muhammad T. Hatamieh, Extracted from Sultivan et al. (2018)



(W \_J\S\JJJ‘O o ‘\Lw' t‘d—M’Z’“‘D'\_AfJM . w
Glgen 5 4= o s U uscull \.?c Noequb Sy

. sludd Pcrno-:! A s Lo \J\jws N vl \>u,u

< g
Comparison and Selection Among Alternative ,5
Unequal useful lives i

(DThe useful life of an alternative is less than the study period: 53 wealtlo ous

equtp Ls)'»:au R JO

ivae —min o€ . N
» Cost alternatives b ULE alnds 2y 1

* Contracting or leasing for r'emammg years may be appropriate »&pj ULJ L el
* Repeat part of the useful life and use an estimated market value to truncate :
o Jeiewl 2 G,

. (W °
» Investment alternatives — MaX Pr"g‘} Mgl mup A
* Cash flows reinvested at the MARR at the end of the study period ¢ AUe\S St UCJJ peﬁod
* Replace with another asset, with possibly different cash flows, after the study period IV _;n (s _9'\
O R LY
R L—‘«J\pﬁs lgalas 5 § THE UNIVERSITY OF =
MQQR A e ) g s \ ]O T/_\]\
J PC rf Od Jl q’\@\ Muhammad T, Hatamleh, Extracted from Sullivan et al. (2018)
T S Coyu c Sl 100 S yumo U
“)B\ &_‘-\Q 3 = 15 \_@Sz’ U':(’Fqn BY
I DL.-LLY!_, deti'sion ‘)\d_i‘l ks
/7 my study period. T ¢

Comparison and Selection Among Alternatives:
Unequal useful lives

(@ The useful life of an alternative is greater than the study period:

> Truncate the alternative at the end of the study period, using an estimated market
value.

> The underlying principle in all such analysis is to compare the MEAs in a decision™
situation over the same study (analysis) period.

The repeatability assumption, when applicable, simplified comparison of alternatives.

s s :\-L @ THE UNI\’l%.‘\Sl’l‘Y QF
- { j ].
{am repealf‘.’nj 101‘\]*"/_\“]‘\

dhe same ?rocﬁvs
to cover mj sboc\)j Pemod

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)



omparison and Selection Among Alternatives:

. s q° flﬂ}’ll\"n}u'/’ 5
Unequal useful lives, repeatability .. . ... ... .~
' el ¥ : , ’
The least common multiple of useful lives should be found to facilitate repeatability:
= Ls LI .J-:—l,(l f}/ Lz._H
$n 131 |
wExamplej Alternative A with 2 years useful life, B with 3 years. what is the least
common multiple of useful lives? Ua—3 A Clas 9 yols "',T".’ st Gan
3-,(5)f,¢ f]:) ’,r'»

s\

« A can be repeated 3 times =» 6years L¢u 1 Giaw B,
« B can be repeated 2 times =» 6 years ‘Z'y= € o 5~ 2 N € L& Les
L 2

e YE I I

6

D

=IExample: Alternative A with 4 years useful life, B with 3 years. what is the least
common multiple of useful lives?

= A can be repeated 3 times = 12 years
= B can be repeated 4 times =» 12 years @ THE UN

\
N

Muhammad T. Hatamieh, Extracted from Sullvan et al. (2018)

Comparison and Selection Among Alternatives:
Unequal useful lives, repeatability

l,\;_%\':s.:;) Bjﬂ L—_SJ-'LS
ExamplezTwo mutually exclusive alternativegwith different useful lives. If MARR =.1Q%
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 B
Useful lives (years) 4 6 ™ L« 12
Market value at end of useful life 0

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)



| |

Comparison and Selection Among Alternatives:
Unequal useful lives, repeatability

The least common multiple of useful lives =12 years.
* Ais repeated 3 times.
* Bis repeated 2 times.

Alternative A Alternative B
$1,255 $1,255 $1,255 41,480 $1,480

S A O A [T T T TV ITT T 1]
I U A s

$3,500 $3,500 $3,500

PW (10%), = -$3,500 - $3,500 [(P/F, 10%, 4) + (P/F, 10%, 8)] + $1,255 (P/A, 10%, 12) = $1,028.

PW (10%)3 - '55,000 = SS,OOO (P/F, 10%, 6) + $1,480 (P/A, 10%, 12) = 52,262 Select B l HL L.”\l\ = ]\\l TY QF

dT. Hatamleh, E dfromSulivanetal. (2018)  _J | C:E(

}_f; profer

Comparison and Selection Among Alternatives:
Unequal useful lives, repeatability

% If repeatability can be assumed, the MEAs are most easily compared by finding the
annual worth (AW) of each alternative over its own useful life, and recommending the

one havmg the most economical value.
1 \S“'/l ™ \JJ-LD PR
P’ ‘\.uL'\ \'_;JSU L, Aw
J‘_)—LLJ
d‘“" Q;LD\-Q WWlg « Aw

decision s THE UNIVERSITY QF
JORDA ]\'

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

AN



Solve using the annual worth method

Comparison and Seiection Among Alternatives:
Unequal useful lives, repeatability o,

4150

.

3,900 $n90

AW (10%), = -$3,500 (A/P, 10%, 12) - $3,500 [(P/F, 10%, 4) + (P/F, 10%, 8)] (A/P, 10%, 12} + $1,255 = $151.

Alternative B

Or AW (10%), = PW (10%), X (A/P, 10%, 12) = $151.

N 1

A
l'\:;

35,000

AW (10%), = -$5,000 (A/P, 10%, 12) — $5,000 (P/F, 10%, 6) (A/P, 10%, 12) + $1,480 = $332.

Or AW (10%), = PW (10%)g * (A/P, 10%, 12) = $332.

Calculate the annual worth of each alternative over one useful life cycle:

AW (10%), = -53,500 (A/P, 10%, 4) + $1,255 = $151. ] N pyees’

AW (10%), = -$5,000 (A/P, 10%, 6) + $1,480 = $332. AW I s
= Same result eprats ax o ) sl Wlka i L 6}\:_.0

= For repeatability assumption, we can calculate the AW for each alternative over its
own useful (single) life and compare directly.

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

::::::

Select B

Select B

THE UNIVE

TORDAN

Comparison and Selection Among Alternatives:

Unequal useful lives, repeatability

(Check it out)

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)
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Comparison and Selection Among Alternatives:
Unequal useful lives, Co-terminated

* The repeatabiljty assum u on, when applicable, simplified comparison of
alternatives. N 5 s LS 15

5}\5‘4 )-‘%J ‘Lm_;U| \s\nd_u.uu-a
SN B2l 5 allemative JSu Aw i s

» If repeatability cannot be used, an appropriate study period must be
selected (the co-terminated assumption).

LB R ¢

\@ THE UA\I\'I‘R\‘H‘\' or
JORDAN
Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018) \ .

)‘\)\3“5 U,.,\_g Z‘) “MS\A L»ajw(-:uwo

5}0@ pfrl'ocl

S\ g €
o5v \Ju\.é-'_y.—ul.))oﬁ d_,l Lu.u.wu \_$ij \;u;‘ Sfuc{j ,xrnod

at the end of mJ stud \-Q-v-»g Slgw 3 5 \ALM-UJU)
perfo )

(  Comparison and Selection Among Alternatives:
| *

« Unequal useful lives, Co-terminated

1) Useful life < Study penod_, ass umpls al 21 %

s g O repeat - Jaw Lol

a) Cost alternatives: A studg period o1 1 W
market \v’QlUC.)\_,Q-J. Go S5

- Contracting or leasing equipment/service for the remaining years.

- Repeat part of the useful life and truncate at the end of the study period with an
estimated market value.

cr—l\

b) Investment alternatives:

- Cash flows reinvested at MARR to the end of the study period.

VHE UNIVERSITY

JORDA 1\

flows over the remaining life.

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

- Replace with another asset with possibly different cash @




v

Comparison arw! Selection Among Alternatives:
Unequal usetul h\.fc:r&s.,, (Co-terminated

2) Useful life > study period: truncate at the end of the study period with

: < v
an estimated market value. )51 2tsls
INININANANINT NS NA A, - §ll
e % Ll Lo

es\imated market ‘Siis QJ.%J
For Co-termination, use any equivalent worth methods using the cash flows
available for the study period.

lH’ U]\l\'l'l{\‘]'l'\,' QrF

S

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)
Comparison and Selection Among Alternatives:
Unequal useful lives, Co-terminated
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?
Jw LO/ L
1 d_.uum |
cpeal . Capital investment $3,500 $5,000
agsunplien| Annual cash flow $1,255 $1,480
Useful lives (years) 4 6
Market value at end of useful life 0 0
e 6 years isn’t a multiple of both lives =:{repeatabilitv isn’t applicable for the study period.]
Co-terminated assumption: Assume that the money at EQY 4 for alternative A
will be reinvested at MARR till the end of the study period )""} THE UNIVERSITY OF
$ilis afdis pijed W ORDAN

\_i_ A " = l ‘O '/ Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)
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Comparison and Selection Among Alternatives:
Unequal useful lives, Co-terminated

¥ Co-terminated assumption:[Stud eriod of 6 ear_s] : )
Capital investment $3,500 | $5,000 [
Annual cash flow —[ $1,255 J $1,480 j
Useful lives (years) f 4 , 6
Market value at end of useful life l 0 L 0 ]

Eor A, useful life < study period ... needs cash flow adjustment.

Assume money will be reinvested at MARR until the end of the study period.

FW (10%), = [-$3,500 (F/P, 10%, 4) + $1,225 (F/A, 10%, 4)] % (F/P, 10%, 2) = $847.
AN

—3 Slis
For B, useful life = study period ... no cash flow adjustment is needed. v il )
FW (1 (10%)g = -$5,000 (F/P, 10%, 6) +$1,480 (F/A, 10%, 6) = $2,561. S s
] Lz
Jo max my

prup.l» IHE U N[\']‘R\‘IT\_‘OL
@ ORDAN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)
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Comparison and Selection Among Alternatives:
Unequal useful lives, Co-terminated

* |n summary, utilizing the repeatability assumption for unequal lives among alternatives reduces to the
simple rule of “comparing alternatives over their useful lives using the AW method, at i = MARR.”

« This simplification, however, May not apply when a study period, selected to be shorter or longer than

the common multiple of lives
» (Co-terminated assumption), is more appropriate for the decision situation.

When utilizing the co-terminated assumption, cash flows of alternatives need to be adjusted to be
terminated at the end of the study period,

« ' Adjusting these cash flows usually requires estimating the market value of assets at the end of the study

period or extending service to the end of the study period through
leasing or some other assumption. ) T H.l UNIVERSITY QR
JORDAN

Muhammad T. Hatamleh, Extracted fram Sullivan et al. (2018)



omparison and Selec
Unequal useful lives.

{Example:Two mutually exclusive alternatives with different useful lives. At 5% per year MARR:
— e A e N

tion Ameng Alternatives:

Capital investment $6,000 $14,000
Annual expenses $2,500 $2,400
Useful lives (years) 12 18 -~ Lcd 36
Market value at end of useful life 0 $2,800 A (3\’
SUTE '\.D/J(:_v « t“b?z.'.
3\".:,:,
Determine which alternative to select assuming repeatability applies.
AW (5%), = -$6,000 (A/P, 5%, 12) — $2,500 = -$3,176.8. orEe AW
AW (5%)g =-514,000 (A/P, 5%, 18) — $2,400 + $2,800 (A/F, 5%, 18) = -$3,497.6.
= select A (lower cost). THE UNLVERSL]

@ ORDAN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

Comparison and Selection Among Alternatives:
Unequal useful lives.

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

$14,000

Capital investment $6,000

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 |f,x\r1;\rgaQ,a3thy does not apply, study period is £8 &ears, and a
new system can be leased for $8,000 per year after the useful life of alternative A is over.
P N N~ N e W ULUIUSS

PW (5%), = -$6,000 - $2,500 (P/A, 5%, 12) - $8,000 (P/A, 5%, 6) (P/F, 5%, 12) = -$50,767.45. .
PW (5%)g = -$14,000 — 52,400 (P/A, 5%, 18) + $2,800 (P/F, 5%, 18) = -$40,885.54. 18 e "3
= select B (lower cost). Yoo \saus

) FHE UNLVERSITY QF
JORDAN

LR Y

Lw v

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)



e

Comparison and Selection Among Alternatives:
Unequal useful lives.

@i’é’mjﬂg Which alternative should be selected assuming MARR = 20%? Use the Ifﬁmethod.

0\

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

« Study period isn’t determined ....

» Repeatability means finding AW. Which means you should use repeatability method

AW(i%)s - AW(i%), =0 2 bl

-63,500 (A/P, i*, 4) + $1,255 = -$5,000 (A/P, i*, 6) + $1480 Lo i i

Jry s YRR THE UNLVERSITY OF
i* = 26% ... increment is justified ... Select B SN = ‘“ ]Q ]_{D _/_\\_1\]

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

tep -~ ) & A

The End

s THE UNIVERSITY QF
JORDAN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)
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Chapter 7: Depreciation and Income Taxes

Topics to be covered this week:

» Taxes

Muhammad T, Hatamleh, Extracted from Sullivan et al. (2018)




Taxes »
+hat You will pay by dhe end oF 1t

Q 9
Types of taxes Pepancial far based 0 your fncome as an

e g Mtra
A 9ndfuidual ay an ofg. s \gs o 2D N B W 0 S\ e
> Income taxes: function of gross revenue minus allowable deductions. Ldlen o G2 LY sl
5 . ¢ = \ s

S AN \/)‘ 'Z/U'D/v‘@ Eé’t‘_&g\ S\,y-——
A Lol Wt Lo
> Property.taxes: function of the property (e.g., land, building, equipment, etc.) value (independent of . % N
income or profit). e

o e tal

Olldy, O\sael : ASN

» Sales taxes: function of the value of purchased goods or services (independent of income or profit).

» Excise taxes: taxes imposed on the purchase of non-necessities (independent of income or profit).
Wity € GBESE( 1141 UNIVERSIIY ¢

" ‘ (R N AN
AN N\

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2012)

I&X@S F[,x)ud' A p(oddf} O alig
-y - W L ' '
andee s aslun) Usls Uvs Rt .
’c . . —q-n‘n‘. ‘B M
After-tax analysis .

7 R
» After-tax MARR = Before-tax MARR X (1 - effective income tax rate) A ol s \_p:nk&..

\
» Taxable income = Gross income — All expenses (except capital investment) — Depreciation deductions
(RN 2 e
implé: 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 548,000,.732 total depreciation
?

dedu&i;f@ojthe tax year equal Sw. What is the taf_ble income_ofl this firm

B
Taxable income = $1,500,000 — $800,000 — $48,000 — $114,000 = $538,000.
b pokLd
ko X¢ Z:""t
21 (4« < 7
kaxable Thcomd [BES

THE UNIVERSITY QF

TORIDAN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018) \~ 7



Taxes

After-tax cash flow (ATCF)
» After-tax economic analysis is the same as before-tax analysis except:
AP S R
\gasr " Ty =t (Ry —Ep —di)
RTINS B ,

LUyl P 1 ,ﬂ
Where: Taxable income !

, S— S T i

Tx: income tax consequence during year k.

R).: revenue (and savings) or cash inflow during year k.

E}.: cash outflows during year k.

dj: sum of book costs during year k or accumulated depreciation.
t: effective income tax rate.

Muhammad T. Hatamleh, Extracted irom Sullivan et al. (2018)

Al Ble e quh gl

3 ?}p)\, S ot Lo s

Taxes RO P P

o3> 5obe U & p v i) aul

After-tax cash flow (ATCF) ATCE, 2 3s
Before-tax cash flow |-+ BTCFy, = Ry — Ej T, = —t (R —Ex — dy)
: ;
1
ATCFk - BTCFk + Tk

= (R, — Ex) — t (R — Ex — di)
=1 —-t)(Ry — E) +tdy
(111 UNIVERSITY QF

@ ORDAN

Muhammad T. Hatamleh, Extracted from Sullivan et al (2018)



Taxes

mgA new equipment is estimated to cost $}§/0\,920 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 10" year. Using the SL depreciation method, and

. —
income tax ra (—t x taxable income)
NS

assuming a 40% effectiv.

EOY K |5 Capiatl : m (BTCF + income tax)
; b s o
0 -$180,000 -5180,000
1 - -$8,400 $27,600
2 - -$8,400 $27,600
3 - -$8,400 $27,600
4 . -$8,400 $27,600
S 5 -$8,400 $27,600
6 - 48,400  $27,600
7 -$8,400 $27,600
< -$8,400 $27,600
S : -$8,400 $27,600
10 } (58,400 527,600
10* - $30,000 - $30,000 / p / 0 Q’ $30,000
S 3 9 ] .
= $180.000-530,000 BTCF—dp .Y iy ;| e
’ 10 a \A’““-’ L° ‘:’U—‘.‘ ISINA AN
e ‘f( Muhammad T Hatamieh, Extracted from Sullivan et al (2012) }‘a,(a wow L T T
coM
@;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?
BTCF, = $20,000 — $5,000 = $15,000. -» G sl

R S, O
% What is the ATCF for the 2" year? v Bans
Y YT

BTCF, = $20,000 - $5,000 = $15,000.

dy = ($100,000 + $10,000 — $10,000)/10 = $10,000 per year.
Taxable income for year 2 = BTCF - d,, = $15,000 - $10,000 = $5,000.
Ty =-0.30 x $5,000 = -5$1,500.

ATCFZ r BTCFZ + Tk = 515’000 #e 51’500 = $13’500 THEUNIVERSITY OF
ITORDAN

Muhammad T Hatamieh, Extacted from Sullivan et al (2018)



Taxes

-$13,000
-$14,000
-$15,000
-$16,000

.3 4 Ry

= 4/(1+2+3+4) x ($35,000 — $0)
= 3/(1+2+3+4) x ($35,000 — $0)
=2/(142+3+4) x ($35,000 - $0)
= 1/(142+3+4) x ($35,000 — $0)

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

The end

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

Ry-E¢ BTCF - dk

$14,000 $3,000

$10,500
$7,000 $8,000
$3,500 $10,500
——

,Ek

xam led Assume the cost basis is $/3_§/030 annual revenue is $}V@/Q annual expenses are 513 000 in t@it/year
and increasing by/svogofggr\/gar The useful life is 4 4 years and the SOYD is the applicable deprecuahon method,
develop BTCFs and ATCFs using a 15% income tax rate.

—F ¥ Tax Incom ¢ GTCF i

incom€
tar

$35 000
$16,550
$15,175
$13,800
$12,425

1L L\’ IVERSITY Of

}
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] D ;"\L \\Y



Engineering Economy
(0901420)

Muhammad T. Hatamleh, PhD
Department of Civil Engineering
Slides 13

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

Chapter 7: Depreciation and Income Taxes

uiv valee Il
kls Y |n mon(\ﬁ

Depreciation oeprc’dah on  sun

= Accounting concept (noncash or book cost).
= Measures the decrease in the value of physical properties with time and use.

= Begins once the property is placed in service for business.

Depreciable properties

* Tangible properties (machinery, vehicles, furniture, buildings).

lh' UNIVERSITY QF

JORDAN

= Intangible properties (patents, copyrights, franchises).

_—

\ . N ® 3 s
- &S u ' v z. y k'_s ‘ Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)
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Chapter 7: Depreciation and Income Taxes

Depreciation Methods:

® » Time

G = Straight line (SL) method g 7
3WL L Sumof years digits (SOYD) method Straight ine (SL) prethod P ‘“ yeugan
535>+ Declining balance (DB) method i

@ » Use
C’ * Units of production method
Wil \_,—,_!..4_»51: . Q{
\y“_“':’ o ) ¢ PfOP . A Muhammad T, Hatamieh, Extracted from Sullivan et al. (2018)
v buft  Us -
. ol %( ot = t“:"} DCP (d}}'\ - LOOK
L ‘F.w 50000dD U W NN IRV cost Cos
P TR - ¥
A q"\‘_“‘7';“‘-3 A}_’U“Y‘L*:-T‘j-‘- \r‘_JLA)\_jI OLSIG_ )‘J (GAU! 13 \':';"\i'r")‘
S G\ WEGA LAV S WA LY (’fitﬂa)\\-&»\.ﬂf an = 0=
depicciation Uiless O G ¥
beaK cos} !
Straight line (SL) method
>¢The constant amount is deprecrated each year over the depreciable (useful) | "’*‘:‘—" U\L‘
ANV

\s.u)\-b')—/ oJL-./ \vL—o’k ’ _B—SVN rehara Pric y *
Y S 5 sl ¥TN \ Dep 21 Wime

uu.-b \_g,cl r‘l\CihOCJ )\ks\-D dy =kx dy,for1<k <N -
L i S DeP BV, = B — dj
Where: LF i T

N: depreciable life of the asset in years.
B: cost basis, which is the initial cost of acquiring an asset + other associated expenses (sales tax, transportation,

Asset Value

setup, etc.)

dy: annual depreciation in year k.
BVy: book value at end of year k (worth of a depreciable property on accounting records = cost basis - all allowable
depreciation).

SVj: estimated salvage value at end of year N. THE UNIVERSITY %

JORDAN

dy: cumulative depreciation through year k.

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)
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Straight line (SL) method

IB ,u/u

[§§§mglg: A tool has a cost basis of W and a five-year depreciable life. The estimated salvage value
" « 15 $20,000 at the end of five years. Determine the annual depreciation using SL method and tabulate the
5 annual depreciation amounts and book values at the end of each year.

B = $200,000

dl :d2:d3=d4=d5= =$36,000

di = 1x$36,000 = $36,000 BV, = $200,000 — $36,000 = $164,000
d; = 2x$36,000 = $72,000 BV, = $200,000 — $72,000 = $128,000
d3 = 3 x$36,000 = $108,000 BV; = $200,000 — $108,000 = $92,000
4 x $36,000 = $144,000 BV, = $200,000 — $144,000 = $56,000
d: = 5 x $36,000 = $180,000 BV; = $200,000 — $180,000 = $20,000

dy =

J

¥,

S¥y = $20,000 N =5 years

200,000 — 20,000

5

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)
D Lw 2% book value ) ¥
SV D) Goslas

R o s s

DYk s
$200,000 L2
$164,000 —> \ru‘J u,
$128,000 L. —
$92,000 L d-zb

$56,000 )\ (u;"

L}

I AJ)I v

\$ \_LD.LH bdou oysc}s I WUawl T oﬁ A\ IS Dep BIRE VA A TN ovsef’

s i Faxis 21 (o Expee Ny, avddy I sl Tl (s AeP J .u,\ (Ve 4__.5(
ko use In my favest - )Lgl cash ﬂow G s soL Wass)

Sum of years digits (SOYD) method .~

This method accelerates the recognition of depreciation (most depreciation is recognized in the first few
years of the asset’s life).

Remaining useful
life of the asset

Depreciation expenuse = x Depreciable cost
Sum of the years’ L oyl )
¢ digits Lt RILIgN
>0YD . loU:se\lésﬁuwl -
N(N+1 [N - K+1]
sovp = 1+ 4= (B - SVN)
: ey
. “ S Wb dg n
dk-zﬂldk',forlskSN S k'd-*
le\’il::ill RIS
] QRO
dT.H leh, E d from Sullivan et al. (2018) L&Ll b‘\’




Sum of years digits (SOYD) method

A8 LSV AV
Useé
Example: A property has a cost basis of $33, 000 and a salvage value of 5\3_,9/\00 with a 5-year useful life.
the SOYD method to determine the anmeaatlon and book values at end of eSEﬁYVEar

soyp =BG _ 45
2
(s 1+1]
d;=——— = ($33,000 — $3 000)-— * ($30,000) = $10,000
4
d, = -— x $30,000 = $8,000
3 2
'ds = == x $30,000 = $6,000 QV: 33000-(locos e 3 $6,000 ~ $9,000
_ 2 _ + % 000 B 4 54,000 SSIOOO i3
dy = 115 X $30,000 = $4,000 - & 000) s s $2,000 $LOOO ] ‘
RV
ds = = X $30,000 = $2,000 =9000 IOl 2 LdL

THE UNIVERSITY OF sv
JORDAN

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)

Declining Balance (DB) method

Also called the constant-percentage method.

> Annual depreciation is a fixed percentage of the BV at the beginning of the year.
=B(1-R)*1R
dp=B[1-(1- R)¥]
BV, = B(1 - R)¥

Where:
R: constant percentage ratio [2/N] when 200% DB is being used (double declining balance — DDB)

R N \;@L‘,l ¢ and[1.5/N] when 150% DB is used)]. 0 T L‘I\'X\'LR\U\ OF

s JORDAN
‘50 /) )‘. JOUHC Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)
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Declining Balance (DB) method

{j ey

Examplel A new cutting machine has a cost basis of $4 000 and a 10- year depreciable life. The machine
has g\c:/@/a\rfgt/\\lgLe 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. ‘_)quwilw Lo LS %
(b) R = 1.5/N or (150% DB). US £ 10131 "0 1 O
R_z_ ) d« ,.,J.Ju\u.o 0 -
o= 2 ol )
d; = $4,000 (1 - 0.2)'"! x 0.2 = $800, BV,= $4,000(1 — 0.2)' = 53,200 el 3 512
d; = $4,000 (1 — 02)>~" x 0.2 = $640, BY, = $4,000(1 — 0.2)% = $2,560. S e
...and so on 6 262 it
7 W72
15 3 167 77
= — = 13422
e 10 ~ 0.15 1: 107.37
d, = $4,000 (1 - 0.15)"* x 0.15 = $600, BV,= $4,000(1 — 0.15)" = $3,400. :
d, = $4,000 (1 -0.15)"" x 0.15 = $510, BV, = $4,000(1 = 0.15)* = $2,890.
...and soon
Muhammad T. Hatamieh, Extracted from Sullvan et al. (2018)
Declining Balance (DB) method
* Sample calculations for WS:
a) ' 200% D3 Method Ordy
R=2/10=0.2, AatEl B L0 B
d, = $4,000(1 - 0.2)5(0.2) = $262.14, y e i S
d", = $4,000[1 - (1 - 0.2)¢] = $2,951.42, 2t am
- _ 6 4 W9 163840
BV, = $4,000(1 - 0.2)° = $1,048.58. 1 e oo
L&l 601 105
7 29.72 833.86
b) ] V6777 671.09
9 H2 53 87
10 W7 37 4295-0

R=1.5/10=0.15,

dg = $4,000(1 - 0.15)5(0.15) = $266.22,
d*¢=$4,000[1 - (1 - 0.15)6] = $2,491.40,
BVg = $4,000(1 - 0.15)¢ = $1,508.60.

Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018)
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Declining Balance (DB) method
D bl

- EOYk | LR dk R e BVk W ;' Ny ?_ngo
0 = S | N $4,000 | BV #£sV
1 $800 $3,200
2 $640 $2,560
3 $512 | $2,048
a $409.6 | $1,638.4
5 $327.68 | $1,310.72
6 $262.14 | $1,048.58 o
7 $209.72 $838.86 ST o)
8 $167.77 | $671.09 St
9 $134.22 | $53687 |1 -
10 | $107.37 @" . ‘Switchover to SL method

» Switchover occurs in the year in which the SL depreciation

i THE UNIVERSITY OF
is greater than or equal to the DB depreciation.

JORD AN

(=]
Swi JC"\. duu (A} Muhammad T. Hatamieh, Extracted from Sullivan et al. (2018)

VU s

Dech_mng Balance (DB) method -

i A T o SN
T ookopmethodonlyl e R
Year, k BV @ beginning of year d; DDB method d; SL method d, selected
1 $4,000 $800 $400 $800
2 $3,200 $£-_340 $355.56 $640
3 $2,560 $512 $320 $512
4 $2,048 $409.6 $292.57 $409.6
5 $1,638.4 $327.68 $273.07 $327.68
6 $1,310.72 I 5262.14 Switch §262.14 I $262.14
7 $1,048.58 $209.72 $262.14 $262.14
8 $786.44 $167.77 $262.14 $262.14
9 $524.30 $134.22 $262.14 $262.14
10 262.14 $107.37 $262.14 $262.14
11 I 0 I
* d} SL method is calculated based on the BV @ beginning of each year, S\(l)and the remaining years.
For year 1, dj SL = ($4,000 - 0)/10 = $400. <l Guadl ds - !_HL UM\’LMll\ QL_‘
For year 2, d SL = ($3,200 - 0)/9 = $355.56. Neolly SL M 3 ': ) o b ] ] ]“\ \
Muhammad T. Hatamleh, Extracted from Sullivan et al. (2018} Lh Ak DDQ i
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vnits of production method

A decrease in value is a function of use.

B-SVy
estimated lifetime produc:ion unlls

} 2

8 . L,)\Lguu/\ SV

{ xamg]e\ An equipment has a basis of §§/690 and is expected to have a $10 0 0 SV when replaced after
use. Find the depreciation rate per hour of use and find its book value after 10,000 hours

Depreciation per unit of production =

of operatlon.

s
— . A

00— $10,000
$50,0 $ = $1.33 per hour

30,000 hours

Depreciation per unit of production =

After 10,000 hours, BV = $50,000 — "ﬁ x 10,000 hours = $36,700.
gJ\AL»uY' [ ’ch

Muhammad T. Hatamieh, Extracted from Sullivan et al. (2018) )-‘——) |

The end

VHE UNIVERSITY O
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Muhammad 7. Hatamleh, Extracted from Sullivan et al. (2018)



