STUDENT LEARNING OBJECT F:‘;’fm‘n
From studying this chapter you wi Lc S
»  Why Engineer needs economics concep
* The terminologies used in the engineering economi-&

analysis y
e Principle of Engineering E(.jonomlcs.
» To develop the cash flow dlagram
* How cconomic system is carried out?

e

1.1 Definition of Economics
Definition 1 _
Economics is the social science that examines how People

choose to use limited or scarce resources in attempting ¢
satisfy their unlimited wants, (N. Gregory Mankiw)

Definition »
Economics is a science which studies human behavior a5 ;
relationship between ends and scarce means which have

alternative yses. (Lionell Robbins)
Why Engineering Economics?

The field of engineering economy
SyStematic evaluation of the benefits and costs of the projects
involving €ngineering design and analysis. Engineering
cconomy quantifies the benefits ang COSts associated with
engineering projects to determines jf they make (or save)

enough money to warrant their capital
Mmanufacturing or cq

every detail of 3 pr
conceptual design to distribution Enginee
benefits of Project exceed

is concerned with the

Investment. In

IS must decide if the
its costs and
comparison in gz unified framewurk. The f

which to make this comparison

must make this
amework within

15 the field of engineering
| economics,

In the development of any product, , COMmpany’s engineers are

called upon to translate an idea into reality. A firmy's growth

and development largely depends UPON a constant flow of
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Int_mduction

ideas for new products, and for the firm to remain competitive,
it has to make existing products better or produce them at a
lower cost. Traditionally, a marketing department would
propose -a product and pass the recommendation to the
engineering department. The engineering department would -
work up a design and pass it on a manufacturing, which would
make the product. With this type of product development
cycle, a new pyoduct normally takes several months (or even
years) to reach a market. Decisions made by the engincers are
commonly the result of choosing one alternative over another.
Decisions often reflect a person’s educated choice of how to
best invest funds, also called capital. The amount of capital is
usually restricted, just as the cash available to an .individual is
usually limited. The decision of how to invest the capital will
invariably change the future, hopefully for the better: that is, it
will be value adding. Engineers play a major role in capital
investment decisions based on their analysis, synthesis, and
design efforts. The factors considered in making the decision
are a combination of economic and noneconomic factors.

Hence we can define Engineering Economics in a following
different way:

Definition 1“Engineering economics is the application of |
economic techniques to the evaluation of design and
engineering alternatives. The role of engineering economics is
to assess the appropriateness of a given project, estimate its
value, and justify it from an engineering standpoint”. (Dr. John
M .Watts) |
Definition 2“Engineering economics deals with the methods
that enable one to take economics decision towards
minimizing the cost or maximizing benefits to business
organization”.
Definition 3“Engineering economics deals with the concepts.
and techniques of analysis useful in evaluating the worth of
Systems, products, and services in relation to their costs”.
1
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Definition 4“Engineering economy lm‘fUIVES formulaﬁ'
estimating, and evaluating the economic Outcomeg
alternatives to accomplish a defined PUFP.Ofe are

- Another way to define engineering econon?y lsla‘s a colle
of  mathematical techniques  that simplify
comparison”,

CtiUl"'f

Knowing how to correctly apply these tcchmqwss IS "-‘f;PL‘Cia"-.;
Important to engineers, since virtually any project wil] a['Fth_;
costs and/or revenues, f;j
i
1.2 Origin of Engineering Economy

Cost considerations and comparisons are fundame
of engineering practice. However, the
engineering cconomy methodology, w
engineering work . is relatively
historically, Costs were usuy
decisions. However,
Primary
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development of
hich is now used in g]]
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the perspective that ultima
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enginecring, |n 1942 Woods
edition of thig book, late

eteenth century
Mic  analysis in

placed ¢mphasis o

it today. He
- Point of view in
AIMO wrote the first
Cring Economy.

and Deg
rentitled Engine




Introduction

{.,:___-;,; ;-,;:_-5::,".§.';'f
~ economy assist people in makmg decnsnons Since dec151on

affect what will be done, the tlme frame of engmeermg
economy i pnmarlly the future. Therefore, numbers used m
an engineering economic analysns are best estimates of what i
expected to occur. These estlmates oﬁ:en mvolw_ the three
essential elements:, cash flows, tlme of occurrence and interest
rate. These estimates are about fulure, and wnll be somewhat
different than what actually occurs, pnmanly because of
changing circumstances and unplanned for events. In other
words stochastic nature of estimate will likely make the
observed value in the future differ from the estimate ‘made
now. Especzally. sensmwty analysns is performed durmg the
engmeerlng economic study to determlne how the decnsnon
might change based on varying est:mate (dHCUSSE‘d m chapter

i 3 . or B wa AN FRgtesgegeae s nyegd eyopd T fx o e S A T A o S peavla
= ; ol 0 Sl S SRR £ ATEN BT 6 S o SRR AT S DR i B AT T T R 8 R G Y e

Engmeermg economf 'Can be used equally to analy"ze outcomes

have met or not met a specified criterion, such as rate of return
requirement (discussed in chapter 4). There is an .important
procedure used: to;address/ the- development and selection,.of
alternatives.-- Commanly . referred.. as. .the, .problem-solving
approach -or the  decision making process, the steps j_n;;-i-the

approach follow: e

‘Understand the' prob]em and deﬁne the ob;éctwe

- Collect relevant information:” .
Define - the feasible:alternative: solutlons and make

b

B

~ realistic estimates.

4. Identify the criteria for dec:smn makmg usmg one or
i mi: Moreattributes: = @ o vtensant Lo b BRGNS G B
s, 5:-Evaluate each altematwe, usmg scn51t1v1ty analy sis. to
5. .enhance the. evaluatlon

6. Select the best a]tematlve R o

7. Implement the solution and momto: the requltq
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Strategic Economic Decisions
Once project ideas are identified, they are typically
as:

1. Equipment and process selection

Equipment Replacement
New product development and product expansion

Cost reduction, and
Service improvement

I

1.4 Principles of Engineering Economics

The principle of engineering economics can be highlighteq in
the seven points as below:

Principle1

Develop the Alternatives: The choice is among alternatives, The
alternatives need to be identified and then defined fo;
subsequent analysis, |

Principle >
Focus on the Differences: Oniy the differences in expected
future outcomes among the alternatives are relevant to their

comparison and should be considered in the decision.

Use a Consistent Viewpoint: The Progpective outcomes of the
alternatives, economic and other, should pe consistently
developed from a defined viewpoint (perspective).

Principle 4- |
Use a Common Unit of Measure: Using a common unit of
measurement to enumerate a5 many of the prospective

outcomes as possible’ will make easjer the analysis and
comparison of the alternatives.

Principle 5

- y CamScanner
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§ Introduction
consider All Relevant Criteriu: Selection of preferred alternative

requires the use of criteria or several criteria. The decision

process should ¢
monetary unit and those expressed in some other unit of

measurement 0

onsider both the outcomes enumerated in the
r made explicit in the descriptive manner.

incipl
Make Uncertainty ~ Explicit:  Uncertainty is inherent In
projecting the future outcomes of the alternatives and should

be recognized in their analysis and comparison.

rinciple
Revisit the Decision: Improved decision making results from an
adaptive process to the extent practicable, the initial projected
outcomes of the selected alternative should be subsequently

compared with actual results achieved.

1.5 Essential Economics Terminology

1. Annuity:
« An amount of money payable to a beneficiary at regular
intervals for a prescribed period of time out of a fund

reserved for that purpose.
o A series of equal payments occurring at equal periods

of time
e Amount paid annually/monthly/weekly etc,
including reimbursement of borrowed capital and
payment of interest.
2. Assets: An economic resource of entity (including
money resources, physical resources, and intangib]e

resources).

Breakeven point:

¢ A graphic representation of the relation between total
income and total costs for various levels of production
and sales indicating areas of profit and loss. -

* A point where the organization is in no gain and no
loss state.

18
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| ', 4.+ Capital:

«...:8 ;The. financial resources involved ip eﬁtc‘:‘bli‘shi“"" ? x
st (SUSIAININg an enterprise or Project. . B an
e A term describing wealth which may b .

Y gl JRUSTT R
economic a_cl_\;antage,_Tlm_fon 2ed"

Stepoic advar T that this Wealgly - [0
may ‘be as cash, land - équipment - P'a'tents’ G |
materials, finished products, etc. > Ty
5. Cash flow: The statement showing .actuél_- i
* coming into the firm and/or going out dfthe‘-ﬁr'm Ounf
6. Capital récovery: [t is th ‘annual ,-e'quiva']em__-’:(_)St";f
capital cogt, <. el davies e s e
7. Discount rate: The interest rate use
-, Present value of the future cash flows,
8, Decision making: A program of a
.2 result of established policy to

decision. .

d to calc
0 cal__c‘u_l.a?r'e the
ct_@df{_hndértakén 2
. influence the s
9- Decision making under certa'irity‘:"gi;mi)-l'e' decmgns
that assume complete information and no uncertaingy
connected with the analysis of the decisions, 7

. 10. Decision making undey uncertainty:‘;_=.Dec_'isim; for

nalyst. ‘elects to- consider seyeral .possible

1. Decisiong under risk: ",

‘.Sp?lng_;iﬂ_ﬂvhiph an appropriate

portion of the asset's value s periodica]ly'lchafged ko

current operations.
13. Economic life: The
- cconomically usefy], -
14. Economic efficiency;.
of a business system.
Ofr ixire r-E_C.__anmiC. efﬁde“.c'}’ (%) =

[t s the ratio of output to input

Q“tplit_/iﬁplit*'l.oo |

k! ' 2ig ‘L
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Introduction
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sty el & ""W0|th/ Cost

5. In | that is char ed: for use of
15- Interest: [nterest is lhe fee ha g

someone else’s money. The size of the fee will depend
.upol'l the total amount of mongy. bonr)wed and t‘hL

length of time over which it.is b()rrowcd
___p_];’lnt_chiE It is clt.fmcd as the hxed puccntage of
"' the principal - (the “anfount of monty bol r0wu])
- ‘multiplied by the life of the'loan.” A VT TR S iy
- Compound :interest: The:  type- of .interest :‘that"

_periodically added to the amount investment, (or.loan)
so that subsequcnt interest is based-on, the. cumulative

s

. amount. cem & T ey
"16. Inflation: An increase in the average leCE paxd Fgl

EEERLRSS

goods and services bringing about reducfion in 'the
purchasmg power The inv erbe of mﬂal}o_r}_ 15 deﬂunon

‘17. Intangibles:
e In economic studies, conditions. or- economy”factors
_that cannot be readll} evaluated. in quantitative terms

~as in money,

e In accountmg, the assets that (.annot be' whabf
A . \is i ii!
evaluated (e.g., goodwlll soc1al values) .

18. Labor: The capacﬂy of human effort (both mma an
l____muscles) avallable F01 use m producmg goods z!irijél
services. | TRROTHGE o8

. OPPOrtuth cost et *ffi

'
- £,
-J;.-EJE; ’*‘ iy :|‘ 4 1! ;”

* The value of benefits sacnﬁced in selecting a course of
action among alternatives.

The valiie of the next best” opportumty fonegone 533
deciding to do one thing rather than another. ——
‘~*20 *Salvage Valie:s Receipt at préjdet: tetitiingtiorifot sale
S0P transferof thiseqtipment (eambea salvagel togtyel il
1. Time vahiéof: ‘Money:Sirce: mohey ‘Has 'thevability €9
€arn interest, its value incraases with fingor Hafée il

! ¢
he Felamnshsp betwedn intereést and tifnes = i =
U] hatroo 1o grinsinedd sy on arge
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22, Utility: Satisfaction that a consumer obtaing T
goods and services that are consumed. It jg 4 measu‘?
of satisfaction. |

1.6 Definition of cash flow
Cash flow is the stream of monetary (Rupees) Values""“(:()sts
(inputs) and benefits (outputs)——resulting from 4 PTOject

investment. The analysis of events and transactions that affects

the cash position of company is termed as cash flow, A cash

flow is the difference between total receipts (inflows) anq tota]

cash disbursement (outflows) for a given period of time, It i

the statement that shows the actual amount coming intg firm
~ or going out of the firm.

Cash Inflows: Actual rupees coming into a firm.
Cash outflows: Actual rupees going out from the fiym

Cash Flow diagrams (CFD)
The costs and benefits of engineering projects over time are
summarized on a cash flow diagram (CFD). Specifically, CFD
illustrates the size, sign, and timing of individual cash flows,
and forms the basis for engineering economic analysis. It is
difficult to solve a problem if you cannot
to approach problems in economic a
picture. The picture should show three t]
1. A time interval divided into
periods

2. All cash outflows (
period.

3. All cash inflows (withdray

see it. The easiest Way
nalysis is to draw a
hings:

4Nl appropriate number of equal

deposits, expenditures, etc.) in each

als, income, etc.) for each period.
Unless otherwise indicated, al] such cash flows are considered

to occur at the end of their respective periods.
- Drawing a Cash Flow Diagram

° Ina cash flow diagram (CFD) the end of period t is the
same as the beginning of period (t+)

1 " i
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Introduction

e Beginning of period cash flows are: rent, lease, and
insurance payments

e End-of-period cash flows are: O&M, salvages, revenues
overhauls

o The choice of time zero is arbitrary. It can be when a
project is analyzed, when funding is approved or when
construction begins
I One person’s cash outflow (represented as a negative
value) is another person’s inflow (represented as a
positive value)
It is better to show two or more cash flows occurring in
the same year individually so that there is a clear
connection from the problem statement to each cash
flow in the diagram

Arrow lengths are approximately proportional to the
magnitude of cash flow.

Year 1

IYear5l

] L | | ]
0 1 2 3 4 5
Fig1.1: A typical cash flow time scale tor 5 years

¥ ., ittt .
Cash- l T i

[

Flow l | : Time
Rs/s l |
P -pattern T e Présent
0 1 2 3 N-1
F‘;Pattern_ _ - T Future
: 0 1 2 3 N-1 N
A A A A
A -pattern T T T . T T Annual
4} 1 2 3 N-1 N .
. . .

: o §
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I 3 oy 2gh gt Introduction

0 . . s 1o
".'. F'.-'I.. w3y

fxample 11

A man borrowed RG. {600 from 3 bank at TR ) A
end-of-year payments: at the end of the first year, he will repay
half of the Rs.1000 pr incipal plus the interest that is du(_ At thus

end of the second year, he will repay the rcmammg half plus -
the interest for the second year.
Cash flow for this ploblem is:

" End of year Cash flow

0 +Rs 1, 000
C 1 -Rs 5, 80 (-Rss00 - Rs80)
2 -Rs 5, 40 (-Rs500 - R540) _‘
Rs1000 i ’
1 2 . e
B _ l \ ”,
Rs580 Rss40 inemypotems

1.7.Economic System
Economic system is the msntutlonal Framework wuhm whn‘:h a

soc1ety Or country cames on 1ts economlc acuvmes Mamly
‘there are three types of‘;yt;temq T ——
:‘_‘1. Prlvate enterprlsé sybtem (Capltahstl"C:__.‘_E‘C__?,:ljdflpl:l%
S}stem) '
2. Pure socialistic system
3. Combination of both (Mlxed Economic System)ss

!

L4y TERD 3

(7]

if :!.J .-1\(; {ﬂnas!r i'1 (”HJ I‘H‘i:‘)
| i. Private enterprise syste;p ((.apltahSth; Eﬁﬂﬂom“:
I'. System) » a3 u"i‘l-f ! H R WY ’j ®

Under this system, all firms, fac,tomcs and other, means of
productions are the property 0[ prl\{ate l11-_1(;1;;\”::111@15 and
Organizations. They are, free o use then;) W)Ii%h :a view to making
profit. What to produce how to produce and for whom to

]
Siale

Scanned by CamScanner



oblems of economic are sett

cel‘ltl.'a] pr
ese f demand and supply.

Al th
g of the forces ©

roduce! .
the free wor™

re ‘
Feature> f private property

. Righto |
o Freedom of enterprise :
il

o Freedom of choice by consumers .1
« Profit motive
» Class conflict

Merits
o Individual initiative

o Perfect competition

e Dynamic economy
Demerits

e Inequality of incomes

o Inefficient production

* Monopoly and exploitation

* Unemployment

I 2. Pure socialistic system

N pure socialigti ‘

iy IStic system  there ig no ' |
sources, goods and sery; ! comtrelid o0

- ces.ar
Q e
government. Production gk owned and controlled by the

akes place ;
Place In government enterprises

€ conditions under which

and the governme
exc
chgnge can occyr

Features

Nt specifieg th




Introduction

Merits

e In the absence of private profit, production will be
shifted from more profitable goods to more useful
goods.

o Many things, consumption of which is considered
essential for health and efficiency, may be supplied free
or below cost.

« Socialist economy will prevent cyclical fluctuations in
business activity and will bring about smooth working
of the economy.

Demerits

Bureaucratic running of the system

It will lead to concentration of both political and
economic power in the hands of government.

There is no proper basis of cost calculation and in the
absence of such a basis, the economy cannot function
in an efficient manner or allocate the resources in the
best possible way. '

3. Combination of both (Mixed Economic System)

The private enterprise system is decentralized where as
socialistic system is highly centralized. In present days,
economy is the mixture of socialism and private enterprises.
According to mixed economy, some part of an economy's
output will be produced by the profit oriented private sectors
and another part will be produced in a socialistic manner by
the public sector. There are also nonprofit sectors like

hospitals, schools etc.

Features
¢ Co-existence of the public and private sectors
* Role of government directions
| ]

Government protection of labor
Control of monopoly
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3.1 Time value of Money | |
Time value of money is defined as the time-dependent value gf

money stemming both from changes in purchasing power (f
, money (inflation or deflation) and from the real earning
potential of alternative investments over time. Since MOoney

has the ability to earn interest, its v

alue increases with time,

Hence it is the relationship betwe
Interest

Most of us are familiar in
Interest. We know
Interest so that the

the depositg. When

‘ eve
to conside

I' the lollows;,

amsScanner
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" We go for an

e
Y to cony

en interest and time.

Is greater than the sum of

w

Y INvestment, we will hate
I'S:

!
ert it to cash and

able to spend of
XPenseg. In other words!

L0 Use . I
o Your money while yo!
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Interest and Time Value of money

(b) Risk premium

There is always a €
financial investment. For example, if you lend someone Rs

that you may get it back either because of

ertain degree of risk associated with any

1,000, it is not sure
his nature or market scenario. The situation is worse in case
~ when you are making investment on businesses, shares etc.
where you might also loose your principal amount. It is
common that most of the people fear for investing, knowingly
or unknowingly they are conscious about risks associated with
it. In other words, it is the roeward for any chance that you
would not get your money back or that it will have declined in

value while invested.

(c) Inflation factor
Purchasing power of money goes down at a constant rate
annually and we call it inflation. The money we invested
should at least earn to cover the loss in its value due to
inflation. In other words, it is the compensation for decrease in
purchasing power between the time you invest it and time it is

returned to you.

Every investor, because of these factors, looks for some return
on their investment and charges a cost of investment known as
interest rate. It is a percentage that is periodically applied and
added to an amount (or varying amounts) of money over a
specified length of time. When money is borrowed, the interest
paid is the charge to the borrower for the use of the lender’s

property; when money ‘s loaned or invested, the interest
earned is the lender’s gain from providing a good to another. |

Interest, then may be defined as the cost of having money

available for use.

Elements of transaction involving interest

that, In ransaction
the Principal.

|. An initial amount of money
involving debt or investment, is called

Scanned by CamScanner —



Interest and Time Valye

2. The interest rate that measures the Cost of Pric |
moncy and that is expressed ag a percentage por Kc_ or ¢
of time. Periog

3. A period of time, called interest period thyy de
how frequently interest is calculated.

4. A specified length of time that marks the dyr

['e”“ihes

ransaction and thereby establishes a certain NuUmbg,
of

interest periods,
5. A future amount of money  that
cumulative effects of the intere
L mterest periods.

results from the
St rate over g NUmber ¢

Simple Interest: [t uses fixed percentage of the Principal (the

amount of money borrowed) j.e. if the total amount of inte
earned is directly Proportional to the initja] principal amo
then the interest is said to be simple,

For a deposit of p dollars at a simple interest ra.t-e. of i for N
periods, the total earned interest ] would be | - (i*P) N

The total amount available at the ¢
would be

rest
unt,

nd of N periods, F, thus

F=PiI=Pp (1+iN)

Compound interest: When  the total

pound time period is
subdivided INto several inte

rest periods (one year, half yearly,
quarterly, monthly, weekly); interegt Is credited at the end of

f’aCh |nterest- period, and ig allowed o accumulate from one
Interest period to NeXt, then the

interest js said to
compounded.

3.2 Derivation of com
cash flow)

(To find the singje ut
; gle future sy, (F)
Paymen¢ P)
a given interest Period, the current interest is

Pound interegt formula (Si"gle

of the initial

During

27
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Interest and Time Value of money

" - determined as a percentage of the total amount owed (i.e.

~ principal plus the previous accumulated interest)

% I
N

Fig: 3.15ingle cash flow diagram

1

P

For the "' interest period,

Interest l,= 1"P |
Total accumulated amount at the end of 1st year

F=Pal,=P#1"P= P (1+i)

For the 2™ interest period
Interest .= i* F, =1" (1+1)

of 2nd year
F,=F+1.=P (14i) +1* (0+) P="P (1+1) *

Total accumulated amount at the end :

For the 3™ interest period
[=F,*i=P (1+i) > *]
Total accumulated amount at the
F,=Fst1;= P (1+i) “+P (+i) **i=P (1+1)
Continuing,

Ifthere is ‘N’ interest period

end of 2nd year

F= P (1+i) R

The factor in the bracket is called the Single Payme'nf

Compound Factor
Functionally, F = P(F/P,i%. N)
(To find the initial payment (P) of the single future sum
(F))
P=F (1+i) "
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[nterest and TImME Value of p
nterest

racket is called the Single Payment Preggy
i n [he ra ; ;
The factor ! P
worthfﬂ"-'“’r FunctiU”a”Y' P (P/ )

i ' : ings account t ]
Fxample3:] it Rs 1,000 iD saving hat Pays
dep ounded annually. Assume they

> you
Suppose ¥ - @Oy cOM

[ i est at d rate of 87, ) 3 1r116d at the end of

you don't Wi sccumulate. How much would yoy have

period (year), but let 1t
At the end of year 37 |
=

Given: P = Rs 1,000, N=3 years, and i = 8% per year \T

F =P (F/P, i%, N) o ‘[ i ) :
F = Rs 1,000 (1+0.08)’ .

F = Rs 1,259.71 (Ans) Rs 1,000 .

Example3.2
You have just purchased shares @Rs 100 per share. |f you

| expect the stock price to increase 20% per year, how long do
you expect to double its market price?

¢

Solution

Taking log on both sideg
N Log1.a = Log »
N = Log 5 ]

ns)

Example;
N

ban] :
K which gives 8% interest

1€ epy e
nd of E{OFZ 'year. What will be
> Year? ;
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Interest and Time Value of money

F=?
4,000
1 2 3 4 5

10,000

At the end of the 2" year, the accumulated amount will be

10,000 (F/P, 8%, 2) =10,000 (1+0.08)" = Rs 11,604 |
After drawing 4000, the remaining deposit amount at the end
of 2" year will be, '

11,664 — 4,000 = Rs 7,664
At the end of the fifth year the total accumulated amount will
be

7,664 (F/P, 8%, 3) = 7,004 (1+0.08)* = Rs 9,654.5 (Ans)

Alternatively
F = {10,000 (1.08)* -4,000} (1.08)*
= Rs 9,654.5 (Ans)

RULE OF 72
Rule of 72 can determine approximately how long it will take
for a sum of money to ‘double’. The rule states that “to find the

time it takes for the present sum of money to grow by a factor
of 2, we divide 72 by the interest rate”

As in the previous example 3.2, 72/20 = 3.60 or roughly we can
say 4 years *

3.3 Economic Equivalence

Which option would you prefer?

* Receiving Rs. 20,000 today and Rs. 50,000 ten years

from now.

60
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ok year for the next ten Years,

8.000 €

e Receiving Rs.

C ] l [i(”]S ‘U] LIU[L‘I’”“”"“S [h( LC{}H()I \
d culd e

¢ based on the concept of CCoOnomje
are bha |

o cash llows . Interest
more - and the interest rate

) . » of mone

equivalence The time value of moncy : tvalen
L 4 ' g el ! = { < i ]
helps to develop the coneept of economic Lq ¢ c..c Which !
i nt sums of moncy at different times are

sans that differe | . |
mea if the interest rate ig 6%
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which offer you accept. In either case you have Rs 106 one year
from today. However, the two sums of money are equivalent g
each other only when the interest rate is 6% per year. At 3
higher or lower interest rate, Rs 100 today is not equivalent to
Rs 106 one year from today.
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Interest and Time Value of money

de Rs. 1000 NOW for the promise of receiving Rs. 1762.34 in 5

trd

)r earls-

Example3.5 -

guppose you are offered the alternative of receiving either Rs.
3000 at the end of 5 years or P Rs today. There is no question
that the Rs. 3000 will be paid in full (no risk). Because you
have no current need for the money, you would deposit the P
Rs in an account that pays 8% interest. What value of P would
make you indifferent to your choice between P Rs today and
the promise of Rs. 3000 at the end of 5 years?

Solution

Qur job is to determine the present amount that is
economically equivalent to $3000 in 5 years givén the

investment potential of 8% per year.
Given: F = Rs. 3000,-N = 5 years, i=8% per year.
P = F (1+i)-N = 3000 (1+0.08)-5 = Rs. 2042
o If P isranything less than Rs. 2042, you would prefer the
promisc of Rs. 3000 in Syears to P Rs today.
e If P were greater than Rs. 2042, you would prefer P.

Equivalence calculation: General Principles

Principle 1
Equivalence calculations made to compare alternatives

.requires a common time basis.

* In example 3.5, if we had been given magnitude of each
cash flow and had been asked to determine their
ecquivalency, we should choose the reference point and
find the value of each cash flow at that point.

* For selecting the reference point, commonly present
time (present worth) or some point in future (future
worth) is used.

* The choice of point is chosen as per convenience.

Hl 62
- - ————RETE R
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Example3.6

In cxample 3.5, we determined that, given an inge
1 c '

rest |
i 1 1 at 1,
8% per year, receiving Rs. 2042 today is equivalent (, 1-ece-(“ of

Rs. 3000 in 5 years. Are these cash flows also e.quivalent alt\*in
. 4

end of year 37

Solution

Here base period is 3 years.

In fig (a)

P = Rs. 2042, i=8% per year, N = 3 years

In fig (b)

F = Rs. 3000, i=8% per year, N = 2 years .

r

b Rs2572
_ ‘[ Rs 2042 (1+0.08)3
0 1 o 5 p __;-)
Figure (b) Rs 2572 Rs2000
Rs 3000(1"‘0-03}

0 1

Pringi ? 3 -

~Inciple » 5

two :
cash, flows is a function

5 : attern .
Perates on thoga cash flgy nd the incerest rate
tows,

) »

at :
3000 in 5 yey o 042 today i o Interest rate of 8% per
S €quivalent at an interest

*

g

g

|
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Interest and Time Value of money

olution

Lets select base period N= 5 years.
F = Rs. 2042 (1+0.1)5 = Rs. 3829

the amount is > Rs. 3000, change in interest rate destroys

Since
tween two cash flows.

the equivalence be

principle 3

Equivalence Calculations may require the conversion of

multiple payment cash flows to a single cash flow.

Example3.7
Suppose that you horrow Rs. 1000 from a bank for 3 years at

0% annual interest. The bank offers two options: (1) Repaying
the interest charges for each year at the end of that year and
repaying the principal at the end of 3 year. (2) Repaying the
loan all at once (including both interest and principal) at the

end of year 3.

Option Year 1 Year 2 Year 3
End of year repayment of [ Rs. 100 Rs.100 Rs.1100
interest and principal
repayment at end of loan.
One end of loan repayment of 0 0 Rs. 1331
both principal and interest

Determine whether these options are equivalent, assuming the
interest rate for comparison is 10%7

Solution

Since we pay the principal after 3 years in either plan, the
tepayment of principal can be removed from our analysis.

o 1 Z 3 0 g 2 ;
Rs.100 Rs.100 Rs.100
| Rs.331
Option 1 Option 2
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Value

el

terest and Time

A

a single payment at N=3 years i}
L |

on 1 cash flow pattern to a single yu -
val 2

o

is already

2

onverl opti

Gince option
simplest 1O C

e disbursement of option 1 to (e
€p

at n=3.

We must convert the thre

respective values at n=3- }

F3 for Rs. 100 at N=l- Rs. 100 (1+0.10) : Rs. 121 _

[ for Rs. 100 at n=2: Rs. 100 (1+0.10) 77 = Rs. 110 :
. Rs. 100 (1+o.10)H = Rs. 100 ]

Fi1 for Rs. 100 at n=3
Total = Rs. 331

interest rate
nit of time other than a year-
lating interest payments).
est rate on an annug

and Effective
stitution uses au
(e.g. when calcu

3.4 NO minal
Ifa financial in
a month oraqu
the institution u
basis. Commonly this rate is stated as

+% Compounded M-ly

_ the nominal interest rate per year
unding frequency or the number of

arter
sually quotes the inter

Where, 1
M = the compo

interest periods per year
r/M _ the interest rate per compounding period.

Su LF _
ppose that if a bank express the interest rate as “18%

compounded monthly”, w . )
rate or annual y', we say that 18% is the nominal interest
frequency i o PELClenmge rate (APR) and the compounding
'y 1s mont e eome _ _
5 y i.e. number of interest period per year is
A nominal i
interest rate r -
t rate r may be stated for any time perio

d-1

year, 6 months :
, quarter, month, week day etc. Let us se¢ the

followi
wing example .
o= 130 A i _S for expressing the nominal interest rate
pounded semiannually, M
. Yl =2,
r=12%c Le.12% 20/ ner ¢
/0 compounded quarterly ) /2 (6% per 0
.". )1:4

Le. 12%/4

nmnthS)

}

(3% PEI'

months)

r=18% com )
' POU]]ded m
onthly M
’ =12, .

. )
i.e. 18%/12 (1.5% PeT mo==
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Interest and Time Value of money

compunded weekly, M= 52

04
r=15 /0 .
i.e.15%/52 (0.29% per week)

when M —»: compounded continuously
suppose tha Rs 1,000 to be invested at a nominal rate of 12%
compounded semiannually.

The interest earned during first six months is 1,000% 0.12/2

= Rs 60
Total principal at the end of the first six months = Rs
(1,000+60) = Rs 1,060
[nterest earned during the second six months is Rs 1,060%0.12/2
= Rs 63.60
Total interest at the end of 1 year = Rs 60+ Rs 63.60
= Rs 123.60

The effective annual interest rate for the entire year =
123.60/1,000 * 100 = 12.36%

The exact or the actual rate of interest earned on the principal
during one year is known as the effective interest (i). The
effective interest rates are always expressed on an annual basis
unless specifically stated otherwise.

Relation between effective (i) and nominal (r) interest
rate

i={1+r/MM], Misthe compounding period per year.

As from the above example, the effective interest rate for 12%
compounded semi annually,

U= (14 r/M)M-1 = (1+0.12/2) *-1=12.36%

lx = (]+i)M -1,

thrc,

N = number of compounding periods.
i = interest rate per compounding period
M = compounding periods per year
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nominal interest rati

-. Example 3.8

e interest rate of the Y
What is the effective interest rate searly b) quarte ly ¢

-. . h )

o per year if the compounding 1s a
9% per year if t ‘ )
monthly (d) daily (e) continuously (N—>»°

Solution
For compounding yearly,
i = (140.09/1) '-1=0.09 =
For con*:pounding»quarlcr]y,
i = (140.09/4) -1 =0.09308= 9.308

0% .
%

i hly,
For compounding mont )
i=(14+0.09/12) * -1 =0.09380=  9.380%
For compounding daily, 0
i = (140.09/365) 3% -1 = 0.0941=9.41%

For compounding continuously,
i =(1+0.09/00) ¥ -1 = e™-1=¢°? -1= 9.417%

Example 3.9

A person deposits a sum of Rs 5:000 in a bank at a nominal
interest rate of 12% for 10 years. The compoundin g Is quarterly.

Find the maturity of the deposit after 10 years.

Solution . .
P=Rs 5,000,N =10 years, i=12%com pounded quarterly
Interest period in year = 4
Total interest period for ;¢ years = 49
i=12%/4 = 3%
Using single Payment compoyng amount factey
F=P (F/p 3%, 40) = 5000 (1+0.g3)40

’ ' ) -0, 3) = RS ]G’
Alternatively 41 ks
lyear =(1+0.12/4)4 1= 12,5508, Per year
N =10 years
F = 5,000 (F/P, 12.55%, 10) = 5,000 (1+0.1z5508)10

=Rs 16,310 (Ans)

67
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Interest and Time Value of money

5Dcvelopment of Interest formulas

Ag we begin to com_pale senes'of cash flows instead of single
payme“ts’ the required analysis becomes more complicated.
However, when patterns in cash flow transactions can be
Jentified, we can take advantage of these patterns by
developing concise expression for computing either present or
future worth of the series. We will classify the five major
categories of cash flow transactions; develop interest formulas
for them and present several working examples for them.,
Types of Cash Flow

1. Single cash flow: the simplest case involves the
equivalence of a single present amount and its future
worth. The single cash flow formulas deal with the only
two amounts; a single present amount P and its future

worth F.
1,000
T Years
3

Fig: Single cash flow

_ 2. Equal (uniform) series: In this type, transactions
are arranged as a series of equal cash flows at
regular intervals, known as an equal payment
series (uniform series) (fig: (b). This describes the
cash flows of the common installment loan
contract, which arranges repayment of the loan in
equal periodic installments.

1,000 1,000 1,000 1,000 lrof(’
- | :

Fig: Equal (uniform) payment SCries
68.
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Linear gradient series: While many transactlom
involve series of cash flows, the amounts are not alwa)fs
uniform: they may vary in some reguléfl‘ \‘ta}l (:)ne!
common pattern of variation occurs wh_.cn cach cash|
How in a series increases (or decreases) by a fixeg
amount. For example, A 10 year loan l‘e[.)al‘y’m_fi'ﬂt‘ 131an|
might specify a series of annual pa}-'nujnt; that :?;J::S-e__
by Rs 1000 cach year. This type of cash flow p. Is

called lincar gradient series.

100+3G

100+2G
100+G

0 1 2 3

Fig: Linear Gradient series

Geometric gradient series: Another kin

series is formed when the series

determined, not by a fi
some fixed rate,

expressed as 4 percentage. For
example, in a 19 year financial plan for 4 project, the
cost of particular raw

increase at a rate of 4%

Per year. The curving gradjent
in the diagram of such a

Series suggests jts n
eries. Howe
Ometric gr

IS geometric gradient g
with the formulas for ge adient serjeg

100(1+g) ¢

100(1+§) 3 A
100 h
100(1+g) (118)
100
T Years
0 1 2 3 ﬁ

Fig: Geometric Gradient series

69
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{t ‘ Interest and Time Value of money

s Irregular Series: A series of cash flow may be

irrcgular. It doesn’t exhibit an overall regular pattern.
150
100 100
70
50 T
0 1 2 3 4 5 Years

Fig: Irreqular series

M_&Q&éﬂ@.ﬂ

we will express the resulting compound interest factors in a
conventional notation that can be substituted in a formula to
wdicate precisely which factor to use in solving an equation. In
the preceding examples the formula derived for the single cash
flowas F=P (1+i) N In ordinary language, this tells us that
to determine what future amount F is ecquivalent to a present

amount P, we need to multiply P by a factor expressed as 1 plus

t the interest rate, raised to the power given by the number of
3 interest periods. The factor in the functional form is expressed
g as: (F/P. i%, N)  which is read as “Find F, when P, i, and N
[ given”. The factor notation is included for each of the formulas

derived in the following sections.

o

g
t 3.6 Discrete compounding and discrete cash flow
1 Interest formula relating a uniform (equal) series

I (1) To Find F when A is given
Let's consider the following cash flow as shown at the end of

each period.
F=?
b A
I

P? Fig 3.3: cash flow for uniform series

\JJ"_"_"}'
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Interest and Time Value of mq el

If the amount ‘A’ occurs at the end of each period for N period \,
and i% is the interest rate per period, the Future worth (F) :
the end of the last (Nth) period is:
F=A{G+) ™+ () M 4 () M+ + (1+1) "+ 1}
The bracketed term comprise a geometric progression with
common ratio (1+i) ™
Sv= a -bay (b=1)

1-b

)
B
1

Where a, = first term, b= ¢ommon ratio, ay = last term
Ifweletb = (1+i) a,= (1+1) ™ and an = 1, then

F=A {(1+i) - (1) *I}/ {l - (1+i)"}

F=A{((+)" 1)/i)

' Alternatively,
F=A (1+1) N34 A23 § R +A () A (1)
Multiplying both sides by (1+1)
FO+) = A () Y+ A (i) ™ 4 + A (40) * + A
(1) (2) '

Subtracting equation (1) from équation (2), we get
Fol) =F= A () ™ o
F i = A {1+1) ™ 1)

F=A{((+i) N -1)/d)

The quantity in a bracket js called the
amount factor.

Functionally, F=A (F/A, 1%, N)

uniform series compound

Note:  F (future worth) coincides with last annuity ‘A’
A (annuity) occurs at the e
P (present worth) occyr
before the first ‘A’

nd of each period

] " |
S at on the interest period |

71
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<am le 3.10

¢ 2 woman deposits Rs 15,000 at the end of each year for 10
It a :

t(inuous pcl'iod years, how much money is accumulated at
con ’

the end of 10y Fup
SQL‘J-t—iQB i=10% T .
P2 3 4 5 67 8 9 10

BERNRRE

ISUII(] 150040 13000 15000 15000 15000 15000 15000 15000 15000

ca}b‘?' i=10% compounded annually.

0

Using uniform serics compound amount factor.
F=A (F/A, 10, 10)

F =15,000 [{((+0.1)" -1)/ 0.1}

F = Rs 2, 39,061.36 (Ans)

(1) To Find P when A is given
Consider the cash flow diagram in fig: 3.3
We know, F= A [(1+i) ¥ -1] /i
Also, F= P (14i) ™
PO+i) Y= A [(+i) " -1] /i

P=A[G+)N-1]/[i* @+) N

The quantity in a bracket is called the uniform series present
worth factor
Functionally, P = A (P/A, i%, N)

bample 3.1)
Ho : : :

W much money should you deposit now in a saving account
€arn; y

ning 10% interest rate compounded annually so that you

Ma i ;
‘IY make 8 end of year withdrawal of Rs 2000 each?
iun

Given. A .
A = Rs 2,000, N =8, i=10% per year

20
00 2000 2000) 2000 2000 2000 2000 2000

i T S S
i 3 4 5 6 7

e e

B,




Interest and Time Value of mg

Using uniform series present worth factor
P= A (P/A, 10%, 8)

P = 2,000 [(140.1) *-1] / [i * (1+0.1) 7]

P = Rs. 10, 669.85 (Ans)

o
)
¢

(2) To Find A when F is given

We know, F = A {[(1+i) ™ -1)/i}
A=F[i/( (a+i)"N-1)]

The quantity in a bracket is called the sinking fund tactor
Functionally, A = F (A/F, i%, N)

Sinking fund is an interest bearing account into which o Jixed sum i
deposited each interest perviod: it is commonly established for the purpose

of replucing fixed assets.

Example 3.12

Mr. Ramesh wants to have Rs 10, 00,000 for the studies of his

daughter after the period of 15 years. How much rupees does

he has to deposit each year for 10 continuous
account that earns 8%

years in a saving |,
) interest annually. (TU, IOE-2061)

Solution

Given: F=Rs 10, 00,000, N

:

=15, 1=8% per year, A =?

i =8% Rs 10, 00,000
Q_

> g—1y

Discounting Rs. 10, 00,000 to the yeay 16
z ]

P =10, 00,000 (P/F, 8%, 5)

=10, 00,000 (14+0.08) = Ry 6, 80,583_.97 |

Using the sinking fund factor
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A = F (A/F, 8%.10) .

A =6, 80583197 [i/ ((+1) " -1)]

A = 6, 80,583197 [0.08 / ((1.08)" -1)]
A = Rs 46,980.31 (Ans)

How many deposits of Rs 25,000 each should Dr. Thakur make f'f _'
each month so that the final accumulated amount will be Rs 10, |
00,000 if the bank interest rate is 12% per year? (TU, 10E 2063) e
.'_g_’
i:hl-'!.
Solution e
Given: A = 25,000 per month, F =10, 00,000, 1 =12% per year '
iy Monthly interest rate,
5 i[ﬂ - (l+iyl\':|1')“rlz -1
i = (1+0.12)"" -1 il
in=0.0094 = 0.94%
Using the uniform series compound amount factor -
is F=A(F/A, 0.94%, N) L @
2 10, 00,000 = 25,000 {((1+0.0094) ™ = 1)/ 0.0094) ]|
g . 0376 = (1.0094) ™ -1 e
N 1 .
1376 = (1.0094) & 1
Taking log on both sides .
Log 1376 = N Log 1.0094 |
00 N'=34, Dr. Thakur should make 34 deposits (Ans) |
1 ; -
} (1) To Find A when P is given
Mg know, P = A () =] /[ % (1) 7]
. sk o
; A=P [i*(+i) "] / [(1#+1) ™ ]
'f T e o , e
: e Quantity in a bracket is called the capital recovery facto!

Functionally, A p (A/P, i%, N)

Cﬂpf{a! re

_ . W eanital  cost i
coverv is the annual equivalent of ¢apPld
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Example 3.14 ,

A man aged 30 years now had borrowed Rs, 5. 00,000 from 3
bank for his further studies at the age of 20 years. Interest wag
charged at n% per year compounded quarterly. He wished tq
pay loan in semiannual equal installments with the first
installment beginning 5 years after receiving the loan. He has
just cleared the loan now. What amount did he pay in each
installment? (TU, IOE-2062)

Solution

" e T A S SR N

Rs 5, 005000

222 23 34 25 . 206 27 23 290 ol ____DY 10
20 [ I
2121222 vy
) Given: P = Rs 5, 00,000, i=n%per compounded quarterly, N=20
years, A =7 .

Quarterly interest rate,
iy = n%/4 = 2.75%
Semiannual interest rate - |
Isemi = (1+1g)" -1

isemi = (140.0275)% -1
b = 5.57%0

Using the single payment compound amount factor

[ =5, 00,000 (F/P, 5.57%, 40) woovvooo (1)
Using the uniform series compound amount factor
F=A(F/A, 5.57%, 30) (2)

Equating equation (1) and (2)
5, 00,000 (1+0.057)" = A {((1+0.057)%" -1)/ 0.057}
A = Rs 61,217.3 is the semiannual payment (Ans)

Interest factor and symbols

To Given Factor Factor name Functional :
find symbol
SINGLE CASHFLOW j L d
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F p (1+i]N Single payment {F/P, i%, N}
compound amount
i F 1/(1+i)" Single payment {P/F, i%, N}
present equivalent
UNIFORM SERIES
F TR Uniform series (F/A. 1%, N}
compound amount
P A (1+i)"-1 Uniform Series present {P/A, 1%, N}
P*(1+i)" worth
A F i Sinking fund (AJF, 1%, N} |
(141
A P i"-‘(1+i}N Capital recovery {A/P, r%, N}
(1+)"-1

3.7 Continuous compounding and  continuous

compounding formulas

(u) Continnous componnding and discrete cash flow

The interest formula (for this) assumes, cash whenever it is
available, can usually be used profitably. Here cash flows
occurs at discrete interval (e.g. once per year) but it is
compounded continuously throughout the interval.

Let the nominal rate of interest per year be r, if the interest
is compounded continuously for M times and if the
principal amount is Rs 1 then the amount at the end ofyear
will be

1 (r/M) M ﬁ./cl § 5
= (1+r/M) M1 (1)
Let M/r = p, M= pr
Equation one becomes (+1/p) " = {(+/p) "}
Here as M—» 00, p—poo
As P lim oo (1+1/p)’ =e I
™ g

Mlim ¢ (1+(1/p))™ =e™

76

Scanned by CamScanner



i=e'-
e isequal to (1+i)
e = (1+i)

= ¢ -]

(i= effective interest rate )

We have F=P (+i) M |
F= perN
F =D {F/P, %, N

(Continuously compounded compound amount factor for
single cash flow)
t% is used to denote the nominal rate and the

use of
continuous compounding

Interest factors and symbols

i
To | Given | Factor Factor name Functional
find : symbol
SINGLE CASHFLOW
Fl p e™ Continuous compounding {F/P, r%, N}
compound amount
e F e™ Continuous compounding {P/F,r%, N}
] present equivalent )|
. UNIFORM SERIES , P
F A e™.1 Continuous compounding {F/A, r%, N}
. e -1 compound amount 4
p A g1 __Continuous compounding {P/A, r%, N} °
_— e™(e"-1) present equivalent A
A F e 1 mmng {A/F, r%, N}
__e_zm-_f sinking fund .
| A P g’ ("tjr-l) mous compounding {A/P, r%, N}
e -1 Capital recovery .

(b) Continuous comp

Ounding and continuouy cash flow

neans a series of ¢
simally short interyal. The

applied to companies having re

Continuous cash flow
infinite

ash flows occurring at.
interest formula could he

ceipts and expenses that oceur dL
1

h" 77
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during each working day and interest is
d continuously. St 1s

frequenﬂ}’
- ﬂmpounde

Let Nominal interest per vear =r

[t there are P numbers of payment per year which amount

to a total of one unit per year, then F

‘1*******'&*** ;

P 1/p
Fig 3.4 Cash flow of Continuous compounding for 1 year

We have

F=A{((+) "0/}

F=A {((1+i)-1)/i} (if N=1)

Future equivalent at the end of year 1
F=1/p |((+r/p) P -1) /(r/p)}
F={((+r/p) " -1)/v}

AsF= P (1+1/p)?

P=(1+r/p) " -1

r(14r/p)” | |
|

i

As lim (4r/p) P =¢ :f
p—pco |

Pr . y ;
: esent equivalent of continuous one year cash flow
=1fe™1/ r(e")}
P=ely/re’
Vhey |
C e . .
A = amount flowing uniformly and con tinuously

| over one
ntﬁ‘l‘e

St ctar "
factors and symbols ‘
Give . |
F " i

actor Factor name Functional i

symbol .I

year.
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= _ e_ | Continuous compounding {FA, %R
compound
amount(continuous
uniform cash flow)

|
p A e™-1/re™ | Continuous compounding {P/AW
present

equivalent{continuous

uniform cash flow)

N

A F r/e -1 Continuous compounding | {A/F, r%, N}
sinking fund (continuous
uniform cash flow) -
A P | re™/e™1 | Continuous compounding {A/P, r%, N

present equivalent . J
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M r | A | e-1r

P A en-1/re”

A F rle” -1

Continuous compounding
compound
amount(continuous
uniform cash flow)

Continuous compounding
present
equivalent(continuous
uniform cash flow)
il ; Continuous compounding
sinking fund (continuous
uniform cash flow)

TN, N ; e e 3
rev/e"-1 | Continuous compounding

[P/A,W

{A/F, 1%, N} )

{A/P, 1%, N}

A P
present equivalent
Example 3.1 F

Suppose that Mr. Keshab has a
desired to determine wh
) payments, A, could be obtaine

nominal interest rate is 20%

Solution
Here P =
continuously, A=?
We know that,
A =P (A/P, %, N)
= 1,000 {er(e™-1)/e"™-1)
— 1,000 {"*" (e"*-1)/e"* -1}
= 1,000 {7.389 (0.221)/6.389}
- Rs 256 (Ans)
Example 3.16

ccialcul.atz the future worth of the following cash flows
x 1o ) : ' I
eposited at 8% compounded continuously for five years (i |

present loan of Rs 1,000 an{
at equivalent uniform end of yea
d from it for 10 years if the|

compounded contin uously.

Rs 1,000, N=10 Years,

i=20%compounding

) Rs

50,000 at the beginning of sar (i
g g of each year (it) Rs 50,000 at the end of |

each year. (TU, TOE-2064)

Solution
0 1 3 3

P2 |

Pl e

79
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Interest and Time Value of money

Continuous compounding compound amount factor

o5, NJ¥e’ = A (e™-1/ € -1))
n.uﬂ’s_l/en_nxs_l) * eo,oﬁ ~ Rs 3, 19,850 (AI'IS)

F=7

111

50,000
wous compounding compound amount factor

ing
Usi o (FIA T

= 50,()00 (e

Using contin .
£ = A{F/A, 1%, N) = 50,000 (e"-1/ €"-1)
_ 50,000(8"”5'3—1/ ¢" " _1) = Rs 2, 95,258 (Ans)
[nterest calculation for lincar gradient series
1sh flow series that either
nstant amount. The amount of
(G). Formulas previously
have earned amounts of

3.8
An arithmetic gradient is

increases or decreases by a co
increase or decrease is the gradient
developed for uniform cash flow series
equal value. In case of a gradient series, each year end cash
flow is different, so new formulas must be derived. The cash
flow at the end of year 1 is not part of the gradient series, but is
mount. This is convenient because in actual

rather a base a
larger or smaller than

applications, the base amount is usually
the gradient increase or decrease..

Fig 3.5: Increasing gradient series




/\’ /\, -G

Fig 3.6: Decreasing gradient serjes

I.. Tofind F when G j 1S given
Let us consider the following cash flow (N-1) G
A
(N-2)

First
flow occurs
at the end of
period  ty
i.e. first cash

flow is Zero

Fig 3.7: Cash Flow ¢;

agram for uniform G

radient series

The future equivalen

ﬂows shown in fig 3.6is
= G (F/A, i%, N-J) +

t, P, of the arithmetic sequence of cash

G (F/A, 1%, N- 2) +

............ + G (F/A, i%
7]*&(“»\ 1%, 1) : ( ¢
i -1 £ ey N . . . ]
e LI ) ) ey
G .

B T O gy,

i
' |
) |
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Interest and Time Value of money

The quantity in the bracket is called the Gradient to Future

equivalent factor

G

fFu nctionally, —
[

(FIG, %, N) -2
_ {

3. To find A when G is given
G (1+0)' =1, NG
==
l [ l
G+ =1, G (+)" -1, NG
Al . l=— 1 ) =
1 1 . | l \
P .
i 1+ =1

F

The quantity in the bracket is called the Gradient to uniform

-~ = 9 = = o

series factor
Functionally, G (A/G, i%, N)

3. To find P when G is given

G (1+)"=1. NG
R

[ I [

F

sl
P(Hi)“u—(‘?[“—lﬂ)‘ I]'N,(!

l ! [
U+ -1, 6 NG, |

P = ol

i+~ i (1+)"
1 1+ N

P=G¢

[

imi(l+i)" __ i(1+i)"




Interest and Time Value of

G (+i)" - Ni-1

Pe

A '
The quantity in the bracket is called the
equivalent factor

Functionally. G (P/G, i%, N)

Gradient to preseng |

Example 3.17 |
A person is planning for his retired life. He h
service. He would like to deposit 20% of his
4,000 at the end of the first year
deposit the amount with an

a5 10 More years of
salary, which is Rs ‘
» and there after he wigheg to |

annual increase

of Rs 500 for the |
Next g years with an interest rate of 15%

. Find the tota]

amoung i
at the end of the o' year of the above service. |
Solution |
G =Rs 500. i=15%, N =10 years, F =2 ;

. 1 2 3 4 5 6 7 3 9 10

4,000

7,000

7,500 ,
8,000 |
8,500
L1v34-=567'39'°i
L l’ 'J’ v l’ A l l v l
|
” 4,000 |
0 1 2 3 4 5 G 9 10

3,000

y CamScanner



Interest and Time Value of money

iform series and Gradient to future equivalent factor

e Using W
£ Fat Fo

c = A LA, 15%, 10) + G (F/G, %, H?)

VYol G (I+D -1, NG
Ll_f_f_)__#H—_—( | ]‘j.j

of .

s F=Al i S l' [ I

to (14015 =1 500 (1+0.15)" -1, 10*500

e 4000 st 03 0.15

E - Rs 1, 15,562 (Ans)
Example 3.18
Ram and Shyam have just opened two saving accounts. The

10 accounts earn 1090 annual interest. Ram wants to deposit Rs. 1,

] 000 in his account at the end of the 1" year and increase this
amount by Rs.300 for each of the following 5 years. Shyam
wants to deposit an equal amount each year for next 6 years.
What should be the size of the Shyam’s annual deposit so that
the two accounts would have equal balance at the end of 6
years?

y

500 Solution

Given: G = Rs.300, i=10%, N =6 years

Ram’s Cash flow

P S
) l 3 5 6
1,000
1,300
1,600
i 1,OO N
r

2.200 5 =00

84
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Scanned':

. 000 1,000 1,000 1.00g

1,500

Using Gradient to uniform series conversion factor
si . '

A = A +G (A/G, 10%, 6)

. | N
= 1,000+ 0[:*(—]‘4__{)“\__""]
= 1,000 + 300[L = 0 P
' 0.1 (I1+0.1)" =1
= 1,000+ 300(2.2236)
=Rs. 1,667.08 (Ans)

|

Alternatively

P =1,000(P/A, 10%, 6) + 300(P/G, 10% 6)

=1000 (4.3553) +300 (9.6842)
= Rs.7, 2600.56

A=p (A/P, 10%, 6)
= Rs. 1,667.02 (Ans) this is Sh

£§Eﬂﬂpl§i3&9

Suppose that one has ¢

ash fows as follows.
End of year

1 Net Cash Flow

—

-8000
85

ayam’s annual contributio®



Interest and Time Value of money

-7000
-6000
-5000

the Present equivalent at i=15%

Calculate
Solutionl | 2 3 JI,
C
R
2,000 6,000
P - 8,000
o 1 2 3 4
8,000 8,000 8,000 8.000
3,000
2,000
1,00
0 &
1 2 3 4

Using Gradient to present equivalent conversion factor
= 8,000 (P/A, 15%, 4) - 1000 (P/G, 15%, 4)
= 8,000 [(1+0.15) 1/ (1+0.15)" “0.15] - 1,000/0.15"
[(1+0.]5)4~4*0.15—-1

(1+0.15)°
=22,864 -3,786
=Rs 19,078 (Ans)

E"\aml)_Le 3.20
Onsider the cash flow as below:

End of year Net Cash Flow
il 200,000
2 175,000

B B8
Scanne y Camoscanner '




125,000
5 100,000

Calculate the Present equivalent using gradient series formy

at i=10% per year.

Solution
= T
Given: G =25,000, N =5, i=10%
200,000 _
175,000
150,000
125,000
T IOOTOOO
¢ ! 2 3 4 5
P%?
200,000 200,000 _ 200,000 200,000 200,000
A A A #
Ol 1 2 3 4 5
P=" 100,000

75,000

_50,000

P,=?

Using uniform serjes pre

present equivalent conversion factor
P=P, -P,

P'=2,00,000 (P/A, 10%, 5) - 25,000 (P/G, 10%, 5)
87
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Interest and Time Value of money

P=2, O0,000I(HO.'I):’-I]/ [0.1*(1+0.1)°] = 25,000/ (0.1)*[((1+0.1)%5
e -1) / (140.)°

pP=17 58,160 - 1, 71,545

p = 5, 86,615 (Ans)

3.9 Interest calculation for geometric aradient series

Many Economic problems involve cash flows that increase or
decrease over time, not by a constant amount (linear gradient)
but. rather by a constant percentage (geometric), which is
called compound growth. We use g to designate  the
percentage change in payment from one period to the next.
The magnitude of G payment, A,, is related to the first
payment A, is expressed by

A,=A, (1+g) "', where n=1, 2, 3...N

A A1(1+g) N

Ay (1+gNZ -7

A1+gH -

A1+g? a7

A(1+g2_ g 7"
A(1+g L e -

i _

2 3 4 5 N-1 N

— —'\..L

Fig 3.8: Cash Flow diagram for geometric gradient

increasing series

88
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A }
Fi~ A1(1'g

-y

.2
F~~a{19 (192
“F~ A1(1'9)4

-

Fig 3.9: Cash Flow diagram for geomeltric gradiem

decreasing series

Present worth Factor, Find P, given G, g, i, N

Ifizg
P=AJ1 (148N (34d) "N
i-g
lfi=g
Functionally, e (1+1) ]
P=A (P/A, g

v & LN) Geometri : '
l L
worth factor ¢ gradient series present

worth | actor Find rind F,

gwken_(;"_é‘l N
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Interest and Time Value of money

Example: 3:21
Air plane ricket

price will increase 8% in each of the next four !
1rs. The cost at the end of the first year will be Rs. 2000. How |

ye
much should be put away now to cover a passenger travel

home at the end of each year for the next four years. Assume

|=‘)'Q'I:J
Solution
Given: A, =2000, g=8%, i=5%
Herell # 8
i-g
2000 [1- (1+0.08)'(1+0.05) ']

Il

0.05 - 0.08
20000" 3.9759
= Rs. 7951.84 (Ans)

For Check: Without Using Geometric gradient
For year 1: A, = 2000
For year 2: A, = 2000 + 0.08 (2z000) = 2160
Foryear 3: A, = 2160 + 0.08 (2160) = 2332.8
For year 4: A, = 2333.8 + 0.08 (2332.8) = 2519.24
P = 2000 (P/F, 5%, 1) + 2160 (P/F, 5%. 2) + 2332.8 (P/F, 5%, 3) +
2519.24 (P/F, 5%, 4)

=2000 (1+0.05) " + 2160 (1+0.05)" +2332.8 (P/F, 5%) 7+
2519.24 (1+0.03) ™

=1904.76 + 1959.18 + 2015.16 + 2072.58 = 7951.684 (Ans)

Example: 3.22

An investment of Rs. 100,000 is made in a limited partnership
In a natural gas drilling project. The first year of the investment
Produced net revenue of Rs. 25,000. Over a 20 year period, the
Net revenue received from the investment decreased by 10%
each year. Based on a interest rate of 12%, what is the present
Wouth for the investment?

Solution

Scanneéi By CamScanner ?
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i o 0y = -10%, and N=20 years.
Given: A, = 25,:00, i =12%, g y
‘ P/A, 12%, -10%, 20)
PW = -100,000 + 25.000 (P/A,,

—

L 4 ]
= 100,000 + 25,000 [1= {0.9)™ (1.12)

012 - (-0.1)
= 12,204.15 (Ans)

Q2 R2IC . 5. o . A F [ 000 P(.. A I
A graduating < ivil Lngincer is going to maLi l 3‘)mry wil] 1
- a - : 1 0. - NC SAalc '
) . ‘0 O the ¢
Ith granite construction. A total of 10 _
with granite constructio ico. The ofigihear o
” . . = ey [ Ln]nL(.l (-an
placed in the mutual fund of their choice. 5
s
count on a 1% - ' fund
. e und in a
employment. If the engineer place the retirement

- - What can he
account averaging 12% over the course of a career
expect at retirement?

Solution

e 1=12%, g=29% N = .
Given: A, = 10% of 35000 = Rs 3500, 1=12%, g=3%, N 30 years
Hereizg

F=A [0) (10g) N

i-g
= 3500 !(H‘O.lz) #30_ (]+g) ';u]

310 Introductign to Fi
Financial and economic
overall projec; feasibi

] mine
lity and sometime
they are con

Same data,
“ebtually differen type alysis. The objective
analysis is tq 4 Project represen ts the
best use of res

¢sources gye alysis Period, (
project is cconomically Justified). The

analysis is to derermine financia] feasib
someone s willing to pay for

sary funds).

of an
termine if
I' the an

of economic

hat g the

objective of financial
ility (that 1S whether
4 Project and p

as a arapabi]ity to
raise the neces

91

Scanned by CamScanner

increase for the next 30 years of
salary increase for t

._._,
.
DI S SR

T



Scanned by CamScanner

Interest and Time Value of money

al analysis, evaluation is from the perspective of
octed to pay their allocated costs. Evaluation period

In financ!

parties exp

. the bond repayment period. Interest paid during
is fruction 18 included. Project income and capital and
:::Zal opcratiun costs are estimated in inflated rupees. In
omic analysis, evaluation is from the many perspective
qdividuals, communities ete). Evaluation period is the
¢ life of the project. Project benelits and capital and

cL'UI'l
(like 1

econon!
arion costs arc cstimated in un-inflated rupees.

-

annual 0pe
Financing costs are not included.

The main abjective of an individual, affirm or a company in
‘avesting on a project is to earn the maximum possible returns
for the investment. Accordingly, the project promoters are
solely interested in wealth maximization. Hence the project
promoters tend to evaluate only the commercial (financial)
profitability of a project. There are some projects that may not
offer attractive returns as far as financial profitability is
concerned, bui still such projects are undertaken since they
have social implications. Such projects are public projects like
road, bridge, irrigation project, power project etc for which
sacio-economic considerations play a significant part rather
than mere commercial profitability. Such projects are analyzed

for their net socio economic benefits.

As.against the market prices of direct cost and direct benefits
considered in financial profitability analysis, the economic
f‘”ali’sis takes into account the ‘real cost’ of direct costs and
(TEaI benefit’ of direct benefits. For example, some of the inputs
*W, power charges) may be subsidized. Only the subsidized
E:;c;:a;';iti‘Tr':ptir'ﬁ are what is relevant ‘For asses‘?ilwg ﬁnan-cial
ki thi- ‘Hnwever _the co.st benefit analysis takes into
been -Sub;dl-ml cost 0rli1PLllS i.e. the cost inputs had they not

idized. Accordingly the required adjustments to
St of inputs are made for social cost benefit analysis.

i




Interest and Time Value of money

R S

Similarly, cost adjustments may also be required for the
benefits. For example, the output may be a product whose
price is controlled by the government, the commien

=RE Sl S

profitability analysis will take into account the controlled price
(which is the market price fixed by the government) while itg

actual benefit to the nation may be more or less than the

controlled price, which is what is relevant for social cost

benefit analysis.

3.11_Life Cycle Cost |
The Life cycle cost, as it name implies is commonly applied to i]
alternatives with cost estimates over the entire system life !
span. This means that costs from the very early stage of the |
project (initiation) through the final stage (phase-out and |
disposals) are estimated. Typical applications for life cycle cost
are buildings (néw construction or purchase), manufacturing |
plants, commercial aircraft, new automobiles model and the l
like. A present worth analysis with all definable costs estimated ;
may be considered a life cycle cost analysis. Life cycle cost is |
most effectively applied when a substantial percentage of the
total costs over the system life span, relative to the initia[f
investment, will be operating and maintenance COSis. To_i1
Ezj:::zz: ht(!i: ‘; I:;‘C:e?’z:;@df-‘f:;; ima]YSfls \:v.orks, first we must ;
Sarmily, i Eh " l;,cs _0 system de\‘,felop.ment. |
simplificd formag for . _71 ’—Tb mfw?f be categorized intoa
operation and their mspc:mliiz;efhases of acquisition andi!

; L

Acquisition phase: a]]

activities prior to th ' f
- S pr ¢ delivery ol
products and services. } |
* Requirements definition Stage: |
stage:

;
Includes determinati f
k termination Ol |
users - customer needs. |

assessing  them relative ¢

ol clative to the/

antici yste ¢ |

. ‘-palcd system,  and Preparation  of  the syslcmi

requirements documentation |
. b

i
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B
e Preliminary design Stage:  Includeg feasibility
conceptual, and carly-stage pla ns;

study,
final go/no g
k probably made here,

0 decision jg
e Detailed design stage: Inclydes det

ailed plans for resources-
capital, human. facilities,

information system,

marketing
acquisition of asses.

ete. there is some if cconomically

justifiable.
Operation_phase: all activities are
services are available.

functioning, product and

o Construction and implemen;

ation stage: Includes purchase,
construction.

and implementation of sysle
lesting, preparations ete.

o Usage stage;
E services.

m componcents,

Uses the system 1o gencrate products or

: e Phasec-out

and disposal stage: Covers time of clear transition
0 new system: remova lreeycling of old system.

Some solved examples

Mr. X receives a loan of Rs 1, 20,000 from a bank at an

interest rate of 12% per year. He wishes to repay the
loan in monthly installment w

ith Rs 3,000 per month.
-How m

any installments are necessary to complete his
Payment? (TU, IOE 2066)
Solution

Given, p _ Rs 1, 20,000, i=12% peryear, A = 3,000 per month,
N =7

Since i is in year and A is in month, it is not compatible.
Find i per month first using
Im= (1+iyeqr) ' -1
= (1+0.42) "2 ) = 0.95%
g the concept of Equivalence

120,000 = 3,000 (P/A, 0.95%, N)
.49 = (1+0.0095) N-1)

Now usin

/ 0.0005*(1+0.0095) "
\1+0.0095) N = (1+0.0095) -1

B oa- e R ..




Interest and Time Value of money

0.62 (1+0.0095) " =1
Taking log on both sides
N log 1.0095 = log (1/0.62)
N = 50.5 months (Ans)

8]

Suppose that the guardian of a boy decides to make
annual deposits into a saving account, with the first
deposit begin on the boy's fifth birthday and the last
deposit ends on boy's fifteenth birthday. Then starting
on the boy's cighteenth birthday, the withdrawal will
be Rs 4,000 every year till the boy's twenty first's
birthday. If the effective annual interest rate is 8%
during this period of time, what are the annual deposits
in year five through fifteen? (PU 2006) |
Solution

i=8%, withdrawal =Rs 4,000 from 18" to 21*" year
Discounting the withdrawal series to year 15

{4,000 (P/A, 8%, 4)} (P/F, 8%, 2) = Rs 11,358

Again applying uniform series compound amount factor
1,358 = A (F/A, 8%, 1)

11,358=16.645 A

A = Rs. 682.36 (Ans)

3. What is equal payment series for 1o years that Is
equivalent to a payment series of Rs 20,000 at the end
of first year increasing by 10% per year? Interest rate is
8% per year. (TU, 10E, 2069)

Solution
Given: the first payment (A) = 20,000, g= 10%, i1=8%,N=12
vears, annual equivalent (A) = ?

This is the case of increasing geometric gradient series.
Here i is not equal to g, and we calculate the equivalent future
of at the end of year 12 for the given series of cash flow.

F= AJL}_J_N-_(ﬁg) .l
| i=g |
i
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= 20,000 {1+0.08) " - (1+0.1)"}

0.08 - 0.10
= Rs 620258.25
rting this future value into the annual equivalent

Conve
A = 620258.25 (A/F, 10%, 12)
:630358-35 * 0.0468 = Rs. 29028.08 (Ans)

4. Mr. Kumar has inspected his yearly household expenses
for the last 10 years. Cost averages were steady at Rs 1,
00,000 per year for the first 5 years, but have increased
consistently by Rs 15,000 per year for each of the last 5
years. Calculate total present worth in year zero. Use
gradient form ula. (TU, 10E, 2068)

Solution

5 6 7 8 9 10

1, 15,000

1, 30,000

1, 45,000
1, 60,000 ¢
1, 75,000

_ 6 7 8 9 10
5 L l
1, 15,000 S P
1, 30,000
1, 45,000
1, 60,000
6 77 8 9 10

J1
:-1—- .
1

1

]

1

i

:

' —

1, 15,000

i
=

6 7 8 9 10

5 l
15,000
30,000

R 45,000
Scanne y Camoscanner
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Interest and Time Value of

=115000 (P/A, 10%, 5) + 15000 (P/G, 10%, 5)
= 115000 * 3.7908 + 15000 * 6.8018

= 435942 + 102927

Now discounting all the cash flows into year Zero.
P = 538869 (P/F, 10%, 5) + 100000 (P/A, 10%, 5) |
= 538869 “0.6209 + 100000 ¥ 3.7908
= Rs. 713663.76 (Ans) |
Review Questions

1. Explain Time value of Money.

2. What is the practical application of the different
mterest formulas?
3- Differentiate between nominal and effective interest
rate. )
Exercises

1. For an interest rate of 8%, compounded annually, find
(i) how much can be loaned now if Rs. 5,000 will be |
repaid at the end of 5 years? (ii) How much will be

required in 4 years to repay a Rs 12,000 loan now?
(3402.92, 16325.8~)

2. You bought 100 shares on 2065 Ch

intention is to keep the stock unti it d
Ifyou expect 15% annual growth for shares, how many |
years do you eXpect to hold on the stock of shares? |
Compare the solution obtained by rule of 7, (5 years)

3. How much mvested now at 6% would be sufficient to
~ provide three Payments with the

amount of Rs 3 gpq occurri

3,000 at the end of 5 years
years? (7487.04)

aitra 31. Your |
oubles in value. |

lirst payment in the
Ng at the end of ;* year, Rs
»and Rs 4,000 at the end of 3
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| STUDENT LEARNING OBJECTIVE

From studying this chapter you will learn 4
" Prese ‘or
To understand the concept of Present Worth, Futyg

e

Worth and Annual worth and Capitalized worth
Method. "
e To understand the concept of Rate of Return such g
Internal Rate of Return and External rate of Return |
e To perform cconomic analysis using equivalent worth
methods and rate of return methods. _
e To evaluate the public sector project using Benefit Cost

Analysis Method.
° To understand the concept of Payback Period Methog

Tr—

and evaluating the project.

4.1 Introduction | :
If an organization have a huge sum of money in the investment
pool and there are many alternatives (projects) whose Initial
investment cost and annual revenues are known then the
organization has to select the best alternative among the
different projects. The worthiness of the each project should be
performed. The bases for comparing the worthiness are
achieved by the following methods:

1. Equivalent Worth Method

(a) Present worth method

(b) Future worth method

(¢) Annual worth method

2. Rate of Return Method

(@) Internal rate of return

(b) External rate of return

3. Benefit Cogt Analysis

(a) Conventiong]

(b) Modified

4. Payback Period Method

(c) Simple payback perind

(d) Discounted payback period

193 j
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Basic Methodologies of Engineering Economy

z Equivalent worth Méthod
ent worth method (PW)

e Net Present Worth (NPW) or Present Worth or Net
" present Value (NPV) of a given series of cash flow is the
equivalent values of the cash flows at the end of vear zero (ie

S beginning of year 1).In other words, how much money we have
to set aside to provide for future cash flow.
h Net present worth = Equivalent present worth of future

cash flow - Initial investment
t Here we use NPW or NPV as PW

Mt v

] Basic procedure

o Determine the interest rate that the firm wishes to earn
on their investment, which is referred as either
required rate of return or MARR (minimum attractive
rate of return).

e Estimate the service life of the project.

o Estimate the cash inflow and out flow for each service
period.

s Determine the net cash flows

= Cash inflow - cash out flow

*  Find the Present worth of each net cash flow at MARR. As:-

PW (i %) A, N A n 4, I " 4,
e i = pe
VTR (40 (140) (141
:i« A

n L (] ..f_ !']”

. i A (P! F.i%N)
1)
* A, will be +ve if the corresponding period has a net
cash inflow and -ve if there is net cash outflow.
* Positive ‘NPW' means the equivalent worth of cash
inflows is greater than equivalent worth of cash out

RSN

flows and vice versa

v 104
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Basic Methodologies of Engineering Econgps

Decision rule _
NPW/NPV/PW method gives a definite decision rule, Al
projects with a positive NPW should be undertaken as these |
projects will increase the shareholder's wealth as this reflecg

the present value of future cash flow.

IfPW (i) >0’ accept the investmenp;
IfPW(i)=0' remain indifferent
IfFPW (i) <o’ reject the investmeng

Example: 4.1

A company intends to mechanize its existing process\by
installing a machine. The machine is estimated to cost Rs. ,
00,000 and expected to save Rs. 15,000 per year for a period of
12 years. Is it worthwhile to install the machine if salvage value
is Rs. 25,000 at the end of 12 years? MARR =10%. Use PW

formulation.
Solution 25,000
15,000 T
N A A P 1
l ] 2 3 5 10 11 12
1, 00,000

Using the present worth Formulation

9 SOy ) .
PW (10 W) = I, 00,000 + 15,000 (P/A, 10(}11, 12

) + 25,000 (P/F,
10%, 12)

=71, 00,000 +15,000 * 6.8137 + 25,000 * 0.3186
= Rs. 10,1705, since pw Is positive; it is
worthwhile to install the machine,

Example 4.2
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-

pstruction company needs equipment which costs Rs 10,

g 5 and has a salvage value of Rs 1, 00,000 at the end of 10
no""i’ The equipment suppliers are also willing to provide the

r ear—b;-rnenr on hire for Rs 1, 25,000 per year for 10 years. What
i do? Purchase or Hire. MARR =12% (TU, IOE-2066)

A CO

For the urchasing casc¢
(nitial cost (P) = Rs 10, 00,000, Salvage value (S) = 1, 00,000, N

_10 years 1, 00,000

10, 00,000

Using PW formulation
PW (12%) = -10, 00,000 + 1, 00,000 (P/F, 12%, 10)

=10

€
= -10, 00,000 +1, 00,000(1+0.12)

= Rs - 9, 67,802.67
Present worth of purchasing the equipment is
Rs. 9, 67,802.67

For the Hiring case
] 2 3 4 6 9§ 1o

0

1, 25,000
An ’
hual cost (A) = Rs 1, 25,000

Using pwy formulation

P |
W2%) = -, 25,000 (P/A, 12%,10) é

(1+0.12)" -1 |
O I(]]
0.12(1+0.12)
. . =Rs -7, 06,277.87
Sent worth of hiring the equipment is Rs. 7, 06,277-87

106
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Basic Mcthodologies of Engineering I

Since the PW of Hiring cost is less than the PW of _:..
Purchasing cost, Hire the equipment.
Example: 4.3

For a proposed manufacturing plant
Rs 3, 00,000

Land cost:
Building cost: Rs. 6, 00,000 1
Equipment: Rs. 2, 50,000

Rs 1, 00,000

Working capital;
Rs. 7, 50,000/year for 10 years |

Sales revenue:
Salvage value (after 10 years)

L.and: Rs. 4, 00,000
Building: Rs. 3, 50,000

9 Equipment: Rs. 50,000

' Working capital recovered:  Rs 1, 00,000

Annual expenses: Rs. 4, 75,000

MARR: 25%
Determine, is the investment on this project is good or bad on

the basis of PW method.

n
Solution
Total Investment = Rs. (3, 00,000 + 6, 00,000 + 2, 50,000 + I,
00,000) = Rs. 12, 50.000.

Total salvage value of after 10 years:
= Rs (4, 00,000 + 3, 50.000 + 50,000 +1, 00.000 +)
= Rs. 9, 00,000 9, 00,08

7, 50,000

Tve v v e VT

4 75,000

12, 50,000

= s e
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PW (25%) = - 12, 50,000 +9, 00,000 (P/F, 25%, 10) + (7,
50,000-4, 75.000) (P/A, 25%, 10)

=i

= =12, 50,000 + 9, 00,000 (140.25)™ + (7, 50000- i
(1+0.25)" =1 - |
(1+0.25)" <025 | |
= Rs. - 1,71,474.83
Hence, PW (25%) < o, the investment is not feasible or

4, 75000)

reject(?d //

Future worth Method (FW)

Net present worth measures the surplus in an investment
project at time zero where as net future worth measures this
surplus at time period other than zero.Net future worth
analysis is particularly useful on an investment solution where
we need to compute the equivalent worth of a project at the
end of investment period rather than its beginning.

FW (i %) = A, (141) " +A, (1+i) "7 +A, (i) V77 4 —-mmmmm- % A

- i An(H-i) No-n

=

\
=Y A, (F/P,i%, + N-n)

o=t

Decision rule
NFW with positive value is undertaken same as NPW.

If FW (i) >0’ accept the investment
IfFW (i) =0’ remain indifferent
IfFW (i) <o’ reject the investment

Example: 4.4
Consider the example 4.1 and calculate the economic feasibility

of the machine using FW formulation.

Solution
LlSLl'lg,;the future worth formulation
108
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FW (10%) _ -100.000 (F/P. 10%, 12) + 15,000 (F/A, ]01%2;_
3 1070 = o E

+25,000 | )
’ ~ -100,000 *3.1384 + 15,000 #21.3843 +25,000
= ]

- 3,13,840 + 3, 20,764.5 + 25,000

= Rs 31,924.5 ' | :
Since FW is positive; it is worthwhile to install the

%

machine.

Example: 4.5

Consider the following cash flow for a project.

End of year Net cash flow
0 - Rs 75,000
1 Rs 24,400
2 Rs 27,340
3 Rs 55, 760

MARR = 15%. Is the Investment accepted? Use FW formulation

Solution
F=?
A

24,400 27,340 55,760

T

75)000

The FW of the proje

ctat 15%

FW (15%) = - i

. 75,000 (F/P, 15%, -

27:340 (F/P,15%,1) + 55,760, 24400 (/P 15, 2)
= Rs 5’404

\

Here, Fw (15%) >0, the
dccepted or justified,
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Annual worth Method (AW)
Annual worth method provides the basis for measuring
vestment worth by determining equal payments on an
annual basis. The AW of a project is its annual equivalent
receipts (R) minus annual equivalent expenses (E) minus
annual equivalent capital Recovery (CR). R, E, and CR are
calculated at MARR

AW (i) =R - E-CR
Knowing that any lump sum cash amount can be converted
into a series of equal annual payments we may first find the
present worth of the original series and then multiply this
amount by the capital recovery factor:

AW (i) = PW (i) (A/P, i, N)

Decision rule
NAW with positive value is undertaken same as NPW and

NEW.
IfAW(i)> o’ accept the investment
IfAW (i) =0’ remain indifferent
IfAW (i) <o’ reject the investment

Capital Recovery

When only cost are involved, the AW method is sometimes
called the annual equwalent cost mcthod In this case, two
types of costs are involved IL: opctatmg and capital cost.
OPeratmg cost (labors and raw materials etc) is recurred over
the life of project and they are estimated on annual basis where
93 capital costs (purchasing assets or establishing company etc)
‘end 10 be one time cost. So for the purpose of annual
L/qﬁwalent cost analysis this onetime cost (c apltaLmsL)nmU&f

——— g T

b
/iﬁ@jslated into its annual equivalent over the life of the

— T e

r
Project. This annual equwalent of capltal cost js.given a special

m#ﬂ"’ﬁ

e Capital Recovery. cost_designated as CR (i). It covers

de
Preciation and interest on invested capital. Two general
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monetary transactions are associated with the purchase ang
retirement of capital asset: Tnitial cost (1) and its Salvage v
(S). The Capital Recovery cost can be calculated as follows:

CR =1 (A/P, 1%, N) - S (A/F, i%, N)

S i e Bt S T

all_ltl

\::,‘:{;_ BT S R S v

e e ]

Example 4.6

Consider the example 4.1 and calculate the economic feasibi]iw
of the machine using AW formulation.
AW (10%)

10%, 12)

- 100,000 (A/P, 10%, 12) + 15,000 + 25,000 (A/E

-100,000 *0.1468 + 15,000 + 25,000 * 0.0468

= Rs, 1,490. Since AW is

positive; it
worthwhile to install the machine

is

Example 4.7
You purchased a building 5 years
Maintenance cost is Rs 50,000pe

90,000 was spent on roof re
a building for Rg 12,

ago for Rs 10, 00,000. Annug|
I'year. At the end of 3 years Rs
pairs. At the end of 5 ye
©0,000. During the period of ownership,
you rented the building for: Rs. 1, 00,000 Per year paid at the
beginning of each year. Use AW method
investment if MARR - 12%

Solution

ars you sell

to evaluate the

Rs 12, 00,000
Rs 1, 00,000

Rs 67:7’70.93

4
11 e~ W *

Rs 10, 00,000 4
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]

Annual Revenue (R)
Annual Expenses (E)
12{}{]1 5)

10, 0000 (1.12)" = Rs112, ooo
50,000 + {90,000 (P/F, 12%, 3)} (A/P,

i

I

50,000 + {¢0,000 (1+0.12) ™ }x
(1.12) x0.12

| (1.12)" =1

CR = 1 (A/P, 1%, N) = S (A/F, i%, N)

0.12%(1.12)° 0.12

TRET ] -12, 00,000 [(_1._1_2)"‘ ~

] =Rs 67.,770.93

CR =10, 00,000

]

= Rs 88,533.25

)
AW (12%) = 1, 12,000 - 67,770.03 - 88,533.25
= Rs - 44,304.18
Here AW is - ve, the investment is not economically

justified

Example 4.8
An investment company is considering building a 25-unit

apartment complex in a growing town. Because of the long
term growth potential of the town, it is felt that the company
could average 9o% of the full occupancy for the complex each
year. If the following items are reasonably accurate estimates,

what is the minimum monthly rent that should be charged if a

12% MARR is desired? Use AW method.

- Land investment cost = Rs.50, 000

- Building investment cost = Rs. 2, 25,000
- Project life = 20 years

- Property tax and insurance perycar
- Upkeep expenses per unit per month = Rs.35

— 10%o0f total investment

- Sa]\-‘agc value = Rs. 50,000
- Rent per unit per month =7

112
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Solution
e Total initial investment cost g:
= Rs 50,000 + Rs 2, 25,000 = RS 2, 75,000

. s Taxes and instirance per year =10% * Rs. 2,75,000 -
| = Rs. 27,500
o Upkeep expenses per year =Rs.35% 25 712 0.9 |
= Rs. 9,450 Rs, 50y
= !
- |
- R R R R R R R |

R
R

Rs. 27,500 + Rs,

110
lgs l18 119 2

450 = Rs.36950

Rs. 2, 75,000 lI
We Know l'
AW (i) =R-E-CR |
Where, R = Required Revenue Per year

E = Annual Expenses |
CR = Capital Recovery Cost

AW (12%) = R - 36,950 - CR

1 0y . _ ,
CR (12 i) =2, 75,000 (A/P, 12%. 20) - 50,000 (A/F, 12%, 20)

|
) 0.12x(1.12)" 0.12 |

=2, 75,000 ————— | o,
(112" -1 ool ] |
=Rs. 36,122.72

AW (12%) =R - 36,950 - 36,122.73

For no loss and no gain condition i.e. to a
marginally AW = o,
AW (12%) = o

ccept the project

. 13 1
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The minimum monthly rent = 73,072.
_Rs. 2,70-639 (Ans)
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43 Minimum Attractive Rate of Return

The minimum attractive rate of return (MARR) is the interest

rate at which a firm can always carn or borrow money. MARR
is the interest rate used in the time \falue Ofmoney calculation.
—_—wﬂ""—_ .

_

It 15 _gencls ally dltlalt_d I)Y manaf,mncnt c0n51dcnng the
{ollowmg., points:

o il

. o~ The anfount of money available for investment - Source
' and cost of these funds (equity, borrowed funds etc.)
« The number of goad project available for investment
o The amount of perceived risk associated with the
investment
« The type of organization involved (government, public,

private)—--~

MARR is determined from the opportunity cost viewpoint,
which results from the capital rationing phenomenon.

Capital rationing refers to the situation where the funds

available for capltal investment are not sufficient to cover

potentially acceptable projects.

the best-rejected project or the worst

Opportunity cost: d
vity foregone and its value is calle

accepted is the best opportul
the opportunity cost.

Determination of MARR
Consider the firm has
Available amount = Rs 60, 00,000

: _ ,000
Seven projects available with total amount = Rs 75,00

i 114
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40\
35}----
30} ---- Capital Supply
25 ... /
20
D 10"
']5 —————————————————————— -——
e . . sithndle B e
10 '\
w/ F
> G
20 30 40 50760 70 8o : B .
Rs in million |
Fig 4.1: Determination of MARR
Last funded project = Project E . i
Prospective rate of profit =19%

Best rejected project
in project F, the firm woul
chance to realize on 16%

= F (by not being able to invest;
d presumably be forfeiting thf;
annual return) '
|

MARR = 16% per year (as the amount of investment capital’
and opportunitieg avail

MARR will also ch

_ |
able change over time, the firm's |
ange) |

Example

at amount (Rs.1, 650) in a savings |

|
", you could have only Rs.i0, 648 |
What is the meaning of this 6% interest

k)

A

Suppose that you invested th
account at 6% per year. The
on January, 2002,
here?
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44 Rate

¢ is your opp
unt Was the best you can do at that  time!
(€

g[)‘ i" ]970'
er Inve
fore, that 0

) {or required rate of return).

Basic Methodologies of Engineering Economy

Deﬁnitin ni:

Rate of re
npuid balance

the unp

se that bank lends Rs. 10,000, and it is repaid Rs. 4,021 at

Suppo

of Return Analysis

the end of each year for 3 years.
As studied in chapter 3 we have

10000= 4,021(P/A, 1%, 3),

Solving for i we get i=10%.

ortunity cost if putting money in saving

as long as you earn more than 6% interest 1In
cement, you will take that investment.
o is viewed as a minimum attractive rate of

wrn (ROR) is defined as the interest rate earned,on
g B ) S
of an amortized (installment) loan

The bank calculates the loan balances over the life of loan as

follows:

Year Unpaid Return | Payment Unpaid
balance at on received | balance at end
beginning Unpaid of year(Rs)
year (Rs) Balance

9 -10,000 ) 0 -10,000
| ! | -10,000 -1,000 4,021 -6.979
____'E___ -6,979 -698 4021 -3,656
3 -3,656 366 4021 0

When + , L .
) ¢n the last payment 18 made the outstanding prmmpal is
Ventya ) : :

ually reduced to zero. If we calculate the NPW of the loan

“‘an 5 .
§ , ‘
action at its rate of return (10%), we have,

PW (100)

[h@ b
Al ; -
ank can break even at a 10% rate of interest. The

= -10,000 +4021 (P/A, 10%, 3) = o, this indicates that

Scanne! By CamScanner
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sterest that equates the present

return becomes the rate of 11
the amount of the loan.

value of future cash repayments to

Definition 2:

Rate of return (ROR)
equates the present worth of a proje
present worth of its cash inflows.
Mathematical Relation:

Using PW formulation

PW (i*) =0 -

PW inftow = PW auiiow =0

N N
PW (i)=Y Re(P/Fi%9,10- ), Ex(P/F, "% k) =0
k=n PW ' k=0

s the break-even interest rate, i*, which
ct’s cash outflows to the

. - Fig 4.2 RO
Using FW formulation g4 R

e

N
W (i* 2 = E 5
([ ) = Rk (F/ ' ]*%, N-k) = Ek (F/P Ii% N l )
F P ' . ~-K)=0

_I‘
k=0

Using AW formulation k=0
N
AW (i*) = » N
é Rk (F/P, i*%, N-k) (A/F. {0 A
N-k) (A/F, i%, N) = o e » K
Where, R,
) 4 = R(“.‘VQ i )
E, NUES In any time period k.

= Expe i
| | PENses in any time period k
4.5 Internal Rat
_ e of Ret
A project’s r s ourn (IRR
eturn is refey )
- re '
Promised by an investmé”'d rorec al rate of retur, (IRR)
iy - e ofreturn (IRR
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, Internal rate of Return (IRR) is the interest rate charged
in the un-recovered project balance of the investment
such that when the ])10|ect terminates, the un-

=TT S o SN T T T A R L

recovered project.balance would be zero”.

w’-ﬂ"‘
e In more familiar terms, the ]RR of an investment is the
interest rate at which the costs of the investment lead

to_th the benefits of the investment. This means thal al]
gmns ilom lhc investment are inherent to the time

’valuc of money and that the investment has a zero net
E)?éé;énl value at this interest rate.
o IRR is the term for rate of réturn that stresses the

interest earned on the portion of project that is

internally invested.
s The unrecovered balance diagram is illustrated as
below:
o
o
5|
i -
ool i
e} 4
AT == ___/
o
S
!C. I * IJL 1 1
o) A #
= (R-E.)
2 B “ ’
> I L ”
o (R,-E.) e T
2l ,,1
5 T ; o
N - —pTime in years
0 ] 2 3 N-1 N-1
Fig 4.3: Tnvestment Balance diagram
Here Ry and F,\r are the Revenues and Expenses at the time
v period N
Example 4.1 :

Let us consider a company invests Rs 10, 000 in a computer and
results in equivalent annual labor savings of Rs 4,021 OVeT 3
years, The company is said to earn a return of 10% on its
Investiment of Rsio, ooo. :::
. Project Balance Calculation
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. i--‘-ﬂ :
Year Unpaid Return on | Payment | Unpaid
balance at Unpaid received | balance at|
beginning Balance end of
year (Rs) year (Rs)
—
0 -10000 0 0 -10,000
G crres
! -10,000 -1,000 1.021 -6,97q
Raddfy |
2 -6.97y -698 1,021 -3,.656
3 -3,0656 -3606 4,021 0
. |

[n the project balance calculation,
-10% is earned (charged) on Rs.10, 0ooo during year 1.
- 10% is earned (charged) on Rs. 6,979 during year 2.
- 10% is earned (charged) on Rs. 3,656 during year 3

The firm earns a 10% rate of return on funds that remajp
internally invested in the project. Since the return is interna to
the project, we call it internal rate of return (IRR). The
computer project under consideration brings in enough cash to
pay itself in 3 years and also to provide the firm with a return
of 10% on its invested capital.

Unrecovered

balance
A

1,000

9 6,979 1021
O .
5 4.021
;2 3,656 1+0.1
1,021
& ———— 4 o
1 5 2 —»Years

Fig 4.3: Investment Balance diagram of Example 4.7

Accept Reject D 1Si
v g MpA RZ R,I ccision Rule

accept the project :
- M
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IRR =£’IM RR, remain indifferent
IRR < MARR, reject the project
Mﬂl_\fq_d.g_f..riﬂﬂj!lgl&g

pefore dealing with the method for finding the IRR, first we

need to identify the type of investment in a project. Once we

have identified the types of investment there are several ways
{ out the IRR. Mainly we can classify the investment In

to hnd
two types they are; Simple Investment and Non-simple
[nvestment. A simple investment is one in which initial cash
flow is negative. Only onc sign changes occur in the net cash

flow series. A non simple investment is one in which initial cash

flow is [
Investment Type Cash flow sign at period ]‘ |
oT1]213[4]5 i
Simple - + + + + +
Simple - - + + 0 +
Non Simple - + - + + -
Non simple - + + - 0 +

negative and more than one sign change occurs in the cash

flow series.

Example 4.14
Consider the three cash flow series shawn below and classify

them to simple and non simple investments

Period | ProjectA Project B Project C
0 Re. 1000 | -Rs.1,000 Rs. 1,000 li
1 _Rs. 5,00 + Rs. 3,900 Rs. 450 4
2 TRe. 800 | -Rs.5030 ~Rs. 450 |
3 + Rs. 1,500 +Rs.2,145 ~Rs. 450
4 + Rs. 2,000

Aswe can see in the table,

Project A is the Simple investment

120
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Project B is the non -Simple investment 5
Project C is the simple borrowing

If we calculate the rate of return for each project, we obtain the :

following figures:

Pwii) | Projact A
“f | - _-i!‘l’?-'. . o e R
f' a4.20% . i
| Fig:a '“;"—*-—-
Project
PW(U: ) i
. .
. ! -“"-,_‘_‘ i"{-fbl l'a‘t%} // _;__.I..é'(l‘-} ®
I e e i
10“’,.’.‘, Fig:b o% bt
Pwm[| =0 Project C
| I
, N
| e
E"/1&w% A i
I [oa
L/ |
The IRR of a project can be calculated by the follomng

methods.

l. Direct Solution Method

2. Trial and error method

3. Computer Solution method
¥

I. Direct Solution Method
For the very special case of a project with only a two-flow
transaction (an investment followed by a single future
Payment) or service life of 5 years of return, we can apply direct
mathematical solutiop for de_ter.mining the rate of return.

Example 4.15
Period (n x :
__O___(__)_____ Project 1 Project 2 |

— . Rsl,ooq’,//  Rs2.000 |

—-—___2________ RsO Rs1,300

| T — Rs 1,500

3 —-—_‘-—'-——-.,__

___-_—__—__'—"——-—_

4 —-—_____-'--__——-—.

it
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Scanned by CamScanner



Basic M

et i
hodolo les of Engineerin Econom

Consider two investment Projects with the cash flow

transactions as above, Compute the rate of return for each
pl"oject.

Project A
) Project B

Rs1.000 = Rs1,500(P/ Fi,4) Rs1.300  Rsl,500 0

PIV(i) = -Rs2, 000 + N

Rs1.000 = Rs1,500(1 +1) | (4i)  (1+i)
-y~ ' LCI. X=—_ the
0.6667 =(1+1) T hen
In0.6667 _ 1144 PIF (1) =~2,000+1,300x +1,5004°
-4 - Solve for x -
0.101365 = In(1 +1i) x=08 or-1.667
0161368 : Solving for i yiclds
e =141
S |
_ TREI RIS I U.S:—-—-—_),zzjl}n _]667:——"-—-)-f:—}60”/u
o - +i +i
=10.67% © Since =100% <i <, the project's i’ = 25%.

1. Trial and error method
Step 1: Guess an interest rate, say { =15%
Step 2: Compute PW (i) at the guessed i value. (Consider the
project C of example 4.8)
PW (15%) = Rs 3,553
Step 3: If PW (i) > o, then increase i. If PW (i) < o, then
decrease I. -
PW (18%) = - Rs 749 . _
Step 4: If you bracket the solution, you use a. linear
interpolation to approximate the solution. '
Pl 3553

I 1‘3"%} \ i*offl 18:%) __’_'%

l i ﬁ\
PW () D
Here, i*% = 15% + BC
Using the equilateral triangle,
BC/DE = AB/AD

E
749
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«/(18-15)% = 3553/ (3553 +749)
<= 3% *[3553/ (3553+ 749)1 = 2457
%04 = 15% + 2.45% = 17.45 %

[f i*> MARR, select the project,
If i*< MARR, reject the project
This rule does not work for a s
multiple rates of return
e Jvestment = Rs 25,000, salvage

‘onsi ‘oject wi initial 11
Consider the project with the mni |
s = Rs 5,000, Net revenué = Rs.S, 000 / year. [g

=20%. Use IRR method.

(uation where an investment hqg

valuc after 5 year
the investment good? MARR

Solution Rs 5,000
Rs 8,000 ?
ttttod
1 2 9 4 5

;  Rs 25,000

Using PW formulation

PW (i*) = o

PW inflow - PW outflow = 0

S'OOQ (P/F, 1*15) + 8000 (P/A, i*, 5) = 25,000

5:000(1/(1+i*)*)+8,000

| i* (L4 230000 ... (1)
By trial and erroy
At =
1:_ 20%, PW - ,
I 934.30

i T , ol
Using lineay interpo] PW < -1847.10

2 5" 0 — 20“/6

——

934.30- (1847, 1)
™ = 21.679%

-Pllttil]g i*
; : A,
IRR ligg between 20 ol (

Again 1lsing- lin@

ation

R0 ;
J /{)_‘20(]/0

%4300

21.679%) —
(%l E]nd 21-679“; 79‘0) = ‘58.20

. .’0
ar mterpolation
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21.679%=20%  i*-20%,
934.30-(=58.20)  934.30—0
i* = 21.58%
Putting i = 21.58% in eq.
PW (21.58%) = -1.40
IRR lies between 20% and 21.58%
Again, interpolating -
IRR, i* = 21.577%, where PW (21.577%) = o
Here, IRR > MARR, investment is

acceptable

Unrecovered Project Balance Calculation

Year | Unpaid balance | Return on Payment | Unpaid balance
at beginning Unpaid received at end of year .
vear (Rs) Balance (Rs) ' (Rs)
0 -25,000 0 0 -25,000
1 -25,000 -5,384.25 8,000 -22,394.25
2 -22,394.25 -4,832 8,000 -19,226.25
3 -19,226.25 -4,148.45 8,000 -15,374.70
4 -15,374.70 -3317.40 8,000 -10,692
5 -10,692 =2307 13,000 0
Unrecovered
balance
30,394
1.21577 § ]
= 27,22
1.21577__+ 6o
""" g
§ 22,394.25 of 23,375
- 1.21 —‘-_ e
g 9ass |8
» ’ 2 18,692
a © 121577 .-10
————— " B 13,000
15,375 S o
e
10,602 =]
5
b —>
0 I 2 3 4 5 Years

Fig: Investment Balance diagram of example 4.10
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Example 4.17

Consider the investment project which has a project cash flow
: : : 3 - 0 z ]
as follows. s the project feasible if MARR = 10%. Use IRR

method and draw investment balance diagram.

End of year[Net Cash flow
0 - Rs 45,000
1 -Rs 4250
2 Rs 9280
3 Rs 38600
4 Rs 61460
5 -Rs 20220

Solution :

Using PW formulation

PW inflow — PW outflow = (

Or, 4250 (P/F, i*, 1) + 92800 (P/F, i*, 2) + 38600 (P/F, i*, 3)
+61460 (P/F, i*,1) - 20220 (P/F, i*, 5) - 45,000 =0

By solving we get i*% = 21.40%

Unrecovered Project Balance Calculation

Year Unpaid Return on Payment L.!npalid
bal i

a a‘nt:t? at Unpaid received (Rs) balance at
beginning Balance d of year
year (Rs) e
g o S0 (Rs) |
1 45,000 0 0o 25000 |
2 ::Z,ZZO -9,630 -4250 —58’83_6# |
RO Ry
T e 1331085 | 35600 | aird]
T 8% | Giss0 T eeams |
: 3563.0g —20,212=20, 200 0 JL

‘;..aq.;, 2

12
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$ W .- Gl 44,810.18
62,200.32 1214
1214 >
g 54,030 ‘--""” S
g | 36,911.18 ¥
@ O
w
=4
=0
0 1 > l
3 4 Years
o
| ® O
| o
5]
v 1214
16,649.8 T
20,212.8

Fig: Investment balance diagram of example 4.11

2. Computer Solution Method
Consider the example 4.12,
PW (i* %) = o
8,000 (P/A, i*%, N) + 5,000 (P/F, i*%, N) -25,000 = 0
8,000 ((14i*) 5 -1)/ ((1+i*) 5*i) + 5,000 (14i*) - 25,000 = 0
8 ((1+i*) 3 1)/ ((141*) >*i*) + 5 (141%) " - 25 =0

Write the equahon in calculator as
8(044) 5 1)/ (1+A) 5*A) + 5 (1+A) F-25 = 0
ress SHIFT — CALC
: May take some time to calculate. The value in the
alClllator gives the value of A and this is the IRR.

In
Mlcrosoft Excel 2007and 2010,
'd\ Formula

i
ick Auto Sum

* | 126
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Click More 'unction ., y
Type IRR in search for ﬂ.,l: unctio
Insert the value of Cash Flow
Click Enter,

The result gives the

n, (’.licL ()k

value of RRE.

Drawbacks of IRR

Using IRR is COMIMOn. Unfortunately, 1ts |
nt value is a more stable metric

misuse s alsg

common. Although net presc | |
the use of IRR is common, despite its shortcomings. Investors
should know all the drawbacks of the IRR and when using it s
inappropriate. The drawbacks of the IRR are:
It assumes all inter temporal cash flows are reinvested
o at its own rate, usually higher than is possible. This
leads to the concept of External Rate of Return (ERR).
Let us consider the following cash flow diagram

1,200
200
5 T
l 1 2

1000

For the above cash flow pattern, we find IRR =20%, but |
at the end of 1 year, recovered fund is Rs 200 whiChl
may be reinvested in other than 20%. If it is invested in|
say 30%. The new cash flow diagram will be |

1,200 +200" (1+0.3) = 1,460

IRR will be

l " i 1000 (1+i) * = 1,460

1= 20.83%
1,000

|

2. IRR method involveg | ‘ I
. ; Inear interpolati ? ineal.
function and when solve polation of non line¥

d manually by trial and erral
127 ‘
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| n-1ctl"fod, may. not give accurate rEStlE e s !

time'consuming, PRt and it is more |

There are situations in which its it
hits iter

o

i ative calculati 1
- process fails to produce 3 solution e |

4. When the algebraic sign of ¢y

cash flow chanpes ;
' A - es in the
middle of the serie B the

S 1tis possible to obtain two “right”

ANsSWers.

Let us consider the following cash flow

EOY | Net Cash Flow i
0 -1.000 I
| +2.300 ':
2 21.320

|

From the above cash flow pattern, we find TRR =10% |
and 20%, but both of them are incorrect. So we may |
abandon the IRR method for practical purpose and use
the NPW criterion to make the decision.

5. When mutually exclusive projects are considered it can

recommend the wrong. investment and  does not

consider the scale of the investment.

Let us consider the two mutually exclusive projects.

EOQY Mutually Exclusive Alternatives
A B
0 -Rs. 100 -Rs 500
1 +Rs. 150 +Rs 650
IR 50% 30%
PW {10%) 36 90.90

- Here both projects are acceptable at MARR =10%, but p]'o-j(;‘Ct B.‘
- With higher PW is more worth ful whereas from IRR point of'
View, Project A seems better. Since IRR is a relative measure 0{‘
I—i‘invesl‘“ent worth, this inconsistency in ranking occurs. Under

this circumstar;ce, incremental analysis is necessary:

128 "
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)/ Modified IRR |
(reinvestment assumptiom
conomy. For example, if,
ar and the IRR for a project is 42.4%
frm to reinvest net cagp

4.6 External Rate of Return (ERR

The drawback of the IRR method

mav not be valid in the engineering ¢
4

firm’s MARR is 20% per y¢
it may not be possible for the
at mu
compumtional demands apy

ot} XY :
proceeds from the project ch more than 20%. Thj
the
rates associated with the IRR
of return methods that

ferred as External rate of

situation, coupled with
possible multiple interest
method, has given rise to other rate
remedy this weakness which is re
Return or Modified IRR.

The external Rate of Return (i’) is the unig
a project that assumes that net positive cash
represent money not immediately needed by the project, are
reinvested at the reinvestment rate € %. The reinvestment rate

ue rate of return fo
flows, which

depends upon the market rate available for investments. 5

Steps of ERR calculation
o All cash outflows are discounted to period zero

(piesent) at € % per compounding period
o All cash inflows are Compounded to period N at £ %

° ERR is the interest rate that equivalence between the
two equation.

Z Ry (F/P, £ %, N-k)

.
Z EL‘ (P/F, & 0/0_, l()
-’l "
i v
Ex (P/F,e %, K) (FIP.i" N}y = N b /s ,
; K ( ;s £ o, )”"h,l,N) = ; Ry (F/P, £%. N-k)

4
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Where, '
¥ Ry = receipts in period k 5
3 Ey = expenditures in period k - ’
N = project life or number of study period l
e% = external reinvestment rate per period. l‘
; z&_c;c_Qpl.;/.Bg_i..l:_g.t.;..'_..Dg_;;i..s.i_mLB_LLl_c: . i
If ERR>MARR, accept the project i
ERR = MARR, remain indifferent !

ERR < MARR,

reject the project i

; ; |
Consider the following cash flow of the project. |
6.000 6.000 6.000 600 6.000
A A A A A
] 0 1 2 3 4 " (
l ' v B 4 v v v
00 \ 1.000 1.000 1.000 1.000 1.000

5.000 -
Calculate the ERK of the project if MARR = 20% and

reinvestment rate £ % =15%. Is the project accepted?

Solution

1. Discounting all the cash outflows to the time zero at
15%.
1,000 + 5,000 (P/F, 15%, 1) = 1,000 + 5,000 (1+0.15)™ = 5,347.82
2. Compounding all the cash inflows to the year 6 at 15%
5,000 (F/A, 15%, 5) = 5,000 {(1.15)” -1 / 0.15} = 33,711.90
3- Establishing the equivalence between the two equation
- 5347.82 (F/P, 1, 6) = 33,711.90
5:347.82 (1+i’) © = 33,711.90
(1+1") * = 6.303 | ‘
V= 1359 -1 = 35.01% is the ERR of the project.
ERR (35.91%) > MARR (20%), the project is accepted.

Here

130
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Advantages of ERR over IRR -
It‘u does not need trial and ert :

it

stermination of i*% § .

. ;[T‘Zri:;;lf:possibi“ty of multiple rate of return. ,
4.7 Benefit Cost mleSis(B/f;;:i:(;) making tool used

enefit-Cost-Analysis 1s a dec SInhRE e aae )
S}Ls:tlr::utlfjlly clc'\?::[O}') useful intbrm.ation ab?:% é‘h;tc}:sulab&
and undesirable effects of public project. Benefit 0] ‘ nalysic |
estimates and totals up the L‘CIUiVﬂ]@m‘ '“OI.WY vdiue ‘OF t.he |
benefits and costs to the community of projects to C‘Stab]lsh.
whether they are worthwhile. These projects may be d.al:ns,
irrigation, water supply highways etc.- or can be training
programfs and health care systems. In other words the
benefit/cost ratio is defined as the ratio of the equivalent worth

i i SRS

of benefits to the equivalent worth of costs. The equivalent

| PRI S M S e, SRS = Sl 1

worth measure applied can be present worth (PW), ‘ﬁ_}ture

worth'(FW), a:  ‘nnual worth (AW). 1t is also called “savings-

(nvestment ratio”. To perform an ¢conomic analysis of public

the cost (initial and annual)
dis-benefits, if conside

alternatives, , the benefits and the

red, must be estimated as
possible in monetary units, Iy i difficult to estim
upon the economic impact of he
public sector alte
time of ¢

accurately as

ate and agree

_ nefits and dis-benefits for a (
‘crnative. Dis-benefi May not be known at the
conomic analysis.

Two types of B/C ra tio

l
1 Conv-e‘ntronal B/C ratio !
2. Modified p/¢ ratio {
L}gl_ll-e_ﬁ_tngﬁ-* aclvant.—nges to be CXperienced by the owners, the
public, (Favorable outcomes) B
Dis-benefits - expected undesirable o, Negative ¢ o2
to the public, if the alterp e

ative g implen
§ ente - P
outcomes) d. (Unfavorable

User’s benefit - Benefits _ Dis-beneﬁts
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Cost: estimated expenditures to the government entity for
construction, operation and maintenance of the project, less
any expected salvage value. Include capit
annual operating Costs.

Sponsor’s Cost = Capital cost + Operating and
3. Maintenance costs - Revenues

!
i
|
| ]
I
|

al investment and

Public Sector Project

public sector project are owned, used and financed by the

citizenry of any government level. Public sector projects haye a

primary purposc to provide services to the citizenry for the

public good at no profit. Areas such as health, safety, economic

welfare, and utilities comprise a majority of alternatives that
. require engineering economic analysis. Usually public sector
investment decisions involve a great deal of expenditure, and
their benefits are expected to occur over an extended period of
time. One of the important issues that the toll authority must
address is how it can determine whether its decisions, which
affect the use of public funds, are, in fact, in the best public
interest. In identifying the benefits of a project of this nature,
we need to consider both primary benefits -the ones directly
attributabie to the project- and the secondary benefits — the
ones indirectly attributable to the project.

Accept /Reject Decision Rule
For the project to be feasible
Benefit (B) > Cost (C)

OrB/C > 1
If B/C > 1, accept the projert
) B/C = _l,( remain indifferent
I' B/C < I, reject the project
C L PW method
§. ~OVentional B/C ratio = PW (benefits ofplopogggl__gl_qﬁfﬂ__
: PW (total cost of proposed project)

. |
. ) 122 ; i
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Modified B/C ratio = PW (B) - PW (O&M)

(I)- PW (S)
Where, PW (B) = Present worth of benefits of project.
PW (O&M) = Present worth of Operation and maintenan(,e g
project.

PW (S) = Salvage value of investment.
| = Initial investment of the project,

2. FW method
Conventional B/C ratio = 'W (B)

FW (I) -(S) + FW (O&M)

Modified B/Cratio = FW (B) - FW (O&M)
FW.(I) - (S)

Where,

FW (B) = Future w
) FW (0&Mm)

project.

PW (S) = Salvage value of investment,

I'=Initial investment of the project.

orth of benefits of project.

= Future worth of Operation and maintenance of

3. AW method

Conventional B/C ratig — AW (benefitg of proposed erojeCt)

AW (total cost of propose
= _AW(B)
CR + AW (O&M)

d project)

Modified B/Cratio = Aw 3y _ 4w (O&M)

== M)
(CR)

Where,

AW (B) = Annual worth of benefits of project.

CR

= Capital Recovery_
AW (O&M) = Annual worth of Operation and Maintenance cost
I = Initial investment of the project.
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j Note: Whichever method we yge, value
b : '

remain .
{ B/Cmndiﬁt‘d &> BICCOHV(!MinnaII if' B/C =1 S Scm'le, S[m[l_?rly
B/Cnsudilitfd < B/Cum\vn[iunal, ][' B/C <1
Bjcmndilivd = B/Ccun\*muiunaL if B/C =1

Find both types of B/C ratio using PW, FW and aw method

Pt > : i
[nitial investment = Rs 20,000 1
Revenue / yea- = Rs 10,000 :
[xpenses/ year = Rs 4,400 'i;
Salvage value = Rs 4,000 i
Useful life = 5 years -'
MARR i 804,

|
Solution
. Using PW method |
\S
. PW (B) = 10,000 (P/A, 8%, 5) = 10,000 [ (I'OB:J - |
[ ' (1.08)” *0.08

=Rs 39,927

= 4,000 (P/F, 8%, s5)
= 4,000 (1/ (1.08)%)
=Rs 2,722.33

- PW(osm) - 4,400 (P/A, 8%, 5)

o 08)" -1
~ 400 08) 0,08
= R$17,567.90

PW (S)

]

C W
Olw(mtlonal B/C ratio

|

PW (B)
(I) - PW (S) + PW (O&M)

39,927
20,000 - 2,722.33 +17,507-9°

5

= 1.146 > 1 (justified)

f

P TR LI
173 A




Basic Methodologies of Engineering n
PW (B) - PW (O8M)
(1) - PW (S) Vi
39,927 - 17507.99

20,000 - 2722.33
1.204 > 1 (justified)

Modified B/C ratio =

1l

Using AW method
Conventional B/C ratio AW (B)
CR + AW (O&M)

il

= 20,000 [A/P, 8%, 5] - 4,000 (A/F, 8%, 5) “
= 120,000 [(1.08)° * 0.08] = 4,000 (0.08/ (1.08)°-1)

(1.08)° -1
= Rs 4,327

CR

Conventional B/C ratio = 10,000/4,327+ 4,400
= 1.146 > 1 (justified)

Modified B/C ratio = AW (B) - AW (O&M)
(CR)
= 10,000 — 4,400 /4,327
= 1.294 >1 (justified)

4.8 Payback Period Method (PB)
Payback considers the initial investment costs and the
resulting annual cash flow. The payback time (period) is the
length of time needed before an investment makes enough to
| rec?up the initial investment. The payback method screens the
pro;ec.ts on the basis of how long it takes for net 1'e¢eipts to
eqL.ml mvestment. But the payback method doesn’t account for
savings aFL_'er the initial investment is paid back from the profits
(cgsh flow) generated by the investment (project).

135 P
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| simple payback period
Simple payback period doesgn't considers the

- o . time value of
money (i=0). Simple Payback pe

riod is calculated using the

following equation if the annual savings are equal:

simple Payback Period (in years) = Initial Investment
Annual Savings (Cashinflow)

Where:
[nitial Investiment = Initial investment for a project y

Annual Savings (Cash Flow) = Annual savings derived from the
investment

In other way, the simple payback period for a project having |
one time investment at time zero can be computed as follows:
f

Simple payback period: (0) = Z (Rg-E)-1I=0

k=]

Advantages of simple payback period

e Easy to calculate

e lItisinterpreted in tangible terms (in years)
e [t doesn't require any assumptions about the project in
terms of timing, life time or interest rates.

Disadvantages of simple payback period
e It takes no account of any savings after the payback

period.
* It takes no account of the residual value in the capital
asset.
* It takes no account of the time value of money.
Example 4.20
Consider an example of evaluating the purchase of pollution
Prevention equipment for a cost of Rs.8, ooo, but provide a net
- dMnual pperational saving of Rs.3, 500. When the net annual
. SVings is divided into the initial investment, the simple

“-._Payback_ period is calculated as follows:

LT
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[nitial Investmenl e 8000

—

Pavback Period (inyearS) ==y cqvings (Cash Flow) 3300

~ 2.3 (vears)

%ﬁiﬁfsimplc payback period for the given cash flow of
the project.
Period Net Cash flow
(Rs)
0 -25,000
1 +8,000
2 +8,000
3 +8,000
4 +8,000
3 +13,000
Period | Net Cash flow (Rs) Cumulative Cash Flow
(Rs)
o -25,000 grmp——
1 . +8,000 e
- S -9,000
3 +8,000 //—3 ; .
4 +8,000 & o——
B +13,000 [T S ’ i
Here the cumulative +20,000

Cash flow

. . turns itive ; .
Therefore Payback pe Y0 positive in year 4

riod e between year 3 and 4. By

interpolating. we gof tha
polating, we get the paybacl( period = 3+1000/800 3.125
b ) o =3

years (Ans)

Discounted pavback period
The problem with the Simple pa

s S et S S R

LY

0

S, we can use



Basic Methodologie ;
- sesolBngineerning fegpop,

dismunwd cash flows in Calculating the b o
Dismunmd Paybacl Period Payback perigq.

. . | ‘IS one of severg] methods ¢ i
determlﬂe it a.n (HEStmant is a good one or not | | -0 | |
method, you discount each of the future cash flows ' crll » |
count the number of yeary necessary tq recoan then |
investment. up  your il

in other way, the discounted payh

P ack period for a project 1
having one time investment |

at time zero can be computed as |
follows:

t

Y. (Ri-Ey) (P/F, 1% 1) -T2 o

k=1

|
]
Discounted payback period (') il
- |
|
|

Advantages of discounted payback period
* Considers the time value of money

* Considers the riskiness of the project’s cash flow
(through the cost of capital)

Disadvantages of discounted payback period

* No concrete decision criteria that indicate whether the

investment increases the firm's value.
* Requires an estimate of the cost of capital in order to
calculate the payback. |
* Ignores cash flows beyond the discounted payback
Period

%Pl:@ it i

Cong; y : ed
“NSider the example 4.2 and Calculate the discount

e0ack period a i=20%
i Jative I8
SCounteq Net cash PW of net Cum: Flow |

. as i
Sriod flow (Rs) cash flow Cas ,

chs 138
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(i=20%) (Rs)
= -25,000 -25,000 —25,000__-“
: +85,'ooo 6,667 -18,333 i
: +8,000 5,550 -1§,777 o
; +8,000 4,630 _ : 31;; -
4 +8,000 3,858 ’) j: il
5 +13,000 5,223 & 934

"asl ‘urns t sitive In year g,
Here the cumulative Cash flow turns to posit 1 year g

Therefore Payback period lie between year 4 and 5. By

interpolating, we get the payback period = 4+ 4,289/5,223 =

4.82 years (Ans)

Some solved examples

—

1. Find IRR of the following project with the initial

investment of 350,000 and the cash flow as shown. Also

draw the investment balance diagram.

End of year | Cash Outflow Cash Inflow
1 15,000 50,000
2 15,000 75,000
3 15,000 1,00,000
4 15,000 1,25,000
5 15,000 1,50,000
Solution

Net cash flow for each year

End of Net cash flow A G
year
1 35,000 35,000 0
2 60,000 35,000 25,000
3 85,000 35,000 | 50,000

139
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l_ 4 110,000 !

35,000 | 75,000 ,

> 135,000 35,000

100,000
Here the cash flow is ip gradient serjeg
Using gradient to present w e S |
; !L.',..:,m Present worth series factor |
PW (i* %) = o
3:50:000+ 35,000 (P/A, i*, 5) & 55000 (P/G;. i# 5)
; o 1 ] =0

-3, 50,000435,000[ ((1+i*) -1)]/ [i* (14+i%) ’| +25,000

O+ 5511/ %2 (14i*) 5y 2 ) |

Solving by hit and trial, we get IRR (i* %) = 5.634%

Unrecovered project |
|
balance I
I.
|
A 'i
. |
{--ios634 E 353577
P -
--1.55634 | 3 210:.17
o R4a71g P L B
3 - - T.?);(;gq. g _-- |8
7 _A5633 | 8 7=
203577 _ S -7 &
225117 _*'1.036-;% 2
| 127800 3peoa |
& >
] 2 3 4 5
Years

Fig: Investment balance Diagram

2. Find the ERR (external rate of return) when € %=15%.
(TU, 10E, 2064)

End of Annual Cash
year - Flow
0 Rs - 6oo00

h 140
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1 Rs +20000

d

Rs +40000
Rs - 50000
Rs +50000

LU L ISR

Rs +70,000

Solution 70,000

50,000
40,000

20,000 T
) |

1 > 4 5

60,000 50,000

Step 1: Discounting all the cash outflows to present time ate .
=15%.
60,000 + 50,000 (P/F, 15%, 3) =Rs 92,8758

Step 2: Compounding all the cash inflows to future time at ¢

=15'%.

20,000 (F/P, 159 # 3 p
‘ ‘_U‘ ( / 15 //[]:r 4) » 4010(}0 (r/p‘ 15(}0’ 3) +50'000 (F/P’
15%0, 1) + 70,000

= 34,980 + 60,833 + 57,500 +
= Rs 223,315

Step 3: Establishing the equivale
92875.8 (F/P, i'%,, 5) =232,
(1+i") 3 = 2.40
i =19.135%

The external rate of return (ERR) is

70,000

nce of

3315

the above two equation

19.315% (Ans)

3 The annual inc()mQ of the : s
Project star . ‘
00,000 at the end of first yea ts from Rs 5

rand decrez i At
of Rs 4o000/yr for 15 years. What Creases at the rat

is the equivalent
present worth when the MARR is 129 :

- (TU,IOE, 2064)
'“I A A
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N=15, G= 4000, i=129%,

5, 00’000

0 2
1 3 i 13 14 15
506,000
2,00
8,000 48,900’ OT
4, 000
e S — S
1 2 3 4 13 14 15
5 00,000 -
4 4,96,000
4, 92,000
I 4, 88,000
'. 4, 52,000 ¢
| T 45 4“‘,02044’000
E ] 1
1 2 g 4 3 14 15

Q\?\fl}’iﬂg gradient to present worth series factor weaget
(12%) = 5, 00,000 (P/A, 12%, 15) - 4000 (P/G, 12%, 15)

=5, 00,000 * 6.8109 — 4,000733.9202

= Rs 32, 69,769.2 (Ans)
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“ on tower with

new comm unicatl ‘
be Rs 100,000

4. Maintenance cost for a

an expected 50 years li I e by o
cach years for the first 5 years.

diture in the 15" year and another Rg
n . th 3 1 f MARR _ 100/
in the 30 year. G

annual cost over the

fe are estimated to

10,00,000 €Xpe
10,00,000 expenditure

what is the equivalent uniform
entire 50 period? (PU 2000)
Solution:
15 30
0o 1 2 3 1 1 _____ 8
1, 00,000
10, 00,000 10, 00,000

Discounting all the cash flows to the present
PW (10%) = 1, 00,000 (P/A, 10%, 5) + 10, 00,000 (P/F, 10%, 15) +
10, 00,000 (P/F, 10%, 30) '
= 1, 00,000 * 3.7908 + 10, 00,000 * 0.2394 + 10, 00,000
" 0.0573
=3, 79,080 + 2, 39,400 + 57,300
= Rs 6, 75,780
Applying the capital recover-y factor
AW (10%) = 6, 75,780 (A/P, 10%, 50)
=0, 75,780 * 0.10086
= Rs 68,159.17 (Ans)

5. Find benefit cost ratig by
method where (TU, 10F
Investment

both methods PW and AW
2004)
= Rs 90,000

Annual revenye = Rs, 50
= RS, 50,000

Annual Cost

' = Rs 2000
Salvage value ~Rs

= I8 20,000
MARR - ek,
N =120

= 10 years

Solution
L1
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Basic Methodolggj%%

@gﬂformulation

PW (1290) net benefits = 50,000 (P/A, 12%, 10) = 50,000 *5.6502
= Rs 2, 82,510

PW (130/'.)) annual cost = 2,000 (P/A’ 120’6* 10) = 2,000 *5'6502‘
= Rs 11,300.4

PW (12%) savage value = 20,000 (P/F, 12%, 10) = 20,000* 0.3220
= Rs 6,440

Conventional B/C ratio = PW (B)

(I) = PW (S) + PW (O&M)
= 282510

90,000 - 6,440 + 11,300.4
=2.98 > 1 (Justified)

Modified B/C ratio =  PW (B) - PW (O&M)
(1) - PW (S)
= 2, 82,510 - 11,300.4

90,000 — 6,440
= 3.25>1 (justified)

Using AW formulation
Conventional B/C ratio = AW (B)
CR + AW (O&M)

s 50,000

{90,000 (A/P, 12%, 10) — 20,000 (A/F, 12%, 10)}+2,000
= 2.97>1(Justified)

AW (B) - AW (O&M)
(CR)

N 50,000 — 2,000

Modifieq B/C ratio

I

14,788.0
= 3.25>1 (justified)
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i rasineering Ec L
Basic Mecthodologi€s of Engin __J_Qnga
L. I ( f‘ _
ooo and has salvage value 0f'50,0q
0,0¢ < Annual expenses will

ear. MARR <

' ts 2.5
6. Equipment €03 0 .
s expected life 5 yeal

at the end of it of 120,000 Pery

o. It will produce reveniue

40,00
20%=¢ : lation
; nuta
N v L IRR using AW fors AT Fr
(i) Evaluate IR b /C ratio with FW formulati,

(i) Evaluate both types of B

(iii) Find ERR

g(}()t)ﬂ

1 1T 1]
olution fJ, 'I ,Iwmm 27 I

250000

o

(i) Calculation of IRR

AW (i* %) = 0
AW intlow = AW auiiow = ©
120000 + 50000 (A/F, i"%, 5) -40000 - 250000 (A/P,i* %,5) =0
120000 + 500000 { i*/ (1+*) -1}~ 40000 -250000 { ((1+i*)5 *i*)|
((1+%)% -1)} :
Solving by hit and trial (calculator)
We get, i* % = 0.21577 =21.577%
IRR = 21.577% (Ans)

i) SR N et
| Finding both B/C ratio using FW formulation

Conventional B/C ratio =

— _FW(B) B
EW (1) —(S) + Fw (O&M)

Maodified B/C ratio

FW (BY - Fw (0&M)
| FW (1) - (S)
'w (B) = 120,000 (177 ey

- 1 3y -
TW ([) = 250'0”0 [[-”1 o Kk = 12.5;,01}()-;,
L R U]

q 73116 = 81902
FW (O&M) = 40,000 (]

2.4883 = (622075
= 40,000 * 74416 =297604
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'5) = 250,000 *
A 20%, 5)



6?_2075 =~ 50000 +
1026 > 1 (justi fied)

022075 - 50000
=1.04 > | (Justified)

(i)  Calculating ERR

: I
Step 1: Discount all the cash outflow to year zero at £% |
= 250000 + 40000 (P/A, 20%, 5) | "

= 250000 + 40000 * 2.9g06 = 369624 l

Step Il: Compound all the cash inflow to period N at €%
=120000 (F/A, 20%, 5) + 50,000

=120000" 7.4416 + 50,000 = 942992

Step lI: Establishing the equivalence between above two f
equations _ :I {l
369624 (F/P,i', 5) = 942992 i | i
Or,369624 (1+ ') = 942002
Or, (14 ) =255
Or, (147) = 1,206

Or, = 1206 -1 =0.206 A
i} "
Or. 20,6 9

External rae of Return (ERR) = 20.6% (Ans) f

. back
5. For the cash flow given below, compute Pay

2%
Period, Net annual worth, IRR and BCR if MARR S 1
M%o n

Ying payback Perio

p CumUlative
_ Eriog Cash PW at 12%

y CamScanner

Scanne




0 -25,000 -25,000
1 10,000 | 10,000 (1+0.12) ' =8928.57 -16,071.4
2 5,000 | -5,000(1+0.12) *“=-3985.97 -20,057.4
3 25.000 | 25,000 (1#0.12) °=17794.51 -2,262.89
4 30,000 | 30,000 (1+0.12) * =19065.54 16802.65

Here the Cumulative cash flow is negative on year 3 and
positive on year 4. Hence the payback period lies between yea

3 and 4. By Interpolating we get,

3+ 2262.89/19065.54 = 3.1 18 years (ans)

Using Net annual worth

- Using BCR method

We know that, AW (1 %) = R-E - CR
Since salvage value is not given, we don't calculate CR
Annual Revenues (R) = {10,000 (P/F, 12%, 1) + 25,000
(P/F, 12%, 3) + 30,000 (P/F, 12%, 4)} (A/P, 12%,4)
={(10,000 *0.8929) + (25,000

“0.7118) + (30,000 * 0.6355)} * 0.3292

= (8929 + 17795 +19065) * 0.3202

“ = 45789 *0.3292 = 15073.74

Annual Expenses (E) = 5000 (P/F, 12%,2) (A/P,12%,4)

=3985.97 * 0.3292 = 131218

AW (12%) = 15073.74 - 131218
Using IRR method

Using PW formulation

PW (i* %) = o

PW isittow = PW qitiow= 0

10,000 (P/F, 12%, 1)
12%, 4) = o

=13761.56

+ 25,000 (P/F, 12%, 3) + 30,000 (P/F

10,000 (1+i*) ™' 4 25,000 (1+1*)
(1+0.12) "* = 25,000 = o
Solving by trial and error,

We get i*% = 32.829%, hence IRR = 32.827 %(Ans)

]
i
._;.'

"+ 30,000 (1+i*) "1 - 5,000

— ek
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Using PW formulation
BCR = PW (B) / PW ((C)
= {10,000 (P/F, 12%, 1) + 25,000 (P/F, 12%, 3) +
30,000 (P/F, 12%, 4) } / 5000 (P/F, 12%,2) + g
= (8929 + 17795 +19065) / 131218 +25,000
= 45789 / 2631218
= 1.740 >1 (Justified) |
Review Questions ,
1. What are the methodologies for evaluating the project?
Explain briefly

1<

Explain present worth, future worth and annual worth?

3. What do you understand by capital recovery? Explain.

4. Define IRR and explain its drawbacks. |

5. What is External rate of return (ERR) and what are its
advantages over IRR.

6.

What are simple and non simple investments? Explain.

7- Explain simple and discounted payback period method.
List down its advantages and disadvantages. |

8. What do you understand by benefit/cost analysis?

Explain its types.

9. What do you understand by public sector project?

EXercises

EqWth Method

10. Consider the following set of investment projects. All
Projects have 3 year investment life. Compute the
Present worth and Future Worth of each project.

MARR =10%,
_——— Project’s cash flow (Rs)
N | A B £ D
-£.________:1000 -1000 -1000 -1000
~...l________ 0 600 1200 900
800 800 900
1 [ 1500
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_Rg_placement Analysig

STUDENT LEARNING OBJECTIVE

From studying this chapter you will learn —

» Tounderstand the concept of replacement analye;
. . 'sis
» To understand the factors conside Y

; cem
analysis P i,
o To determine the economic service ljfe of challe

nge
and defender Ber

o To analyze the replacement problem when required
service life is infinite.
o To analyze the replacement problem when required

service life is finite.

5.1 Introduction
o  When should the new machine replace the existing
machine?
»  When should a process be redesigned?
s When should a product be redesigned?
The most common question asked in the industry or
organization is when should the existing be replaced?

Replacement analysis is the economic analysis to compare
existing and new facilities. [t is a decision situation

encountered in the business firms, and government

organizations as well as individuals in which an existing asset

should be retired from use or continued in service or replaced
With a new asset. Replaceme
provides the information for sound de
Operating efficiency and the competitive positio
Replacement analysis is one¢ of the most importa .
COMmon types of iterative comparisons ehcounterefl 1'n
Practice, In some organizations, repl YSITJ ]i
Performed routinely in an effort to e e
®quipment and facilities are in use, compar
Succesgors.

nt study in engineering economics
cisions that improve the
n of enterprisc.
nt and most

acement anal
nsure that th
ed to their possible

6 ——




ment are numerous, Firgy

P

, e
idering replac ici
nsidering number ol'"dehc:lencie

‘or co

easons for have

e ot (defender) may he _ e doctrd

asset £ excessive maintenance, Ldmlnl
st " .

y consumption, and Ph}'sm&

le. when you are confronted with a

the current ‘
including high set-up co‘ ’
production efficiency energ
impairment. For examp |
that is expensive tO opera'te e
overhaul, you consider replacing the car.

and maintain, and a majy

Secondly, potential replacement assets (hc.:ha_[lengers;)] IT.‘lay .take
advantage of new technology and be ea?}1¥ set Llp,‘ 1 a.l:ntan?ed
at low cost, high in output, energy efficient and POssessing
increased capabilities, perhaps at a vastly reduced cost. fg
example, some new generation computer-controlle
manufacturing equipment has rendered many old maching

economically obsolete. Also, we can relate to the phenomeny

accomplishments  with  which calculators and personal

computers have resulted in increased capabilities, vastly lowe

prices, and economic obsolescence for equipment only a fey

years old.

Replacement is never a
rather a question
is: “Shall we re

question of “if we replace” but
of “when we replace”, The
place the defender now, or kee
more years before

key question

I - .i_?”
I e _)](. CL 1 4 1 I 1 1

t should pe
dsons:

of f’oll()wing re considered in casf.’,_

° Ol)solescence: Occurs w

1s surpasscd by

hen the teChnolog}r of an asse!
Depletion: (he

Newer ang 1
twer and op different technolo

sradual iy
wsitisp ! Bradual Jogg of Market value of an ass¢
> 15 being consumeq Or exhausteq
° Del:eriorati()n due to I e

aging- the ¥
= ol - (_l[ bl
loss in valye of some St

aging proce

ral condition of
Y aging process. Tht
Y associated with
ating expensges.

aclditiona'




|
!

e
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‘R\ema‘-‘@l‘nent;\ ;
o Physical Impairmen. - Analysig

completely or Partially worp oy,
function satisfdct(_n'ily without ey
o Inadequacy: The equipment

capacity to meet the Present demands

. Rapid Technological Changes: Recognition 4 d
- . _. T n
handling of replacement Problems have paid off quit
. 2 5 e
well in many companjes. Some of the advantages are:

(a) Maintenance costs woul( be reduced

(b) Production costs would be reduced

and would keep the
company competitive,

(c) Losses, scraps, rework would be reduced.

(d) Modernization would be introduced which will help to
take-off’ productivity and returns,

(e) Delays off down-time costs would be reduced.

(f) Enthusiasm and morale of workers would be increased
resulting into increased human efficiency, better human
relations,

It is clear from these points that replacement should be
based on economy, since it is an economic venture which
must yield considerable profits. Replacement also adds
modernization which is essential for growth. Some other
reasons which have already been discussed abov'e may
include inadequacy, excessive maintenance, decline of
efficiency, obsolescence etc. |

There are three basic ingredients to the successful handling

of replacement problems.

' — suide the
() There  must be clearly stated policies 10F

- e i 1 " 'IﬂS‘
PCrsons an. Hing the replacement proble

vanized in the
- | ecognized in
(i) The replacement problems must be recog

¢ re mecific
fBanization  structure by  Spec
respnnsibility.

assignment  of




.

58 I f'lr."‘"“j!
(iii)A systematic procedure must be established and ugqy

in solving specific problems.

Terminologies , - |
. Defender and Challenger: These ar¢ the names ¢f :
two mutually exclusive alternatives. The defender is th,

currently installed asset and the challenger is th,

potential replacement asset.

Defender first cost: It is the initial investment amount
P used for the defender. The current market value (My)

t<

is the correct estimate to use for P for the defenderin,

replacement study.

Challenger first cost: It is the amount of cost that
must be recovered when replacing a defender with

)

challenger. This amount is almost always equal to P, |
the first cost of challenger.

4. AW Values: These are used as the primary measure of
comparison between the defender and challenger.

5. Economic Life: The period of time (years) that results

In the minimum equivalent uniform annual cost of

owning and operating an asset.
6. ,USEFFI Llfg: Ihe time period (years) that an asset is
eptin productive service., It js estimate of how long an

Iassr_t IS L'){PL‘LTOCI to be used in 3 trade or business t0
produce income,

7. Marginal Cost: Marginal costs
| estimates of the costs to gwn an
| that year. It includes loss in

are the year by year
d operate an asset fof
value of the asset by
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directly related to the project
operating and maintenance etc).
The

Market Value:

5.2 Approach for comparing Defender and Challenger

1. Cash Flow Appraach

In a cash flow approach, proceeding from the sale of the old
,machine is treated as down payment towards purc\hasin_g the
new machine. This approach is meaningful when both the
defender and challenger have same useful life. Net present

the comparison.

2. Opportunity Cost Approach

[n an opportunity cost approach, proceedings from the sale of
old machine is treated as the investment required to keep the
old machine. This approach is more commonly practiced in

replacemént analysis.

Example 5.4

Defender

Replacemen; Anal

M

retaining it for one or more year, cos

highest
a buyer would pay and a seller would acce
in an open and competitive market.

worth method and annual equivalent worth method is used for

Decide whether replacement is justified for |

t and eXpenses

Or asset (i.nsuran-:e,

estimated price that

pt for an item

Challenger

Market Price = Rs 10,000

Initial Cost = Rs 15,000

Remaining Useful life = 3 years

Useful Life = 3 Years

Salvage Value = Rs 2500

Salvage Value = Rs
5,500

Operation and Maintenance
cost = Rs 8000

Operation and

Maintenance = Rs
6,000

MARR = 12%
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Solution:
(a) From Cash Flow Approach

[g;;i;;"s“‘pwc ceds

| from defender

s, 10,0007

1 .
. _}-‘,‘ .I
Rs. 2500
) | .
0 ] = ; | l l
| i '
Rx. 8000 Wiy

(1) Detender 125,135,000

Defender:
PW (12%) i
(P/A, 12%, 3)
= - Rs.17, 434.90.
’ AW (12%) 1, = PW (12%) » (A /P, 12%, 3)
=-Rs7, 259.10

Challenger:

=, GO0))

RS' Silp ..

-
A

(b) Challengey

= Rs.2, 500 (P/F, 12%, 3) — Rs.8, 0oo

PW (12%) = Rs.5, 500 (P/F, 12%, 3) - Rs.5, 000

- Rs.6, 000 (P/A, 12%, 3)

=-Rs.5, 495.90
AW (12%) ¢ = pw (12%) ¢ (A/P, 12% 3)
=-Rs.6, 451.7¢

Here AW of ST s oo
ere AW of Challenger jg greater than Defender replace the

defender.
~(a) From Opportunity Cost Approach

Defender Rs.2300 Challenge
0 2 3 '
ST ]' ? 0 l )
Rs.8000) , R (’UU(}
5.0

$10.000

Proscoaold 600 il a4t i
L I .
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! Replacement Ana

— - Analysig
Defender:
pw (12%)n  =-Rs.0, ooo - $8,000(P/A, 129, )
Rs.2, soo(P/F, 1290,3) o
=~ Rs.27, 434.90
AW (12%) 1 =PW (12%) , (A/p, 12%, 3)
== Rs.a, 420 64
Challenger:
PW (129%) = - Rs.15, 000 - Rg.6, 000(P/A, 12%, 3) +

Rs.5, 500(P/IF, 127, 3)

= - Rs.25, 495.90
AW (12%) ¢ = PW (12%) ¢ (A/P, 12%, 3)
=- Rs.10, 615.33 ™

Here AW ol‘"Challengé'r < AW of Defender, replace the
defender

5.3 Economic Service Life (ESL)

The economic service life (ESL) is the number of year (n*) at

which the equivalent uniform annual worth (AW) of costs is
the minimum, considering the most current cost estimates
over all possible years that the asset may provide a needed
service. We should use the respective economic service lives of
the defender and the challenger when conducting a

"eplacement analysis.
Mathema

"

tical Relationship
"he objective is to find the number of year (n*) that minimizes

he equivalent unpiform annual worth of costs,is minimum.

q4 o
C(JIJH(’!‘RE’('Ol'f,’lj*' C.-'USI (CR} = (%JIO/G,N) -5 (F;!U/ﬂ, N)

ocn (%%, n) (2,i%,N)
=1

I

Operating Cost tOC) = Z

n

Toigt Cost = CR (i) + OC ti)
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5-4.Minimum Cost life of the Challenger

Minimum cost life of any new (existi ng) asset is the number ofl:
years at which the equivalent uniform annual cost (EUAQ) ¢f
the ownership is minimized. That is we need to identify th |
year in which the total EUAC is minimized. The minimum co
life is normally shorter than the useful life of the asset becauset
of increasing operating and maintenance cost in the later years(
of asset life. h |

The minimum cost life js calculated as the following:

* Calculate the EUAC for each value of the useful life
(eg,n=1,n=2n= 3, etc.)

* The EUAC decreases to some minimum and increases
again.

®* The minimum cost life
the EUAC is minimum,
® The asset having the

is the number of years at which

lowest minimum cost life of all the

challengers is chosen to compete with the defender
asset.
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| subseq

w’l” incf
year

Replacgment Analysis

case ON an Rs.900 arithmetic gradient in the
. The first year operating expense will be
Lill increase on an Rs.400 arithmetic gradient in

5500 @ ars. If interest is 8%, compute the useful life of

R e
]Im" ng Y
, the ef0 ery ha

t will result in a minimum EUAC (Find its

EUAC of EUAC of
o Capital Maintenance Operating "EUAC
Recovery and Repair Costs (Rs)
Rs 7500 Cost Rs 500 + Rs
; (A/P,8%,n) Rs 9oo (A/G, 400
8%,n) (A/G,8%,n)
; | 800 0 500 8600
i 4205.77 432.69 692.31 5330.77
|+ 3 2910.25 853.87 879.50 4643.62
| 4 2204.41 1263.56 1061.58 4589.55
I_ 5 1878.42 1661.82 1238.59 4778.84
‘ 6 1622.37 2048.71 1410.54 5081.62
LL 1440.54 2424.30 157747 5442.31
:j___ 1305.11 2788.67 1739.41 5883.19
__2___:___1200.60 3141.93 1896.41 - 6238.94
IL____‘_“_?-?Z 3484.18 2048.53 6650.43
L_____lgijo.g 3815.55 2195.80 7001.93
2 | 995.21 4136.17 2338.30 7469.68
‘li-.hml 4446.19 2476 08 787118
4 | w0073 - " 8264.60
5 on 4745-75 2009.22 409 |
876.22 5035.01 2737.78

F]] UAC are estlmated for 15 years pt]‘lOd and plOtted 1n the

ng figure. From either the table or the figure,
M €ost life of the machinery is 4 years, with minimum

4589 for each of those 4 years.
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Year
Economic life is where the Total EUAC is minimized, ’
Example 5.3

A chemigal plant owns a filter press that was bought 3 yeuns
ago for Rs.32, ano. Now it has a rnarket value of Rs.g000, a life l
of 5 years, and a salvage value of Rs.2000 at that time. The
challenger has a cost of Rs.36, ooop,ha life of 10 years, and

lannin 1
Eerat.g pe::‘llod 'to be used and the MARR is 15%. The
Perating and maintenance cost of the altérnatives are giveniﬂ

Alternative
1 ' I
Al i '
Year Operation and tem'atwe ¢ |
(nj MaMtenan B ey g
ce Cost Maintenance Cost (Rs)
_ i (Rs)
0 0 & |
— 2 0
1 7000 il
00— _
2 8000 - e
- I ;
3 9000 1000 e .
20
4 10000 - il
000
5 11000 . ;
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Replacement Analysis

ter press be replaced now?

) e ()ld ﬁ

grouid
| 5911519]1: -
' h oW for rcplacement (opportunity cost approach)
d
Alternative 1 Alternative 2 A
.
‘ _——— | -9000 236000 1
_—— | 7000 0 |
2 -8000 -1000 | v
3 -9000 -2000 { |
— |  -10000 3000 | .
! ~11000 +2000 | -4000 +12000 | |
EUAW, =- Rs.gqoo'(A/P, 15, 5) - Rs.7000 - Rs.1000 (A/G, 15 5) + “ ii'.
(I

Rs.2000 (A/F, 15, 5) i
- =-Rsm, 110.90 / year - | |
y EUAW, =~ Rs.36, 000(A/P, 15, 5) - Rs.1000 (A/G, 15, 5) + Rs.12,
- o00(A/F, 15, 5) |
— - Rs.10, 682.00 / year ,11"

ar in favor of I

The difference in annual worth i

s Rs.428.90/ ye

the new filter press.

. Alternativel
1 - 8,000 (i+0.15)" — 9,000

NPW, = -9,000 - 7,000 (1+0.15)

| (#015)% 10,000 (1+0.15) ™' - 9.000 (1+0.15)” |

=-37245.9
: ?PWA = 36,000 +0 - 1,000 (1+o‘15)“ — 2,000 (p4015) 7 —3:9099 e
1 .
#0.15) ' 48,000 (1+0.15)” | o
P

N - -202()‘3,8
alth(“\!e) < NPW, (-ve), alternatiy
erNative | ; :
Native 1 i.e. challenger is better tha

Itey
Press should be replaC@d-

e 2 is better than ;
n d_e['encle.r, so the ol e

r
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55 Replacement Analysis when Required Service Life is i
long,

Required Assumption and Decision Frame Work

In previous section, it is understood that how the economj
service life of an asset is determined. The question is that hqy,
to use this information to decide whether now is the time g,
replace the defender. If now is not the right time, when is the
optimal time to replace the defender? For answering the aboye
question the following three assumptions are made.

1. Planning horizon (study period)
Technology
Relevant cash flow information

-

d

1. Planning horizon
By planning horizon it is mean that the service period required

by the defender and a sequence of future challenger.

(a) Infinite planning horizon: It is used when we are unable
to predict when the act'iv'ity under consideration will be
terminated. .

(b) Finite planning horizon: When the project has a definite
and predictable duration, replacement policy should be

formulated more realistically based on a finite planning
horizon.

2. Technology
Prediction of technological

. patterns over the planning
horizon refers to the dev

elopment of types of challengers
that may replace those under study. A number of
possibilities exist in predicting purchase cost, salvage value
and operating cost dictated by the efficiency of machine
over the life of an asset, If we assume that all future
machines will be same as those now in service, there is no
technological progress in the area will occur. In other cases,
we may recognize the possibility of futyre machine that
: : : 167
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Replacement Analysis

e signiﬁcantly more efficient, reliable or productive
ose currently on the market. :

b}
Fa L
!. i

will b

evantcash flow information

1, Rel , . .
ties of prediction can be used to estimate the

Many vare

patterns of re |
Jsset Sometimes revenue is constant, but costs increase, while 1

venue, cost, and salvage value over the life of an

calvage value does not, over the life of the machine. In other
C

situations,
ected. The specific situation will determine  whether

a decline in revenue over equipment life can be
exp
replacement analysis is directed toward cost minimization q
(with constant revenue) or profit maximization (with varying

revenue).

Decision Frameworks

The annual worth / annual equivalent (AE) method provides a
more direct solution when the planning horizon is infinite
(endless). Similarly when the planning horizon is finite (fixed)

the present worth (PW) method is convenient to be used.

56 Replacement Analysis under Infinite Planning
Horizon

Under the infinite planning horizon, the service is required for
d very long time. Either we continue to use the defender to
Provide the service or we replace the defender with the best

avail : ; . .
able challenger for the same service requirement

OC d i . . » . . . |;'I
ure for replacement analysis (infinite planning horizon) B
° [ |

Compute the economic service life of the both defender
and challenger. Use Nj * (economic service life of
d{:‘fendn. el & . . . Yol : '
er) and Nc* (economic service life of Challenger)
;QSPeCtively_ The annual equivalent cost for the
.F"f?“der and challenger at their economic lives are
| '?d“‘ted by AEp* and AE(*.
{ ®Mpare AEy* and AEc*. If AE,* is bigger than AEC”

. We . S
! , know that it is more costly to keep the defender
Scanned by CamScanner e
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Replacement A“QIJESJ“;II &
than to replace it with the challenger. Thus the 5
challenger should replace the defender now.

o If the defender should not be replaced now, whep
should it be replaced? First, we need to continue to yge
until its economic service life is over. Then we shoylg
caleulate the cost of running the defender for one more
year after its economic life. If this cost is greater thap
AL*, the defender should be replaced at the end of the

its economic life . this process should be continueg
until we find the optimal replacement time. Thig
approach is called the marginal analysis, i.e.to calculate
the incremental cost of operating the defender for just

one more year.

Example 5.4 |

A company is considéring the replacement of the old
inspection machine. If the machine is repaired, it can be used
for 5 more years. It can be sold to the other firm in Rs. 5,000. If

the machine is kept it will require an immediate overhaul
(renovation) of Rs. 1200 to make it in operable condition.
Overhaul charge is not extended for service life. The operation
costs are estimated at Rs 2000 during first year and these are
expected to increase by Rs. 1500 per year thereafter. Future
market values are expected to decline by Rs.1000 per year.

The new machine costs Rs 10,000 and will have operating costs
of Rs. 2000 in the first year, increasing Rs 8oo per yedr
thereafter. Salvage value is Rs 6ooo after one year and wil
decline by 15% ecach year. The company requires a rate of
return of 15%. Determine Economic life of each option and
when the defender should be replaced?

Solution

Relevant cash flow information for defender



n | Overhaul
(Rs)
0 1200
- T 5000
! g 2000 T ——
2 0 3500
- — 3000
000
E T
0 6500
| 4 — 1000
5 0 80oo o
When n=1

CR (15%) =ﬁ;00 (A/P, 15%, 1) - 4000 (A/F, 15%, 1
=_§,200 115 - 4000 *1 = 3,130.
Annual equivalent cost (AEC)

)

= 3130 + 2000 =5,130

When n=2 |
CR (15%) = 620q (A/P, 15%, 2) - 3000 (A/F, 15%, 2)

0, 2

= 6200 *0.6151 - 3000 "0.4631= 2,418.32

Operating Cost = {2000 (P/F, 15%, 1) + 3500 (P/F, 15%, 2)} (A/P,

15%, 2)

=200070.8696 + 3500 * 0.7561} * 0.615
=20697.55

Anna ®quivalent cost (AEC), = 2,418.32 + 2697.55 =5,115. 87

\Cﬁ% ,
R (15%) < 6200 (A/P, 15%, 3) - 2000 (A/F, 15%. 3)
= 6200 *0.4380 - 3000 *0.2880= 2,139.60
0 - . i
(Pf;f-‘ratmg Cost = {2000 (P/F, 15%, 1) + 3500 (P/F, 15%0, 2) + 5000

. 15%, AP, 15%, 3)

% =200070.8696 + 3500 © 0.7501 + 5000 " 0.6575)
%4379

=3360.02

| le 1 2 =5, .8:’.
a_l__equwa]ent cost (AEC) , = 2,139.60 + 3360.02 =5,499

e 170
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Replacement Ana

When n=4 s
CR (15%) = 6200 (A/P, 15%, 4) — 1000 (A/F, 1570, 1
| = 6200 *0.3503 — 3000 “0.2003=1,972.5

=0
Operating Cost = {2000 (P/F, 15%, 1) + 3500 (P/F, 15%, 2) + 5000
(P/F, 15%, 3) + 6500 (P/F, 15%, 4)} (A/P, 15%, 4) )
| = 2000%0.8696 + 3500 * 0.7561 + 5000 ™ 0.6575
+6500" 0.5718} * 0.3503
=3989.43

Annual equivalent cost (AEC) , = 1,972.56 + 3989.43= 5,960.99
When n=5

CR (15%) = 6200 (A/P, 15%, 4) — 0
= 6200 *0.3503 = 1,850

Operating Cost = {2000 (P/F, 15%, 1) + 3500 (P/F, 15%

Y0, 2) + 5000
(P/F, 15%, 3) + 6500 (P/F, 15%, 4+8000 (P/F, 15%, 5)1 (A/P, 15%,
5)

= 2000%0.8696 + 3500 *
+6500* 0.5718 +0.4972} * 0.2983
= 4584
Annual equivalent cost (AEC)

0.7561 + 5000 * 0.6575

s = 1,850 + 4584= 6,434

From year one to five, the annyal equivale

: nt cost of defender is
as follows:
 Year(n) | AEC (Rs)
: 5:130
-__-__-_'_'_‘—-—-—-q
2 | 51587
3 | 5499.62
% | 5960.99
N 2 6,434

m, Gl BN
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When n= 2 yEars, we can see th, lowest A Malysis
. _ West AR
defender's economic Service life ; AEC va

lu

; T 52 years, n € Thys the
} the economic service life of g, Cha”@nger e elermin,
| We have, Investment = Rg 10,000,
| Salvage Valye at year ¥

1= Rg
’ yee Rs 6000 and decreageg at
15% over previous year,

Operating Cost = Rs 2000 ang increases by Re g, o
per year k|

MARR = 159

When n =,

' CR (15%) = 10,000 (A/P, 15%, 1) - 6ooo (A/F, 15%, 1)

=10,000 * 115 - 6000 * | = 5,500
Operating Cost =2,000 '

i Annual equivalent cost (AEC) | - 5,500 + 2,000 = 7,500

|

|

N

When n =5 | e
CR (15%) = 10,000 (A/P, 15%, 2) - 5100 (A/F, 15%, 2) C e
= 10,000 * 0.6151 - 5100 * 0.4651 = 3779 -

Operating Cost = {2000 (P/F, 15%,1) + 2,800 (P/F, 15%,2) }

& . '.j
t =2000"* 0.8696 + 2800 * 0.7561} * 0.6151 '
f

= 2372

Annuy) ¢quivalent cost (AEC) , = 3,779 + 2,372 = 6,151

3 sl o)
=10,000 (A/P, 15%, 3) - 4335 (A/F, 1’5"“1'333
= 10,000 * 0.4380 - 4335 * 0.2880 =3,

i ODEra[
i 36¢

i

. 1590, 2) +
ing Cost = {2000 (P/F, 15%, 1) + 2,800 (P/F,15

Q (p/L 15‘)/0, 3)} (A/P, 15(%)’ 3) *0.6575} * 0.4380
= 2000* 0.8696 + 2800 * 0.7501+ §eoo

A = 2725
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“Annual equivalent cost (AEC) ; = 3132 + 2,725 = 5,857

When n = 4, |
CR (15%) = 10,000 (A/P, 15%, 4) - 3685 (A/F, 15%, 4)
= 10,000 * 0.3503 — 3685" 0.2003 = 2,765

Operating Cost = {2000 (P/F, 15%, 1) + 2,800 (P/F, 15%, 2) +
3600 (P/F, 15%, 3) + 4400 (P/F, 15%, 4)} (A/P, 15%,‘3) |
= 2000* 0.8696 + 2800 " 0.7561+ 3000 "0.6575 +

4400 * 0.5718} * 0.3503

= 3001
Annual equivalent cost (AEC) , = 2,765 + 3,061 = 5,820 ) '
Whenn =5, | |
3 CR (15%0) = 10,000 (A/P, 15%, 5) - 3132 (A/F, 15%, §)

=10,000 " 0.2983 - 3132¥ 0.1483 = 2,519

Operating Cost = {2000 (P/F, 15%, 1) + 2,800 (P/F, 15%, 2) +
3600 (P/F, 15%, 3) + 4400 (P/F, 15%, 4)+ 5200 (P/F, 15%, 5)}
(A/P,15%,5)

=2000" 0.8696 + 2800 * 0.7561+ 3600 *0.6575 +
4400 * 0.5718 + 5200 * 0.4972) * 0.2983

=3378
Annual ivalent cost (AE = - '

equivalent cost (AEC) ; = 2,519 + 3,378 = 5,897

_I”‘O'“_Y@al' one to five, the annual equivalent cost of challenger
is as follows:

Year (n) AEC (Rs)
I 7,500
% 6,151
3 5.857
4 5,826
5 5897
.
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| When n= 4 YEArs, We can see the lowest

Rep]

ALC value. Th

defender’s ECONOMIC service lfe jg , v o

us the
Replacement Decision
The annual equivalent cost (AEC) of de

fender ( .
- - » . L5 b ! i 5116) > r )
snnual equivalent cost of (,hallenger (5826) e
defender is not replaced now. [f the

advancement in the next few ye

- Hence the
re is no technological

ars the defender should be
used for at least 2 more years,

We have to calculate the cost of kee

. ping and using defender
for the third year from today. Th

at is not selling the defendor
at the end of year 2 using it for the third year and repl

acing it
at the end of year 3.

—

(market value of the defender at the end of year 2)
(b) Operating cost for 3" year : Rs. 5000
(¢) Salvage value of the defender at the end of year 3 = Rs.

(a) Opportunity cost at the end of year 2 = Rs. 3000

2000, 2000
A
él ; 3
2000 v
5000

< - -. =W =1 -3 r'e
* Calculate the equivalent cost of the (.lt'ffu‘l‘dftl‘ one mo
" year from the end of its economic service life.
3000 (F/P, 15%, 1) + 5000 -2000 = Rs. 6450 i
Compare this cost with annual equivalent co
Cha”cnger (AEC) = Rs. 5820.

r than annual

Sine . T » a1 Is preate
‘¢ the equivalent cost of the defender is g that the

' vy [uded
“Quivalen cost of the challenger, it.is conc

~f vear 2.
tfender should be replaced at the end of yeal

)
'
i b
gy

!

| &8




Replacement A

Example 5.5 ) _
Three years ago Chicago O’hare Airport purchased a new fir,

truck. Because of flight increases, new ﬁre-ﬁghti“g Capacity jg
needed once again. An additional truck of the same capacity
can be purchased now, or a double capacity truck can replag,
the current fire truck. Estimates are presented below. Compare
the options at 12% per using (a) a12-year study period.

Year Presently New Double
owned Purchase Capacity
o —
First Cost (Rs) | -151000 (3 years -175000 -190000
ago) s |
AQC (Rs) -1,500 -1,500 ~2,500
Marked Value 70,000 - -
(Rs) '
Salvage Value | 10%of first cost | 12%of first | 10%of first cost
(Rs) cost
Life in Years 13 ' 12 12 |
Solution

 Identify option 1 as retention of the presently owned
truck and augmentation (expansion) with a new same
capacity vehicle.

° Define option 2 as replacement with the double
capacity truck.

Option1 Option2
Presentl | Augmentati Double
‘ yowned | ©  on Capacity
First Cost | -70.000 | -175,000  [-190.000 |
AOC -1,500 -1,500 Q,S(:C
Salvage 15,100 | 21.000 19,000
value B
Life 9 yrs 12 yrs 12 yrs j

(a) Fora lull-life 12-ycar study period of option |

AW, = (AW of presently owned) + (AW of Augmentation) |
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: ment A <
= [-70,000 (A/P12%, 9) + 15,100 (A/F, 150 nalysis
. ’ § - v ]2/21 _
75,000(A/P1276,12) + 21,000 (A/F, 159, "9) -1500] 4 (.
=-136016 -28,882

= Rs -42.498

12) -1500)

--------------------- Period of option »

AW, = --';90.000 (A/P, 12%, 12)

+ 10,000 (A/F, 12%), 12)
= Rs -32,386

-2500

Replace now with the doub]e—capacity truck (option 2

) at
anadvantage of 10,112 per year

- s7Replacement Analysis under Finite Planning Horizon

If the planning period is finite, comparison based on the
- annual equivalent cost (AEC) method over a defender’s
' economic service life does not generally apply. The procedure
for solving such a problem with a finite planning horizon is to

- establish all ‘reasonable’ replacement patterns and then use the
fquivalent worth value for-the planning period to select the

Most economical pattern.

.%

- An eXisting machine has a market value of Rs. 50,000 and can
“t Used for six years after répair. The machine will require an
MMediate Rs 12000 overhaul to restore it to operable
: _conditi“ﬂ- The opportunity costs are estimated Rs 20,00?
- ning fipgy year and expected to increase by Rs 15,000 per yeal

5 ' ine is e ed to decline by
“eafter. Book value of the machine is expected to
25% | e

fach year over the previous year’s value.

d will have
Machine can be bought at Rs 1, 00,000 ?’Tncrt’ases by
SRating gt of Rs 22,000 in the first year ancoloo after one
| Peryear thereafter. Book value will be Rs 62

verla
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year and will decline 15% each year. This new n'1?dchir‘1e Will Jag
for eight years. Find the economic service life of bOth the
alternatives and determine the best replacemenl: strategy if, -
firm has a contract to perform a given service for next Cight
years. MARR =15%

Solution

If the existing machine (defender) is retained, .total cost wil] b,
equal to Rs 50,000 + Rs 12,000 = Rs 62, 000 i.e. Rs 50,00q 2
opportunity cost and Rs 12,000 as overhaul cc?st- OP@Fating
costs and book values can be calculated as following:

Year | O&M (increasing by Book Values
| Rs. 15,000 par year) N
1 20000 | 75%of 50,000 = 37.500 ]
) 2 35,000 75% of 372500 = 28,130 |
3 ) 50,000 75% of 28,130 =21,090 | |
4 65,000 75% of 21,090 = 15,820 |
5 80,000 75% of 15,820 = 11870 |
6 95,000 75% of 11870 = 8,900 ;
62,000 *1.15 + 20,000 ~37,500 7,500
= Rs 53,800

(h #
AEC for N=,

20,000
62,000

b 1
2000 (ATP, 15%, 2) + 20,000 13,130 (A/F, 1oty 2)

= Rs 52,030
28,130
28,130-15000 = 13130
0| ; 2
20,000 —l N ( 2
35,000 20,000 .
62,000 &2 e o
77 A
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. 6 000 (A/P 15%), 3) + 20,000 +{15000 %

“21090
(A/F’ ls/UI ) . }
b-Rs 54690 21090
; 1
1 (190
= T ——P
_F 130.-000 20,000 30000
62,000

R
15,00071.15 + 30,000

! AEC for N= . R |
62,000 (A/P, 15%, 4) + 20,000 + {15000 *1. 15 + 30,000% 115 + i
15,000 -45820} (A/F, 15%, 4)

15,820 | il
=Rs 58440 T
Ol 20%00 ﬁ l ..?
I 50 000 - b
62,000 P v ; _J1
. |
| ¥ 15820 | 1

15,000%1.15" + 30,000"L15 | |
| . +45000 = 993375 | "

|
' % '2

- B2000 (Asp, 15%, 5) + 20,000 + 15000 (A/G, 15%, 5) -11870 (|
WE159%,5) il

RS 621580




AEC for N=6 b |
62, 00:: (A/P, 15%, 6) + 20,000 + 15000 (A/G, 15%, 6) - BQDO(A'{F:
15%, 6)
= Rs 66,820 8,000
o 3 2! 5 6
- %so. OOO()JOOO l
02,000 80,000 95:_)00

AEC is minimum i.e. Rs 52030 when N =2 years. Thus, t,
defender’s economic service life is 2 years.

Old machine is replaced by new one (by Challenger), th |
investment cost will be 100,000 and operation g

maintenance cost and book values are as following:

Year | O&M (increasing by | Book Values (decreasing
20% per year) by 15% per year

1 22,000 60,000

2 26,400 51,000

3 31,680 43,350

4 38,020 36,850

5 45,620 31320

6 54,740 ’ .26,620 B
7 65,690 22,630 E
. 78'8_-_3_6-_ 19,230 i

ALC for N=j
100,000 (A/P, 15%, 1)
= Rs 53,800

+ 22,000 -60,000

—

100,000

Scanned by CamScanner



Replacement Analysis

e
(A/P, 1%, 2) + 22,000 446,600 (A/F, 15% 1) |

0
00 'NJ

_Rs 61.840 51,000

51,000 { |
— Of *l ) |r
22,000 ¢ H
26,400 |
phoood po.000 |
AEC for N=3

00,000 (A/P,15%, 3) + 22,000 - 28610(A/F, 15%), 3)

_Rs 57,500
=Rs 57,50 A55ED 0
1 ﬁ
j

2
o_.v Y
© 122,000 22,000 5

100,000 100,000

32 (}UO *

' 26,400 31,680

4400115 + 9,680

=14,740
Similarly, Rl

. AEC,= Rs 56,250 |
AEC; = Rs 56,310 |
AECy = Rs 57210 - |
AEC, = Rs 58,690 '

AECH = Rs 60660

 Minimum AEC of Challengu is Rs 56250 when N = gyears.
Thus, the challenger’s economic service life is 4 years.

é Many replacement scenario options would fulfill dn eight year
p]‘m”“lg horizon as below.

Wlion . Use Challenger for eight years (4 + 4 years)

s

m e —
Scanne y amoscanner



PW = 56,250 (P/A, 15%, 8) = Rs 2,52,410

Option 2: Use defender for 2 years, ‘Lha"@ﬁg(..r for next foy o
years and challenger for two more years again (2 + 4 + 2)

5 6 7 8

BEERERY

56,250

61,840

PW = 52,030 (P/A, 15%.,2) + 56,250 (P/A,15%,4) * {P/F,15%12]+
61 8&0 P/A, 15%,2) * {P/F,15%,6)
=2, 49,480

._\I

Option 3: Using defender for four years and challenger fy
remaining fom years \

58,440 552 :
PW = 58,440 (P/A, 15%, 4) + 56, 250 (P/A, 15%,4) * {P/F15%,4)
=2, 58,660
Option 4: Using defender for three I

years and challenger for
remaining five years

54.690
r

56,310

*56.310 (P/A, 15%, 5) * {P/F, 15%,3

PW = 54,690 (P/A, 15%), 3)
=2, 48,980 (minimum)

Option 5: Using defender for only

One yvears and challenger for
7 years (4+3)

181 . I- -
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¢

50.250

57,560

v = =2.800 (PIA. 15%, 1) + 56,5 ‘
pW =53 i v ’ (;’, 2,250 (P/A, 15%, 4) * (P/F, 15%, 1)
457500 (P/A, 15%. 4) {P/F,15%5) s

= 3, 51'770

Qption 6: Using defender for three years and challenger for
years (4+1) ; 5

O- i l 5 O 7 8 .

,690

(8
By

41

NN

5
50,250

PW=54.690 (P/A, 15%, 3) + 56,250 (P/A, 15%, 4) * {P/F, 15%, 3}

77000 {P/F, 15%, 8}

+
| 22,535,630

Fr ; Tt : .
om above calculations, least cost solution among six decision

oo - | '
Ptions considered appear to be option 4 with present worth

M —

_i:

fuivalent of Rg. 2,48,980. So, retain the defender for three
Years, purchase the challenger and keep it for five years.

R -
ey uestion

L - :
What do you understand by replacement analysis?
Explain the reasons for carrying out replacement
dnalygjg.
l“Plam the defender, challenger, marginal cost,
Wftmlu s first cost and challenger’s first cost:
hat is economic service life? Explain with a suitable
@-‘ﬁlmple_ g

'l | .
'at are the assumptions made in Replacement
1

-1
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3 Comparat; ;
Parative Analysns ofAltr-:matives
; UDENT LEARNING OB]ECTIVE

From studying this chapter you wil learn - i

| asic concept for ¢ s . ¢
- o« B l 'f.om Paring alternatjyes ! A
o The study (analysis) period.
R ’ {
- Comparing the alternativac ; . ‘1
> 0 P 8 ' 1atives havmg useful lives equal to !
} the study period . :
o Comparing the alternatives having useful lives different
and unequal to study period.
o The capitalized worth method.
e To understand the mutually exclusive combinations of
the project.
6.1 Introduction
¥ . ; §
) Most engineering projects can be accomplished by more than
one feasible design alternative. These projects are funded from
the capital budget. When the selection of one of these
f - ' i
) alternatives excludes the choice of any of the others, the }
| Q

alternatives are called mutually exclysive. Typically, the "
' alternatives being considered require the investment of

TS

different amounts of capital, and their annual revenues and
costs may vary. Because different levels of investment normally

P
el =

Produce varying economic outcomes, we must perform an

o analysis to determine which one of the mutually exclusive
alternatives is preferred and, consequently how much capital
should be invested. Five of the basic methods discussed in
chapter: 4 for analyzing cash flows are used in the analyses for
+ “Omparing alternatives (PW, FW, AW, IRR and ERR method).

- The problem of deciding which mutually exclusive alternatives

should he selected is made casier if we adopt a rule in which:

e

e

The alternative that requires the minimum investment of

“Pital ang produces satisfactory functional results will be

it ' ci
Chosen unless the incremental (additional) capital assocte
sement can be justified

ated

wi _ . .
: w_th 4n alternative having a larger inve
} _ 4 'espect to its incremental benefits”.

186

Scanned by CamScanner



Comparative Analysis of Alterna

Under this rule, we consider the acceptable alternative thye
requires the least investment of the capital tc? be the bage
alternative. The investment of additional caplta.l over that
required by the base alternative usually results in increagey
capacity, increased quality, increased revenues,' decreageq
operating expenses, Or increased life. Therefore before
additional money is invested, it must be shown that eac},
avoidable increment of capital of capital can pay its own Wway
relative to other available investment opportunities. Let yg

consider the two alternatives (pI‘()JGCl’S):

Alternatives
A B
Capital Investment (Rs) -60,000 =73,000
Annual Revenues (Rs) 22,000 26,225
Life (years) 4 4
MARR 10%
Alternative A Alternative B
Rs 22,000 Rs 26,225
Ol 1 5 3 4 Ol 1 2 3 4
Rs 60,000 Rs 73,000
E m 4 =760,000 + 22,000 (P/A, 10%, 4) = Rs. 9738
5 =-73,000 + 26,22 /T
I 73.000 ‘)6'2-5 (A/p, 10(‘]/[‘}, 4) = Rs. 10,131

Since PW It > b
| W, :s'o', It is the base alternative and would be selected
unless additional (incremental) capital

ernative B ic i associat rith
Alternative B is justifie ted  wit

Py d. In this cage. Alternative B is preferred
to A because it has a greater pw value
: alue,

Rs. 4,225

4
Rs. 13,000

(Alternative B minug Alternative A)

187 _ A
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Rs. 13,000 of capital in B have 4 Present Sl

h SHEY
vorth of Rs. 1.
()?38 = RS. 393. 0,1

31~ Rs,
(PW) gin = -13,000 + 4225(P/A. 10%, 4) = Rs. 393
i.e. the Alternative B ig i surplus of g 393 at time zepg
- Afirmalways tries (o increqg, nvestment by maximizing pyy if
i justified” .
- Analysis Period
The analysis period is a time span gver which the economie

effects of an investment i be evaluated,

may also be called the study pe
length of the analysis period is determined by company policy,
the service period, the usefy] life of the shorter lived
alternative, the useful [ife of longe |

The analysis period
riod or planning horizon. The

r lived alternative etc.

Useful Life

The useful life of an asset is the time period during which it is
kept in productive use in a trade or business.

The useful lives of alternatives being compared, relative to the
selected study period, can involve two situations.

Case 1: Useful lives are the same for all alternatives and equal
o the study period.

Casea: Useful lives are different among the alternatives and at

least one does not matches the study period.

6.2 Case 1; Uséful lives are the same for all alternatives
N equa) ¢ the study period.

e o he selected
N the ygefy] lives of alternative are equal to th
Stud

. » not required. In
Y period, adjustments to the cash flow are not ?1 iy
- : . ac
S case, e compute the equivalent worth for e
U selecy the one with the highest worth.
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Equivalent worth Method

When equivalent worth methods are used, cormstency OF
alternative selection results from this equivalency rclatlonsh,p
Also the economic ranking of mutually exclusive altemam,
will be the same using the three methods. Consider the genery]
case ol two alternatives, A and B. If

PW, (1 %) < PWy (1 %)

PW, (i %) {A/P, i%. N}< PWy (i %) {A/P, i%, N}
AW, (1 %) < AW& (i %)

Similarly,

PW, (i %) {F/P, i%, N) < PWg(i%) {F/P, %, N)
FW, (i %) < FW, (i %)

Ranking is always consisterit in the equivalent method.

-

L]

Example 6.1 ° ’ :

Consider the mutually exclusive alternatives

Option1 | Option 2

4 Option 3

[nvestment cost (Rs) 2,69,000 3.19,000 3.30,000

Annual net savings (Rs) 81,500 388,500 98,300

Useful life (years)

Salvage value (Rs._) 100,000 120,000 120,000

Which option would pe qelu.tf_d
‘method at i=12%

based on equivalent worth

Solution

since useful life of each alternative jg 5 years, simply calculate

the equivalent worth ofeach option.

Using PW formulation
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Rs. 269,000

PW, = - 2, 69,000+81,500 (P/A, 120

0, 5) + 100, 000 (P/F,

12%, 5)

= Rs.81, 532.
Option 2

Rs. 120,000

Rs. 319,000

PW,= -3, 19,800+88,500 (P/A, 12%, 5) +120,000 (P/F, 12%, 5)

=Rs. 67,314
i le

Rs. 120,000

!
f e

Rs. 330,000

=3, 30, 000+98,300 (P/A, 12%, 5) +1, 20,000 (P/F, 12%, 5)

RS 91640 |
pw3>PW > PW,

Scanne(J !y E S
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Using FW formulation

FW, = -2, 569,000(F/P, 12%, 5) +81,500(F/A, 127, 5) +1,0 0,009
= - 4, 74,070 + 5, 17,757+ 1, 00,000

= Rs. 1, 43,687

FW, = -3, 19,000(F/P, 12%, 5) +88,500(F/A, 12%, 5) +1, 0 0,000
= - 5, 62,187 + 5, 62,227+ 1, 20,000

= Rs.1, 20, 040

FW, = -3, 30,000(F/P, 12%, 5) +98,300(F/A, 12%, 5) + 1, 20,000
= - 35, 81,559 + 6, 24,480+ 1, 20,000
= Rs. 1, 62,921
Here, FW;>FW, >FW,
Option 3 is most economical

Using AW formulation
AW, = -2, 69,000(A/P, 12%, 5) +81,500 + 1, 00,000(A/F, 12%, 5)
=74, 620 + 81,500 + 15, 740 = Rs. 22,620

AW, = -3,19,000 (A/P, 12%, 5) +88,500 + 1, 20,000(A/F, 12%, 5)
=-88,490 + 88,500 + 18,888 = Rs. 18,898

AW; = -3, 30, 000 (A/P, 12%, 5) + 98,300 + 1, 20,000(A/F, 12%,5)
=-91,542 + 98,300 + 18,888 = Rs. 25,646
Here, AW;> AW, AW,

Option 3 is most economical

Rate of Return Method

Under Equivalent worth Method, the mutually exclusi®
pinect with the highest worth figpure was preferr®
Unfortuna’rolv the same principle cannot be applied to IR
ERR and BCR analysis. The project with highest IRR, ERR 3"
BCR may not be the preferred alternative. Let us consider the.
. two mutually exclusive alter natwm 1 year of service Iafe 4
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-Rs,000 | -Rss,000

1 Rs 2,000 { Rs 7,000
IRR 100% 40%
BCR (10%) 1.82
PW (10%) Rs 818

127 .
Rs 1364

We can se¢ that, Az is preferred over A1 by PW method and
Avis preferrcd over A2 by IRR and BCR methods.

This inconsistency is because equivalent worth method (AW,
pW, FW) are absolutg method where as IRR and ERR is relative
(Percentabt.) measure and cannot be applied in the same way.
o

For this purpose Inc¢ remental Analysis should be done.

Incrcmenlal Analysis

Incuemcntal Analysis LVH]UHLC‘\ d1 felenu or the maement i

i e

hetween [wO Or MOre muluall\, e\cldslw allcmamEb r\s we -

\;;;—lealned the PW and AW rcc_hmques can be usul to do
. incremental analysis.  When independent projects are
evaluated, no incremental analysis is necessary between
projects. Each project is evaluated separately from others, and
more than one can be selected.
Steps for Incremental Analysis
.. ldentify all the alternatives

>, Compute the IRR/ERR/BCR of each alternative.

Any alternative with
\_’BRéMARR/ERRc:MARR/BCRq should be
: 3. Order alternmatives in .increasing order of
J nvestment cost to ensure that the incrcmwﬁ\:%? ]
b cash flow corresponding to investments,
d 4. Establish a base alternative: Altcmame having |
18: ‘ least “capital investment is established as the base

ﬁc : 2
Scanne Yy amScanner



i il
alternative and should have been pre qualzﬁed ’-Qf-. .

IRR> MARR/ERR>MARR/BCR>1
Perform an incremental analysis between the
rnative with the N

base alternative and the alte
smental IRR > MARR;

higher initial cost. If the incre
ERR > MARR/ BCR =1 “reject” the base alternam
and “accept” the higher cost alternative and “ fetam -

it as base alternative.

6. Select the next higher cost alternative ang
perform the incremental analysis until all .
alternatives have been evaluated.

“Evaluation should always be done based on same study Perioq

for ali alternatives”
Y

, ‘ Decision Rule
IF, IRR 3> MARR/ ERR y.1> MARR/ BCR 3 4> 1, SelectR |
(higher first cost alternative) F
IRR:p 4= MARR/ ERR ..= MARR/ BCR p 4= 1, Select
either one
IRR ;1< MARR/ ERR p s<MARR/ BCR p.4< 1, Select A
(lower first cost alternative)

For above example,

-Rs 4,000
Rs 5,000
25%>MARR | Select A, |
_L14>1 [ Select A, |

Example 6.2
T‘hc cash,ﬂows for the two mutually exclusive alternatives "
given as follows:
B
- Rs. 12,000

Scanned by CamScanner



proje
10%

W]-;jL‘h
MARR =

olution

ulatin the

Comparative Analysis of Alternatives

Rs. 1,350

Rs. 4,200

Rs. 1,800

Rs. 6,225

i

Rs. 1,500

-

Rs. 6,330

ot would be selected based on IRR criterion, at

IRR of each alternative.

M/’ ‘
¢  510% (MARR) (Justified)

iﬁg;, 17543 0% > 10% (MARR) (Justified) ;a
EOY A B \
0 - Rs. 3,000 - Rs. 12,000 s |1
1 Rs. 1,350 Rs. 4,200 *=
2 Rs. 1,800 Rs. 6,225
[ 3 Rs. 1,500 Rs. 6,330
[RR 25% 17.43%

Performing the incremental analysis.
Let us consider the mutually exclusive alternative as in the

table above.

" Why did we choose to look at the increment B-A instead |
of A-B?
We want the first flow of the increment
Negative (investment flow) 50 ‘that we can calculate IRR. By

= L e

;”btractmg the lower initial mves[ment project from the
igher, we guarantece lhaL the first_increment. will-be- an

al cash ﬂow series to be

inve

ﬁg‘.&“ﬂgw If we lg,nme the investment ranking,.we
1gnt
Bt end up with and increment that involves borrowing cash

Ow
“OW an
d has no internal rate of return.

-B, we have to borrow Rs. 9000, the interest
( i o o 15
=15%. It imeans that we are loosing or paying 1570

Ntey _
o B. If we invest in

4 ale by not investing the Rs. 9o0o in
Scanne! Ey CamsScanner o




tive Analysis of

Compara

A We are Savi-ng Rs. gooo now, but we are giving up n‘lg"
: * st :
opportunity of making Rs. 2850 at the end of 1™ year, pg 443

¢ ~- " ~id
at 2™ year and Rs. 4830 at the 3™ year.

Calculating IRR of the incremental Cash flow, e
PW (i) y.a=0

- guoo +2850 (P/F, i*, 1) +4425 (P/F, 1%, 2) + 4830 (P/F, j*
(i*) 5.1 =15% > 10% (MARR)

Hence, Option B is selected.

'3):0

Example 6.3
Consider the following three set of mutually eXclusiye
alternatives:

5 a ,»'lem[vc
EOY D1 D2 D |
0 - Rs. 2000 | - Rs. 1000 - Rs. 3000
1 Rs. 1500 Rs. 800 "Rs.1500 |
2 Rs. 1000 Rs. 500 Rs. 2000
3 Rs. 8oo Rs. so0 Rs. 1000
Which project wo

uld you select based on IRR, ERR and BCR
methods on incremental investment assuming that MARR =
£=15"%"
Solution

Calculate the [RR of the cach project,
[RR of D, h

P\N =0

_ ?f.ooo + 1;300 (P/F, i® 1) 4 Looo (P/F ", 2) + 800 (P/F. i*,3)=0
34:37% >15% (MARR) (Justified) '
[RR of D,

PW =g
1,000 + 800 (P/F, j*
1" % 40.76% >15% (

4

1) +500 (P/F, %, 5) +500 (P/F, i*,3) =0
MARR) (Justified)

KRR of D,
PW =
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LA - =eeenalve Analysis of Alternatives

Rt F A

aﬂﬂ a,500 (7R, 17, 1) + 2,000 (P/F, i*, 2) + 1,000 (P/F, i, 3)
...3. : i . >

# 81% >15% (MARR) (Justified)
R
Q’lglla“ he BCR of the each project using PW formulation
slculate the
' BCRO ofD, = PW (Benefits)/ PW (Costs)
- PW (Benefits) = 1,500 (P/F, 15", 1) + 1,000 (P/F.
1, 2) =800 (P/E.15%. 3)
=1,500%0.8696 + 1,000 *0.7561 + 800
~ f0.6575
E = Rs. 2,586.5

PW (Costs) = Rs. 2,000
BCRof D, =2,586.5/2,000 = 1.293 > 1 (Justified)
BCRof D. = PW (Benefits)/ PW (Costs)
PW (Benefits) = 8oo (P/F, 15%, 1) + 500 (P/F, 15%,
2} = 500 (P/F, 15%, 3)
= 800"0.8696 + 500 “0.7561 + 500

=Rs. 1,402.48
PW (Costs) = Rs. 1,000
BRof D, =1,402.48 /1,000 = 1.402 > 1 (Justified)
BCRof D, = PW (Benefits)/ PW (Costs)
PW (Benefits) = 1,500 (P/F, 15%, 1) + 2,000 (P/F,
5%, 2) + 1,000 (P/F, 15%, 3)
=1,50070.8696 + 2000 *0.7561 +

£ i
900 *0.6575 = R, 3.474.1

PW (Costs) = Rs. 3,000

5\%

= 34741 /3,000 = 1.15 > 1 (Justified)

Caley
“xﬂ&lhe ¢ ERR of the each pro

ERR o (D,

h - 106
Scanned by CamScanner
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Rs. 3933.75 g |
Discount all cash outflow to the present valye _

2000
Making the equivalence of two equation

2000 (1+1) * = 3933.75
(1+1) * = 1.966
. i=25.29% >MARR (acceptable)

Compound all cash inflow to the future valye
8oo (F/P, 15%, 2) + 500 (F/P, 15%, 1) +500 = R

2133 | .
- Discount all cash outflow to the present valye -

1000
- Making the equivalence of two equation
) 1000 (1+1") * = 2133
3 (1+1) ° = 2.133
i=28.72% >MARR (acceptable)
-ERR of D,
- Compound all cash inflow to the future value
1500 (F/P, 15%, 2) + 2000 (F/P, 15%, 1) + 1000 =
Rs. 5283.75
- Discount all cash outflow to the present value =
3000
- Making the eqmvalence of two equation
3000 (1+i') 3 = 5283.75
(1+i) * =176
1=20.76% >MARR (acceptable)

Performing the Incremental Analysis
Incremental IRR

o Select D, as the base alternative because it has the
lower initial cost (Rs. 1000).
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Co [ '
mparative Analysis of Alternatives

Compare D, with base alternative D, which is the next
higher initial cost (Rs. 2000).

Calculate the incremental cost and incremental
beneﬁts (DFD:)

Calculate the IRR of the incremental cash flow.

1,000 +700 (P/E T, 1) +500 (P/F, i¥, 2) + 300 (P/F, i*, 3)

=0
%= 27,61 >15% (MARR)

, [Eliminate D. from the consideration because
Jlternative D, gives the higher return.

. Select D, as the base alternative which initial cost is
lower than the next remaining alternative D;.

. Compare ilternative D, with D; and compute

incremental cash flow. (D;-D,)
|, Calculate the IRR of the D;-D..

Tov S TP T
0 -1000 -1000 -1000 !
1 8oo 700 o} ';
[ - 500 500 1000 ‘.
3 500 300 200 |
Incremental 40.76% 27.61% 8.8%

IRR (= b i ';;'«' |
Is increment Yes No 'i
justified |
Select D1 Reject D3 !_

Reject D2 Select D1

l lect D, as the best alternative
n

{remental BCR
Calculate the BCR of the incremental cash flow
) I‘ |
PW (benefits) = 700 (P/F, 15%, 1) + 500 (P/F, 15%, 2) +
300.(P/F, 15%, 3) | i
1
|

e

BC = 608.7 + 378.07 +197:25 =1184.02
R = 1184.02/1,000 = 118 >iHere D,

elimj | '
Inated from the consideration and D,
d with alternative D, |

th
e base alternative and compare
198

y Camoscanner

is being
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is taken as |
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Comparative Analysis of Alte

D2 D1-D2 Dy

-1000 -1000 m
oo 700 B

500 500 ;&Tﬁ

500 300 200

Incremental 1.402 1.18 W“

BCR
Is increment Yes No
justified
Select D1 Reiea-'b?“
Reject D2 Select D,

__—J_.—._——___\

Select D, as the best alternative

Incremental ERR
~aleulate the ERR of the incremental cash flow,

{700 (¥/P, 15%7, 2) =500 (F/P, 15%*, 1) + 300}=

1,000(1+1") *

(1+i"} * =1.80075

i'=21.66% >MARR (acceptable)
Here, D is being eliminated from the consideration and again
D2 is taken as base alternative and compared with alternative

D3
— e
D2 . Di1-D2 D3-D1
1 800 700 0
" b 500 1000
_ ),
3_, 390 300 200
Incremental 28.72% 21.66% 9.13%
ERK
- __—-'-./
Is increment Yes No
justified
_._-’-/
Select Reject
Reject D2 N3,Select D

Select D1 as the best alternative

199 il
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— — A

ativeg

An engineering firm is considering
a

the follow;
: . Mlowi; ,
exclusive alternatives '8 Mutually

PROJECTS
Al A2
- Rs. 2500 | - Rs. 1200 |

| A3

’--__-_-__'__-—-—-.
- Rs. 3600

’I.

- H

Rs. 1200 | Rs. 400 | Rs 1700 |
g |
Rs. 1400 | Rs.800 | Rs. 2000 |
Rs. 1500 .’

Rs. 1000 | Rs. 1600 Rs. 850 ' [i

Which project would you select based on IRR and BCR
methods. Assuming MARR = 20% per year.

Solution

Step 1: Calculating the IRR of the each project

Alternative A,

PW (i*) = -2500 + 1200 (P/F, ", 1) +2000 (P/T, i*, 2) +1600 (P/F,
1", 3)

By trial and error,

i* =28.19% S |

i
T -

Alternative A,
PW (i*) = -2000 + 400 (P/F, i*.1) + 8oo (P/F, i*, 2) + 1000 (P/F,
i*,3)
* By tria! and error, i* = 31.84%

Alternative A, :

PW (i*) = -3600 + 1700 (P/F, i*, 1) + 1400 (P/F, 1%, 2) + 1500 (P'/F.
,3)

By trial and error, i* = 22.33%

Alternative A,
PW (i*) =

*,3)
BYtrial and error, it = 8.43%0

-2000 + 800 (P/F. i*. 1) + 700 (P/F, i*, 2) + 850 (P/F,

Sep 5 Comparing with MARR=20%

200
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(20%), accepted &
accepted 1
accepted . :

» Alternative A,, i* = 28.19 > MARR
0

Alternative A,,i* = 31.84 > MARR (20 %),
0

Alternative A,,i* =22.33 > MARR (20%),

8.43 < MARR (20%), rejected

Alternative A,,i* =
4 S l.e Au Al’. ar]'d A3

We are now left with three project

Calculating the BCR of the each project
BCR = PW (Benefits) / PW (Costs) o
PW (Benefits) = 1200(P/F, 20%, 1) + 1400 (P/F, 20%, 5)

+1500 (P/F, 20%, 3)
= 3314.81

BCR A= 3314.81 / 2500 = 1.325 >1 (justified)

BCR 1.= PW (Benefits) / PW (Costs)
PW (Benefits) = 400(P/F, 20%, 1) + 800 (P/F, 20%, 2) + 100q,

(P/F, 20%, 3)
=1467.59
BCR 4.=1467.59/ 1200 = 1.22 >1 (justified)

BCR a;= PW (Benefits) / PW (Costs)
PW (Benefits) = 1700(P/F, 20%, 1) + 2000 (P/F, 20%, 2) + 1600
(P/F, 20%, 3) |
=3731.48
BCR a;=3731.48/ 3600 = 1.036 >1 (justified)

P

BCR 4= PW (Benefits) / PW (Costs)
PW (Benefits) = 8oa(P/F, 20%, 1) o
' ) & ) + 700 [ }~‘ 0 .
(P/F, 20%. 3) (P/F, 20%. 2) + 850
= 164 4.67
BCR 412164467/ 2000 = 0.822 < (not iustiﬁeld)

Step 3: Performing the incrementa)| analysis

Taking Alternative A, as the bage alternative (alternative
having lowest investment) )

201
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Rs. 1000
Incremental IRR 31.84% 23.87%

Incremental BCR 1.22 1.05
Yes

\J
w |-
0
x

Is increment justified

Decision
o When A, is compared with A,, IRR is 23.87% > MARR
(20%) and BCR is 1.05 > 1, we select alternative A, |

_\Ieaving behind A. J :
e Now thg base alternative is A, and compared with A, |
which gives IRR = 5.39% < MARR (20%) and BCR <1, |

we select Alternative A, leaving behind A;. |

o s

s

e e TS

Hence, Select project A, from IRR method as well as B/C

ratio method _ |

6.3 Case 2: Analysis period differs from the project live |

and useful lives are unequal among the alternatives.
ve assumed the simplest scenario possible
ct had

service

[n previous section,
when analyzing mutually exclusive projects. The proje

useful lives equal to each other and to the required
e. Often project lives

and/or do not match

ay perform exactly

period. In practice this is seldom the cas
do not match the required analysis period

¢ach other. For example, two machines m
r than the other, and

t ; ;
he same function, but one lasts longe ;
which

b;:th of them last longer than the analysis_period for ;
¢y are being:considered. In following sections and examples
W 1 : ' L] e
‘¢ will develop some techniques for dealing with thes

TR s
“Mplications.

2N
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Comparative Anal

The two types of assumptions repeatabhility assumption and ¢q.
terminated assumption are used for the economic comparisgp

of mutually exclusive alternatives.

Repeatability Assumption
~+ Two alternatives having different useful life are changeq
into projects having same useful life by expanding thej;

life up to least common year.

¢ The study period is equal to the least common multiple
(LCM) of the lives of alternatives.

+ The cconomic consequences that are estimated tg
happen in an alternative’s initial life span will alsg
happen in all succeeding life spans.

Let us consider the two projects having the following cash flow,

Lets consider the following project

51 9
P h
Aa A
ST
0 r—
]
, 'z
PI’OjQC[A PTO]'ECt B

LCM of 4 and 65 12 years, so we assume study period as 12 years

203

Scanned By CamsScanner



N _p_rglgc_té is repeated 3 times

Initial life
span/phase

—C&'ll?_@.ratin

—2VE Anal

Succeeding life
spaniphase

lysi
‘L_ﬁ_g_f_Alternatives

Succeeding Iife

Span/phase
S
X S,
¥ "I'-
l .

(Fi ORI e
! "i-‘ : | H
_ 4 |
'1 & |1 |1 :i:‘!
Project A f
Project B is repeated 2 times
Initial life S, 4 Succeéaing life S, I
span/phase span/phase A il
. i
o] il e,
B R R T G e
1
l, , f

Project B

Fig 6.1: Cash flow diagram for repeatability

Example 6.4

A " Yalll . . - -
Project engineer with Environmer

With

Scanned by CamScanner

assumption

e offce in a city. Two leas¢ options are available, each
Qstima:“ﬁl-st cost, annual Iea-s g COS.I'. and depf)sit—‘ll'euu]'g
¢ sele ¢ shown below. Determine which lease opt1011‘%}110u ‘
“nua|Cted on the basis of a present worth, future worth an

U Worth tomparison, if the MARR is 15% per year:

Care is assigned to start

|
i
|




First Cost (RS) -15,000 -18,000
AOC (Rs) -3.500 -3,100
Deposit © 1,000 2,000
Return(Rs) o ;
Life (Years) &

Solution -
nd location Bis 6 and 9

Here useful life of location A a
respectively.

Study period
Location A 1s 1.'ep_eated for 3 ti

_LCMof 6and 9 1.€. 18 years
nes and Location B is repeated

for 2 times
Rs 1,000 Rs 1,000 Rs 1,00
5(]\78 ulIB 14 15 16 17 L

IR RNy

Rs 3,500 Rs 3,500 l
Rs 15,000 Rs 15,000 Rs 15,000
Fig: Cash flow diagram for Location A

Using PW formulation

PW BEY _ i
{(p/’;(llss‘ff]) ;i)-'b,(OP(;O{H (P/F, 15%, 6) + (PIF, 15%, 12)} 41,000
’ U; '*‘ F, I 9/' v ’ d
8] | 5%, 12) + (P/F, 15%, 18)} - 3,500(P/A, 15%,
N\ " 0.15) I“} +1, - -6 -12
(115)™) = 3,500 ((1+0.15) 1)/ (140.15)" SOO i)™ # LA
PW, (15%) = - Rs.45, 036 sl

Using FW formulation

FWy (15%) = -1 -
1) = -15,000{(F/P, 15% N
6)) 1,000 {(EIP. i ,15%,18) + (F/P, 15%, 12) + F/P, 15%,
{(F/P, 15%, 6) + (F/P, 15%, 12) +1} -3 SOi);rl“/z‘/\P' ;Z{ 18)
L - ‘- - N I_ ,]’ i
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] . Om = . e
o 8 dfative Anaj is of A} = |
: = - 15,000 {(1+0.15)"™) 4+ (1+0-‘S)'2+ ( ternatiy 8

1+0.15)°

(115)" + 1= 3,500 ((1+0.15) %), 0.15) ) +.000 {g)e

FWa (15%) = - Rs.5, 57,345. 40

Using AW formulation
| AW, (15%) = PW (15%) {A/P, 15%, 18)
= 45,036 * 01632
AW, (15%) = - Rs. 7,349.87
OR
AW of alternative can be found oyt by directly calculating the
AW of initial (given) cash flow of useful life.
AW, (15%) = -15,000 (A/P, 15%, ©) - 3,500 + | ,000 (A/F, 15%, 6)

-15,000 *0.2642 - 3,500 + 1,000 *o. 1142
AW, (15%0) = Rs. 7,349.80

| ]
1. 23 4 56 7 8 10 1y 12 13 14 15 446

T %

| Rs 3,100 Rs 3,100

'Rs18.000 Rs 18,000
Fig: Cash ﬂotw c{;abiam for Location B

| Using PW formulation
:i PWy (15%) = -18,000 -18,000(P/F, 15%, 9) + 2000 (P/F, 15%, 9)
+2000 (P/F, 15%, 18) - 3.100(P/A, 15%, 18)
= 18,000 {1+ (140.15)} +2,000 {(1.15) + (1.15)™} -
3100 ((1+0.15)-1)/ (1+0.15)" *0.15)
PWs (15%) = - Rs.41, 384

USing FW formulation

"Wy (15%) = -18,000{(F/P, 15%, 18) + (F/P, 15%, 9)} +2.000 {(F/P,

5%.9) 41} - 3,100(F/A, 15%, 18) e
=-18,000 {(140.15)"®) + (3+0.15)"" +2,000 {(1.15)” +1
5% ((140.15)*.1)/ 0.15)

—




v .I da il BT .---:-_ B o]
- - . r S i ".:
Comparative Analysis of Alternative _"‘_’*‘"

FW, (15%) = - Rs. 5 12,138.24

Using AW formulation
AWy (15%) = PWe (15%0) {

AP, 15%, 18)

= 11,38 * 01032

AW, (15%) = - Rs. 6,753.80

AW of alternative can be fou
AW of initial (given) cash
AW, (15%) = -18,000 (A/P, 1590, 9) = 3,100 +

- 18,000 *0.2096 - 3
Rs. 6,753.6

AW, (15%) = -

OR i
nd out by

flow of uscful life.
>.000 (A/F,15%, 9)

directly calculating the

100 + 2,000 *0.0596

Here, PWy (15%) > PW, (15%)
FWy (15%) = FW,4 (15%)
AW, (15%) > AW, (15%), Select Location B (Ans)

Example 6.4

The following data have been pstintated for two mutually

exclusive investment alternatives A and B, associated with a

smal]. engineering project for which revenues as well as

expenses are involved. They have useful lives of four and six
IOATE sovimabisniio .
years respectively. [F the MARR=10%per year, show which

alternative is more desirable by using present worth and

annual worth method. Use repeatability assumption

¥ H A B
Capital [nvestment 3,500

N \5C 5,000
(Rs) 1.900 2,500
Annual revenue (Rs) 645 pes
Annual expenses (Rs) 4' 1'0,.10
Useful Life (Years) ¥
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Comparative Analysis OFAIternaLives

. eplution

_. b Jseful life of Alternative A and Alternative B ig 4and 6
w ectl\/f]}" 5 .
_ ;eblzj‘f period = LCM of 4 and 6 i.e. 12 years
tu

! Three cycles of Alternative A . |
/ 1 I

Using PW formulation

i ol a == B30 = 5570 [(P/F, 10%, 4) + (P/F, 10%, 8)] +
(1900 -645) (P/A, 10%,12)

pW (10%) 1 = Rs 1,028

Two cycles of alternative B

f 0 ik

6
PW (10%) 5 = -5,000 — 5,000 (P/F, 10%, 6) + (2,500 -1,020) (P/A,

10%, 12) |
' PW (10%) = Rs 2,262 |
| Bised on the PW method we should select Alternative B }

because it has the largest value (Rs.2, 262) |

Using AW method

AW (10%) A = -3.500 (A/P, 10%, 4) + (1,900-045) = Rs.150.75

AW (10%) 4 = -5,000 (A/P, 10%, 6) + (2,500-1,020) = Rs. 332

Based on the AW method we should select Alternative B

because it has the largest value (Rs.332) |

Co-terminated Assumption .
The co-terminated uses a finite and identical study period for |

) . : i ‘ with
all alternatives, This planning horizon combined

, : : low he
*PPropriate adjustments to the estimated cash flows plus t
planning

Aternatiyes on a common and comparable basis. The

-
f1zon chosen could be

Life of shorter lived alternative.

E | 208
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* Life of longer lived alternative.

® Less than the shorter lived alternatives.

o  Greater than the longer lived alternative.

e In between the shortest and longest lived alternatives.
Two cases are involved in the co-terminated assumption
Case 1: Study period longer than the Useful ]if:e.
Case 2: Study period shorter than the Useful life.

Case 1: Study period longer than the Useful life.
Project lives rarely conveniently coincide with a firm’g
predetermined required analysis period; they are often too long

or too short. The case of project “Vﬁ"S_ that are too long is the

easier onc to address. A common instance of P!‘__QIE?S_[}JM&@‘Q

S

are longer than the analysis period occurs in.the construction
industry, where a building project may have a relatively shoy
completion time, but the equipment purchased has a much
longer useful life.

' Two assumptions are considered:
1. Cash flow accumulated at the end of the useful life wil
be reinvested for the extended periods. ‘
2. Replacement/Reinvestment is necessary for remaining
period (study period -useful life) and economic
consequences that are estimated to happen in an
alternative’s initial life span will also happen in all
succeeding life spans (As in repeatability assumption)
- Example 6.5
Consider the following mutually exclusive projects. MARR
=10% |

A B
| Invcstment Rs 350000 | Rg 500000
| Annual revenye Rs 190000 | Rs 250000
{ Annual cost 64500 138300

Useful life 4 years
Salvage value

8 years

o 0
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T

;‘—'_""".: . i
B | 'omparatwe Analy Sis oFA]ternatives
T

: ernative is more desirable based on 3
which alt the co
minated agsumption.
ter’

ﬁﬂl}lﬂ()’u is period as 8 years (th /
- aking analysis pe ~ Y‘ ‘.15 LR .value should be taken in
Lch a way that th? study period is either equal to or greater
:lwan useful 1ives of all the cjalternatives).‘lf' lesser useful life is
ke than we have to curtail down the cash flow to the end of

tudy period and suitable market value should be assigned to
5 -
the Jlternatives.

Rs 2, 50,000

al

A. Tz T:, T,g Tg_ Tﬁ T-? Tg ’

Rs1, 38,300

i Rs 5, 00,000

Cash flow diagram of Project B

There is no adjustment required for alternative B. The
| adjustment is required in case of A, which study period is 4

' years greater than its useful life.

Considering assum ption 1
FW; (10%) = -5, 00, 0oo (F/P, 10%, 8) + (25,000~ 1, 38,300) (F/A,

- 10%, 8)
= -5, 00,000 {(1.1)"} +1,11,700 {ERINEVICRY
| =-10, 71,794.405 + 12, 77, 388.701
FWy (10%) =Rs. 2, 05,594.2958

Rs 1, 90,000

RASEE

Rs 5, 00,000
Cash flow diagram of Project A
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Comparative Analysis of Al

'FW 4 (10%) = {-3, 50.000(F/P, 10%, 4) + (1, 90, 000~ 64500)

10%, (F/P, 10%, (8-4))
" = {-3, 50,000 (1.1)" +1, 25,500((1.1)* -1)/ 0.1} (1.1)*

= (-5,12,435 + 5 82,445.5) (r.0)*

FW A (10%) =1, 02,502.37 A
FW ; (10%) > FW , (10%), select alternative

Considering assumption 2

1, 90,000

of 1 2 3 4 5 § 7 3
4 v v y v v v v
64,500
v v
3 50:000 3, 50,000

Cash flow diagram of Project A

FWa(10%) = -3,50,000 (F/P, 10%, 8) -3,50,000 (F/P, 10%,4) +
(1,90,000 -64,500) (F/A10%,8)

FW, (10%) = Rs. 1, 72,510

FW 5 (10%) > FW , (10%), select alternative B

Case 2: Study period shorter than the Useful life. -
When the project lives are shorter than the required servict
period, we must consider how, at the end of project lives. wt
will satisfy the regt of the required service period. The most
common technique is ¢ truncate the a'itemative at the end 0
the study period using an  estimated market value. T
assumes that the dispos‘ab_l%(_z assets will be sold at the end of th

——————

study period at that value.

21
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Comparative Analysis of Alternatives

"{}.
H
!1 1
' The [mpu“’-‘d Market Value
Obtaining 3 current estimate from the market place for a piece
2l ; :
‘ or another type of asset is the preferred

of equipment
dure in engineering practice when a market value at time
T< useful life is required. This approach, however, may not be
r example, a type of asset may have

feasible in some Cases. Fo
low market place and information for recent

fransactions is not able. Hence, it is sometimes necessary

to estimate the market value for an assct without current and

ative historical data.

prUC ¢

turnover in the
avail

rcprescnt

market value technique which is sometimes

alue can be used for this purpose as
well as for comparison with market place values when current

are available. 1f an imputed market value is needed for a
ful life, the estimate

The imputed
called the implied market v

data

piece of equipment, say at the end of T<use

s calculated based on the sum of two parts as follows.

MVr = [PW at end of yean.-T__,Qiif:_mgjp__i_;;g_qapital recovery

amount;’],_-t [PWat end of year T of g'r_igina.l market value

at end of useful _]ift_a]

Example 6.6
Use the imputed market value at the end of year five if the

useful life of the alternative is nine years, capital investment is
Rs. 47,600, market value at the end of useful life is Rs. 5000, and

MARR =20%.

Solution

PW (20%) cq = [47,60¢ ,

; 0) cr = [47,600 (A/P, 20%, 9) - i ol .
*PIA, 20% 2 7 0, 9) = 5000 (A/F, 20%, 9)]

= Rs. 29,949

Com :
o alili;e the PW at the end of year five, based on the original
e end of useful life (g years)

PW !
(20%) i = 5,000 (P/F, 20%, 4) = Rs. 2,412

— ~
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Comparative Analysi

of year fiv
Then, the estimated market value at the end of y " (T“'Sl

IS
MV. = PW (20%) o+ PW (20%) an
=29,949 + 2,412 = Rs. 32,301 (Ans)

Example 6.7
Using co-termin
taking study period as 5 years (TU 2063)

ated assumption recommend the best projes

B,

Project A L F

Initial Investment (Rs) 3,50,000 5,00,0;09_“ (
Annual Revenues (Rs) 1,30,000 1’75’839__
Annual cost (Rs) 15,000 25,000ﬁ_

Salvage value (Rs) 35,000 50,000 .

Useful life 5 years 8 years g

MARR 3% |

Solution l

1, 30,000 4

I

0 ‘IJ' Z‘L 3¢ 4“ 5¢

15,000

3, 50,000 . '
Fig: Cash Flow Diagram of Project A

Using W formulation,

FWj (10%) = -3, 50,000(F/P, 10%, 5) + (1, 30,000 -15,000) (F/A
10%, 5) + 35,000

=-5, 03,678.5 + 702086.5 + 35,000
= Rs. 1, 73,408.

:
IV ate MMM

N -
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4/1 R
?(—“ﬂ 4%005']' Gl ?'l 8l

5,00,000 Cash Flow Diagram of Project B

ing imputed market value calculation,

lyi
zgilol}n) 5, 00,000 (A/P, 10%, 8) - 50,000 (A/F 10%, 8)
= 93,722 — 4,372
= Rs. $9.350

i
|

. present worth (at year 5) of CR for remaining 3 years

i PW r (10%) = 89,350 (P/A, 10%, 3)

| = Rs. 2, 22,200

| present worth (at year 5) of Market value (MV) for
remaining 3 years

| PW v (10%) = 50,000(P/F, 10%, 3)

; = Rs. 37,565

~Market value at the study period. i.e. years

| MV, = PWcr (10%) + PWwy (10%)

=2, 22,200 + 37,505
=Rs. 2, 59,765
1, 75,000 -
1]
1 73 3V 4y 5v
25,000
gy,

Revised Cash flow diagram of Alternative B

Scanné'd‘by CamScanner
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Comparative Analysis of Alter

Using FW formulation, |
FW,, (10%) = -5,00,000(_F/P,IO‘E’(",S) + (1,75.000 -25,000)
(F/A.10%,5) + 2,59.705 _
= - 8, 05,255+ 9. 15,765 + 2, 59,7605
= Rs. 3, 70,275. ‘
FWy (10%) » FW, (10%), Recommend Project B

IRR method for the Unequal pfoject lives \\ﬁi
The IRR method can also be used to compare prejects with
unequal lives, as long as wé establish a common analygs
period. This can be performed by using the Repcatability -
well as co-terminated assumptions.

Example 6.8

Consider the following mutually exclusive investment projects
5 A and B. Recommend the best project using IRR method.

| Investment (Rs) 3,50.000 5,00,000

FA1111ual Revenues (Rs) 1,000,000 2,50,000

Annual Cost (Rs) 64,500 1,38,300
Useful life 8 yrs

Cash Flow Dj

agram of Alternatjve A
215
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Comparative Analysis of Altern

W, (i7 %) =0

a :350.000 + (190.000-64500) {P/A, "%, 8) ~ 350000 (P/F, i*%, 4)

=0
it=106.2> MARR (10%) (Accepted)

Rs.2, 50,000

T 2‘ ST 4T sT BT 7T ST
'

0 1
._ | A A A A
b Rs.1, 38,300

5 {G&;(F Cash Flow Diagram of Alternative B
C

PW, (i* %) =0
-300000 + (250,000-138300) {P/A, i"%, 8) =0
i* = 15.10 > MARR (10%) (Accepted)

Performing the incremental analysis
Taking Alternative A as the base alternative (lower investment)

Rs.3, 50,000

Rs.60, 000 Rs. 60, 000

Rs.73, 800 Rs. 73,800

Incremental cash flow diagram (B-A)

PW (5., (i* %) = 0

“1,50,000 + (60,000 -73,800) (P/A, i*, 8) + 3, 50,000 (P/F, i* 4)
=0

"% = 12.70 > MARR (10%)

Select Project B. - g

/
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Comparative Analysis ofAlternggjngfﬁ
Example 6.9

Consider the Two mutually exclusive projects. Recommend the -
= ),
best project using the IRR method. MARR =15%.

A
- Rs. 12,500 - Rs. 15,000“___‘%
1 - Rs. 5,000 - Rs. 4.000____-“__
F 2 - Rs. 5,000 - Rs. 4,000
3 -Rs.5,000+ Rs. 2000 - Rs. 4,000 .
4 - Rs. 4000+ Rs. 1,500
— L 1500 |

Solution
Since the Study period is LCM of 3 and 4 i.e. 12 years, we may
compute the incremental cash flow over this 12-year period, Ag
shown in figure (c), we subtract cash flows from Alternative 5
, from Alternative B to form the increment of investment, (We
want the first cash flow difference to be negative
A is repeated 4 times and alternative B is re

). Alternative
peated 3 times

5 @ 0 2
N 2 Years

R s |

1 ‘ Rs X009
|

]
_ . | ‘ ‘ Rs 3.0C0
Rs.5000 \L Rs 5.000 I Rs 5.00¢ Rs 5000

Rs12.500 Rs 12 500 Rs 12,507 Rs 12 50¢

Fig (a): Cash fow

diagram of Alternative A

“‘557891\,1,

[ it }
™~

12 Years

* Rs 2300
s A0 i
; i
Rs 5000 o '
Rs 1500 Rs 15200

Fig (b): Cash flow diagram of Alternative B

217 E N
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Here,
qon-simple

multip!
return an

PW (

U)B'\=

_'
Ry 12500

Comparative Analysis of Alternatives

Ry 11 LI

s 11500

|
|

Ry 12505

Fig (c): Incremental Cash flow
(Alternative B - Alternative A)

e rate of return.
alysis and use the PW criterion.

Rs.soo (P/F, 15%, 12)
= Rs.5,123>0

This indicates that PW

The values of cash flow dlagram is

-Rs.2, 500 + s1,000(P/F, 15%, 1)

This
e abandon the rate of

five sign changes in the incremental cash flow, indicating

incremenral investment.
Therefore w

results in the

(1 %) 2 > PW (15%) a, select project B.
gwen in the table below

Pro;ect |
tA B (Rs) Project A
(Rs) (Rs)
|0 | -12,500 -.15,000 -.2,500
! - 5,000 - 4,000 1,000
: -.5,000 -.4},000 1,000
| 3| -12500 | -3,000 -.4000 11,500
*Jf-._q__ -.5,000 | -15000 -.2,500 - Ri12,500
‘*%—-h_____ -.5,000 - 4000 1,000
“?--.____f"_’éoﬁ ~.3,000 - 4,000 11,500
“‘E--_______ -.5000 - 4000 1,000
\;‘T -.5,000 | -.15.000 | -.2,500 - 12,500
500, [ -.3,000 -.4000 11,500
" 218 -
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-.4,000

- 4,000

1 -.5,000

-.2,500

12 - '3.000
e e S

6.4 Capitalized Worth Method (CW)/ Capitalized Cost

(€c) lternative that wi
Capitalized cost is the present worth of an alternative that will

last “forever”. It is the special case of PW criterion which ig
useful when the life of a proposed project is perpetual or the
planning horizon is extremely long (say, 40.years or more),
Many public sector Pprojects such as bridges, waterway
construction, irrigation systems, and hydroelectric dams are
expected to generate benefits over an extended period of time
This criterion for evaluating and comparing the
alternatives is useful in places where the repeatability
assumption is applicable. In this section capitalized equivalent
[CW (i)] method for evaluating such project is examined.

(or forever).

Let us consider the cash flow as shown in the figure below

T

Fig: Equivalent present worth of an infinite cash flow

series

The capitalized cost represents the amount of money that must
be invested today to yield a certain return A at the end of each
and every period forever, assuming interest rate i.

The formula to calculate CW is derived from the relation P =A
(P/A, i, n), where N= co,

The equation of P using the P/A factor formula is

PW (i %) = A [(+) ¥ - 1] / [ * i) M

219




Omparati i
C parative Analysig of Alterna ive

pivide the numerator and denominayor by (147) N ——LIativeg
.PW (i%) = A {1/i -1/ (1) N

As N approaches @, the bracketed term becomes 1/j

i |
il
i
1
A1
!
o

é s}rmbul CW I'(‘p]EIL'f.‘S P\.N '()l‘ P and the ‘
: t CW (i%) = A b3 <1 des = Afi
'r ’ ' ‘ CW (i%) = (AW/i )(i%) ‘
' Example 6.10
Assume infinite project life; recommend one of the following
mutually exclusive projects (T.U.2064)
Project v M _» . I
Timitial Inyestmant (e} 50,000 1,20,000 |
Salvage value (Rs) 10,000 10,000 1
Annual cost (Rs) 9,000 Gon |
Useful life (years) = 22 | .
| MARR i |
Solutic; - St —

Calculate the AW of the both alternatives.
AW, (15%) = -50,000 (A/P, 15%, 10) -9000 + 10,000 (A/F, 15%,

10)
= - 0,002.60 -9,000 + 492.52
= Rs -18,470.08

ACy = Rs. 18,470.08

Awa (15%) = -1, 20, 000 (A/P, 15(}'[), 25) -6000 + 10,000 (AXF, 15%),
25)

m‘a—.—lﬂw' A . N e e '\-n--. JV.—W- T :""‘"—"“'.- e e - : — -

= - 18563.92 - 6000 + 46.99
’- = Rs -24,516.93
| AGy = Rs. 24,516.93 i
Divide the AW of both alternatives by interest rate, i. |
W, (15%) = AW, (15%)/i = Rs -18,470.08/0.15 = Rs - 1,

e

e e T TR e—

CWy (15%) = AW, (15%) /i = Rs —24,516.93/0.15 = Rs - 1, 63,446-2 it
" . _CWA (15%) < CWy (15%), select project A ; ;’

220
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Example 6.11 - y
How much Rupees should you deposit now In a saving accoypy

which gives 10% interest per year if you wish to draw Rg 10,009
per month for (i) 50 years (ii) continuously (infinite period)
Solution _

Here, i= 10% per year and withdrawal is monthly. So we have to
convert yearly interest rate to monthly interest rate

, . vz . 11z — 0/6
Imonthly = (l+l‘,’{‘d}') = = (l'l) 1=0.797

S A S s

N—c
P

9 P=A{(+) ™ 11) / (14i) N i)
(i) If N =(50 years *12) = 600 months
P =10,000 {(1+0.00797) %° =) / (1+0.00797) 6 *j)
P = Rs 12, 47, 086.35 (Ans) |
(i)  IfN —poo

P=A/i=10,000 /0.00797 = Rs 12, 54, 705.144 (Ans)
Here the difference is only Rs 7,618
What will you do?

Example 6.12

How much Rupees shoyl you deposit now

which gives 8% intere
d
end of 3" year each?

In a saving account
St per year to draw Rs 2, 50,000 at the

Solution
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N —> P =A/]
A =2, 50'000,
[nterest rate at the end of 3™ yeay (i

= (1+0.0
p = 2, 50,000 / 0.2597 = Rs. g, 62,604.73 (Ans)

8)~1=0.259;

A selection is to be made betwee

Because revenues do not exist (or can be assumed to be equal)

only negative cash flow amounts (costs) and the market valye
.t the end of useful life are estimated as follows.

N two structural designs.

Designs Structr Stture '
Initial investment (Rs) -12,000 -40,000 l
Salvage value (Rs) 0 10,000
Annual cost (Rs) -2,200 1,000
Useful life (years) 10 25
MARR

e

umption and the CW 1 method of
analysis, determine which structure is better?

Solution

Calculate the AW of the both alternatives

AWy (15%) = -12,000 (A/P, 15%, 10) -2200 + 0

Using the reeati ass

=Rs ~4,592 1
AWy (15%) = -40, 000 (A/P, 15%, 25) -1000 + 10,000 (A/F, 15%, |
25) , ‘
= Rs -7,141 |

Divide ] . . A
Wide the AW of both alternatives by interest rate, i.

. |
CVu (5%) = AW\, (15%)/i = Rs -4,592/0.15 = Rs - 30,613 h
C\a:“(IS%) =Rs 30,613 | i
N | Ik
")~ AW (1596)/1 = Rs -7,141/0.15 = Rs - 47,607
1 2%) = Rs 0 47,607 |

} 0 3
Y5%) « CWy (15%), select project M |
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n of Mutuall %clusive Investrr}ent
f Combination of Projects

the process of deciding
included 1n the capital budget. [
¢ we will consider decisioh procedur&‘.S tha-lt should be
' luate a set of multiple investmentg
3 limited capital budget. Here
alternatives, which ig

6.5 Definitio
Alternatives in terms O
In this section, we will exahine
whether projects should be
particula
applied when we have to eva
alternatives for which we have
we distihg‘uish a project from investment -
a decision option. For a single project, we have I':wo investment
alternatives: to accept Or reject the pTO]GCt.- For twg
independent  projects, W€ can have four m.vestment
irarnatives: (1) 1o accept both projects, (2) to reject -both
projects (3) to accept only the first project and (4) to accept
only the second project. To perform a proper Capital budgeting
analysis a firm must group all projects under consideration
into decision alternatives. This grouping requires the firm to
distinguish between projects that are independent of one
another and those that are dependent on one another fo
formulate alternatives correctly.

Independent Project :

An independent project is one that may be accepted or rejected
without influencing the accept-reject decision of another
independent project. For example, the purchase of a machine,
office furniture and _truci; constitutes three independent
projects. Only projects that are economically indeperident of

one another can be evdluated separately
Dependent projécts

In many decis;i ¢
| any decision problems, several investment projects .
related to one another such that the acce

_ Lo S
coiect | ptance or rejection?
one project influences the :

Proje - acceptance of others. The two such
types of dependencies are as follows:

Conti : Two or mor ‘ |
ngent: Two or more projects are said to be contingent L
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' Comparativ -
1 e A . E

chase of a comput |
o the Pur -l puter, but COmputer may pe
; aSBdW'thOUt considering the purchase of the printer, |

urc 1 2 ANl & 1
Pfl all exclusive: When there are several alternatives i |

the same objectives and we can choose only one of i

E

-‘]e
achie 5 ernatives are calle
- the alternatives are called mutually exclusive

For Jation of Mutually Exclusive Alternatives
L IEA, B are two l.ndcpendent projects then the mutually |
exclusive combinations is: f

Mutually exclusive | A B e —— |
combination t

- |

: _ . Do nothing |

| = v - Accept A 4

| ————— |

2 - Accept B

‘I _______’4 - v Accept both A & B | |

e i

. IfA, B, C is three mutually exclusive alternatives then
g combination.

we can make the followin

rrr—— e

T ——— e e

i Mutually exclusive | A B Remarks

-‘ combination f
1 - - - Do nothing '
2 vV - - Accept A !f r
3 = v Accept B | {8
4 . Accept C |

" 3. IfA, B, C are three project where C is contingent on the
acceptance of B and acceptance of B is contingent of
acceptance of A. we can make the following

e CO0Mbination.

- ey

Mutually A B | C

ekclusive

Remarks

%jtion

Do nothing

Scanned by CamScanner



Do nothing option (DN)

Selection of the DN alternative means that the CUr,
approach is maintained; nothing new is initiated. [f there i
certainty that one of the defined alternatives be selecteq d

nothing is not considered an option.

1
3

Example 6.14 | |
Engineering projects B1, B2, C1, C2 and D are being Considery
with cash flows estimated over four years are as shown in table
below. Using the PW method and MARR = 10% per Yeur
determine what combinatibn of projects is best if the capitay,
be invested is (a) unlimited«and (b) limited to Rs, 48000{Thg
combination of project is
_Project Biand Project B2 (mutually exclusive and independent
of C set)
Project Ciand Project C2 (mutually exclusive and contingen

on the acceptance of B2
Project D

Py e

(contingent on the acceptance of C1)

| Project 0 1 2 3 4

B1 -50000 [ 20000 | 20000 | 20000 | 20000
- R

B2 -30000 | 12000 12000 12000 12000
"]

C1 ~14000 0 000
_ 1 4000 4000 4000 | 4097

C2 -1 - g
5000 | 5000 5000 5000 | 5000

-10000 6000 6000

Solution

‘Calculate the PW of all alternative

PWyp, = -50,000 + 20,000 (P/A, 10%, 4) = Rs.13, 400
PWi, = -30,000 + 12,000 (P/A, 10%, 4) = Rs.8, 038
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: mparative Analysis of Alternatives

PWL’:
eliminat€
o]'] i [)

PWL‘: = -15'
pWp = -10.000 *

000 + 5,000 (P/A, 10%, 4) = Rs.849
6,000 (P/A, 10%, 4) = Rs.g9, 019

Mutually exclusive project combination

_ 14,00 + 4,000 (P/A,10%, 4) = - Rs.1, 300 (not been
d froni consideration because project d is contingent

\utually — Project '"'_'j i
' - 1
exclusive B B2 Ci Cz2 D a
cgn‘d)inﬂlio ' ;L
n e L' ™ ~ ‘ '
-"""l‘-’_‘ 0 0 0 0 o 1?
...--"""';"-—__ 1 ‘(3 0 o o |?|.‘i,
i 3 ' 0 2 1 |
.4 g : o Q 8 I
L--"";"'__ 0 ] 0 1 0 '
ot |
6 o 1 1 0 1 1l
Mutually Cash Flows for End of Year (Rs.) Investe PW I
exclusive d (10%0) g i.
combinatio capital (Rs.) 1
n (Rs)
0 1 2 3 4 :
1 (b 0 0 [ 0 0 Q J
2 'SU,UUD 20,000 20,000 20,000 20,000 '5{_]',(100 13.4L1\LH
3 -30,000 12,000 12,000 12,000 12,000 -30.000 8,038 j
1 -4.4,000 16,000 10,000 16,000 16,000 -344,000 6,738
5 -45,000 17,000 17,000 17,000 17,000 -45,0p0 8,887
6 54,000 | 22,000 22,000 2,000 | 22000 | -54.000 | 15757 !
Decision
1. Mutually exclusive combination 61s the best
combination which PW is Rs. 15757 when the capital is
unlimited.
2 & - . . ~ = &
Mutually exclusive combination 6, 2 are not feasible if
capi . . .
apital is limited to Rs. 48000, of the remaining
co 1 : ; , a8 : 3
mbinations, combination 5 has the highest present
worth of '
Rs. 8887.
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Some Solved examples P
From the following four mutually exclusive proj
recommend the best one using Payback periog, Ry
and BCR methods. The study period is 5 yearg il
MARR= ¢=15% (TU, 10E, 2065) ‘

A

[ J " : g

Project A - .
| [nitial 5,00,000 | 4,00,000 [ 7,00,000 1 0.00,009
| [nvestment — ——
[ Not 1,25,000 | 1,10,000 | 1,70,000 | 1,35,000

| Annual

| Revenue
- CE— p s e e T T M

Salvage value is 20 of the initial investment

Solution
Using the Payback period method |

Project A
PW of net Cumulative
| cash flow Cash Flow
(i=15%) |
o) -5,00,000 -5.00,000 -5,00,000
1 1,25,000 1,08,700 -3,91,300
2 1,25,000 94,512.5 -2,96,787.5
3 1,25,000 82,187.5 -2,14,600
4 1,25,000 71,475 -1.43,125 1
_. 5 1,25,000+ 1,11,870 -31,225
1,00,000

¢ cumulative balance doegn’t changes into positive ")
years and payback period is more than 5 years
Project B

Cumulative
Cash Flow

227 A
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Here the

Comparativ
ative Analysis of Altern

.------"""0 _-_:1:00,000 -4,00,000 -4,00,000 '—I
| | 1,10,000 95,656 -
/—l"’"—-—_—_— 3’04’344 1
” 1,10,000 83,171 ~2,21,173
j_—mo,uuo 72,325 -1,48,848
e 1,10,000 62,898 Bz -85,950
5 1,10,000+ 04,468 (= +8,518
80,000

cumulative balance turns positive in the year 5. So
period lies between year 4 and 5. By interpolation we

paybnt_‘k
get 4.90 years
project €
period | Cash flow PW of net Cumulative
cash flow Cash Flow |
(i=20%)
— o | -7,00,000 700000 ~700000
1 1,70,000 147832 -552168
2 1,70,000 128537 -423631
3 1,70,000 111775 -311856 J
4 1,70,000 97,206 -2,14,650 1
5 1,70,000+ 1,54,132 l

1,40,000

Here the cumulative balance

years and payback period is more than 5 years.

doesn't changes into posntwe in s

Project D
| —— : e S e e
Period | Cash flow PW of net Cumulative
cash flow Cash Flow :
an (i=20%)
0 -6,00,000 -6,00,000 -6,00,000
! 1,35,000 1,17,396 -4,82,604
- 1,35,000 1,02,073.5
\3 1,35,000 88,702.5

Scanned Ey EamSCanner
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1,35,000 +

1,20,000

' 't changes into positive ;.
Here the cumulative balance doesn't chang Rositive uf
od is more than 5 years.

hack peri
years and payback p B which gives the pay bag)

Decision: Choose Project

period of 4.90 years

Using the ERR method

Project A - :
(a) Convert all the cash outflows to present time at 5%

i.e. 500000
(b) Convert all the cash inflows to future time at 15%

" 125000 (F/A, 15%, 5) + 0.2500000 = 9, 42,800
(c) Equate the two equations
sooooo (F/P, i*, 5) = 9, 42,800
(1+i*) °=1.8856
1+* = 11352, i* =13.52% < MARR (15%;), Not justified.
(a) Convert all the cash outflows to present time at 15%,
i.e. 4,00,000
(b) Convert all the cash inflows to future time at 15%
1,15,000 (F/A, 15%, 5) + 0.2*4, 00,000 = 85537
(c) Equate the two equations
4, 00,000 (F/P, i*
(1+*) ¥ = 2,138

1+1" = ].16zf, ™ 16.40/6 > MARR (_150(}), IUStiﬁEd.

Project C
(a)

'51=8, 55,376

C 13
onvert all the cagh outflows to present time at 1% 8
7!00,000

F(b) Convert all the cagh inflows to future time at 15%
170,000 (F/A, 15%, 5) 4 o 5

*.
- 7, 00,000 = 12, 86,208
(c) Equate the two e (HEE
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7" 00,000 (E/Pr i*r 5) = 12,
(1+i%) > =1.837

4% = 1120, i* = 12.9% < MARR (15%), Not Justified
; ifie

(c) Equate the two equationg |
6, 00,000 (F/P, i*, 5) =10, 30,224 U

|

!

project D
N, (a) Convert all the cash outflows to pre ; |
5! present tim : ,.
f 6,00,000 ©A15% e, |]
: |
) (b) Convert all the cash inflows to futyre time at 15% | .:|
1, 35,000 (F/A, 15%, 5) + 0.2*6, 00,000 < o "

(141*) ® = 1.717 ! i
| 1+i* = 114, i* = 11.4% < MARR (15%), Not justified.

Decision: Among the entire project, only project B is
~ justified and it is chosen.
| Using B/C ratio method it

Project A

PW (15%) penerits = 1, 25,000 (P/A, 15%, 5) + 0.2%5, 00,000 (P/F,

0L =

| 15%, 5) = 4, 68,745
- PW (15%) costs = 5, 00,000

B/C ratio = PW (15 /6) Benefits / PW (15 %)) costs = 4, 68 745 /5’ 00,000

=0.94<1 Nqt justified

Project B

PW (15%) pencris = 1, 10,000 (P/A, 15%, 5) + 0.2*4, 00,000 (P/F,

15%, 5) = 4,08,518

PW (15%) pets = 4, 00,000

B/C ratio = PW (15%) geneiies s PW (15%) costs = 4 08,518 /4, 00,000

=102 >1 Justified

p + by

]Y)V (15%) Benetits = 1, 70,000 (P/A, 15%, 5) + 0.2*7, 00,000 (PLE;

5 D%, 5) =6,39,482

B/C ) tosts = 7, 00,000 o

atIO = PW (15 /6) Benefits / PW (15(/6) costs = 6 39, 482 /7 00,09

93 <1 Not Justlﬁed

Scanrie! Ey B Sanner
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ot |

Project D |
PW (15%) Benctits = 1, 35,000 (P/A, 15%. 5) + 0.2%6, 00,004 (P!l-‘{r
15%, 5) = 5, 12,211 i
PW (15%) ouis = 6, 00,000,

B/C ratio = PW (15%) senefies  PW (15%) costs = 5, 12,211 /600000*
0.85 <1 Not Justified

Decision: Among the entire project, only project B
justified and it is chosen. Incremental Analysis jg “t

necessary.

2

-t

Nepal Airlines is planning to purchase a Jet Plape The
estimate on two types of plane under consideratigy, ; I

(TU, IOE 2065)

Project Plane A

| First Investment | 25,00,00,000 | 30,00,00,000
Cost ‘

. Annual O&M 1,50,00,000 1,00,00,000
| Useful Life 4 years 6 years

| Salvage Value 5,00,00,000 | 6,00,00,000
12%

MA RR

Wthh he best one if it i is believed that the plane will
be used for (a) 4 years (b) infinite period?

Solution

(a) When the plane is used for 4 years

- No adjustment is required for plane A
5, 00, 00,000

C

-

]
()
=

1, 50, 00,000

2‘5’ 001 001000

Fig: Cash flow diagram of plane A -
35 B
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pW formulation

Comparative Analysis of Alternatives

Using
W (12%) _ -25, 00, 00,000 ~ 1, 50, 00,000 (P/A, 12%, 4) + 5, 0o, |
10,000 (P/F, 12%, 4) |
’ _ - 250000000 = 45,55,9,500 % 31775000
== 20, 37, 84”500

) < useful life (6 years),

period of Plane B (4 years
IMV,

grudy

6, 00, 00,000

R
I

1, 00, 00,000

(&

, 00, 00,000
Fig: Cash flow diagram of plane B

Applying lmputed Market Value Technique
/P, 12%, 6) — 6, 00, 00,000

CR (12%) = 30, 00, 00, 000 (A

(A/F, 12%, 6)

30

=7, 29, 69,000 = 73 93,806
= 6, 55, 75,200

PW of Remaining CR (at the end of 4 year)
PW o (2%) =6, 55, 75:200 (P/A, 12%, 2)
=11, 08, 28,645.5

PW of Market Value (at the end of 4 year)
PW yw(12%) =6, 0o, 00,000 (P/F, 12%, 2) = 47,83,2,000

Lf\';?uted Market value (at the end of 4 years)
cr (12%) + PW wy (12%) = 11, 08, 28,645.5 + 47,83,2,000

= 151 86, 60'645.5

PW (129
. 60) = -30, 00, 00,000 -1, 00, 00,000 (P/A, 12%, 4) +
» 00,645 (P/F, 12%, 4)
=-20
_ ;3 » 00, 00,000 - 3, 03, 73,000 + 10, 08, 28,839.9
22, 95, 4—4,160.1

m 34 |
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In this case, cost only is considered and it may be congjg _
that benefit derived from both the options is same, Hence thetlt
option with logver cost to be chosen i.e. plane B is Preferreq

(b) When the plane is used for infinite period
AW, = -25,00,00,000 (A/P, 12%, 4) ~1:50,00,00¢

5,00,00,000 (A/F, 12%,4)
=-82, 30, 1,656.5 — 1, 50, 00,000 +10, 46, 2,074.98

"= -86, 83, 9,581.52
AW, = -30,00,00,000 (A/P, 12%, 0) ~1,00,00,00q ,

6,00,00,000 (A/F, 12%,6)
= -72,95,1,324_7] - 1,00,00,000 + 73’93,715.35

= -7,55,57,609.37

CW,4 =AW,/i = -86,83,9,581.52/0.12
=-72, 36, 6, 3179.3 .
CCa =72, 36, 6, 3179.3
CWjp = AWyp/i = -75,55,7,609.37/0.12
=-62, 96, 46,744.7
CCp = 62, 96, 46,744.7Here CCy < CC, e Plane B
is chosen.

3- By using PW or Fw method (using repeatability)

~method select the best project (TU, 10E, 2064)
First Investment Cost (Rs) 4,00,000 6,00,00—0—
Annual Revenyes (Rs) 30,000 35:005:
Annual O&M (Rs) 3,000 4,000
Useful Life (years) 6 8 |
Salvage Value(Rs) 4,000 E
12%

Solution

Study Period: LCM of and 8 = 24 years

237
Scanned by CamScanner



omparative Analysis f Alternativ
C p_________ﬂ.L_Q lterna ves

Alternative A is repeated 4 times

: A1l A2 | A3 - A4““
Using PW formMation \4
PW, (15%) = - 4, 00,000 - 4, 00,000 (P/F, 15%, 6) -

: 4, 00,000 (P/F,15%,12) - 4, 00,000 (P/F, 15%, 18) +

| (30,000 ~ 3 000) (P/A, 15%, 24) + 4,000 (P/F, 15%, 6) +
4,000 (P/F, 15%, 12) +4,000 (P/F, 15%, 18) + 4,000 (P/F,
15%, 24)
- - 4, 00,000 {1+ (115) * + (1.15) * + (1.15) "*} + (30,000 -
3, 000) {(1+0.15) ** =1/ (115 ** *0.15)} + 4,000{(1.15) Hig
(L15) " + (115) ™ + (L15) 1}
= - 4, 00,000 - 1, 72,920 — 74,760 - 32,320 + 1, 73,712.6 +
1,729.2 + 747.6 + 323.2 + 139.6
- Rs -5, 03,347-8 t

Alternative B is repeated 3 times -
e . — e P "l.
PW; (15%)  =-6, 00,000 - 6, 00,000 (P/F, 15%, 8) - 6, ﬁ

00,000 (P/F, 15%, 16) + (35,000 - 4,000) (P/A, 15%, 24) + ”\
=000 (P/F, 15%, 8) + 7,000 (P/F,15%,16) + 7000 (P/F, 5
15%, 24) |
= -6, 00,000 {1+ (1.15)® + (1.15)™} + (35,000 -4,000) |
{(1+0.15) ** = 1/ (115 ** *0.15)} + 7,000{(1.15)" + (115)™ +
(115)

=-6, 00,000 - 1, 96,140 — 64,140 + 1, 99,447.8 + 2,288.3 +
7483+ 2443

=Rs-6,57,551.3

ot . : ;
; th the alternatives have lesser negative value and both are
0 v - .
les Preferable. Even if decision is to be made than we go for
ser . - .
N¢gative value i.e. Alternative A is chosen.

e 4
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4. Solve by the capitalized worth method and gq] B
IOE, 2064) b (TU

Project
Investment (Rs)
Annual revenues (Rs)
Annual Cost (Rs)
Useful life (year

MARR
Solution
Calculate the annual equivalent of both the alternativeg
AW, (15%) = -50,000 (A/P, 15%, 10) +10.000 - 9,000

=-8,962.5

AW, (15%) = -1, 20,000 (A/P, 15%, 25) + 10,000 -6,000
= -14,564

“CW, (15%) = AW, (15%)/i = - 8962.5/ 0.15
=-59,750

CWy (15%) = AW; (15%)/i = -14564/0.15

| =-97,093.33

Select project A (least negative value)

5. Government of Nepal started four projects A, B, C and
D for the promotion of infor mation technology in
Nepal. The estimated cash flow Over 10 year as shown in
the table. The capital investment budget is limited to
99,000 and the MARR is 10‘/0 per year. (P U. 2005)

Proyecl A B C
| [nitial investment 32,000 | 25,000 | 72,000 | 80,000
{ Annual revenues 7,000 5,000 | 12,000 | 16,000
| Market Value 4900 | 3,000 | 5000 | 6,000
| B&C Mutually Exclusive B
| D Dependent on acceptance of C
| A | | Dependent on acceptance of B

Recommend which 1nvestment altematwe should be selected?
Use FW method, >
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calculating the FW of each alternatiyeg
AW (10%) A = 32000 (F/P, 1036, 10)

Omparatiy

pW (10%) 8 = -25.000 (F/P, 10%, 10)

+ 5,000 (F/A, 10

Dalysis of

iv

7,000 (F/A 10%, 10) 4

%, 10) +

FW (10%) ¢ = -72,000 (F/P, 10%, 10) + 12,000 (F/A, 10% 10)

+5-UOO = 9,502.4

FW (10%) b = -80,000 (F/P, 10%, 10) + 16,000 (F/A, 10%, 10) +

6,000 = 53,5924
Combination | A B C D Remark |
E 0 - 0 0 Do nothing :

2 1 1 0 0 Select A and B A
3 O 1 ]Jojo Select B | !
4 ool 1] o0 Select C 1
5 0 l
| &4
1 (8] 0 |:
2 50,407.9 57,000 1
3 17,.844.5 25,000 1
4 9502.4 72,000
Decision | |
- Ifthe capital is limited to 90,000, combination 5
is rejected because its capital exceeds 90,000.
- Among the remaining three combinations, f
combination 2 is the best because it has the ill
highest future worth of 50,407.9. %l[i :
i
6. Select by incremental rate of return method for a i‘.:
Project. (TU, 10E, 2064) II |
i
35




Project
[nvestment cost (Rs) | g9oo [ 1,500 | 2,500 | 4,00

Net annual revenue } 150 270 400 920
MARR 10% 10% 10% 10%

Life in years
SV

Solution
1. Calculate the IRR of the all project using PW
Formulation -

PW, (i* %) = -9o0 + 150 (P/A, i*%, 5) =0
or, -900 + 15Q {((1+i*) 3-1)/ ((1+i*) **i*)} = o
IRR = -5.78 % < MARR (not justified)
PWp (i* %) =-1,500 + 270 (P/A, i*%, 5) =0
or, -1,500 + 270 {((1+i*) >-1)/ ((1+1*) **i*)} = o
IRR=-3.4% < MARR (not justified)
PWe (i* %) = -2,500 + 400 (P/A, i*%, 5) = 0 .
or, -2,500 + 400 {((1+1*) *-1)/ ((14i*) 3*{*)} = o
IRR =-7% < MARR (not justified) |
PWn(i* %) = -4,000 + 920 (P/A,i*%,5) = o
Or, - 4,000 + 920 {((1+i*) >-1)/ ((1+i*) *")} =0
IRR = 4.85% < MARR (not justified)
PWi(i* %) = -5,000 + 1,100 (P/A,i*%,s) = o
OT, -5,000 + 1,100 {((1+i*) *-1)/ ((1+i*) %*i*)} = 0
IRR =3.26 %< MARR (not justified)
Here, none of the project is justified. No incremental
analysis is necessary. Neither of the projects is selected.

7. Use IRR method to select best project
Project A B | ¢ D b

[nvestment | 90,000

1;15;000 5,00,000
(Rs)
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| C Parative Aniﬂysus nFAlg;g_- rnatives
Revenues | 15,000 | 27.000 1 40,000 | 0,000

1,40,000
Jess COSt
(Rs)
| Solution
’. Let us assume the life of all project as 10 yc.ats, and
| MARR =10%
' Calculate the IRR :
. Calculate the of each project usm;:, PW 1]
formulation ! !
[RRy = - 90,000 +15,000 {(1+i*) " =1) / (14i*) " i} = o |
= 10.56(](!! :.',
f
[RRy = - 1,15,000 +27,000 {(1+i*) " -1) / (1+i*) " * i} = i
" =19.54%
| IRR¢  =- 250,000 +40,000 {(1+i*) " -1) / (1+i*) " *i} = 0 |
| =9.61%
i! IRRp =- 400,000 +90,000 {(1+i*) " -1) / (14i*) " *i} = 0 |
=18.31% _ F
IRRg  =- 500,000 +140,000 {(1+i*) " -1) / (1+i*) " *i} = 0, IRR, =
! 25%

2. Compare with MARR =10%
IRR4 (10.56%) > MARR (10%), (accepted) I
[RRg (19.54%) > MARR (10%), (accepted)

. IRR¢ (9.61%) < MARR (10%), (rejected)

f IRR}; (18.31%) > MARR (10%), (accepted)

: IRRr (25%) > MARR (10%) , (accepted)

3. Out of the remaining alternative (A, B, D,E), Perform
the incremental analysis, taking the base alternative as
A (least investment project) and comparing with next
highest alternative, i.e. B

A (base lnCrementa Incrementa | Incrementa Is |
alterna iy [ | Cash flow | IRR increm i
e) investment BTk
justifie

~— (B-A)

k 238
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-90,000 12,000

Here project A is left out and we select project B | .
Taking project B as base alternative and comparing it

alternative C (next highest alternative)

B (base Incremental Incremental | Incremental \ls\ |
alternative) | investment Cash flow IRR "?cremeni
(C- B) : ]UStiﬁed
I -1,15,000 -1,35,000 13.000 -0.68% No
go for project B —

Here project C is left out and we

Taking project B as base alternative and comparing with
alternative D (next highest alternative)

(s “ ncremental Incremental I
| alternative) | investment Cash flow IRR Incremen
(D-B) Justified
‘ I -1,15,000 -2,85,000 63,000 17.81% W]

Here project B is left out and we go for roject D

Taking project D as base alternative and comparing with
alternative E (next highest alternative)

[ncremental

e e

Incremental ™

Incremental

[ D (base |
| alternative) | investment Cash flow IRR increment
-,; (E-D) _ justified
| -4.15,000 -1,00,000

30,800 49.08% Yes

Hence Select P
8. Select the best project using ERR method, MARR =18%

200 £212% (TU, IOE, 2066) -
e = . s e e e . .

- __-—-"‘.‘
Project | - -38,000 +35,000 | +35,000 | +35,000 +35,00
A 40,000 | -

Project | - +25.000 | +40,000 | -50,000 +50,000 750
B 60,000 ‘

239 '
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Qo\an ‘ ives
lve Analysig fAlte
Matijveq

‘ o]l.ltic"rI .
e the ERR of both projects

Calculate

ProiECtA
Gtep 1- discount all cash outflows to presen

40,000 + 38,000 (P/F, 12%, 1) = 73.930.2
Step 2 compound all cash inflows to futyre

35,000 (F/A, 12%, 4) =1, 67,275 5
Step 3: establish the equivalence of two equations

73,930.2 (F/P, 1, 5) =1, 67,275 5

73930.2 (141)° = 1,67,275.5

(4+i") = 2.2620

i =17.73 % < MARR (18%), unacceptable
Project B
Step 1: discount all cash outflows to present

60,000 + 50,000 (P/F,12%, 3) = 95590
Step 2: compound all cash inflows to future

25,000 (F/P, 12%, 4) + 40,000 (F/P, 12%, 3) + 50,000
(F/P, 12%, 1) +75,000 = 2, 26,533.5
Step 3: establish the equivalencg of two equations

95,590 (F/P, 1, 5) = 2, 26,533.5

95,590 (1+')° = 2,26,533.5

(141') > = 2.36

I = 0.1883 = 18.83% >MARR (18%), acceptable .
Here, project A is less than MARR and not feasible f‘md 1-’1‘0]*3(3t
Bis greater than MARR and feasible. So no comparison is

"equired. Hence project B is selected.

9. Three mutually exclusive alternatwes., :;g'c n[:; als;
compared by the rate of return fiethe a o% of
describe below. MARR is 10%, salvage \.falue ls[[iRland
the first cost. Which option has the hlghE‘S; i,
what it js? Recommend the best altern

(TU,I0E, 2060¢)
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First Cost (Rs) 70,000 ) 000

—- |

Annual Income (Rs) 15000 10,200 %\.

Economic life, years 8 _ 8“\
Solution :

Using the PW formulation :
Salvage Value = 0.2* 70,000 = 14,000

IRR of X

PW (i* %) =0

PW i iiiow = PW autfiow = 0 ‘

15000 (P/A, i*%, 8) + 14000 (P/F, i*9%, 8) = 70000 =0

xsooo {(G+i*)* - 1*) / ((1+*) * *i)} + 14000 (1+i*) "*- 70,000 = ¢
Solving by trial and error,

i* = 0.1576 = 15.76% > MARR (accepted)

Salvage Value = 0.2* 60,000 =12,000

IRR of Y

PW (i* %) = o

PW infiow = PW outflow = O

10000 (P/A, "%, 8) + 12000 (P/F, i*%, 8) - 60000 = o l
10000 {((14+i*) & - j*) / ((1+i%) ® %)} + 12000 (1+i*) %~ 60,000 = 0
Solving by trial and error,

I* = 0.0955 = 9.65% < MARR (rejected)

Salvage Value = o.»* 100,000 = 20,000
[RR of Z

PW (i* %) = o

PW it = PW outllow = O

18000 (P/A, "%, 8) + 20000 (P/F, i*o 8)
18000 {((14+%)* - %) / ((144) 341y, , g,
Solving by tria] and error,

-
"=01133 =11.33% > MARR (accepted)

= 100000 = 0
+38000 (14i*) ® =
141*) ™ - 100,000 =0

Option X has the highest [RR of 15.76%

S 00
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omparati
Comparative i
allve Ana] sisoFAItcr
=Iativeg

N
N ing the incremental analysis by
. Performl 3 ween option X and
tio]‘lz .
™ ; ion X as base akternatijve
Choosin optio native ang dewloping }
i '1cremenra| cash .ﬂow. |
Il .
—C0Y Option X OptionZ - Onpine
| s - L ption X
P/J_,__L,)_— FPE90 -30000
1 15000 —
=g 15000 e
I 3000
} 3 15000 3000
4 15000 3000
“- 5 15000 3000
6 15000 3000
7 15000 3000
8 29000 0000
Incremental 15.76% -2.93%
IRR (not justified)
Since incremental IRR is not justified, the extra investment of
30000 in project Z is not feasible. Therefore project X is |
- selected.

l

10. Two types of power converters, alpha and beta are

| under consideration for a specific appl’ication. An |
economic comparison is to be made at an interest rate |
of 12% and the following cost estimates have been |
[ obtained. Select the best option by calculating P"?Se“t : -
worth of both the project if it will be operated for 4 .

—_earsonly. (TU,IOE,2068) l |
= Alpha Bﬂta S i f

— . 2000000 ‘E
| Puchaseprice (k) | 750000 | 20907 |
M@rating cost (Rs) | 200000 ;Zoooo ﬁ
we Value (Rs) _.—-—9———-—’—”;51’;’ ‘ii
Estimated service life 3 yeats -
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Solution .
Her both the options Alpha and Beta have the usefy] life

greater than its study period. Use co terminated assumptiy, -
and the imputed market value is calculated for the both.

Alpha . E
1 2 3 4 '_

A

200000

750000

CR (12%) = 750000 (A/P, 12%, 5) - 0
= 750000 * 0.2774 - 0 = 208050

PW (12%) ¢r = 208050 (P/F, 12%), 1) |
= 208050" 0.8929 =18576G7.85 ‘
IMV, = PW cr + PW yv
=185767.85 + 0 = 185767.85
PW (12%) = -750000 - 200000 (P/A, 12%, 4) + 185767.85 (P/F,

12%, 4)
=-750000 - 200000 * 3.0373 + 185767.85 * 0.6355
= -1239404.5
Beta !
. 400000
& ] 2 6 8 I

A

100000

CR (12%) = 2000000 (A/P,12%, 9) - 400000 (A/F, 12%, 9)
= 2000000 * 0.1877 - 400000 * 0.0677
=348320

PW (12%) cr = 208050 (P/A, 12%, 5)

243 -3 A a
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o

= 8 2-0* 6048 = 12
f(: 0 ) i =3:O[3)()()03(P/F; ‘)“/I-‘SSG?'B'QB
N PW (1270) sy | , 12%, 5)
" = 400000 * 0.5674 = 226960

: ]MV-I =PWcer+ PW mv
= 1255623.93+220900= 1482583.93

pW (12%) = -2000000 - 100000 (P/A, 12%, 4) + 1482583.93 (P/F |
12%, 4) ,
= -2000000 ~ 100000 * 3.0373 + 1482583.93 * 0.6355
= -1361547.912
Alpha has the least negative value and is the best option.

| Review Questions
Explain Independent, Mutually exclusive and

contingent project with suitable example.

Explain Repeatability and co terminated assumption?
Why incremental analysis is preferred in IRR method
while comparing mutually exclusive projects?

4. Explain steps for incremental analysis.

What is capitalized worth method and where is it

e r——

[2*]
.

wn

preferable?
Exercises |
| 6. Consider the following two mutually exclusive i

jects. Assume MARR = 15%. Which

investment Ppro
PW criterion?

project would be selected based on

;
Project Cash Flow
EOY A B l.
0 -Rs 3,000 | -RS 8000 ll
1 400 1,500 | \
2 7,000 400
are being considered for a

7. Two alternative machines
manufacturing process. Machine
- 75,200 and its salvage value at the €

284

A has a first cost of Rs.
1d of 6 years of

Scanned by CamScannér



STUDENT LEARNING OBJECTIVE
From studying this chapter you will learn
* Concept of Depreciation.
e The terminologies used in depreciation
e Book depreciation and tax depreciation
e Corporate tax and after tax cash flow

v o anetify T

e — a7

7.1 Meaning of Depreciation |
Depreciation is the decrease in the value of physical Propertia

~ with the passage of time and use. In economic analysis, valye
may refer to either market value or value tq the owner. A pg,

cash expense that reduces the value of an asset as a result of
wear and tear or age and obsolescence. Most assets lose thejy

value over time (in other words, they depreciate), and must he
replaced once the end of their useful life is reached. It is ay f
accounting concept that establishes an annual deduction
against before tax income such that the effect of time and use
on asset's value can be reflected in a firm's financial

statements. ..
Depreciation charges are a convenient mechanism for I

recovering the capital that is invested. As such, when the time
comes to replace an asset, funds will be available to do s
(unless prices have increased over the asset’s life). Also,
treating depreciation charges as expenses allows one to
incorporate such charges in the cost of production and ensure
that prices are sufficient to recover invested capital. In general.
assets can only be depreciated if they meet the following basic
requirements:
e The property must be used for business purpose ©
produce income,
* The property must have a useful life that can b
determined and this life must be longer than one year

- »
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Engineers need to learn aboyt e
design decisions can affect ¢}
annual operating costs are tre

Scanneg By CamScanner

Intangible property is personal property S

=EPreciation and Cor Orate T
| ax
The property must be an asset th

up, wears out, becomeg obsolete
owner from natural causes.

at decays, Bets useq

or logeg value tg the

Preciation becayge their
€ way investments and

ated from an income tax
pPerspective.

Basic requirements for Property to be depreciated

Depreciable property is prope

rty for which depreciation
is allow

ed under government Income t

ax laws and
regulations.

To determine if depreciable deductions can be taken,
the classification of various types of property must be

understood. In general, property is depreciable if it
meets the following basic requirements:

[t must be used in business or held to produce
income.

- It must have a determinable useful life and the
life must be longer than one year.

- It must be something that wears out, decays,
become obsolete or loss value from natural
causes.

Depreciable property is classified as either tangible or
intangible. Tangible property can be seen or touched
and it includes two main types called personal property
arTEireal prbperty. |
Personal property includes assets such as Tnac.hmcry,
vehicles, equipment, furniture and other similar l[e-m;i |
Real property is land. Land itself is not depreciable
because it does not have determinable life.

uch as

copyright, patent, goodwill, and trademark.

T rai m service.
Depreciation stops when it is retired fro

(V]
(9]
[ 8]




The loss in value, depreciation occurs for several reasons. It

may be due to:

Use related physical loss - be et
As something is used it wears out and must be replaced

repaired, but its value declines along with the “wear and tear”
it suffers. Often, this aspect is measured with respect to upjg
of production which in the car’s case is measured in kl]omet&rs

driven, hours of use of light bulb or pump etc.

Time related physical loss |
Even if not used, things will deteriorate with time because of

nature or other effects. Rusting in storage, __,Chemical
deterioration, paint drying in car, etc are some example of this
loss. This loss is usually measured in units of time, such asa g
year old car, a 40 year old sewage treatment plant etc.

Functionally related loss

The loss can occur withgut any physical changes for value can
be lost over time as fashion changes, furniture, clothes, and
new laws regarding pollution control etc.

Sudden Failure

It refers to the sudden or catastrophic loss in value due to
technological characteristics inherent in the asset. However,
this does include loss dye to accident or misuse,

Depletion

Consumption of exhaustible natyral resources to product
Products Or services is termed depletion. Removal of oil
timber, rock or minerals from a site decreases the value of
holding. This decrease ig COmpensated by a proportionat®
reduction in earnings derived from the resources.

253
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_ Depreciation and Corporate Tax

t basis or Unadjusted Cost

Initial cost of the assets including purchase price,
delivery and installation fees, and other depreciable
ot costs incurred to prepare the asset for use. |

Cos

dire
Book Value
Represents the J.‘en'lg_j_[]_i‘r_lg,‘_r_fl{l_l‘]_-_,_d(_f_p:[;(:;:rc_j_a_['ed capital

@
inVS_f_i:t_[I}f—‘11;_9,&:_!,1}5‘_19_0{2',\’_5_.5117 ter_the total amount of

depreciation charges to date have been subtracted

from the basis.
o ~The bodk--\)va]ue is usually determined at the end of
\ each years
Recovety period

It is the depreciable life '’ of the assets in years.

Salvage Value (SV) |
It is the estimated value of the property at the end of its

useful life. Tt is the expected selling price of a property
when the asset can no longer be used productively by

its owner.

" 5. Useful life
It is the estimated or expected period of

property will be used in a trade or business or to

time that a

produce income.

-

6.. Market Value (MV) ;
e The amount that will be paid by the willing buyer to a

willing seller, for a property where each has equal
advantage and is under no compulsion to buy' or sell.
The MV approximates the present value of what will be
received through ownership of the property; including

the time value of money.
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7.2 Methods of Depreciation

1. Straight Line Method

* It is the simplest and most often used depl'eciatifm

method.
® It assumes that a constant amount is depreciated €ach

year over the depreciable (useful life) of the asset

° In this method, a fixed or equal sum or amoyp i
charged as the depreciation amount throughoyt the
lifetime of the asset such that the accumulated sum gt
the end of the life of the asset is exactly equal to y,
purchase value of the cost, i.e. the value of the asgg,

will become zero .

D, =(I-S)/N

Where,
| D= Depreciation charge during year n
[ = Cost of the assets including installation expenses

S = Salvage value at the end of useful life

N = Useful life

Book Value in a given year = Cost Basis — total depreciation '
charges made to date

Example 7.1

A machine costing Rs 11,000 is estimated to have a life of10 '
years and the salvage valye is estimated at Rs 1,000 at the end
of the life. Determine the annual depreciation and annual rate

of depreciation. '
‘Solution

The annual deprecxenon = (11,000 - 1,000)/10 = Rs 1,000
Annual rate of depreciation = 1,000/ 10,000 = 0.1¥100%

=10% Ans

255 i N
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Useful life, (N)

C.O]“p L

SOIUTiOH

Gven: - | = Rs10, 000

g = Rs2, 000
. N =5 years

T

s W |

! Opor

| pample?> M
anidel“ the following automobile data- ‘

; ‘ _
Cost of the asset, (I) = Rs 10,000

=5 yRars

D, = (0.20) (Rs10, 000 - Rs2000) = Rs 1600
The asset would have the following book value during its

Egtimat(fd,sal"age value (S) = Rs2, 000
re the annual depreciation allowanc
ance and the y ‘
resulting

pook yalue using the straight line depreciation method?

caight line depreciati is 1/5
he straight l‘l | lepre latu')n rate is 1/5or 20%. Therefore the
jnnual depreciation charge is

|

useful life
n B,. (Rs) D. (Rs) B, (Rs)
1 10,000 1600 8400
2 84"00 1600 6800
3 6800 1600 5200
4 5200 1600 3600
5 3600 1600 .2000

Where B,., and B, represent
and after depreciation

rate
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* Declining balance is also k
or uniform percentage met
* In this method, Book value is !

nown

hod.

o = (1/N) multiplier
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nultiplied b

< the book value before depreciation

y the fixed




Depreciattonanngm rate Tax |
z orate Ta

or the following automobile data:
Cost of the asset, (I) = Rs 10,000
Useful life, (N) = 5 years
pstimated Salvage value (§) = Rsz, 0oo

te the annual depreciation allowanc
ance and the r i
esulting

of _ G i
ok Jalue using the straight line depreciation method?
SO]ution | |
Gven | = Rs10, 000

§ = Rsz2, 000
. N = 5 yeal‘s

i
4
|

The straight line depreciation rate is 1/50or 20%. Therefore the
annual depreciation charge is
D, = (0.20) (Rs10, 000 - Rs2000) = Rs 1600
The asset would have the following book value during its
useful life |
n Br'l—l (RS) Dn (RS) Bn (RS)
E 1 10,000 . 1600 8400
A 2 8400 1600 6800
y 3 6800 1600 5200
b 4 5200 1600 3600
4 5 3600 1600 2000
lue before depreciation

Where B,,., and B, represents the book va

and after depreciation

i

balance Method DB
as the fixed percentage

also known

tage method.

or uniform percen
ook value 18 multiplie

. In this method, B
Bate

d by the fixed
o = (1/N) multipliér
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Depreciation and £

The most commonly used multipliers are doi :;1
straight line rate, for this reason it is called pg,,
Declining Balance Method. e
*  Suppose a business has an asset with Rs.1, 000 Original ;
Cost, Rs100 Salvage Value, and 5 years useful life,
e First, calculate straight-line depreciation rate. |
o. Since the asset has 5 years useful life, the Straigly. !
line depreciation rate equals (100% / 5) 20% p,,
year. B
o With double-declining-balance method, as
name suggests, double that rate, or 4

depreciation rate is used.

We can determine depreciation charges for a given year,

D, as follows: |

D =al
D,=a(l-D)=aol (1-«)
D,=aa(I-D,-D,) = (1 - )’
Thus for any year n, we have depreciation charge '
| Dzl =o) ™ s (1)

Total Declining Balance (TDB) at the end of year n can be
calculated as

TDB=D,+D,+ Dy + e + D,
=al+ol (1) + ol (1 =) o +al (1-a) ™
=l {1+(1-a) 1=c)* 4 o + (=) " (2)

, Multiplying by (1- o) we obtain
(1-a)TDB = al {(1- o) +(1- ) * + (1-00) 3 +..... i (1= ) "..3)

Subtracting equation (2) from equation (3) -

TDB =1 {1 - (1- 0)"}
The book Value, B, at the e
the asset (I) minus the tota

-

nd of each year will be the cost of .
| depreciation at the end of N yeah

%57
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D .
epre Clation and Co
N TDB_. .[!_.Q______._.._..___ C I‘Qn[atg Tax

Bn o
Bn=I—I{1—(] n
-

B,.:l(l—u)n )}

er the following acc g I f

Consldu t g accounting information f
ation for a com
puter

Cost Basis of the asset, 1, = Rs 10,000
Useful life, N, S
Estimated Salvage Value, S, - Rs778

Compute the annual depreciation allowances and the result;
reing , - esultin
pook values using the double declining deprecation method 5
- hod.

On continuing this process, W

The book value at the beginning of the first year is Rs
10,000.

The declining balance rate (a) is (1/5) *2 = 40%

The depreciation deduction for the first year will be Rs
4000 (40%" $10,000 = Rs4000) |

The book value at the beginning of the second year is
Rs 6,000 {I (1- a) "} = Rs 10,000 (1- 0.4)" =Rs 6,000}

The depreciation deduction for the second year will be
Rs 2,400 ( 40% * Rs 6,000 = Rs2,400)
The book value at the beginning of the third year is Rs
6.000 {1 (1- o) = Rs10,000 (1- 0.4)" = Rs 3,600}

. obtain the depreciation value

and book value as shown in Table:

n B,.. (Rs) D, (Rs) ______]_3_"_9_{.5_)—-——-
1 10,000 | 4,000 6,000
2 6,000 _____f“_’il_(l(_)-————— gaee
3 3,600 __—#______Ef_‘_"ilf)__—-— 2,160
4 2,160 | 8,64 1,296
5 ot | 5P ke

258
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Depreciation and Corporate Ii.x

Issues Regarding salvage Value

* Salvage value (S) must be estimated at the beginning
depreciation analysis.

e In previous example, the final Book Value (B,) equals to
the estimated salvage value, an occurrence that i
rather unusual in the real world.

°  When BN = S, we have to make the adjustments in gy,

- Jdcprcciation analysis methods.

*  Two cases Arises:

Case 1: When By > S
Case 2: When By < S
Case 1: When By > S

e When By > S, is the situation in which we have not
depreciated the entire cost of the asset.

o - To reduce the book value of an asset to its salvage value
as quickly as possible, it can be done by switching from
declining balance (DB) to Straight line (SL).

e The switch from DB to SL depreciation can take place
in any of the ‘n’ years (optimal year).

e The switching rule is as follows-

If depreciation by DB in any year is less than (or
equal to) the depreciation b}r SL then we would
switch to and remain with SL method for the
duration of the project’s depreciable life. |

* The straight line depreciation js any year n is calculated
by '

D. = book value at the beginning of year n - salvage value
. Remaining useful life at beginning of year n
Example 7.4

Consider the following accounting information for a computer

system.

259
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Cost Basis of the asset | _ R o
; r iy = RS 10,000
Useful life, N, = 5 yea
s / B s |
ki Salvage Value, SV, = Rso 1

Declining balance Rate (o) =

(1/5) . 0
; ¥3 ‘ 2 = 40%
Determine the optimal time to Swit 1o

ch from DB ¢q S
deprecia“O“ and the resulting depreciation schedt;IL
2.

1

o First, Computing the DDB depreciation for cach year li
n B... (Rs) D, (Rs) B, (Rs) |
1 10,000 4,000 6,000
5 6,000 2,400 3,600 .
3 3,600 1,440 2,160 - |
t | 4 2,160 8,64 1,296 j
5 1,296 5,18 7,78

L& -
. Here the Book value is Rs778 at the end of Year 5 which is
. Greater than zero. Therefore we use the switching

| fundamentals.

i ‘ * Second, we compute the SL depreciation for each year
then compare SL to DDB depreciation for each year
and use the decision rule for when to change.

[
|
| Ifswitch to SL Depreciation DDB Decision
SLBeginning Depreciatio
. of year n
i <400C t switch
~— (10000-0)/5 = 2000 <4000 Do no b,“,-tch
x (6000 -0)/4=1500 <2400 Do not swi
5 = Do not switch
3 (3600 -0) /3 = 1200 <1440 :
_ I 806« Switch to SL
N4 (2160-0) 2 = 1080 >804

The optimal year is 4 in this situation

Third, use the SL depreciation method for the

e optimal year.

remaining depreciable year from th

h 260
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* The depreciation schedule is

1

Year | DDB with switching to End of Year Boh |

SL(Rs) (Rs) ‘
1 4000 m
- | 24.00 3600

1440 2160
080 1080
1080

(54 I I SO AU

i

Cam¢  Case 2: When Bn < S

5.5 Sy * When By < S, we must re-adjust our analysig bf-‘cau T
‘ L tax law doesn’t permit us to depreciate the asset el
C‘?D their salvage value, |
" If the book value is lower than S, at 4Ny period, th,,
”f”

the depreciation amount are adjusted so that B, <5, ](

(/ Examl)le 7.5 7

Compute the double declining Balance (DDB) depremanon

schedule for the data as follows:

Cost basis of the asset, [, =

Rs 10,000
Useful life, N =5 years
Salvage Value 8V, =Rs 2,000

Declining balance Rate () (1/5) =
Solution

End of
Year

40%

D, (Rs) B, (Rs)

"

0.4 ¥10,000 = 4000 10,000 - 4000 f_?_f?ﬂ

0.4"6000 = 2,400

6,000 - 2,400 ﬁ@

3:600 — 1440 f_i,'l_ﬁ’ﬂ/
0.4%2,160 = 864 >160 | 2160 - 160 _ﬁﬂﬁ,
_-_-——_\?*—__‘&_

Q.

0
- = 2,00
- ey 2,000 - 0 At
o '

. N sl

047 3,600 = 1,440
__-_--_-_-“._—__-__

201 A
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y Preciation C P

4 ==lallon and Cqop Orate Tax
l
]

Gl 0, would be fese than SV =Rs. 2600, if the full dedyeti
564) had been taken. Therefore we adjust D, to n

. Rs 160
- Rs. 2000. D: is zer oyt ’
m e - TSy

' S_U_M_f;Yea'rs’ Digit (SOYD) Method

. This method results in larger than straight” line
,@wﬁmﬂm&m@%—m%mun asset

¢ and smaller charges as the asset nears the end of its
estimated useful life. )

, Fach year depreciation charge is compound as the
remaining useful life at the beginning of the year
divided by the sum of the years digits for the total
useful life.

» In this method, the number 1, 2, 3..N are summed,
where N is the estimated years of useful life.

SOYD = 14243+ uueenee. + N ={N (N+1)}/2
. The depreciation each year is calculated as )
D, ={N-n+1}(I-5)
SOYD

|
" Compute the SOYD depreciation schedule for the following:

| Cost basis of the asset, I, = Rs 10,000
| Useful life, N, = 5 years

| Salvage Value, SV, = Rs 2,000

| Blution _
- Wefirgt compute the sum - of — years digits

YD - 142434445 =15 or 5 (5+1) / 2 =15

Year S e
| —— ——er — (6 = 7}
! 1 5/15 (10,000 —~ 3.,000) =2,667 10,000 ,607

2A.




4/15 (10,000 - 2,000) =213 7. 333— 2,133
3/15 (10,000 - 2,000) =1.600 | 5,200- 1.600
2/15 (10,000 - 2.000) =1,067 3.600 ~ 1,067
1/15 (10,000 - 2,000) =5,33 2,533- 5,33

U |la [w(w

4. Sinking fund method

° In this method of depreciation, the book Valy,
decreases at increasing rates with respect to the life of
the asset.

® The loss in value of asset (cost -salvage) is Made
available and the form of cumulative depreciation
amount at the end of the asset by setting Uup an eqyq|
depreciation amount at the end of the each period
during the lifetime of asset. r

e The fixed sum depreciated at the end of every time ;
period earns an interest at the rate of i% compounded |

annually.

Let,

P = first cost of the asset

F = salvage value

N = life of the asset "1

rate of return compounded annually (rate of

i

]

interest)
A = the annual equivalent amount of depreciation |
charge

] BVi = the book value of the asset at the end of
period k,
D, = the depreciation charge at the end of the
period t. ;
To find the annual equivalent amount (A) = (PBLS
(A/F, 1%, N) A

‘ _ (P-F)

To find the depreciation charge (D,)
(A/F, 1%, N) * (F/P, i%, t-1) - p.H
To find the book value at the end of period t = P - s

* (A/F, 1%, N) (F/A, i%, t)
263 .
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Example 7.6 “horate Tax

Compute the depreciation charge and b
each year using sinking fung method ook valye iy,

Cost of the asset = Rs 1, 00,000

Salvage value = Rs 20,000

Life of the asset (N) = 8 yeqrs |
Interest rate (i) = 12% |

To find A, the annual deproci
A = (P-F) (A/F, 12%, 8) = (
= Rs 6,504

Depreciation at the end of 1* year (D,) =
Depreciation at the end of 2™ year (D)
= 0,504 + (6,504 *0.12) = Rs 7284.48
Depreciation at the end of 3" year (D)
= {6,504 + (6,504 + 7,284.48) *0.12} = Rs. 8,158.62
Depreciation at the end of 4™ year (D,)

= {6,504 + (6,504 + 7,284.48+8,158.62) *0.12}

= Rs. 9,137.65

These computations along with book values are as

ation charge

1, 00, 000 - 20, 000) (0.0813) ,

Rs 6,504

follows :

EOY Fixed Net : Book

(t) | depreciation | depreciation(D,) | value (By)

Rs Rs

- 6, 504 | 1,00,000 !
L3 6, 504 6, 504.00 93,496.01 |

2 6, 504 7,284.48 806,211.52
T 6, 504 8,158.62 78,052.90 | |
T 0, 504 0,137.65 68,915-25 _ |

> 6, 504 10,234-17 58.681.;8
-._§____ 6, 504 11,462.27 _ﬂﬂ_}_ﬂ

7 6, 504 12.837.74 | 3435007
e 6, 504 14,378.27 20,002-80

h‘ ’ 264
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(MACRS) |
Historically, for the tax pflrpose-s. as well 4 o
Sccounting, an asset’s depreciable life was dEtefmine:l .
by its estimated useful. i.e. an asset would pe ful
depreciated at approximately the end of its usefy] life y
The MACRS scheme, totally abandon this practjce .
simpler guidelines were set which created Severy)
classes of assets, each with more or less arbitrary lf
called Recovery Period.

The MARCS scheme includes 8 categories of assets: 4
year, 5 year, 7 year, 10 Year, 15 year, 20 year, 27.5 ye,
and 39 year.

The salvage'value of property is always treated as Zero,

MACRS Property Classification

Recovery Applicable Property
Period |
3year | Special tools for manufacture of plastics
products, metal products and motor vehicle
5 year Automobiles, light trucks, equipment used
of R&D, computerized telephone switching
systems. A1
7 year Manufacturing equipment, office furniture.
10 year |- Vessels, barges, tugs
15 year Waste water plants, telephone distribution
plants L
20 year Municipal sewers, electrical pOWef_E!f_‘:'E..
27.5 year Residential rental property -
39 year Nonresidential real property including

elevat;ors and escalators -

; i} 265 )
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Half year Convention

De reciation an Orporate T
p and C e Tax

The MACRS scheme uses the half-
it is assumed that all assets are plac

Year convention j o

ed in servic i
. ; | e at mid-
year and they have zero salvage valye ‘

Only half year depreciation is allow
of the asset placed in service.
With half year’s depreciation being t

ed for the firstuyear

aken in service, a
full year's depreciation is allowed in each of the
remaining years of the assets recovery period.

Finally the remaining half year depreciation in the year
following the end of the recovery period.

Switching from Declining Balance to Straight Line

Method

The MACRS asset is depreciated initially by the
Declining balance (DB) method and then Straight line
method.

It adopts the switching convention as discussed in the

previous section.

MACRS Depreciation Rates

Year | 3 5 7 10 year | 15year |20
year |year |year year

1 33.33 20.00 | 14.29 | 10.00 5.00 3.750

2 44,45 | 32.00 |24-49 18.00 9.50 7.219

3 14:81 19.20 | 17-49 | 14-49 8.55 6637__ |

4 7-41 .52 | 1249 | 1152 7.70 6.177

? 11.52 8.93 0.22 6.93 5.713

6 576 | 8.92 | 737 6.23 5.285

7 aon | B |soe a8

8 4.46 | 6560 | 5:99 _‘iiéf—-—

o 6.55 _5;9,',_,,_5‘!!-:-6—]“—#

— 6'55—-——*"2'9‘9”’ 4.462

.ll._ 3.28 _5_2:__...-.—-"'"""
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12 5.90 4-.4-({1_"““'_l :
5-91 4.462

:: 5:90 | 4.461

15 5-91 4462

16 2.95 4.461

17 4-462

18 4-461

19 4.462

20 4-461

21 2.231

Example 7.6

assigned to the 5 year class. Com

Solution
MACRS deduction percenta
taxable year and endin

A tax payer wants to place in service a Rs 10

;000 asset that ig

pute the MACRS percentage
and depreciation amounts for the asset.

ges, beginning with the firgt
g with the 6th year are computed as

follows,
Straight line rate = 1/5=0.20
Double declining balance rate («) = 1/5 *200% = 40%
Under MACRS, salvage value = ¢
Year Calculation (%) MACRS % Decision
1 Y2 year DDRB dep. = (0.5) (0.4) ‘__—2_-0%
(100%)
3 DDB dep, = (0.4) (100% -20%) | 32% Do not
SL dep. (1/4.5) (100% -20%) 17.78Y%, switch
3 DDB dep. = (0.4) (10092 52%) | 19.20% Do not
SL dep. (1/3.5) (1009 ~529%)) 13.71% switch
4 DDB dep. = (0.4) (100%—71.20%) 11.52% Switch to
| SLdep. (1/2.5) (100% -71.2¢) ‘11_53% SL |
5 SLdep. (1/1.5) (100% - 82.72%) 11.52% i
G L4 year SL dep. = (0.5) ('11.5.2(.3’6) -r 5.76%
26’} J

.
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.. f 4 De [‘cci . m\
al‘IOn al]d C
2Uparate T,
X

ate Tax

In the year 4, SL depreciation js > DDB de

y pPreciqti
SWitch to SL. fion ang we

mdgl;e_t_he—@m[%ﬁoln .
= e

| — o Percentages
[Year MaRCS Depreciation De S———
(n) l)e;-ce11tage basis AmP:ecmtlon
(%) unt (D,)
™y 20 ; e ————
A _ " Rs10,000 Rs 2000
____:'1_ 32 Rs 10,000 RS 3,200
[ 3 19.20 * Rs 10,000 RS 1,920
| 4 11.52 = Rs 10,000 Rs 1,152
| 3 11.52 ¥ Rs 10,000 Rs 1,152
6 5.70 * Rs 10,000 Rs 576
7.3 Depreciation Rates applied in Nepal
Class Assets Included Rate Applied
A Buildings, structures, 5%
| and similar works of
a permanent nature
B Computers, data 25%
handling equipment,
fixtures, office
furniture, and office
______ equipment
C Automobiles, buscs, 20%
and minibuses and
b others e
D Construction and 15%
earth moving
equipment and any
— depreciable asset not —

268
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included in another
classes
E Intangible assets
other than
depreciable assets
included in Class “D”

Rate in percent
calculated as
divided by the

useful life of the

asset in the pool,

7.4 Corporate Tax

Corporate tax or company tax refers to a tax imposed g
entities that are taxed at the entity level in a particyly
Such taxes may include income or other taxes, The

jurisdiction.
tax systems of most countries impose anIncome taxat the

entity level on certain type(s) of entities (company
or corporation). Many systems additionally tax owners or
members of those entities on dividends or other distributions
by the entity to the members. The tax generally is imposed on
net taxable ‘income. Net taxable income for corporate tax is
generally financial statement income with modifications, and
may be defined in great detail within the system. The rate of
tax varies by jurisdiction. The tax may have an alternative base,
such as assets, payroll, or income computed in an alternative

manner.

M‘ost income tax systems provide that certain types
of corporate events are not taxable transactions. These
generally include events related to formation or reorganization
of the corporation. In addition, most systems provide specifi
rules for taxation of the entity and/or its members upon
winding up or dissolution of the entity.

In systems where financing costs are allowed as reductions of
the tax base (tax deductions), rules may apply that differentiat®
between classes of member-provided financing. In suc
systems, items characterized as interest may be deductible
subject to interest limitations, while items characterized ?‘S
dividends are not. Some systems limit deductions base On__'
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e

, ulas, such st o
simple e, . d(“bt‘to‘equily ratj :
gystems have more complex ryles. | O, while other

Gome systems provide a mechanism whe
| orporations may obtain benefit from, lo
ems of all members within the group,
combined or consolidated returns ag we|]
benefit from items of another member).

reby groups of related
Sses, credits, o other
Mechanisms include
as group reljef (direct

Most systems also tax company sharcholders on distributi
carnings as dividends. A few systems provide~r0'-u10{1'of
| integration of entity and member taxation. "Fhislispiglal
' accomplished by "imputation systems” o franking creditg l;l
the past, mechanisms have existed for advance payment. of
member tax by corporations, with such payment offsetting
entity level tax.

Many systems (particularly sub-country level systems) impose
a tax on particular corporate attributes. Such non-income
. taxes may be based -on capital stock issued or authorized
- (either by number of shares or value), total equity, net capital,
| orother measures unique to corporations.

Corporations, like other entities, may be subject to withholding
tax obligations upon making certain varieties of payments to
others. These obligations are generally not the tax of the
corporation, but the system may impose penalties on the
corporation or its officers or employees for failing to withhold

and pay over such taxes.

75 After Tax Cash Flow

The after tax cash flow is the net proceeds from an -mcomi—
Ploducing property, after all costs (taxes, mortgage m[eres;y,
i : ; e : er

Mintenance costs etc.) of owning and operating the QIGR

S

We be ining after expenses
e remainin

N deducted. The amount deducted

Mo . en
rr I't q e paYmenlS, and income taxes l ve be :
0 : ;
m the ross imncome of an investment pro < _

l Y cash flow,
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Cash Flow Calculation

Net Operating Income less Debt Service less Capital Addition
plus Loan Proceeds plus Interest Earned = Cash Flow befor
Taxes (CFBT)

Ancl',

Cash Flow before Taxes (CFBT) less Income Tax Liability .
Cash Flow after Taxes (CFAT)

Now let's look at the calculation to be sure that we understanq

its various components.

1. Net operating income (NOD is gross scheduled incom,

less vacancy allowance less operating expenses.

., Debt service is the total loan payment (first, secong,
third loans) including principal and interest.

3. Capital additions (different from maintenance and
repairs) are improvements (o the property having a
useful life of more than one year and likely to increase
(not merely maintain) the life of the property.

4. Loan proceeds refer to the proceeds obtained from
subsequent financing not to the original mortgage,
where you might obtain a Rs40, ooo second mortgage to
cover the cost of constructing a Rs4o, ooo garage for
instance,

Lxampie 7.7

Say you have a property with ten tenants each paying Rsi, 000
per month (Rs120, 000 per year). You estimate a vacancy and
credit loss of 5%. The property has operating expenses of
45,600 per year, and a first mortgage payment of Rs 36,320 P41
year. In month six, you add a new roof at the cost of Rs 20,000
and take out Rs 20,000 second mortgage to cover the cost g
that construction. Your payment on this loan totals Rs 881 for
the remaining six months. What is your property’s cash flo*
before tax (CFBT)?

Solution

(a) Gross Scheduled Income = Rs. 120,000

e

————— T ———

A



Depreciation and Corporate Tax

(b) yacancy = 3516’00..0 ‘
(c) Gross Sche ujwémr?t—,ﬂaca?i(ﬂt[?)i 12,000 -
@.—v"’*‘"“’w . =TT
Gross Operating Inconfe =\k’¢, 114,000
(e operating e}q_)enses = Rs. 45,600
(f Gross Operating Income - Operating expenses (d-¢) =
114,000 ~ 45,600

rating incorrie = Rs. 68,400
before tax (CFBT) = Net operating income -
capital addition + loan proceed = 68,400

(g) Net Ope
(h) Cash flow
débt service ~
- 36,326 _ 50,000 + 20,000 = Rs.32,074

is Rs 7,000, than what is your

If your tax liability in year one
pro erty's cash flow after taxes (CFAT)?

Cash Flow before Tax 32,074 less Taxes Due 7,000
_ Cash Flow after Tax Rs 25,074

Some Solved Examples

some Special handling device can be
12000 1S expected to have s6oo salvage v
of its useful life for four years. Compute depreciation
schedule for the devices using i) Straight line method,
ii) Sum of year digit method, iii) Double declining
balance method and iv) Double declining method to
optimal switch to straight line method. Briefly explain'

corporate tax. (TU,IOE,2069)

obtained for $
alue at the end

Solution
Given: | = $12,000,

Using Straight line (SL) method

We know, D, = (I-S) /N = (12000

gV = 600, N =4 years

_600)/ 4= 52850

Each year 52850 is depreciated.
B, ($) D, (%) B (3)
12000 2850 /21’5’0,/-
| 6300

9150 2850 /
e | 2
= 2850 600

6300
. 3450




Using Sum of year digit (SOYD)

We know, D, ={N-n+1}(1-5)
SOYD

SOYD = 1+2+3+4 = 10 Or 4 (4+1) / 2 =10

End of Year D ($) B, (h‘.
i 4/10 (12,000 — 600) =4,560 | 12,000 M‘

2 3/10 (12,000 — 600) =3,420 7, 440 %

3 2/10 (12,000 - 600) =2,280 4,008 m

4 1/10 (12,000 - 600) =1,140 1,740-m
Using Double Declining balance T~

The declining balance rate is 200% of SL i.e. (1/N)*2
= (1/4) *2 = 50%

n Bn-1 (s) Dn ($)=0-5* B_n- Bn ($)
1 12,000 6,000 6,000 |
2 6,000 3,000 3,000
3 3,000 1,500 1,500
4 1,500 9,00 6,00

Switching from declining balance to straight line

If switchto | SL Depreciaﬁ.(; DDB Decision
 SL Beginning Depreciation
of year -

1 (12000'600)/4 = <6000 Do not
2850 s_\,\_IE.L_I:I/

2 (6000 - <3000 Do not
600)/3=1800 ; ﬂf_liﬂ‘_/

3 (3000 -600) /2 = <1500 Do not

1200 switch
2 Mg

4 ('ISOO- 600)/ 1= =900 SWItCht

P —— 2(:0 ——-—/
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Depr- iatj p
€clation and Cor orate Tax

The optimal year for switching is year 4

DDB with switching to End of

Year nd of Year Book Va

: SL(s) alue (s) |

E ,-rl""'_—_ 6000 6000 |

s | 3000 — |
R .. s
"4 600 600 i
-

salvage value is Rs 9goo. annual
depreciation allowances and resulting book value using

double declining balance depreciation method.

|

l

. A machine costs Rs. 15000. Its useful life is 5 years and ‘
Compute the ‘

|

| Solution
For double declining depreciation, we can

depreciation rate as double the straight line i.e. (1/N)*200% =

take the

(1/5) *200= 40%
The depreciation schedule and remaining book valte is

n | Book value at | Depreciation Remaining
beginning of | Charges Book Value
year B,., (Rs) D. (Rs) B.(Rs.)

=0.4" Bna

1 | 15,000 6,000 9,000

2 | 9,000 3,600 5,400

3 | 5,400 2,160 3,240

4 | 3,240 1,296 Ko S

5 1944 7776 1004

Here Book value at the end of year 51 greater t'h.ﬂn Sg;;ag;:
Value. We use the switching fundamentals WhEIeimal Jear

hich is opt

Switched to SL in any year between 1 tosw

i 2
ScannechV CamScanner [



Depreciation and

SL depreciation for switching is
D, = book value at the beginning of year n - salvage valy
Remaining useful life at beginning of yearp <

If switch to | SL Depreciation DDB Decision :

SL . Deprecia

Beginning tion

of year |

1 (15000-900)/5 = | <6000 Do 5
2820 switch

2 (9ooo -900)/4 =| <3600 m
2025 switch

3 (5400 -900) /3 =| <2160 m

_ 1500 SWitCh

4 (3240 - 900)/ 2 =| <1296 Dm
- g ‘ switch

5 (1944 - 900)/ 1 =|>777.6 Switch g
1044 - SL

The optimal year for switching is year 4. The depreciatio
schedule is as follows. '

5 - - e
Year | DDB with switching to SL End of Year Book Value (Rs)

(Rs)

1 6000 9000 2

2 3600 5400 ¥

3 ]
2160

- 3240
1296 1944

> 1044 900 j
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STUDENT LEARNING OBJECTIVE

From studying this chapter you will learn | " j- |
* To understand the concept of risk, certainty ... ¢
uncertainty .

* To understand the method for dealing with uncertajy,
(break even analysis, sensitivity analysis, Optimigtj,
pessimistic  estimation, risk adjusted MARR -
reduction of useful life) *

-

® To understand the concept of Break Even Analys;is,
* To understand the concept of decision tree and
wapplication _ .

its

* To understand the concept of sensitivity analysis anq
its application.

8.1 Introduction
The decision to make a major capital investment such ag

introducing a new product requires cash flow information over .
the life of a project. The profitability estimate of an investment i
depends on Eﬁ?,h flow estimations, which are generally
uncertain. The factors to be estimated include the total market
~ for the product; the market share that the firm can attain: the ,
growth in the market; the cost of producing the product,
including labor and materials; the selling price; the life of the
project; the cost and life of the equipment needed: and the |
effective tax rates. Many of these factors are subject to
substantial uncertainty. A common approach,is to make single-
number “best estimates” for each of the uncertain factors and
then to calculate measures of profi tability, such as NPW or raté
of return for the project. This approach has two drawbacks: .l
* No guarantees can ever ensure that the “best estimates
will ever match actual values.
: iated
¢ No provision is made to measure the risk assoc ,
with the investment or the project risk. In PartiCUIar'

o . I the ’
managers have no way of determining eithe |

279 l
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probability that a project iy | iAnalys
1 —_ : se
probability that it will generate pr money or the

ause cash flows éan be ofit,

£
\

[ Bec

! prOj

¥ : for cash flow elements. If a range of values f
| flows IS possible, it follows that 2 - V:;
!

of a given project is also possible, Clearly, the analyst wi

o try to gauge the probability and reliability ofia E}1’.St‘w.mll want
flows occurring and, consequently the ndividual cash
about overall project worth.

ues for the Npw

level of uncertainty

-

Quantitative statements about risk are given as numerical
probabi“ties or as values for likelihood of occurrence.
. pProbabilities areugiven as decimal fractions in the interval oc;
to 1.0. An event or outcome that is certain to ocecur has-a
probabi]it}’ of 1.0. As the probability of an event apijr;:)ach‘es 0,

the event becomes increasingly less likely to occur. The
assigr_‘)_men_‘twf)f. _probabilities of the yarious outcomes of an..

'} ——— T sppe e 20

inv_estmep_t:project is generally called risk analysis.

S T e g e bR

ST

i T T gt —— -
b A R e S e

|
All things in the world vary-one from another, over time, and 1
with different environments. We are guaranteed that variation
will occur in engineering economy due. Lo its emphasis on
decision making for the future. Except for the use of breakeven 1l
analysis, sensitivity analysis, and a very brief introduction to L}

expected values, virtually all our
amount

estimates have been certain, l 41

Le 13t i : . entered into the
ie. no variation in the hag entered 1

| computation of PW, AW, ROR, or any re -
is not present in the real world now and surely not mn tw_tf |
’ 3 1 sgree O -

future. We can observe utcomes with a high degt 131
|

r

lation used. Certainty

e

certainty, but even this dep ends upon the accura,cifl avnci
Precision of the scale or measurin e Ei1‘11101llie:5
Parameter of an engineering econo L

that.risk, and possible uncertainty is |

g instruments.
mic,study to va
ntrocﬁiced. - ]
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3

Risk
When there may be two or more ‘observable values fo, 3

parameter and it is possible to estimate the chance that €ach

value may occur, risk is present. 3

Uncertainty

Decision making under uncertainty means there are two o
more values observable, but the chance of their occurring
cannot be estimated or no one is willing to assign the chanceg,
The obsuvable value in uncertainty analysis is. often referre ed to

as states ofnatune _ .

Decision making Under Certainty :
Deterministic estimates are made and entered into measure of !

worth relations-PW, FW, AW, ROR, B/C -and decision making |
_ t
is based on the results. The values estimated can be considered [
the most likely to dccur with all chance placed on the single

value estimate.

Decision making Under Risk f
Decision situation where several ‘states are possible and

probabilities of their occurrence are explicitly stated.

Risk and Uncertainty are different, though complementary
concept. Risk refers to a situation where a project has a
nun_]bcr of p()SSIbIe alteumtwe outcomeq but the piot;é;l;IIE:OZf
each ouumng is. kr_ydgwn Uncextamty 1efers to a gituation in E
which thesc Probabilitics are not known. In practice, the terms :
:; za(;ftcn uied mtcrchangeably To insist on the separateness of
Whenmieo C;Eesai t(lalrms would Perhaps be slightly legalistic.
westment risky, we mean that we are

uncertai
tain about the futyre outcome of the investment in

practice.
281 - A_A

o
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. yseful to consider
it is Y . o o some of the factorg
qcertainty In the analysis of ¢, that affect the
quences of an engineering s ¢ future econom;
4 ic

2 : ¢ ct. It

o list an & , wo

impossible ! nd discuss all of the poteng; lu;d o Bl
1 Y a r

e four major sources of uncertainty whi, - actors, There

are nearly

Present in engineering economy studies
" possible inaccuracy of |
i W of the cash flow est;

T Imates used in
Type of business involved in re]

cons®

always .

13

ation t _
health of the economy. o the future

Type of the physical plant and equipment involved
I Length of the study period used in the analysis ’ |

o

83 Method of Describing Project Risk

We may begin analyzing project risk by first determining the
uncertainty inherent in a project’s cash flow. We can do this
analysis in a number of ways, which range from making
informal judgments to calculating complex economic and
statistical analysis. To make a decision on this type, we adopt

following methods:
‘;-_,31;‘11 .
1. ) Break even analysis:
" This is done when selection among

heavily dependent on a single parameter.
G, Sensitivity analysis: This is used when ong/more

factors are subject to uncertaill

alternatives is

ikely estimation.

Optimistic- pessimistic _ most ]
W/ (Scenario Analysis) |
4. Risk adjusted MARR
5. Reduction of useful life: '
8.4 Break Even Analysis i valuating -
g W= roduct 18 the

One of the most common too!
tconomic feasibility of a New enterprise
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Break-Even Analysis. -The main objective of B"E‘ak-Ev@R"
Analysis is to find out the condition of no loss and nq gain
When one of the engineering economy symbols - P, F', Ao,
- is not known or not estimated, a break even quantity can he

T —

determiqggL_b){,ggt.Liﬂg‘.éanﬁi,qﬁi‘iﬁ,I_.‘E‘:D.§.§_~£.§lat,.19,f}-.; fgi;.llm_p_n,@ |
ec‘il;l: gzerp This form of break even anel_lysm h.as been Useq
1;1any times so far. For example, we have solved l‘br the rate of
return i*, found for payback period, and 'determmed thfg P, F
A, or salvage value S at which a series of cash flow estimatq .

return a specific MARR.

{

Break-Even Analysis for a single project
The break%venl point.is, the point at which revenue is exaetly

A S 1 NPT

equal to costs. At the breakeven point, gg,pr;o,ﬁussb‘eing.made
5(')',~_'js;aﬁy '|ossgg_;_ij_lq_g’r__ggq_ Break-even analysis is based on two
t;r.;ésof coqtsh‘(cdcosts‘ and variable costs. |

Fixed cost: These are costs that are the same regardless of hoy
many items you sell. It remains constant over 1 wide range of
activities as long as the business doesn’t permanently |
discontinue operations. All start-up costs, such ag rens, !
insurance and computers, etc are considered fj
you have to make these outlays

Variable Cost: These are recurring costs that you absorb with
each unit you sell. Varjable cost changes with production level, |
workforce size, and other parameters. It includes costs such as

direct labor, materials, indirect Costs, advertisements and ,
warranty. -

{
Let,

e ——_ o ——————

xed costs since
before you sell your first item.

s be the selling price per unit.

v be the variable cost per unit,
FCis the fixed cost per period,
Q is the quantity of production,

.83 P—

g oo
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Ly
e

i Total sales (§) . .
._ tal cost of Firm (TC) = Variahje COst .[T‘-' .........
ok of =) % COSU + Fixed cqg
(TC = W Pl .
....................... (2)
ost and Revenues
e
| Total Sales
/i rofit
e e T sl
I ﬂm______ﬂ,f“”"##ﬂ variable cpst
ﬂ,_..u»:f"""ﬂl = Fixed cost
'
I
BEP, Production (Q)

Fig8.1: Break even analysis

Linear plot of these two equations is given in the figure above.

'i The intersection point of the total sales revenues and the total

|

cost line is called the breakeven point. At the intersection point

i

the total cost is equal to total revenue and is the condition of
no loss or no gain.

Total Cost = Total Sales

‘ Variable cost + fixed cost =s*Q
-' Or, v*Q+FC=s"Q
i Or, FC=v*Q-5s"Q

; O]‘, Q = [FC / (S G V)
l Q pip = FC /(s - V) (Llﬁi[’S)

- G, ‘. Tat 18 used
> ©“Mpany produces an electronic timing switch that

| | other
n Onsumer and commercial products made by severa e Rs
" ' : W B cost a '
| a“llracturlng firms. The fixed cost and the total r-e Rs.105,
40.000 and Rg, 85,000 TGSPCC“VG]Y- The total cales a

D0 o )
and sales volume is 15,000 for this situation
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(a) Find breakeven point in terms of number of units. ;
(b) What should be the output if the profit desired is Rs.50, 000‘)

(TU,IOE, 2063)
Solution
Given,
Fixed cost (FC) = Rs 40,000
Total cost (TC) = Rs 85,000
Total sales (S) = Rs 105,000
Sales volume = 15,000

" Breakeven point (Q BEP) =7
Breakeven point (Q BEP) =? (If profit = Rs50, 000)

(a) Finding the Breakeven point in terms of number of
units
We know,
Total Cost (TC) = Fixed cost (FC) + Variable Cost (VC)

VC = 85,000 - 40,000
s VC = Rs.45, 000 ' | >

Variable cost per unit (v) = 45,000/15,000 = Rs3 per unit
Selling cost per unit (s) = 105,000/15,000 = Rs 7 per unit
Q gep= FC/ (s = v) (units)
Q sep = 40,000 / (s - v) (units)
Q per = 40,000 / (7 - 3) (units)
Q grp = 10,000 (units) Ans. . .

(b)  Ifthe profit desired is Rs 50,000
Profit = Total Sales - Total Cost
50,000 =$*(Q) - FC + VC o

50,000 = 5*Q - (40,000 £V *Q)
00,000 = (7-3)*Q C, _—
22,500 = Q

Break even units for the profit to be Rs 50,000 is 22,500
o units. (Ans)

Scanned by CamScanher

B L i T

P . |




RiS]{ A :
pxample 8:2 Risk Anayejq
jYg Transpur Corporation assemb|e
month for 18-wheel trucks in itg o

-
| Up to 30 trailerg per
- ast coast fac.ility. l’rgauct‘

e dropped to 25 units per mont}, over the e

‘ . last 5 m
"y worldwide economic slowdown i v 5 months dye
The following information is available.
F’-’“fd cost (FC) = Rs.7, 50,000 per month
Mariable cost per ynit (V) = Rs 35.000
Sales per unit (s) = Rs 75,000
(a) How does the reduced production level of 25 units per
month compare with the current breakeven point?
(b) What is the current profit leve] per month for

(c) What is the difference betwe

the facility?
en the revenue and variable
cost per trailer that is necessary to break even at a monthly

production level of 15 units, if fixed costs remain constant?
Solution )
(a) First develop linear relations for sales (Rs) and the total
cost (TC).
Let Q be the quantity in units per month,
Total Sales (S) = s*Q = 75,0000
Variable Cost (VC) = v*Q = 35,000Q
Total Cost = Fixed cost (FC) + Variable cost.(VC)
TC = 750,000 + 35,000Q
For the Breakeven point,

Total Cost = Total sales
750,000 + 35,0000 = 75,000Q
750,000 = Rs.40, 000 Q .
Qsep = 1875 units (19 units

approximately) (Ans)

(b)‘To estimate the profit at Q = 25 units per month,
Profit = Total Sales - Total Cost :
- =Total sales - (Fixed cost + variable cost

= (s*Q) - (FC +v*Q)
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= (s+v) Q - FC
= (75,000~ 35,000)*25 - 7, 50,000
= Rs. 2, 50,000¢

There is a profit of Rs 2, 50,000 per month currently, (Alls)

(¢) To determine the required difference (s-v) with
Profit = 0, Q = 15 units, and FC = Rs.750, 000
Profit * = (s-v) Q - FC
0 = (s-v) 15 - Rs.750, 000
(s-v) = Rs.750,000/15
(s-v) = Rs. 50,000

If the variable cost per unit (v) remains constant at Rs.3s, 000,
the sales per unit should be Rs. 85,000 to breakeven y
production level of Q =15 units. (Ans)

Cost and
revenues

&
Rs.2000
Revenue Line .

; fit
Rs1500 : Profit

Total Cost Line

Rs1000

Rs500

e

Q gep = 18.75 units

read

- 15 20 75 30
Production (Q) pef
o month
Uses of Break even princi ble while comparing two

When the selection between t

y - ject
wo engineering PO
alternatives is heavily depe

ndent upon a single factor, we '
solve for the value of that factor. That value is known s the
breakeven point, i.e. the value at which we are indiffere™
between the two alternatives. Then, if the best estimate of the .

actual outcome of the common factor is higher or lowel &€

H——Z&Z
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Risk Analxsis
e best alternative

culation is similar
turn

he preakeven point, and assumed certain, th
t come apparent. This break even value cal
e -

b that used to calculate internal rate of re
to

In mathematical terms,
EWs =fi(y) and Ew, £ (y)
' Where, EWa = Equivalent worth calculation for the
qet cash flow of Alternative A |
EWy = Equivalent worth calcul

ation for the
net cash flow of Alternative B

y = a common factor af'fccting the
equivalent worth values of Alternative A and Altern

ative B

The breakeven point between Alternative A and Alternative B
is the value of factor y for which the two equivalents worth
values are equal. That is EW,, = EWy, or fi(y) = f, (y)

, Which may
be solved for y.

Examples of common factors

1. Annual revenues: solve for the annual revenues to
equal (break even) with annual expenses.

2. Rate of return: solve for the rate of return on the
increment of invested capital at which two given
alternatives are equally desirable.

3. Market (salvage) value: solve for the future resale
value that would result in indifference as to preference

 for an dlternative.

4. Equipment life: solve for the useful life required for
alternative to be economically justified.

5. Capacity utilization: solve for the hours of utilization
per year.

&Dsto\determine breakeven point of common variable

Define the common variable and its dimensional units.

Use PW or AW analysis to express the total cost of each
alternative as a function of the common variable.
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* Equate the two relations and solve for the brea

value of the variable. |
¢ Fire anticipated level is belpw brealceven__valge_,_s_e]ec t !
alternative with the higher variable cost (larger SIOPE]

If the anticipated level is above the break evep valy
select the alternative with lower variable cost (smy)

slope).
!
2 Alt 2 FC_
o /
g
19 sk
Alt 1 FC

L

o T T R AT T A N T S ity

Break even point

etk |

¢

(. i
3 .
Alt1TC |

Alt2TC

Fig 8.2; Break even analysis of mutually exclusive project -

Example 8.3

Suppose that there are two alternative electric motors that

provide 100-hp output.

—

Item Alpha motor Beta motor
Purchase cost Rs 12,500 Rs 16,000
Efficiency 74% 92%
Maintenance Cost | Rs500 Peryear | Rs250 per year

Life 10 years 10 years
Annual tax& 1.5% of the investment
Insurance
MARR 15%

(a) How many hours per year would the motors have to be
. 7
operated at full load for the annual cost to be equal’

Electricity cost = Rs 6.05 per KW hour.
(b) If annual operatién hour is 600 hrs, which motor

should be selected?
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Alpha Moter |
Jlating the Annual equivalent ¢ogt.
Ca'fl Capital Recovery (CR)
' = Rs.12, 500 (A/P, 15%, 10) - ¢
= Rs. 2,490 per year
Maintenance Cost
= Rs. 500 per year

Tax and_insurance

; =1.5% of initial investment
=1.5% of 12,500 = Rs, 187 per year
4 Operating expenses for power (electricity cost)
Let ‘X' be the number of hours ofopel'ation per year
= {(0.05) * (100)*0.746) * X}/ 0.74
= Rs. 5.04 X per year

Total annual equivalent (AW) cost of Alpha motor
= Rs. 2,460 + Rs 500 + Rs. 187 + Rs. 5.04 X
=RS. 3177 + 5.04 X coeeriereer, (i)

(b) Beta Motor
Calculating the Annual equivalent cost.
1. Capital Recovery (CR)
= Rs. 16,000 {A/P, 15%, 10) - 0
= Rs. 3,190 per year
2. Maintenance Cost
= Rs., 250 per year
3. Tax and insurance
= 1.5% of initial investment

= 1.5% 0f 16,000 = Rs. 240 per ycar

4. Operating expenses for power (electricity cost)
Let ‘X’ be the number of hours of operation per year
= {(0.05) * (100)*0.746) * X} / 0.92
= Rs. 4.05 X per year
Total annual equivalent (AW) cost of Be
= Rs. 3,190 + Rs. 250 + Bs. 2407

&5 200
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= Rs. 3680 + 4.05 X
At the Breakeven point,

A-Wﬂphd
Or, Rs.3177 +Rs.5.04 X = Rs.3, 680 +Rg,
405X
Or, Rs.5.04 X - 4.05 X = Rs.3, 680 - R53177
Or, X =Rs.503/0.99 =508 hours/year
(b) If the operation hours is bodhrs per year,
AW, ipha = Rs. 3,177 +Rs. 5.04 *600 = Rs.6, 201 |
w,,e._d = Rs.3680 + Rs. 4.05 * 600 = Rs.6, 110 I
i
wn
B - .
= i Rs§201 :
= ; P Re6110
- ot -
i g
£
o i ¥
E 368[] et . P -4
g ,,,, SQICCT Afplm Select Beta
& sy :
:_.‘E )reak even hour
= | : ; "1 | | |
0 200 400 300 400 500 600 700 800 900

P

Example 8.4 A

CFL bulb of 20 watt costs Rs 250 wh:ere as Filament bulb of 100 |
-watt (20 watt CFL bulb is equivalent to 100 watt Filament bulb) |

costs Rs 30, Which bulb do you prefer in y'()ur house? Why?

Electricity coqt is Rs 10 pcl/umt (I(w-houn)

Solution N

CFL bulb

1. Initial cost = Rs 250
2. Cost of use = (20/1000)* *10 = 0.2 (where x i the
number of hours 11ghtmg the bulb)

3. Total cost =Rs250 + 0.2

R Tm———
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T o, hu") RiskAnﬂl.Y.ﬁii

. Initial cost = Rs 30

', Cost of use = (00/ip0)yey - .

: b oif Teears Bikin: * where y g

; number ot hours lighiing () bulb) ¥ $ha

y Total cost = Rs,30 4

i

|yt Breakeven

{ 161 ul.";.l-],. |i‘ll||3 T

! ‘[o’m!“- Total cost of E;

POl cost of F .

y Filament
g 250 = ©.2X » Rs.30 4

gs 220 = 08X

y = 275 hours

ina (fﬂ:’-\ W ]]j.ﬂ“ the bulh for approximately . hours
Therefore, X = 275/4 = 69 days o

nce | have to use for more than 275 hours (Ggdays), | will use

CFL bulb in my house,

3

- v ash O35

Saloct CFL Selegt Fdamant

Total Cost in Re-

P

3
..
2
s
L3

| i ] i ;l

0 50 100 150 200 250 275 300 _
Hours of operation

{‘-3 S(‘:nsiti\-’ily Analysis

Hie way to glean (collect) a sense of the possible butcomes of

M investment is 1o perform a sensitivity analysis. Sensitivity

"Malysis determines the effect on the NPW of variations in the

TD‘" Variables *(suirch as revenues, operating, cost salvage

'_alUC‘: useful life etc) used to estimate after tax cas'h. ﬂﬂ“’-';-J ’:‘
“Ucriteria of merit such as NFW, NAW, NIW. ’
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ot
variable. In a calculation of cash flows, some items hate :
greater influence on the final result than othfers.- In 5_‘001
problems, the most significant item may be .easﬂﬁy IdEﬂtlﬁed'
For example, the estimate of-sales volume is ofte{q a Majg,
factor in a problem in which the quantity so_ld varies among
the alternatives. ) o
Sensitivity analysis is sometimes called u'rhat if analyg;
because it answers questions such as, What if incrementa] saleg .

.
i gt s e it

are only 1000 units rather than 2000 units? Then what will the
NPW be? Sensitivity analysis begins with a base case Situation,
which is deVeloped using the most likely values for each input.
We then change the specific variables of interest by severy]
specified percentage above and below the most likely valye,
while holding other variables constant. Next, we calculate ;
new NPW for each of these values. A convenient and useful
way to present the results of a sensitivity analysis is to plot
sensitivity graph. The slopes of the lines show how sensitive |
» _the NPW is to Cha:ges in each of the inputs. The Steeper the |

——

slope, the more sensitive the NPW is to change in a particular
variable. Sensitivity graph identifies
affect the final outcome most.

the crucial variables that |

“In engineering economic studies,
general non probabilistic

information about the potenti

selected factor estimates”,

sensitivity analysis is a
methodology, to provide
al impace of uncertainty in

i e i e i —

Steps for sensitivity analysis
It begins with the
developed using the n
* Change the specifi
- specified perce
likely value, whil

base case situation, which s |
1ost likely values for each input.

¢ variable of interest by severdl
ntages above and below the most -
¢ holding other variab]es constant.
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Risk Analysis
R/BCR for each of

.. Calculate a new pW/FWfA_W“R
these values.

present the results of 3 sensitivity analysis |
: sensitivity graph. S in the t
', Theslope of the line shows how se

changes in each of the inpuyts. is to

. The steeper the slope, the more the sensitive the NPw
is to change in a particular vadable

T T

m@_[pretation of Sensitivity Graph

o On a plot, there are two directions to rheasure 1
uncertainty:

- On X-axis, the uncertainty in the input variable
;f is measured.

- On Y-axis, the impact of that uncertainty on |

’ PW is measured.

» The slope of the line shows how sensitive the PW is to ;

change in each of the inputs. The steeper the slope, the

i more sensitive the PW is to a change in a particular
| variable.

¢ The graph allows us to identify the crucial variables

that most affect the final outcome |

o A properly drawn spider plot shows the following:

- Limits of uncertainty for each cash flow IJ!

i

element.
' - Impact of each cash
IRR (each can be used as Y-axis) - | | .1
f each cash flow element that 1

flow element on the PW or

- ldentification 0
might change the recommendation.

Examp] il
‘\l)igé “ be]O\V f‘ol- a ';.f |

The best (most likely) cash flow estimates are give

LG S .}I f:.
; oo jmmediate i/
"W piece of equipment being considered foi_l m-nto this %
lnS . . e ')IO ¥ bLI]r :
tallation, Because of the new technology a range of

. ; . ; er
;. ma-chll‘IE. it is desired to investigate 1S PR ¥

Scanned by CamScanner




. | 8
L ek

hou

B g

he increment of 10%

hf‘.f
. "- i

+40% (The estimates varies with t

40%) changes in the estimates for
1. Capital Investment (I)

». Annual net Cash flow (A)

e

3. Salvage value (SV)

4. Useful life (N)

Tl + estimates, plot
Based on thdse best estimates, | L.
nt worth to percent deviation changeg i |

when MARR =10% per year

a diagram that Summai‘izesif

the sensitivity of prese

cach separate factor estimate

Capital Investment (1) - Rs 11,500
Revenues / yr Rs 5,000 o
Expenses / yr - Rs 2,000 N !

Market Value (MV) Rs1,000 |
Useful Life (N) | 6 years i

J

|

Solution

1. Developing base case situation i.e. The PW of the |
project (installation of new equipment) based on the
best estimate of the given factors is |

Prime Equation
PW (10%) = - Rs. 11,500 + Rs.3, ooo (P/A, 10%, 6) + Rs.
1,000 (P/F, 10%, 6)
= Rs.2, 130
2. Changing one of the specific variable ( I, A, SV, N) by
£40% of the most - likely value, while holding other
variables constant

~ (a) When the capital Investment (I) varies with the
increment of 10% u p_to +40%)
PW (10%) = - Rg 11,500 (1+p %) + Rs.3, ooo (P/A, 10%
+ Rs.1, 000 (P/F, 10%, 6) |

6)

PW (10(%)) at +10% = - Rs 11,500 (l"l"O..l) & RS-S, 000 (P/A, 10%: 6)

+ Rs.1, 000 (P/T, 10%, 6)

205 &
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¥

= -11,500 *0.1 -Rs 1,500 +Rs.3,
g+ RS ooo (P/F, 10%, 6) |
= +Rs 980 )
at +20% = -11,500 *0.2 2 130 = -Rs. 179
at +30% = -11,500 *0.3 +2 130 = -Rs. 1,320
at + 40% = -11,500 ¥0.4+2,130 = -Rs. 2,470
oW (10%) at - 10% = - Rs 1,500 (1-0.1)) + Rs. 3, 000 (P/A, 10%, 6)
+ Rs.1, 000 (P/F, 10%, 6) | |
=+ 13,500 *0.1-11,500 +Rs.3, 000 (P/A, 10%, 6)
+ Rs.1, 000 (P/l~ 10%, 6) ’
= +Rs 1,150 +Rs. 2,130 = Rs. +3,280
at - 20% = 0.2* 11,500+ 2 /130 = Rs. 4,430
at - 30% = 0.3% 11,500+ 2,130 = Rs. 5,580
at - 40% = 0.4* 11,500+ 2130 = R, 6,730

(b) When the Annual Cash Flow (A) varies with the
increment of 10% up to +40%)
PW (10%) at + 10% = - Rs 11,500 + Rs 3,000 (1£p %) (P/A, 10%, 6)
+ Rs 1,000 (P/F, 10%, 6)
PW (10%) at +10% = - 11,500 + 3,000 (P/A, 10%, 6) + 3,000 *0.1
(P/A,10%, 6) + 1,000 (P/E, 10%, 6) |
= Rs 2,130 + 017 13,065.8 = Rs. 3,436.58
at + 20% = Rs 2,130 + 0.2 *13,065.8 =Rs. 4,743
at + 30% = Rs 2,130 +0.3 *13,065.8 = Rs. 6,049.74
at + 40% = Rs 2,130 + 0.4 *13,065.8 = Rs. 7,356

PW (10%) at -10% = Rs. 823.42
at -20% = -Rs.483.16 | .
at -30% = -Rs.1,789.74 I
at-40%  =-Rs. 3,096.32

(c) When the Salvage Value (SV) varies with the

increment of 10% up to +40% !_
at +10% = - Rs 11,500 + Rs 3,000 (P/A, 10%, 6) + RS

'tp %) (P/F, 10%, 6)

Pw (10%)

!0()0 (

I i

Lm&s 296
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PW (10%) at + 10% = -11,500 + 3,000 (P/A, 10%, 6) + 1,000 (PIF .
10%, 6) + 1000* 0.1 (P/F, 10%, 6) = Rs. 2,186.44

at + 20% = Rs. 2,243

at+30%  =Rs. 2,299

at +40%  =Rs. 2,356
PW (10%) at - 10% = Rs. 2,073.56

at - 20% = Rs. 2,017.12
at - 30% = Rs. 1,9060.08
at - 40% £ Rs.1,904.24

(d) When the useful life (N) varies with the

increment of 10% up to +40%
By + 10%, N becomes 6*1.1 =6.6,
PW (10%) = -1n1,500 + 3,000 (P/A, 10%, 6.6) + 1,000 (P/F, 10%,
6.6) =Rs. 3,040
By + 20%, N becomes 6*1.2 = 7.2
) PW (10%) = -n,500 + 3,000 (P/A, 10%, 7.2) + 1,000 (P/F, 10%,

72)  =Rs. 3,900
By +30%, N becomes 6*1.3 =98
PW (10%) = -n,500 + 3,000 (P/A, 10%, 7. 8) + 1,000 (P/F, 10%,
78)  =Rs. 4,710
Ey+4o 70, N becomes 6* 1.4=8.4
8.\;\; (10{?)RS —5114230 3,000 (P/A, 10%), 8. 4) + 1,000 (P/F, 10%,
By - 10%, N becomes 6%0.9 =5.4,
PW (10%) = -ny ;500 + 3,000 (iilA. 109
6.6)  =Rs.1,67
gz;vv(o . N becomes 6%0.8 =4.8,
10/0) = - '
i _)RS ll:l?oo + 3..000 (P/A, 10%, 4.8) + 1,000 (P/F, 10%,
E{\?o%, N becomes 6*q 7 =4.2,
10%) = -
o ( ' )-Rq 19135300 *3,000 (P/A, 10%), 4.2) + 1,000 (P/F, 10%,
By -40%, N becomes 6%0.7 =3.6,

0, 5.4)'+ 1,000 (P/F, 10%,

. 297
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Risk Analysis

f,: PW (10%) = 71500 + 3,000 (P/A, 10%, 3.6) + 1,000 (P/F, 10% 1

- -Rs.2, 786 ’ i
f_ 3,6). g
/—— Present Worth (PW)
T "—-‘T 20 -:,0 e . *od% | +20 +30 + 40 ';:

%% % 70 % % Y 0% % |
T f 3280 | 2, -
‘(l/), br30 | 580 | A0 320 230 980 g0 | 350 05 200
{RS) — | -1.789 - 483 823 2030 | 3,436 1,747 : :-: ‘

: ﬁ/ = 7 _ , : 13 4793 | 6,04 7356
lRS? 3090 9 -'
|_— 1,960, | 2,017 2,073 2030 | 2,86 2,293 | 2.20¢ 2256 it i
& 312299 | 2356

il ‘Rs} ||9t-‘4 - ‘.'

o - |93 | W7 | "7 | 230 | 3040 | 3900 [ 470 [ 577
(Rs) 2,786 ' ;i

Il

3. Plotting these values in the sensitivity graph 1

: Fi

¥ 1} i.l |

| ' il

| PW (10%) it

L
L
il
i
| i
{ I
| l‘
.
(i
1%Deviation e
% Devation Changesin Ll
Changes i+ Factor - I
| factor Estimate Il
Estimate fiit
s
/
. /
i
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Revelation of spider plot
* Figure shows the sensitivity of the present worth ¢,

percent deviation changes in each factor's begt
estimate,

e Other factors are assumed to remain at theijr begt
estimate values

e e g P o

e The relative degree of sensitivity of the present wort,
to each factor is indicated by the slope of the Clrveg
(the “steeper” the slope of a curve the more Sensitive
the present worth is to the factor)

e Present worth is insensitive to MV

e Present worth is sensitive to I, A, and N

o Amongl, Aand N, Investment (I) is more sensitive,

Example 8.6 _
Perform sensitivity analysis using IRR and BCR (with
increment of 10%) over a range of +30% in (a) Initial

investment (b) Net annual revenue (c) Salvage value and (d)
Useful life

Initial Investment (1) = Rs. 2, 00,000

Annual Revenues (R) =Rs. 50,000

Annual Expense (E) = Rs. 5,000

Salvage value (SV) ~ =Rs. 25, 000 |
Useful life (N) . =10 years f
MARR =12%per year

Solution i

Criteria of Merit: IRR t

Using AW formulation, Prime equation becomes

-2, 00,000 (A/P, i*%, 10) + (50,000 -5,000) + 25,000 (A/F, i*%,

10) =0

Or, -2, 00,000 ((1+i*) " *i)/ (14i*) " -1) + 45,000 + 250%

(i*/(1+i)" 1) = 0
IRR =18.95 %
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Risk Analysi

(a) When the capital investment (py Varies
increment of 10%) s

At 10%, AW = -2, 00,000 *1.1* ((14i%) 0 4}y,
25,000 (i*/(1+i*)"-1) = 0
IRR =16.37%
At 20%, AW = -2, 00,000 o 1 T ((H-i*) 10 *l)/ (I.+i*
+ 25,000 (i*/(}+i*)m -1) =0
IRR =14.15%
At 30%, AW = -2, 00,000 *1.3 * ((14i*)
25,000 (I*/(1+1)" -1) = 0
IRR =12.20%
At -10%, AW = -2, 00,000 *0.9 * (%) " *4)/ (
+ 25,000 (i*/(1+1%)" -1) =0
IRR = 21.99%
AL-20%, AW = -2, 00,000 *0.8 * ((14i*) " *i)/ (14i*) " -1) +45,000
+25,000 (i*/(1+1*)" -1) =0
IRR = 25.67%
At -30%, AW = -2, 00,000 *0.7 * ((1+i*) ° *i)/ (14i*) " -1) +45,000

byx30¢, (with ap

(4" 1) 145,000 4

)" ~1) +45,000

(3] i\l)/ (l"l*li) 10 "l) +45'000 5

l_f__i‘k) 10 -l) +45,000

+25,000 (i*/(1+1*)" 1) =0
IRR =30.23% .

(b) When the net annual revenue (R-E) varies by£30%
(with an increment of 10%)

- At10%, AW = -3, 00,000 ((1+i*) " *i)/ (14i*) " -1) + 45,000 (1.1) ¥

Scanned

25,000 (i/(14i)" -1) =0
IRR = 20.66 % :
At 20%, AW = -2, 00,000 ((14i*) " *i)/ (1+1*) " -1) + 45,000 (1.2)

+ 2,5’000 (i*/(l_'i-i*)m _[) -0

~

A 30%, Aw - 2, 00,000 ((1+i*)  *i)/ (1+1*) 1) + 45,000 (1.3)

25:000 (i*/(lﬂ-i*)m -_1) I
IRR = 26%
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At -10%, AW = -2, 00,000 ((x*) ™ M)/ (1+i*) " -1) + 45,000 (0__(;) .

+ 25,000 (i*/(1+i*)"" 1) =0

IRR =16.18 % | .
At -20%, AW = -2, 00,000 ((1+1") " 1)/ (1+%) ¥ -1) + 45,000 (0.8)
+ 25,000 (i*/(1+i*)"" 1) = 0

IRR =13.32% - o
At -30%, AW = -2, 00,000 ((1+i%) " *i)/ (1+i*) " -1) + 45,000 (0.7)
+ 25,000 (i*/(1+i*)"’ -1)=0

[RR =10.35 %

(¢) When the salvage value (SV) varies by +£30% (with an
increment.ofl 10%) |
At 10%, AW = -2, 00,000 ((1+i7) w4y, (1+i%) ' -1) + 45,000 +
25,000 (1.1) (i*/(1+")" -1)=0
IRR = 19.01 %
At 20%, AW = -2, 00,000 ((1+1*) ™ 1)/ (1+1%) " =1) + 45,000 +
25,000 (1.2) (i*/(+i*)"-1) =0
IRR =19.07 %
At 30%, AW = -2, 00,000 ((1+1*) *° *1)/ (1+1%) 1) + 45,000 +
25,000 (1.3) (i*/(1+i)" 1) =0 '
IRR =19.13%

At -10%, AW = -2, 00,000 ((1+i*) " *1)/ (1+1%) " -1) + 45,000 +
25,000(0.9) (i*/(141*)" -1) = 0

IRR =18.88% _
At -20%, AW = -2, 00,000 ((1+i*) " *1)/ (1+1*) " -1) + 45,000 +
25,000(0.8) (i*/(1+i*)"" -1) = 0

IRR = 18.82%
At -30%, AW = -2, 00,000 ((1+1*) " *1)/ (1+i*) '* -1) + 45,000 +
25,000(0.7) (i*/(1+i*)" -1) = 0

IRR =18.76%)

(d) When the useful life (N) varies by £30% (with an
increment of 10%)

i
i

[




1

5
o '.-_‘._E
. btk o v
A g g
- - .
T

' At 0%, N = 10"1.1=1n, AW - _
Y5000 + 253,000
(if (1+1) ") =g
IRR =19.25 %
At 20%, N = 1071.2= 12, AW = "% 00,000 ((14j*) 1= ;
+ 45,000 + 25,000 RARVICIOE 1)
(if (#1)* -1) =0
[ IRR =19.96 %
' At30% N = 19.*1_,3= 13, AW = -3 050 000 ((1+i*)
45,000 + 25,000
(i.(1+1)"% -1) = 0
IRR =20.50 %

Nisk Anaiyg,

* 00,000 (i
0"y (14
A 1) +

7 )/ (1+i*) 3 ) 4

At-10%, N =10%0.9 = 9, AW = -2, 00,000 () 2 4i)/ (14i%) 9 -y) !

+ 45,000 + 25,000 |

(il (+%)° 1) = 0 |
IRR =17.04 % |

At-20%, N =10%0.8 = 8, AW = -2, 00,000 ((1+i*) **i)/ (14i%) ¥ =1) !

445,000 + 25,000 (i/(1+i*}-3—1) =0

]. IRR =15.29 % _

I At-30%, N =10%0.7 = 7, AW = -2, 00,000 ((1+1*) 7 *1)/ (1+i*) 7-1) +

1: 45,000 + 25,000 (i/(1+i*)"-1) =0

. IRR =12.84 %

| fwe put the values in tabular form

e IRR (%) i
-30% -20% -10% 0% +10% | +20% +3029;. |

| 1. |
Capital | 3933 | 3567 | 2299 | 18.95 | 1637 | 1415 |
InVestme

Amual T 035 11332 | 16.18 | 1895 | 2066 | %

tashﬂow

(A)(Rs)

S [

valvage 1876 | 18.82 | 18.88 | 18.95

lue(gy

S~

M)
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Risk Analysig

) (Rs)

Useful 12.84 | 15,29 | 17.04 | 18.95 | 19.25 | 19.96 | 20.50
Life (N)

(Rs)

Criteria of Merit: Benefit Cost Ratio (BCR)

Using FW formulation, the prime equation to calculate i
BCR
BCR disiea = (50,000 -5,000) (F/A, 12%, 10)} / 2, 00,000 (F/P,
129, 10) -25,000
. =7, 896091.5 / 6, 21,700 - 25,000 = 1.32 )
(a) When the capital investment (I) varies byx30% (with an
increment of 10%)
At 10%, BCR = {(50,000 -5,000) (F/A, 12%, 10)} / (2, 00,000%1.1)
(F/P, 12%, 10) -25,000 )
=7, 89,691.5/ 683870 -25,000 = 1.19
At 20%, BCR = (50,000 -5,000) (F/A, 12%, 10)} / (2, 00,000*1.2)
(F/P, 12%, 10) -25,000 '

=7,89,691.5/ 7. 45392 -25,000="1.09
At 30%, BCR = {(50,000 -5,000) (F/A,12%, 10)} / (2, 00,000%1.3)
(F/P, 12%, 10) -25,000

=7,89,691.5/ 8, 07,508 -25,000 = 1.00
At -10%, BCR = {(50,000 -5,000) (F/A, 12%, 10)}

/ (2, 00,000%0.
(F/P, 12%, 10) -25,000 g

]

-

=7 89,6915/ 5, 59,044 -25,000 = 1.47
At -20%, BCR = {(50,000 -5,000) (F/A, 12%, 10)} / (2, °
. 00,000%0.8) (F/P, 12%, 30) -25,000 | ;
=7,89,691'5/ 4, 96,928 ~25,000=1,67 ’
At -30%, BCR = {(50,000 =5,000) (F/A, 12%. 10)} / ( )
00,000%0.7) (F/P, 12%, 10) ~25,000
| =7,89,691.5/ 4 34,812 -25,000 = 1L.92
(b) When the capital iny
increment of 10%)
At 10%, BCR = {(50,000 -5,000) (
(F/P, 12%, 10) -25,000

9
ey

estment (1) varies by+30% (with an

1.1) (F/A, 12%, 10)} / (2, 00,000)
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Ri; -
= 8, 68,660.65 / 6, 21,70 Nsk Analysis :

=10, 26,598.95 / 6,

' e 25,000 =
2000 RCR = {(50.000 -5,000) (1.2) (F/A, 10 m)}?AS
A~ o) (F/P, 12%, 10) -25,000 ' /(2
00 =9, 47.629.8 / 6, 21,700 - 25,000 = 58 :
%, BCR = {(50,000 -5,000) (1.3) (F/A, 2%, 00}/ (5 )
% fmo) (F/P, 12%, 10) -25,000 ’ !".
00 §

21,700 - 25,000 = 172

At .10%, BCR = {(50,000 -5,000) (0.9) (F/A, 12%, W)} /15,
F/P, 12%, 10) -25,000
= 710722.35 / 6, 21,700 - 25,000 = 1.1g i:'
- | 4t-20%, BCR = {(50,000 -5,000) (0.8) (F/A, 12%. 10)} / (=, |
00,000 (F/P, 1290, 10) -25,000 ;
= 6, 31,753.2 / 6, 21,700 - 25,000 = 1.05
At-30%, BCR = {(50,000 -5,000) (0.7) (F/A, 12%, 10)} / (2,
00,000) (F/P,12%, 10) -25,000
= 5, 52,784.05 / 6, 21,700 - 25,000 = 0.92
(c) When the salvage value (SV) varies by£30% (with an

00,000) (

increment of 10%) -
At 10%, BCR = {(50,000 -5,000) (F/A, 12%, 10)} / (2, 00,000)
(F/P, 12%, 10) -25,000
- 7, 89,691.5 / p, 21,700 — 25,000 (1.1) = 1.32
At 20%, BCR = {(50,000 -5,000) (F/A, 12%, 10)} / (2, 00,000)
(F/P, 12%, 10) -25,000 y
=7, 89691.5 / 6, 21,700 = 25,000 (L2) = 1-330) |
e ; ,00 -
At 30%, BCR = {(50,000 -5.000) (F/A, 12% 10)} / (2,00
(F/P, 12%, 10) -25,000
= 7, 89,691.5 / 6. 21700~
= 1.34
At-10%, BCR = (50,000 -5,000
b (F/P, 129, 10) -25,000 .
| — 7, 89,691.5 / 0, 21,700~ 25

25,000 (13) I

) (F/A, 12%, 10)}/ (2, 00,000) f J

000 (09)
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=7, 89,6915 / 6, 21,700 - 25,000 (0.8) = 131
At -30%, BCR = {(50,000 -5,000) (F/A, 12%, 10)} / (2, 00,000)
(F/P, 12%, 10) -25,000

=7, 89,6915 / 6, 21,700 — 25,000 (0.7) = 130

(d) When the Useful life (N) varies by+30% (with an
increment of 10%)

At10%, N =10*1.1=11, BCR = {(50,000 -5,000) (F/A, 12%, )}/,
00,000 (F/P, 12%, 11) -25,00 :

=9, 29,457/ 6, 95,700 - 25,000 = 1.38
At 20%, N =10*1.2=12, BCR = {(50,000 -5,000) (F/A, 12%, 12)} / 2,
00,000 (F/P, 12%, 12) -25,000

=10, 85,989.5 / 6, 95,700 — 25,000 = 1.43

At 30%, N =10*1.3=13, BCR = {(50,000 -5,000) (F/A, 12%, 13)} /2,
00,000 (F/P, 12%, 13) -25,000

=12, 61,309.5 / 87, 2,700 - 25,000 = 1.48

At -10%, N =10%0.9=9, BCR = {(50,000 -5,000) (F/A, 12%, 9)} /2,
00,000 (F/P, 12%, 9) -25,000

=6, 64,900.5 / 5, 54,620 - 25,000 = 1.25

At -20%, N =10%*0.8=8, BCR = {(50,000 -5,000) (F/A, 12%, 8)} / 2,
00,000 (F/P, 12%, 8) 25,000

=5 53/480.5/ 4, 95,200 - 25,000 = 1.17

At -30%, N =10*0.7=7, BCR = {(50,000 -5,000) (F/A, 12%, 7)} / 2,
00,000 (F/P, 12%, 7) 25,000

=4, 54,005/ 4, 42,140 - 25,000 = 1.08

[f we put the values in tabular form

BCR |

0% 1 -20% | -10% | 0% | v10% | <30 T +30% | |
faplalimestiodit | 358 | 087 | 1a0 [0 119 | 103 | 100 | l
(1) (Rs) B
Annual cash flaw 0.92 1.05 1.19 1.32 1.45 1.58 172 i
(A) (Rs)
SalvageValue(SV) | 130 [ 131 | 131 [ 13 155 155 1%
(Rs) e
UsetullteNIfRsl | 108 | 137 [ 935 38 T 1o T 55 1.48_J

395 JI—
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PW (10%)

, Here, I and A seems to be sensitive. Among I and A,

) |
o
!
5 M
A }3
8~ 12.20
4 ‘Huwial;}o?_'s( +% Deviatihcn
Changes 10 Changes in
1, Factor Factor
& Estimate
306 - i

Scanned by CamScanner |

e e

e




&Sk_&%
Here, T and A seems to be sensitive. Among | and A |
Investment (1) is more sensitive i

i
Example 6.7 |
ABC Company limited proposes to start a new venture of the

manufacture of fluorescent bulbs. The estimates of the new
venture are as under.

|
Output of bulbs per annum : 3. 00,000 nos, |
Lxpected sales revenues per annum : Rs. 1, 50, 00,009 |
Fixed costs : Rs. 35, 00,000 ‘
Variable costs : Rs. 66, 00,000 ‘

(a) If the selling price comes down to Rs 40.00 per unit,
find out its effect on Break Even Point (BEP)

(b) If the fixed cost increase to Rs. 40,00,000, find out its
effect on Break Even Point (BEP)

(c) If the variable cost increases by 10%, find out its effect
on Break Even Point (BEP)

Solutio

—_—— T

Fixed Cost

= Rs. 35, 00,000
Sales Revenue

= Rs. 1, 50, 00,000

Selling price =Rs. 50

per unit (1, 50, 00,000/3, 00,000)

Variable cost per unit (66, 00.000/3, 00,000

Break Even Point (BEP)
= Fixed Cost/ (se

) =Rs. 22

lling price Per unit - variable cost per unit)
= 35 00,000/ (50-22)

=1, 25,000 units

(a) Ifthe selling price

Per unit comes down to Rs 40.00
BEP = 35, 00,000 /

(40-22) =y, 94,444 units
(b) If cost increases to Rs. 40,00,000

BEP = 40, 00,000/ (50-22) =1, 42,875 units
(¢) Ifvariable cost increases by 10%

307
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VR pevise variable cost per unit = (1.1%5,) _ o —
l‘ BEP =35 00,000/ (50-24.20) =, 35, 659 units
Fesl'lts:
{ (3) e BEP Reduction in Increase in BEP
,; sellt r (selling Price)
i it (RS.) [
15 1,25000 | (50-40)*100/50 | (1,94,444 -1,25,000)* 100/
; 10 units = 20% 1‘25’000
; 1}94,444Uﬂjt5 = 56%
" _
.mt BEP Increase in Increase in BEP
g I Rs.) fixed cost
5355555" 1.25,000 units |  (40,00,000 - (1,42,875 -
I 40'00 000 1,42,875units 35,00,000)*100 1,25,000)*100/ 1,25,000
T / 35,00,000 = = 14.30%
14.21%
(c) .
Variable Cost BEP Increase in Increase in BEP
er unit (Rs.) variable cost
3500000 | 1,25,000 units |  (24.20- (1:35»6i9'
000000 | 1,35659units | 22)*100/22= 1,25,000)*100/
: 4,21% 1,25,000
| = 9%
| Observation: _ o e il
| + 20% increase in selling price results in 50 % Increase o
BEP _ B e
} * 14.29% increase in fixed cost results in 14.3070 11
| 0.BEP . oz increase of
* 10% increase in variable cost results in 9% increa
BEP

0 b il
"of three factors (selling price, fixed
'S more sensitive to selling price:
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Risk Analysjg
8.6. Risk adjusted MARR
Uncertainty causes factors inherent to engineering economy
studies, such as cash flows and project life, to become random
variables in the analysis. A widely used industrial practice fop
including some consideration of uncertairity is to increase the
MARR when a project is thought to relatively uncertain. Hence
a procedure has emerged that employs risk adjust interest
rates. Though this method for dealing with risk is very simple,
it is not generally recommended as it has the following
shortcomings: .

(a) In the name addressing risk, the interest rate ig
adjusted to upper limit which makes or may make cost
only project appear more attractive.

(b) Alternative having the lowest investment seem
favorable at higher‘ interest rates irrespective of its
future cash flows. |

(c) Since we are expecting higher rate of return from risky
alternatives, we are penalizing the alternative in some
way. But at this higher value of interest rate, the
equivalent worth will also be higher for this risky
alternative and based on the selection criterion, the
same would be selected which we intended to avoid.

Example 6.8

The atlas corporation is considering two alternatives, both
affected by uncertainty of different degrees, for increasing the
recovery of a precious metal its smelting process. The following
data concern capital investment requirements and estimated
annual savings of both alternatives. The firm's MARR for its
risk free investments is 10% per year.

Alternative
End of Year P Q
0 -1,60,000 -1,60,000
309 -
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— Risk
‘ | /—1— 1,20,000 o % ;
r £ 60,000 | @ Sl iy
| i 1,20,000 il
" = . ) |
*gisk adjugted MARR f‘Ol Alternative P = 20% _ : |
ik Jdjusted MARR for Alternative Q = 17% A “[
il
Ev,—»fith the above information regarding uncertainty of | f |
" : _ r | 1 !
rﬂtemanves, which one would be the most economical? ese i |
' 1
| olution "l.
Using pW formulation I
oWp (20%) =1 60,000 + 1, 20,000 (P/F, 20%, 1) + 60,000 (P/F f l
0%, 2) * 60,000 (P/F, 20%, 4) , =l

. = 10,602
-PWQ(W%) _ 1,60,000 + 20,827 (P/F, 17%, 1) + 60,000 (P/F, 17% “, 1
B (i

tl)J, 1,20,000 (P/F, 17%, 3) +60,000 (P/F, 17%, 4)

; = 8,575 ;
\Here, PWp (20%) > PWq (17%), select Alternative P Il

Optimistic- pessimistic — most likely estimation (Scenario

Analysis)
The expected cash flows that we
'be estimated in one or two ways.

pobability-weighted average of cash
cash flows under th

recise measure, it is
information to

They can represent a

flows under all possible

|

_ |

use to value risky assets can '
l

e most likely ‘

scenarios or they can be the
stenario. While the former is the more p
seldom used simply because it requires far more
|“mpile. In both cases, there arc other gcenarios where the
‘@sh flows will be different from expectations; higher than ';

“Pected in some and lower than expected in others. In
pected cash flows and asset

ith the inten

Seen i
Nario analysis, we estimate ex

t of gettiﬂg a |

Valy
ette under various scenarios, W
e S ")
| ' sense of the effect of risk on value
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8.7 Decision Tree -

Alternative evaluation may require a series of decisions where
the outcome from one stage is important to the next stage of
decision making. When each alternative IS clearly. cleﬁ.ned and
probability estimates can be made to acco‘unt for f:lSk, it i
helpful to perform the evaluation using decisiori tree. “Decisjqp,
tree is a powerful means of facilitating the analysis of
important problems, especially those that involve sequentiy

decisions and variable outcomes over time.

A decision tree includes:

More than one stage of alternative selection.

Selection of an alternative at one stage that leads tq
another stage.

Expected results from a decision at each stage.
Probability estimates for each outcome.

Estimate of economic value (cost or revenue) for each
outcome.

Measure of worth as the selection criterion such as E
(PW). '

Components of Decision Tree

The decision tree is constructed left to right and
includes each possible decision and outcome.
Decision node: A square represents a decision node
for making decision by a decision maker.

Branch: It is a line connecting nodes from the left to
the right of the diagram.,

Probability node: A circle represents probability node
with the possible outcomes and estimated probabilities
on the branches.

For the Evaluation and Selection of the alternative, the
following information is necessary,

The probability that is estimated must sum to 1.0 for
each set of outcomes (branches) that results from
decision.
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Risk Analysis

on for each decision alternative and

nomic inf'ormati
outcome,

d cash flows.
Decision Tree Using PW analysis
right of the tree. Determine the BW

EcO

p(}SSi [TIC

¥ quch as initial investment and
es[ima[(f
eforS()l\’iﬂg
¢ at the top
ach outcome branch.

the Expected value for each decision

oced“ r
Gtar
value for €

pr

calculate
alternative
E (dccision)
At each decision
_ minimunl cost or m
ues are estimated).

e moving to the left of
n order to select the best alternative.

=¥ (outcome estimate) P (outcome)
node, select the best E (decision) value
aximum value (if both cost and

]‘E\’En
. Contint
decision 1

the tree to the root

Decision Alternatives
PR i
noda P

;
B}
,

Ler) Ihecizion recle

Cuatcomes

Probability 0.5 =~
R e et

node P 0.2

o e
N 0.3
(&) Probability node

Probabilities

e

P -
: L .‘_HR | _ ’_O/’“‘—"—"v
e B D= j

\\\
Final outcormes ’j

S

() Tres stmactui=

—e—

Fig: Decision tree diagram showing decision node,

probability node and tree structure

ilﬂmllLQJLg
¢ ;
Ompany is mechanizing its packaging plantS-b

3! ( . ' : 1
0,000, Estimates for efficiency of design

y investing Rs
goals, their

-~y
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probabilities and corresponding annual expenses saving are i

follows: :
Design goal met | Probability | Annual expenses saving | ;
(%) - (Rs) t

85 0.35 40,000 ‘;

60 0.50 33000 1 .1

50 0.15 26,000 ] i

The Company has another option to invest this money thyg
carns 20% per year elsewhere. Based on the ‘Expected pw 3%
the decision criterion, determine whether the mechanizing i
preferable or not? MARR = 12% and analysis period is 5 years,

Solution

The PW corresponding to each efficiency goals are:

RW (12%) 85 = - 3, 60,000 + 40,000 (P/A, 12%, 5) = - Rs 2, 15,808
PW (12'}1;)‘60 = -3, 60,000 + 33,000 (P/A, 12%, 5) = - Rs 2, 41,042
PW (12%) 50 = - 3, 60,000 + 26,000 (P/A, 12%. 5) =-Rs 2, 66,275
For Option 2 (Invest elsewhere that earns 20% per year)
Annual earning = (0.2 * 3, 60,000) = Rs 72,000

PW (12%) = - 3, 60,000 + 72,000 (P/A, 12%, 5) = - Rs 1, 00,454

Annual Pw
Prob
(12%%)
35:0.35 40000 -2,15,808
Mechanize v o
010.50 33000 -2, 41,042

\so:n.tq 26000 -2,766,275
@ 12% rate of return -1, 00,434
Elsewhere >

:!0 . s i L | = i
Fig: The single state decision tree diagram

Expected PW
Optioni

E (PW) = - 2,15,808 (0.35) = 2, 41,042 (0.50) - 2, 66,275 (0.15)

=-Rs 2, 35,995 :
Option 2 | k
E(PW)=-Rs, 00,454 i

| 313 ,4- '
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Risk Analysis

that none of the options are preFeraBle
he decision, the option 2 should be

lysiS indicates

if we make t

| BT L is needed tO either market or sell a new invention. If
' arketed, the next decision is to take it

| Assume the details of the outcome
It in the decision tree of the given figure. The
ach outcome and PW of CFBT are indicated.
n millions of Rupees. Determine the best

internatio

pranches TSt

| probability of ¢
~ These payoffs are i
- ecision at the decision node D1.

PW of CBFT (Rs million}
12

16

|
|

\_/ Expected value for each decision alternative

Fig: Two stage decision tre€ diagram

Solution

Present worth of CFBT is supplied.

-— 34

e
= b T S R
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*  Calculate the expected PW values for alternatives ﬁ‘mﬁ
node D2
Expected value (international) =12 Y0.5 +16 * 0.5
Expected value (national) = 4*(0-4)-3*(0-4)-1*(0.2)
=0.2

* The expected PW values of 42 and 2 for D3 are
calculated in the similar fashion.

" Select the larger expected value at each decision node.
These  are 14 (international) at D2 ang 4.2
(international) at Ds.

* Calculate the expected PW for the two Dy branches

Exprected value (market decision) = 14 *0.2 +4.2% 0.8

=6.16
Expected value (sell) =9"L.o=¢9
* The sell decision yields the larger expected PW valye of

9.
* The larger expected PW of CBFT path is to select the
sell branch at D1 for guaranteed Rs. 9,000,000,

Some solved Examp_lg_g

1. Calculaté breakeven volume of a cable manufacturing

company from the following data. Total Cost = Rs.
1,200,000, variable cost = Rg 40

0,000. Income from

sales = 15 60,000 at production of 5000 units,
(TU,IOE,2069)
Solution '

Total Cost (TC) = Fixed Cost (FC) + Variable Cost (VC()
FC = 1,200,000 ~ 400,000 = 800000

Variable cost per unit (v) = VC/Q = 400000/5000 = 80

Sales cost per unir (s) = total sales /1 Q
= 1500000/5000 = 300
Break Even Volume = FC/(s-v) = 800000/ (300-80)
=3636.36 units
2. A proposal is described by the following estimates; P =
$20000, § =0, N =5 and net annual receipts = $ 7000. A
rate ol return of 20 percent is desired on such
315
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proposals. Construct
annual receipts, and rate of re
range of £20 percent. T, whic
most sensitive?

Solution

gtep I: Developing the prime ¢ Uation using pyy formy]

pW (20%) = - 20000 + 7000 (P/A, 20%, 5) + ¢

= =20000 + 7000 * 2.9906
= ()341

Step I1: Varying Anmual receipt (A) bY_i_Z.D._.[J_C;u‘_c;_em

PW (20%) = - 20000 + 7000 (1220%) (P/A, 20%,5)
Taking +10% |

-20000 + 7000 (P/A, 20%, 5) + 7000 *0.1(P/A, 10%, 5)
934.2 + 7000%0.1 ¥ 2.9906 = 3027.62

Taking +20%

-20000 + 7000 (P/A, 20%, 5) + 7000 *0.2(P/A, 10%, 5)

934.2 + 700070.2 * 2.9906 = 5121.04

Taking -10%

"20000 + 7000 (P/A, 20%,5) - 7000 *0.1(P/A, 10%, 5)
934.2 - 7000%0.1 * 2.9906 = -1159.22

Taking -20%

20000 + 7000 (P/A, 20%, 5) - 7000 *0.2(P/A, 10%, 5)
934.2-7000%0.2 * 2.9906 = -3252.64

Step 111 Varying useful life (N) by +20 percent

Taking +10%, N = 5.5
" 2000g 4 7000 (P/A, 20%, 55) + U
2000 + 7000 { (14 0.2) *5-1)/ (1+ 0,2)5,5 *0.2)}
20(?00 7000 * 3165 = 2159.81
akmg +20%, N = 6

#0000 . 7000 (P/A, 20%, 6) + 0
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Sensiti\/it ‘ \A\L.

ation




-20000 + 7000 {(1+ 0.2) * 1)/ (1+ 0.2)® *0.2)}

-20000 + 7000 * 3.3255 = 3278.5

Taking -10% , N = 4.5 :
- 20000 + 7000 (P/A, 20%), 4.5) + 0O I 1
20000 + 7000 {(1+ 0.2) 5 1)/ (1+ 0-?7) 0.2
20000 + 7000 * 2.7988 = -408.21 : |
Taking -20% , N =4

_ 20000 + 7000 (P/A, 20%, 4) +0

4 %
-20000 + 7000 { (1+ 0.2) 4_1)/ (1+ 0.2) 0.2))}

-20000 + 7000 * 2.5887= -1879.1

Step [V: Varying rate of return (i) by 20 percent

Taking +10% , i=22%

20000 + 7000 (P/A, 22%, 5)

-20000 + 7000 { (1+ 0.22)_ 5.1)/ (1+ 0.22)° ¥0.22)}
-20000 + 7000* 2.8636 = 45.2

Taking + 20% , i=24%

-20000 + 7000 (P/A, 24%, 5)

-20000 + 7000 {(1+ 0.24) * -1)/ (1+ 0.24)° *0.24)}
-20000 + 7000% 2.745 = -782.30

Taking - 10% , i=18%

-20000 + 7000 (P/A, 18%, 5)

~20000 + 7000 { (1+0.18) ® -1)/ (1+ 0.18)° *0.18))
~20000 + 7000% 3.1272= 1890.4 ‘
Taking - 20% , i=16%

~20000 + 7000 (P/A, 16%, 5)

~20000 + 7000 {(1+ 0.16) 5 -1)/ (1; 0.16)° *0.16)}
~20000 +7000" 3.2743= 2920.1
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STUDENT LEARNING OBJECTIVE

From studying this chapter you will learn - |

e To understand the concept of inflation ﬁnd's‘f‘r

terminologies associated with it. pfr

e To measure the inflation .

e To perform the economic equivalence Ca]clﬂatiun of
under inflation.

e Impact of inflation on Economic Evaluation

—

) e

9.1.Meaning of Inflation ?Eai

Item Year 2055 B.S5. | Year 2070 B.S, fe!

Monthly household Rs. 10000 Rs. 15000___“ Eaf‘
expenses '

Cigarette per box Rs. 50 Rs. 110 :BE
Petrol per liter Rs. 70 Rs. 123 1
Men's T shirt Rs. 450 Rs. 9oo |

The table demonstrates price difference between 2055 and i,
2070 for some commonly bought items. Example, cigarette
costs Rs 50 in 2055, whereas it cost Rs 110 in 2070. In 2070, the
same Rs 50 bought only fraction of cigarette it would have
bought in 2055 (about 45.45% of cigarette (50/10). From 2055 |
to 2070, the Rs. 50 sum had lost 58.83% of its purchasing
power. The cost of an item tends to increase over time, OR, the "'

same dollal amount buy; less of an item over time, which is

= __.,——g..z:m_—-—

callcd _;nﬂqtlor_] ln other ‘words, a loss i in thé pur(_hasmg power

0[ money over time is mﬂatl(m When the .netm(‘isw l
g SRS
sm‘_\_fu.c s and goods exceeds thc total _supply, because of less

T i e v,
-

~supply, the net prices of these services/goods increases.and this

kind of sutuatlun is. known as._ inflation. Inflation produces
effects on the health of

an economy. For ex ample- the
uncertainty about the future behavior of “inflation rate’ M3/

restrict-the investors to invest in the market. If consumers of
an economy canfie to know that prices are going to increase in ;

—

323

Scanned by CamScanner



m%
a5 the goods (

_ + this will cause short
ods in the market. Because of inf]

- pture then they will over purch

ion of present lower prices) in the

ario 5 goO! e are not equivalent ¢

; " time ¢ ale O rupees i
erlod of ineering  ecc i / " Ak, W
L ow that engineering economic  analysis
" ' !
K parisons be made on an equivalent b
(on

[ﬂr us tO

ation rupees jp one

requires that
. asis. So it is important
be able to incorporate the effects of inflation

[Deﬂﬂf"on is the.opposite of inflation in that price usually
jcreases OVeT time, and hence, a specified Rupees amount
'igaiﬂﬁ' in purchasing power. Inflation is far more common than
' geflation in real world. Our focus will be restricted to
jccounting for inflation in economic analysis.

leasons/Causes of Inflation

1. If the pmduction cost of various services and goods

| increases then naturally the prices of the final products

would also increase.
> When industries and business houses increase the total
prices of thein services and goods in order to amplify

their profit margins.
3. When a specific séction of a mass industry Increases

the prices of its services and goods, bécause this step of

a particular section of a mass industry will produce

considerable effects on various other |
increase in the price of
increase in the bus

sections of

industry also. For* example-
crude oil will spontaneously cause
fares and airfares.

known as stagflation.

Another severe type of inflation 1s .
faces economic

It occyrs in an economy which
Stagnation and high unemployment rate.
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Terminnlngies used in Inflation

To introduce the effect of inflation into our economic anal
we need to define several inflation related terms.

Ysis,

1. Consumer Price Index (CPI) - |
The CPI measures average change in the prices paid for fooq
shelter, medical care, transportation and other goodsg ang
services used by individual or families.

2. Producer Price index (PPI) ’ o
The PPI is good measure of the industrial price increases,

When performing the engineering economic analysis, the
appropriate price indexes must be selected to estimate the Dprice
increase of raw materials, finished products and operating costs,

3. Actual (current) / Future dollars (As)
Actual dollars are estimates of future cash flow for year ‘n’ that
take into account any anticipated changes in amount due to
inflationary or deflationary effects. Usually these amounts are
determined by applying an inflation rate to base year dollar

estimates. 1,'“({ NU“’% iﬁ”/h How  yak )/

chleut
4. Coxz{t(real)/ Base year dollars (A’$)
Constant ollar tepresents constant purchasing  power

independent of the passage of time. In situations where
inflationary effects were assumed when cash flows were
estimated, these estimates can be converted to constant dollar

(base year dollars) by adjustment using some accepted genera
inflation rate,

5. Average inflation rate (f) ‘

A measure of the average change in the purchasing power of

dollar during a specified period of time. For the effect varying

i : : ; |
yearly inflation rates over a period of several years, we @
compute

a single rate that represents average inflation rat
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Inflation

‘ndividual year's inflation rate ;
each rate is bag
sed on

7
|

gin _.r's rate, these rates have
i oar's rate, e Lacnmpoundingeffect

ing Inflation

| Meastt
4 want to calculate the average inflation rate f;
at¢ for

| 9F e We
ets SUP paee” v e raflag
ar PL‘rmd: the first year's inflation rate is 4%, and the
: s QU & N - . He
year's rate 15 8%, using a base price of RS.100
" .

e SE—
T

Step 1= T0 find the price at the end of the second year
we use the process of compounding.
First year

4___-_—"
Rs 100 (1+0.04) (1+0.08) = Rs112.32
R =2

Second Year

|
: |
Step 2: to find the average inflation rate (f), we establish A (

the equivalence relation. !
Rs. 100 (14f) * = RS. 12.32 | \
!, Or, Rs. 100 (F/P, f, 2) = Rs. 112.32 ‘-

|
Solving for f yields, \1
f= 5.98% = 6% (approximately) \

[fthe inflation rate (f) averages 6% over the next 10 years, | )
Pl

l_ = Rs.100 (1+0.06)10 . \ |
= Rs.179.08 = Rs. 180 (approximately) | |

53 Lt can be concluded that the

|| Mincrease in the price of the product | |
|
|

= (Rs 180 - Rs 100) / Rs 100 |
A = 80% ”
. This is an 80% increase over the 10 years before at 6% inflation

- Tte.
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Money in one period of time t, can be brought to the sam,
value as money in another period of time t,, by using ¢p,

relation:

Future dollars or then-current dollqys

' " - Dollars in period t,
Dollars in period t, ~ _ g T

Inflation rate between t1 and t2

Today’s dollars or Constant-value dollars

Example g.1
Consider the following net cash flow of a project in a constant
dollar.
Period Net Cash flow in Constant
Dollar

0 -250,000

1 _ 1,00,000

2 1,10,000

3 1,20,000

4 1,30,000

5 1,20,000

Assume that the price per unit as well as the manufacturing
cost keeps up with the general inflation rate, which is projected

to be 5% annually. Convert the project’s cash flows into the
equivalent actual dollars.

Solution
Period | Cash flow in Conversion Cash flow in
Constant Factor = (1+f)" Actual
Dollar Dollar
o) -250,000 (1+0.05)° -250,000 |
1 1,00,000 (1+0.05)' 1,05,000
2 1,10,000 (1+0.05)° 1,21,275
327
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1,20,000 er-a-t—i-!ll.l
3 o (1+0.05)
4 1,30,000 (1+0.05)7 138,915
. 1,20,000 (]41_0_05)‘5 1,58,016
1,53,154
» 130,000 § 149

$ 100,000 $ 120,000 ,000

T T $ 120,000
[- If 5. 3 4 5 Years
= : N .
S 25:0,000 8 L0 2 & ‘r
' o ~ = = <
: o 4 o = 4|
¥ o o~ . o »
=4 '_I'l " - . 1.ﬁ:- 1{;}.
=) — ~ . 98 J
0 3 rn" ) z i
] 7 o + ? S
2 T 2 T = &
o 1 ; : : ‘_"
= 5 ; $ 138,915 $ 158,016 ia 154
* $105,000 $ 121,275 !

-

a

W—>
n—o>

1 2

93.Equivalence Calculation under Inflation

In' previous chapters, our equivalence analysis took into
consideration changes in earning power of money i.e. interest
rate. To factor in changes in purchasing power i.e. inflation, we
use either (1) constant dollar analysis or (2) actual dollar
nalysis. Either method produces the same result. Before the
nalysis of the procedures of these analyses, let’s look at the
different interest rate.

(@) arket /Inflation adjusted interest rate (i) .

: een
A its Name implies, this is the interest rate that has b
d q. . e b
Qusted take inflation into account. This rate ta
a ; ;
‘ount the combined effect of the earning value ©

kes into
f capital




(earning power) and any anticipated inflation or deflatiop
(purchasing power). Market interest rates are the rates stateq
by financial institutions (loans, bank accounts etc) and used by
firms as their minimum acceptable rate of return (MARR) j,

evaluating their investments.

(b) Inflation free interest rate (i')
This rate is an estimate of the true earning power of the money

when the inflation effect has been removed. This rate i
ate. Although referred to a5

tical), but serve as 3

commonly known as real interest r
real interest rates, they are abstract (theore
useful approach to what market rates might be if there were ng

inflation.

(c) Inflation rate (f)

This is the measure of the rate of change in the value of money. |
- s ¥ B ¥
In calculating any cash flow equivalence, we need to identify

the nature of the project cash flow. |

Three common cases can be considered. 1[

Case 1: All cash flow elements are estimated in constant
dollars.

Case 2: All cash flow elements are estimated in actual
dollars. '

Case 1: If cash flow elements are _estimated in Constant
Dollar (Constant Dollar Analysis)

* Suppose that all cash flow elements are already given in
constant dollar, and that we want to compute the
equivalent PW of the constant dollar (A’'n) occurring in
year n’,

» In the absence of inflationary effect, we use inflation |
free interest rate (') to account only for the earning \

power of money.
329 >
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Inflation
The equi\falent present worth is obtained by

Pn=An/(1+ iy

le 9.2 -
wﬁe constant dollar cash flows for a comp

id any as
ConSI i e e o
ollows: (f the manager wants the company to earn a 12%
0

rion free rate of return before tax on any investment, what

!:12‘2111‘.1 pe the present worth of this project?
Period | Net Cash flow in Constant
Dollar
- 250,000
: 1,00,000
- 1,10,000
3 1,20,000
4 1,30,000
5 1,20,000
Solution

Since all values are in constant dollars, we can use the inflation

free interest rate. We simply discount the dollar inflows at i
=12%

PW (12%) = - 250,000 + 100,000 (P/A. 12%, 5) + 10,000 (P/G,
12%, 4) + 20,000 (P/F, 12%, 5) |

PW (12%) = 163,099

Since the equivalent net receipts exceed the investment, the
Project can be justified before considering any tax effects.

Case 2: If cash flow elements are_estimated in Actual
Dollar (Actual Dollar Analysis)

* In this method, all cash flow elements are estimated in
actual dollars.
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Inflatioy,

* To find the equivalent present worth of this actug]
dollar amount (An) in year n, we may use eithe,
Deflation method or the Adjusted-Discount method,

Deflation Method

¢ It requires two steps to convert actual dollars ing,
equivalent present worth dollars.

* First, we convert actual dollars into equivalent ?'0“Star1t
dollars by discounting by the general inflation rate
which removes the inflationary effect.

* Second, finding the equivalent present worth using i%,

Examgl_e_gg
An electronics manufacturing company is investing to produce

control systems. The™ project is expected to generate the

following cash flow i actual dollars.

ST

Period Net Cash flow in Actual Dollar
0 -75,000

32,000

35,700

32,800

29,000

58,000

nisnlwln| -

(a) What are  the ®quivalent year of dollars (constant

dollars), if the general inflation rate (f) is 5% per year?
(b) Compute the Present worth of these cash flows in
constant dollars af j - 10%.

The net cash flows in actual

dollars can be converted to
constant dollars by deﬂating t

hem by s% yearly deflation

331
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factor- The deflated or constang dol]
ysed to determine NPW at iy,

(a) Convert the actual do

ars into const

) lnﬂati_qn
cash flows €an then pe

comer ant dollarg as
ﬁod Cash flow in Deflation Cash flow j
Actual Dollar | Factop — (1+£)" ‘les;‘:t'“
" Dollar

s -75,000 (1+0-05)_'" ~75,000

: 32,000 (1+0.05'" 30,476
e 35,700 (1+0.05)™ 32,381
. 32,800 (1+0.05)7 28,334

. 29,000 (1+0.05)™ 23,858

; 58,000 (1+0.05) 45,445

(b) Compute the equivalent present worth of constant

dollar using i =10%

@justed — discount Method

The two-step process shown in pre
reamlined by the efficiency of the adjus
Which performs deflation and di

Period Cash flow in Discounting Cash flow in

Actual Dollar | Factor = (1+f) Constant
? Dollar

0 75,000 (140.1)™ -75,000
1 30,476 (1+0.0" 27,706
% 32,381 (1+0.1)" 26,761
B 28,334 (1+0.1)" 21,288
K 358 (r01)" 16,205
____5_ 45,445 (1+0:1)"° 28,218
L Total Present Worth 45,205

» can be
vious example can ;
ted-discount method,

1 1 A1),
scounting in one step

Mathematica]]y,
~ "%n combine this two step Proce )
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Pl‘l = A“
(1+1i)"
Pn —_— A“
(+ )" (+i)"°

Pn — A"
{(1+ f) (1+ i)} T (1)

(i) reflects both the earning

Gince the market interest rate
and the purchasing power, WC have following relation

power
relationship |
P, = - W T (2)
(1+i) "

The equivalent present worth values in equation (1) and (2)

must be equal at year o.

Therefore,
An = A-n
{1+ ) 1+ 1)} " (1+i) " 1

This leads to the following relationship among f, 1', i

(1+i) =(0+1f) (1+1)

Simplifying the term yleldq,,/——-ﬂ-—-—,.,,,

A=i +i*f+f
x\,-

Example g.3

Consider the cash flows in actual dollar as in previous example
as follows. Compute the equivalent present worth of these |
flows using the adjusted discount method. f = 5%, and i = 10%

Period Net Cash flow in Actual Dollar

-75,000

32,000

35,700
32,800

29,000

e

58,000

] t | “I- 4 :

0

1

2

3

4

5
———cere S
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¥ ’{!'!.

olution . ; ' j
First determine the market INterest rate (i) :lr
, T i
‘ n'.—-.',+[*f+f N
t=0.10+0.10 « 0.05 + ¢ 05 i ifi!'
=i = 15.5 %, |;r

i

i

[ period Cash flow in Multiplied by - o \h}

Actual Dollar (1+0.155)™ ‘ ash flow in j,r,“ I

— - iialion 55 Constany Dollar 1
: L o (1+0.155) 75 i

— g -75,000

1 32,000 (+0.155" - l |

= e ] ' ik
[ 35,700 N e
3 32,800 (1+0.155) g Ii:.:l;

4 29,000 (1+0.155)™ 16,295 4

5 58,000 (1+0.155) 28 218 il
Total Present Worth 45,268 |

The equivalent present worth that we obtained using adjusted
- discount method (i=15.5%) is exactly same as the result il
] obtained using the deflation method (f=5% and i=10%) ", Il

_“_V_\fb_en Inflation is modest, 2 to 4 percent per vear, it is
E%]Yignored in economic evaluations of proposals. It is
argued that all proposarlé are affected similarly by price changes Il
and that there are too little differences between current and | |
futwre costs to influence the order of preference. This ‘ |
Ygument is not applicable when inflation is high and some
800ds and services escalate much more rapidly than others. Al
9“‘38 analysfs recognize that inflation has an impact-on m'O-‘St “ !

| "Vestment opportunities and therefore deserves cons:derat-ton
N thejp appraisals, they must decide on the most i.iPPFOP“a;
Method i which to include it. There are two basic methods
ConSidel‘@d:

. ; 3 Il ¢
' Estimate inflation effects by converting alt ¢
ant purchasin

|
9-4 Impact of Inflation on Economic Evaluation ' H
| ‘l
|
|

ash flows to
g p()“"er!
most

{ Money units that have const
Called constant (real) dollars. T
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suitable for before tax analysis, when all cag} oy,
components inflate at uniform rates.
5. FEstimate cash flows in the amount of money Uit
actually exchanged at the time of each transacti()n
These money units are called actual (future) dU“am:
The actual dollar approach is easier to understang ang
apply and is more versatile than the constant dolly
method.
In an analysis by either method, it is critical that the iNterest
rate used in the analysis corresponds to the assumptipns Made
in determining the cash flows. Two different interest rates are
used in economic calculations: market interest rate (j)

and
inflation free interest rate (i’).

Example 9.4

Suppose that you want to invest some amount of money for
your individual purpose. Currently, the bank is paying a rate of

5.5% compounded annually. Assume inflation is expected to be
2% per year. Identify i, f, and i'.
Solution

If inflation is 2% per year,

We know
i=i 40 xf+f
i—-f=i(1 i f)

P=0=N/1+5

o+ 0055 —0,02)
(1+0.02)

i =0.034 = 3.49

Example 9.5
A XYZ cOmpany is interested in evaly
technology. Two competin
approached the XYZ to de
believes that both comp
products at the e

ating a major new mobile
§ companies (A and B) have
velop the technology. XYZ Company
anies will be able to deliver equivalent
nd of 5 year period. Determine which

' 272 _..‘
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0k .

7 should choose if I i
js a5 T Year o
mﬂ ation’! vertlene tS :
mpany A costs: development costs will be ¢ 150,0 N,
COr od will increase at a rate of 5%, ey th 000 the firg i
’ Ceﬂmp . B costs: developmcnt Costs wlu be 51 Year Period. ‘ '.
0 ¢ COnstant g "..l\;'!,
er year In terms of today's dollar au. 11
5 ,u(;lo p I over the S-year il
i sl
erlo¢: 1}
'r P R
' n [ I'
SQILLUQ’ : } " s , . . 'il:
" The cost for each of the two alternatives is as follows. i
! Tgar Future $ stated by A Constant s stated by B i
— | 150,000 (1+0.5)° = 150,000 150,000 t
5 150,000 (1+0.5)I = 157,500 150,000 I
i 3 150,000 (1+0.5)" = 165,375 150,000 '
i 150,000 (1+0.5)* = 173,644 150,000 | i
! 5 150,000 (1+0.5)“l = 182,326 150,000 ; ||

| Weinflate the stated year cost given by Company A by 5% per |
| year to obtain the actual dollars each year. Company B's costs i

are given in terms of constant dollars.

Using Constant Dollar Analysis
Converting the actual dollar of company

dollar by using the deflation factor

|
ted by B | [ _-
Year Future $ stated by A Constant $ sta b il
T— : : a | 150,000 '

l 150,000 (1+0.5) = 144,928 T 'l

-2 15U e

|2 | 150,000 (1+0.5) 1 = 147&% | Il
AT _ C / I

_3 | 150,000 (1+0.5) " = 149,159 150,000 ;lln:
4 | 150,000 (1+0.5)™ 1_5_:_{___,,/{ i

A to the Constant

i h\;_- i 5 _ -t 'Ij
A e 150,000 (1+0.5) = 153,514 T Prescﬂt“’m“ i
We use the real interest rate (I') tO calculate £ i)
o costs for each alternative. ‘ | |
i =i +1i *f’*'f Rt
: i—f=i@+/) ol

Scanned by CamScan'ner



j & (] + 0.033)

' = 0.208 = 20.8%

¢ “a il 028 (P/F 20.80

sts (A) = 144928 (PIF, 20.8% l):”87t/1 4) + 153,51 8y, |

PW ofcusliS(p/r 50.8%, 3) + 151,321 (P/F, 20 ; |
2) +149,159

(P/F, 20.8%, 5) = $ 436,000

(P/A, 20.8%, 5)
ts (B) =150,000
PW of costs (B 2000 (2:0387) = § 441,000

Using Actual Dollar Analysis

: 5 stated by B
Year | Future s stated by A C(}nste::tusoy)i : 155{;—;
1 150,000 (140.5)" = 150,000 150,000 (1+ 0. 3)2_ = ’6g_._
" 1-50,000 (1+0.5)" = 157,500 150,000(1+ 0.03?)3: 66, _g__
; 150,000 (140.5)" = 165,375 150,000(1+ 0.035 ;1 ’308——~
4 150,000 (1+0.5)° = 173,644 150,000 (1+ 0.035)5_ 172‘1;1
5 150,000 (140.5)" =182,326 150,000 (1+ 0.035)’= 178,153

PW of costs (A) = 150,000 (P/F, 25%, 1) + 157,500 (P/F, 25%, zﬂ)
165,375 (P/F, 25%, 3) + 173,644 (P/F, 25%, 4) + 182,326 (P/F, 25%,
5) = $ 436,000

PW of costs (B) =155,250 (P/F, 25%, 1) + 160,684 (P/F, 25%, 2) +
166,308 (P/F, 25%, 3)'+ 172,128 (P/F, 25%, 4) +178,153 (P/F, 25%,
5) = $ 441,000

Using either constant dollar or actual dollar, XYZ should
Choose Company A offer,

Review Question
1. Define inflation in ter ms of purchasing power.

2. How does inflation happen? Describe a few
circumstances th

increase.

Explain Constant dollar and actual dollar analysis?

4. What do you under stand by market interest rate,
inflation fr ¢e interest rate, and inflation rate?

at causes price in an economy to

U
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