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INTRODUCTION

Engineering economics is the application of economic techniques for
the evaluation of design and engineering alternative. The role of
engineering economic is to

*  Access the appropriateness of a given project.

. Estimate its value

*  Justify it from an engineering point of view

[t involves the systematic and technical evaluation of analysis, with
emphasis on the economic aspects and has the objective of assisting in
decision making.

Engineering economics deals with the methods that enable one fo take economic
decisions towards minimizing costs and/or maximizing benefils lo business
prganizations. '
Some 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.

Break Even Point

¢ In business operation, the rate of operations output or sales at

2

which income is equal to operation cost.
» The percentage of capacity operation of a manufacturing plant

at which income will just cover expenses.

|
k
[
i

3. Capital: The non-human ingredients that contribute to tht‘:
production of goods and services, including land, raw and semi
finished materials, tools building machinery and inventories,

4. Sunk Cost A sunk cost is a cost that an entity has incurred ;nd
which it can no longer recover by any means. Sl.mk Cﬂﬁt Shf]'-‘k_l not
be considered when making the decision to continue investing in an

= SRS P T
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f; A since we cannot recover the cost sunk cost im'“dﬁg
marketing study, research & development, training, hiring bonus.
5. Opportunity Cost: The cost of an alternative that must be forgone
" in order to pursue a certain action. It can also be defined as, the
value of benefits sacrificed in selecting a course of action among
alternatives.
6. Assets: An economic resource of entity (including money resources,
- physical researches, and intangible resources).
7.  Marginal cost: The cost associated with one additional unj &
production, also called the incremental cost.

Types of Business Organization

As an engineer, we should understand the nature of the business
organization with which we are associated. This section will present some
basic information about the type of organization you should choose
should you decide to go into business for yourself.

The three legal forms of business, each having certain advimt.ugvs
and disadvantages, are proprietorships, parinerships, and corporations.

1. rl"mp-ie!mhips: A proprietorship is a business owned by one
f.radiﬁdual This person is responsible for the firm’s policies, nﬁ.ﬁw all
its assels.: and is personally liable for its debts, A proprietorship has
qu mar:lr advantages. First, it can be formed easily and
mexgenmvelj_w. NUL legal and organizational req uirements are

:f:ﬂcmlv:rl:dmmt‘zmg :]j:! a proprietorship, §r1d organizational costs
1 ME}; " &:mnd, the earnm:gs of a proprietorship
) e s pemfmal tax Irate, which may be lower than
L HTO:;:E lntcomel is taxed. Apart from r}mr:mn_al
is that it cannot issue stocks ng = cla popricionhip
capii:al'forany ik a-n bonds, making it difficult to raise
expansion,
mpﬂ- A partnership is similar to a proprietorship, except
partnerships are established
tners, The contract normally
ital, and the distribution of

Person makes contributions, 3 par

! A tnership typic s a larger
amount of capital avajjable for b P typically has

uSiﬂE‘SS use. Si.l'lff_" the PerSl_'lI'lﬂl

W

1.1 Origin of Engineering Economy [ {11

assets of all the partners stand behind the business, a partnership
can borrow money more easily fr bark :
rsomal i il i PeYS oy
pe income tax on his or her share of a partnership’s taxable
income.
On the negative side, under partnership law each partner is liable for
a business’s debts. This means that the partners must risk all their
personal assets—even those not invested in the business. And while
each partner is responsible for his or her portion of the debts in the
event of bankruptcy, if any partners cannot meet their pro rata
claims, the remaining partners must take over the unresolved
claims. Finally, a partnership has a limited life, insofar as it must be
dissolved and reorganized if one of the partners quits.
Corporations : A corporation is a legal entity created under
provincial or federal law. It is separate from its owners and
managers. This separation gives the corporation four major
advantages:
# It can raise capital from a large number of investors by issuing
stocks and bonds;
s [t permits easy transfer of ownership interest by trading shares of
stock;
¢ It allows limited liability —personal liability is limited to the
amount of the individual's investment in the business; and
e It is taxed differently than proprietorships and partnerships, and
under certain conditions, the tax laws favor corporations. On the
negative side, it is expensive to establish a corporation.
Furthermore, a corporation is subject to numerous governmental

requirements and regulations.

A i
The perspective that ultimate economy is a concern to the engineer
and the availability of sound techniques to addres.s this m
differentiates this aspect of modern engineering practice from

the past. 3
Pioneer: Arthur M. Wellington, civil engineer m Iaﬂer.p?rtﬂm
He addressed role of economic analysis m
The main area of interest for him was T :
contributions which emphasized

nineteenth century.
engineering, project.
building, followed by other




 4|Introduction
ted'lniques dependmg on financial and actuarial mathematics.

e Later his work was followed by other Eugene Grant who publisheq
the first edition of his book which was the milestone in the
development of engineering economy.

* In 1942 Woods and Degarmo published the first edition of the bool,

later entitled engineering economy.

s ™ ‘i _:." SR B .
The four fundamental principles that must be applied in all
engineering economic decisions are
(1) The time value of money
(2) Differential {incremental) cost and revenue,

(3) Marginal cost and revenue, and
(4) The trade-off between risk and reward.

Principle 1: A nearby penny is worth a distant dollar. A fundamental
concept in engineering economics is that money has a time value
associated with it. Because we can earn interest on money received today,
it is better to receive money earlier than later. This c n-wq:pt will be tJ.t.i,‘
basic foundation for all engineering project evaluation.

Principle 2: All that counts are the differences among alternatives. An
economic decision should be based on the differences among the
alternatives considered. All that is common is irrelevant to the decision.
CEI‘f::iiI‘Il}". dny economic decision is no better than the alternatives being
EOHSIth:TEd- Thus, an economic decision should be based on the :)lﬁjtﬁn‘tix-';?
of makj-ng the best use of limited resources. Whenever a choice is made,
something is given up. The Opportunity cost of a choice is the value of the
best alternative given up.
E’;{E mik:”-ﬂ“al revenue l_:nust exceed marginal cost. Effective
; g requires comparing the additional costs of alternatives
:mth the additional benefits, Fach decision alternative must be justified on
its OWN economic merits before being compared with other alternatives.
Any increased economic activity must be justified on the basis of the

fundamental economic principle that marginal revenue must exceed

HHIE;TEI CUS-L HE'TE'., ma!’gfm! revenue means the additional revenue made
possible by increasing the activity by one unijt (or small unit). Marginal
cost has an analogous definition, Productive resources—the natural

resoume?, human resources, and capital goods available to make goods
and services —are limited.

Principle 4: Additional risk is not tak

- en without expected
additional return. For delayin e

- 6 consumption, investors demand a
minimum return that must be greater than the anticipated rate of
inflation or any perceived risk. If they didn‘t recetve enough to
compensate for anticipated inflation and the perceived investment risk,
investors would purchase whatever goods they desired ahead of time or
invest in assets that would provide a sufficient return to compensate for
any loss from inflation or potential risk.

The Seven Principles of engineering economics are:

Principlel: Develop the Alternatives - There must be more than one
alternatives, the choice is made among these after subsequent analysis.
Principle 2: Focus on the difference - Only the differences in expected
outcomes among the alternatives are relevant to their comparison &
should be considered in decision,
Principle 3: Use a consistent viewpoint - The likely outcomes of the
various alternatives, initial cost, future saving etc. should be consistently
developed from a defined view point.
Principle 4: Use a common unit of measure - Using a common unit of
measurement to specify as many of the prospective outcomes as possible
will make easier the analysis & comparison of the alternatives.
Principle 5: Consider all relevant criteria - Selection of best alternative
required consideration of almost all relevant criteria. This includes both
the outcomes specified in the monetary unit & those expressed in some
other unit of measurement.
Principle 6: Make uncertainty explicit - Uncertainty is inbuilt in
projecting the future outcomes of the alternatives and it should be
honored in their analysis and comparison. :
Principle 7: Revisit the decision - The initial projected outcomes of the
selected alternative should be subsequently compared with the acfua]
results achieved. Revisiting of decision ensure the good result of the final
decision. :
1.3 Role of
What role do engineers play within a fi
assigned to the engineering staff, and what
available to it to improve a firm's profits? En

rm? What specific tasks are
tools and techniques are
gineers are called upon to
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icipate in a variety of decisions, ranging from manufacturing Engineering Economics | 7
Pm'h‘:;am ing, to financing decisions. We will restrict our foey, . Collect relevant informagion ‘
however, to various economic dﬁisio?s i h.1 CNBINEETING projects, ' . ”cfi"e the feasible alternative solution and make realistic
We refer to these decisions as engineering economic decisions, estimates, _ :
In manufacturing, engineering is involved in every detail of 3 . Identify the criteria for decision makin g using one or more
juct’s production, from conceptual design to shipping. In fq atiibute
engineering decisions account for the majority (some say 85%) of prodygy 5 E“'“'“atl‘f each alternative, using sensitivity analysis to enhance the
Engineers must consider the effective use of capital assets such o Evalation '
buildings and machinery. One of the engineer's primary tasks is to plap i Select the best altesnslives
for the acquisition of equipment (capital expenditure) that will enable the * _ Implement the solution and monitor the resilt
firm to design and produce products economically. 1.4 Cash Flow S ::_‘_.;‘—_‘;;f‘h_.ﬁ;i - ‘ S

IS e S e et - equipment, for HStance Y Cash flow is the statement which shows ows and 3 of
need to estimate the profits (more precisely, cash flows) that the asset wil] cash and cash equivalents durin g life of pro]'eclt. {2 At ru;et; il
| generate during its period of service. In UthurIw?'.urds, we have to make into a firm or actual rupees going out from firm in different time pen:‘;:g
il | capital expenditure decisions based on predictions about the future, It is the basis for the evaluation of different alternatives
i | Suppose, for example, you are considering the purchase of a deburring Cash flow diagram (CFD): "

.'- |' o machine to meet the anticipated demand for hubs and sleeves used in the
{1 production of gear couplings. You expect the machine to last 10 years,
| This decision thus involves an implicit 10-year sales forecast for the gear
_'| | couplings, which means that a long waiting period will be required

i | before you will know whether the purchase was justified.
e An inaccurate estimate of the need for assets can have serious
| consequences. If you invest too much in assets, you incur unnecessarily
heavy expenses. Spending too little on fixed assets, however, is also

' | harmful, for then the firm’s equipment may be too obsolete to produce 1) All cash inflows for each period.
[Note: Unless otherwise indicated, all such cash flows are considered to

The graphical representation of the cash flows streams i.e. both cash
outflows and cash inflows with respect to a time scale is generally
referred as cash flow diagram.

It should show three things:
i} A time interval divided into an appropriate number of equal
periods.

ii)  All cash out flows in each period.

. } products competitively, and without an adequate capacity, you may lose
, | a portion of your market share to rival firms, Regaining lost customers occur at the end of their respective periods.]
| involves heavy marketing expenses and may even require price ?
i reductions or product improvements, both of which are costly. R, Ber. W Rt R
In summary, decision making is always challenging. Analysis of each 0 it 31 1T n_—_]f T
. a‘ltematives by considering all releyvant criteria, technically, dmmmically l J, 1|| é !rE' %‘
(initial cost and future saving) is must necessary, The role of engineers i * B B Ty | -1
the decision making is that evaluate the mnd;tjﬂn f,_ asibil ity and Fig. Cash flow diagram
aPPrTOpn:atEPESS of an alternatives of 4 given project. E.';lim ates its value Where, ‘1 = Initial investment
and justify ft fmmlan engineering stand Point and finally discover the R = Revenue (Benefit)
best alternative for implementation T
| Role of engineers in decision m, ki ; E = Expenses (cost)
' . Understand the probl . {.E tepwise duty) S = Salvage value
€ problem and define the objectives
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& cash flow diagranm: ! - ¢
wgf:framf‘gﬁ:-w is time scale with progression of time mMoving from,
. mt {Nam'lﬂﬂ}' starts from 0 to year N) where eng of

to 11

ious year coincide with beginning of next year.

9. Inflows & outflows of money are expressed I?y upward ang
downward arrows respectively. Here inflows of cash represent
annual benefit (revenue), salvage values etc and outflows represent
initial capital investment, annual cost etc. ;

3. It is better to show two or more cash flows occurring in the same
year individually to make clear connection in between problem
statement and cash flows in the diagram.

[Note: Always kept in mind, arrow lengths are approximate
proportional to the magnitude of their respective cash flows:]

Begnning of year 3 &

ending of year 3

year | S year 8

—_ ety

L Il i L L L L L |
] 1 || | | || | ) L] |}

Ny 5 o6 7T 8
Fig. Typical CFD for 8 years
It shows cash flows begins from year 0 to year N = 8.

- Some Other Useful Topic 3
1.5.1 Elements of Cost

Cost can be broadly classified into variable cost and overhead cost.

‘y:"axial:.r]e cost varies with the volume of production while overhead cost i
fixed, irrespective of the production volume.

Variable cost can be further classified into direct material cost, direct
labour cost, and direct expenses, The overhead cost ¢

factory overhead, administratio
, n
dislrihul_inn overhead, s

an be classified int0
. selling overhead, and

aggregate of indirect material costs, indirect labour costs and indireet’ ||
expenses. Administration overhead includes all the costs that are
incurred in administering the business. Selling W s e o
expense that is incurred in the promotional activities and the expenses o
relating to sales force. Distribution overhead is the total cost dw" e
the items from the factory site to the customer sites. L

The selling price of a product is derived as shown below:

(a) Direct material costs+Direct labour costs + Direct expenses = Prime cost

AL

(b) Prime cost + Factory overhead = Factory cost : ‘S
() Factory cost + Office and administrative overhead = Costs of production
(d) Cost of production + Opening finished stock - Closing finished stock =

Cost of goods sold i it
(e) Costof goods sold + Selling and distribution overhead = Cost of sales r
() Cost of sales + Profit = Sales ” 3§
(g) Sales/Quantity sold = Selling price per unit - 4 -,u!;

In the above calculations, if the opening finished stock is equal to the ":'i
closing finished stock, then the cost of production is equal to the costof
goods sold. _

Other Costs/Revenues
The following are the costs/ revenues other than the costs which are

presented in the previous section:

e e

Marginal cost
Marginal revenue {s
c.  Sunk cost

d. Opportunity cost A
Marginal Cost: Marginal cost of a product is the cost of pmdﬂf!ﬂs‘:;
additional unit of that product. Let the cost l:rf pmdm igfuﬁﬂ;ﬁm _.
product be Rs. 10,000, and the cost of producing 21 units s
product be Rs. 10,045. Then the marginal cost of producing the et
Rs. 45. el
Marginal Revenue: Marginal revenue of a product 1s ﬁ:pwt:;
revenue of selling an additional unit of that product. Let, the : ﬁ :
selling 20 units of a prod
units of the same product - : N
selling the 21st unit is Rs. 85.



N

: ui
_ assume that an eq Pﬂm‘l_ ¢

.t cost of an equipment /asset
mcﬁfmﬁhwﬁﬂ“:;: purchased for Rs. 1,00,000 1;1“5
replacement, then its presen; val:t
piebiaid 00,000, Instead, its present market value should be taken :
is not Rs. 1,00,000. In: equipment for further analysis. So, the p”“—‘has:

presen of the
\?:Ieue of &:::I:irpm‘-'“t in the past is known as its sunk cost. The Sunk
cost should not be considered for any analysis done from now onw;; di
Opportunity Cost: In practice, if an alternative (X) is selected from , -

of competing alternatives (X.Y), then the corresponding investment in the
selected alternative is not available for any other purpose. If the same

money is invested in some other alternative (Y), it may fetch some return,
Since the money is invested in the selected alternative (X), one hag o
forego the return from the other alternative (Y). The amount thy is
foregone by not investing in the other alternative (Y) is known ag the
opportunity cost of the selected alternative (X). So the opportunity cost of
an alternative is the return that will be foregone by not investing the same
money in another alternative.
Consider that a person has invested a sum of Rs. 50,000 in shares. Let the
expected annual return by this alternative be Rs. 7,500. If the same
amount is invested in a fixed deposit, a bank will pay a return of 18%.
Then,‘tl'le corresponding fotal return per year for the investment in the
. ﬂ;ﬂif This return is greater than the return from shares. The
. fppom return flf Rs. 1500 by way of not investing in the bank is
ty cost of investing in shares.

Miree years back. If it is

1.5.2 Break-Even Analysis

The main objective of b
: reak-even analysis is to find the cut-off
Production volume from where a firm will mage profit

Let s = selling price per unit

V. = variable cost per ypj

FC = fixed cost per period
Q= . volume of production

formula: S=sxQ (S) of_ the firm is given by the following

- The total cost of the :
m for . given Pmdll[‘_'tjon voliitme (e oiven as

o :\l':.‘ g
TC =  Total variable cost + Fixed cost :
= vQ+FC i :
The linear plots of the above two equations are shown in Fig. below,
The intersection point of the total sales revenue line and the total cost Hm 2
is called the break-even point. The corresponding volume of production
on the X-axis is known as the break-even sales quantity. At the
intersection point, the total cost is equal to the total revenue, This point is
also called the no-loss or no-gain situation. For any production quantity
which is less than the break-even quantity, the total cost is more than the
total revenue. Hence, the firm will be making loss.

" I..'-!'I.I'
.-";':;r'.'l'

4
Sales (5)
Total cost (TC)
Break-cven
sales Yariable cost (VC)
Fixed cost (FC)

BER(Q*)
Production quantity

Fig: Break even Chart _
For any production quantity which is more than the break-even
quantity, the total revenue will be more than the total cost, Hence,iﬂ'p :
firm will be making profit. i
Profit Sales - (Fixed cost + Variable costs)

sxQ-(FC+vxQ)
to find the break-even quantity and break-even

The formulae

quantity
Fixed cost

Selling price/ unit - Variable cost/urit

Break-even quantity
= FC/ (s-v) (in units)




uckion
12]introd Fixed cost
i anles = Gelling price/unit - Variable o8t/ uni
« Selling price/ unit
- -—E(-:-\cs (Rs.)
§-V

. s o 5 s B Lo
The contribution is the difference between the sales and the Varja

fouts. The margin of safety (M.S) is the sales over and above the
even sales. The formulae to compute these values are C”"”ibmiun;
Sales - Variable costs
Contribution/unit = Selling price/unit - Variable cost/ unit
MS. = Actual sales - Break-even sales
Profit
Contribution sales

M.S. as a per cent of sales = (M.S./Sales) x 100

~ Old Question Solution 24

1. Define engineering economics and enlist the principles of

engineering economics. [2069 Bhadra]
Solution: Engineering economics is the application techniques for the

evaluation of design and engineering alternatives. The role of engineering
eConomics is to

*  Access the appropriateness of a given project.

* Estimate its valye

Justify it from an engineering point of view
Principles of Engineering Economics:

Principlel: Develop the Alternatives

There must be more thap, one alte
after subsequent analysis,

Principle 2: Focus op the difference

matives, the choice is made among these

Only the di i

relefanti dtllljf&.trences In expected outcomes amaon
‘ 0 their comparison, & should be consid

Principle 3: Use a consistent viewpoint E“

g the alternatives e

d in decision.

- ¥
“hE' l].kE'I}' Guk‘ﬂlnesﬂf I]I I [t g utu
£ va ous a EI]IHH\"ES, II't]llﬂ] cost, [ l
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etc. should be consistently develaped from a defined view point
Principle 4: Use a common unit of measure
Using a common unit of Measurement o Speci.f}" as many of the

[Trn'-'rpi‘di!'b’[' outcomes as P':'S?rih|9 will make ; the j"S‘L‘B &
comparison of the alternatives,

Principle 5: Consider all relevant criteria
Selection of best alternative required consideration of almost all relevant

criteria. This includes both the outcomes speified in the monetary unit &
those expressed in some other unit of measurement.

Principle 6: Make uncertainty explicit

Uncertainty is inbuilt in projecting the future outcomes of the alternatives
and it should be honored in their analysis and comparison.

Principle 7: Revisit the decision

The initial projected outcomes of the selected alternative should be
subsequently compared with the actual results achieved. Revisiting of
decision ensure the good result of the final decision.

2. Explain the roles of engineers in the decision making examples:

Solution:

f\'::.‘i'r to [1.3]

3. Scarcity is the emerging issue in engineering field. Huw the study
of economics does help an engineer for decision making?
[2070 Bhadra]

Solution:
the resources of that

Scarcity is a naturally occurning limitation on
cannot be replenished. Scarcity may be classified as:

i)  Financial scarcity

ii) Material scarcity

ili) Labour scarcity

iv) Technology scarcity




ity is the emerging iSsue in the feld of E“Eint‘ﬂﬁn

' iact i ds a lot of financi
implement any kind of ct it demands ‘nancial regq, &
material, machine, long
arrangement, management and
much necessary for any projec
complete the project within possible_ short e 2
compromising on quality. For this wisely decision making plays Vita
& engineers must be responsible for this.

For Role of engineers in Decision making: Refer to (1.3)

time various kinds of manpower 5
coordination were all those faﬂn";P?r
t to succeed. It is always dESil‘abl,E ]

period, economically by

4  List out the principles of engineering economics.
Solution:
Refer o [1.2]

12071 Magiy

5. Deﬁnedemnmg economics. Write down the principles of
engineering economic analysis. [2071 Bhadra
Solution:

Refer to [2069 Bhadra]

6. i . :
E:x?]hm rvhjr the subject of engineering economics is important b
ey o [2072 Ashwin]

Fields of civil gineering i

huge investmen: we:jch di glmVU!vEs construction of big projects with
irect i 7

There occur a lot of alterna Y related to the economy of the socief

very important task. So, ::::};'E IEC“GI? of best alternatives is alway?*
tough. Analysis of oM b n mahng is &]Iwa}-’s challenging :

technically, economically ('ll'ljti.ajl.“e‘5 by considering all relevant criterid
Civil engineers can play vigg] rop. "¢ $4Ving) s must neceStY
cun::!:hon. ‘feasibijjl}. and aPprupr; In decision ma
Project, estimate its value ang - o>
finally discover the beg mﬁt

king to waluat‘*‘

) of an alternatives of @ 8"
*from an engineering stand poirt’
ve for implementation. For

g Engineering Economics | 15
knowledge about both in the field of civil engineering and engineering
conomics is necessary which clearly shows the important of mgmmng

economics to civil engineer,

7 Define Cﬂﬂgiﬂf!’ﬁng economics. Write do the A ipltl i
engineering economic analysis. [2073 Bhadra]
Solution:
Refer to 2069 Bhadra

8. "Knowledge of engineering economics helps in decision making
process”. Justify it by the principles of engineering economics.
[2073 Magh]
Solution:

Economics models help managers and economists analyze the
economics decision-making process. Each model relies on a number of
assumptions or basis factors that are present in all decision situations.
The fundamental basis of economic decision making is individuals or
organization's desire to maximize benefits.

Following are the reasons to have knowledge of engineer's
economics for engineers in decision making process.

*  Develop the alternatives

e use acommon unit of measure
e  use a consistent viewpoink

* consider all relevant critenia

s  Make uncertainty explicit

. Revisit the decision
ful to indentify alternatives uses of

limited resources and to select the preferred course of action. It is devoted
tions level.

to the problem solving and decision making at the opera

Engineering economics is use

9. State and explain dmiplesnfengimcﬁngmmmim
ate and explain p S s

Solution:
Refer to [1.2]




IR onomics. Explai ;
10, Define term engineerné b o Principe
(2075 lith‘d-:f
i

11. Define engineering economics. Why engineen‘ng Sconat
considered as important aspect for making decision fq, Eng‘;—:llca &
| te

Explain.
g Bh“dul

L3

Solution:
Refer to [2069 Bhadra] Q.N. 1 and Chapter 1.3

QMM

INTEREST & TIME VALUE
OF MONEY

2.1Introduction to Time Value of ¥

The idea that a rupees today worth more than a rupees in the future
because the rupees mda_‘.’ can earn interest

So, it is defined as "Time value of money is the time dependent value
of money stemming both from changes in purchasing power of money
(inflation and deflation) and from the real earning potential of alternative
investment overtime." Since money has the ability to earn interest. Its
value increase with time. Hence it is the relationship between interest and
time.

The value of a currency expressed in terms of the amount of goods
or services that one unit of money can buy is called purchasing power. As
time lefts purchasing power of money is reduced.

Interest

Time (years)

1 234506

Fig.: Time vs value of money

s A

- L3 Y .;-{:_._ . ;‘1:‘_.# !

2.2 Simple Interest ) S el

Simple interest is interest earned on only the principal amount during
each interest period. In other words, with sim

ple interest, the interest
ach interest period does not earn additional interest in the
ven though you don't withdraw it.

earned during e
remaining periuds, e g o
eposit of P dollars at a simple interest rate of r

In general, for a d
(rx P)N

N periods, the total earned interest would be, 1=
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o

B alercat sam in each periDd is calculated on the basig
W thial amount ot the end of the prev ious period & this total gy,

includes the original pﬁ[ﬂpﬂl plus the accumulated interest thﬂl"hag beﬂ:
left in the account is called compound interest.
So, the total amount, at the end of N period when sum P is depﬂsit.,d

atinterest rate’iisF=P(1+]"

23.1 Nominal Interest Rate

The inal interest rate is periodic interest rate times the Numbey
of periods per year. It does not include any consideration of

. compounding. For example, a nominal annual interest rate of 129, based
on monthly compounding means 1% interest rate per month.

If a financial insttution uses a unit of time other than a year, A
month or quarter (eg: when calculating interest payments), the institution
usually quotes the interest rate on annual basis. Commonly this rate is
stated as r% compounded M - ly

Where,r = nominal interest rate per year

M = compounding frequency or number of interest
periods per year
l'fiff = interest rate per compounding period
For example, i
r =12 % compounded quarterly, ie. M = 4 so rate = % (3% per 3

month)

Aswellas, r=12% compounded monthly.

; 12%
iLe. M= iy
e 12 50 rate = 12 (1% per month)

232 Effective Interest Rate
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Where, m = compounding period per year
Also,
iN=(1+ipm=1
Where,

N = no. of compounding period
1 = interest rate per compounding period.
M = compounding period-per year.
Example: From above formula the effective interest rate for 12%

Compounded semi - annually,

; 0.12¥
1=(1+T -1=1236% [-r=12%&m=2]

An interest rate takes two forms: nominal interest rate and effeckive interest
rate. The nominal interest rate does not take into account the compounding |'
period. The effective interest rate does take the compounding period into
account and thus is a more accurate mensure of interest charges.

A statement that the "interest rate is 10%" means that interest is 10% per
| year, compounded annually. In this case, the nominal annual interest rate is
10%, and the effective annual interest rate is also 10%. However, if
compounding is more frequent than once per year, then the effective interest
rate will be greater than 10%. The more often compounding occurs, the higher

the effective interest rate. I

All of the formulas used in making time value calculations are based
on effective interest rates. Therefore, whenever the interest rate that is
provided is a nominal rate, it is necessary to convert it to an effective
interest rate. As shown below, an effective interest rate, i, can be
calculated for any time period longer than the compounding period.

The most common way that nominal interest rates are stated is in the
form 'x% per year compounded y' where x = interest rate and y =
compounding period. An example is 18% per year compounded monthly.
When interest rates are stated this way, the simplest effective rate to 95‘ s |
the one over the compounding period because all that is required l:
simple division. For example, from the interest rate of 18% .P-Ef '.'Eu
compounded monthly, a monthly interest rate of 1.5% is obtained e

7 4 is i effective
18% per year/12 compounding periods per year) and this is an
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rate because it is the rate per com
rate for any period longer than th

interest rate formula.

Where: 1

effective interest rate per

i = (14r/m)" -1

pounding period. To get an e”‘fcﬁve
¢ compﬂu“ding period use the Nf"-“-‘livg

periﬂd

r = nominal interest rate per period

m

The types

of calculations u

summarized in Table below

Table: Summary of Calculation

number of time interest is compounded per period

sed to obtain effective interest rates Af

s Involved in Finding Effective Rateg

Interest
Statement

] To Find i for
Compounding Period

To Find i for any Fe:iﬁ‘
Longer than
Compounding Period |

-l

L

2.3.3 Continuous compounding

Continuous

Therefore it can be achieved
compounding periods in year) to

; compounding can e
compounding period infinitesimally sy

discrete interval but it is compounded contin

i“finity,

i=1% per month [iis already expressed | Use effective  interest
over compounding | rate equation
| period

i = 12% per year | Divide 12% by 4 Use effective interest
compounded rate equation

quarterly '

i = nominal 16% | Divide 16% by 2 Use effective interest
P year rate equation
compounded

semiannually

i = effective 14% | Use effective interest | For effective i values
per year | rate equation and solve | other than yearly, solve
o Rnded for r/m for r in effective interest
monthly

_______&Gceed

thought of as

Here cash flows occurs !
uously.

rate equation and then

NG

making

by taking limit of m (no of
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So0,i= mh:’nm[(l +—rn;)m _1}
[i-ﬂ{a}
or, e = (1 +1)
We have,
F=P(1+iN
or, F=PeN

F =P (F/P.r%,N)

r % is used to denote the nominal rate and the use of continuous
compounding,

2.4 Economic Equivalence =~ "

_____ = I

The process of comparing two different cash amounts at different
points in time is called economic equivalence. It indicates that different
amount of money at different time periods are equivalent by considering
the time value of money. Different sums of money at different times are
equal in economic value '

Calculations for determining the economic effects of one or more
cash flows are based on the concept of economic equivalence. Economic
equivalence refers to the fact that cash flow whether a single payment or
a series of payments can be converted to an equivalent cash flow at any
point in time.

Ihe equivalent value of an amount that is borrowed now, at future
time period at a given interest rate depends on the type of interest
whether simple or compound and the different loan repayment
arrangements like payment of accumulated interest annually and
principal at the end of the stipulated interest periods or payment of both
the principal and interest at the end interest periods or payment of
uniform amounts annually that comprises a portion towards the pz_n}lrnent
of principal amount and remaining for the accumulated interest
throughout the interest periods.

For example, we could find the er!ui\'almt future vaéuz Df'FgD:h :
present amount P at interest rate i at penud n; or we could determin
equivalent present value of P of n equal payment A.

Equivalence Calculations ;
General Principles are:

, alternatives
Principle 1: Equivalence calculations made to compare alt
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: o 3 common Hme basis: )
5 T ‘.h an economic equivalenﬂ-‘ between two cash flow
o) establish

i be selected.
' mmon base Penq.d must
e ds on interest rate:

Princi Equivalence depen |
= equivalence between two cash flows is a function of the
magni ﬁafbd timing of individual cash flows and the interest rate wil]
mti": i a]erfwe between these two sums, as we will demonstrate
destroy the equiv -

in Example 4
Principle 3: Equiv

multiple payment cash flows to a single cash flow.
Equivalence is maintained regardless of point of view.

alence calculation may require the conversion of

Principle 4

- T = = g
= o F R D et e “ =
_ ~ Solved Exa mple

1. Suppose }'o deposit $1000 in a bank savings accounts that pays
interest rate of 10% compounded annually. Assume that you don't
withdraw the interest earned at the end of each period (one year),

but let it accumulate. How much would you have at the end of

year 37
Solation:
Given: P =$1000, N = 3 years, and i = 10% per year
Find: F, F=$1000 (1 + 0.10F = $1.33% [ from F=P(1 + i)¥]

2 In 1626, Peter of the Dutch west company paid $24 to purchase
Manhattan Island in New York from the Chinese. In retrospect, if
peter had invested $24 in a saving account that earned 8% interest
rate, how much would it be worth in 20077

Solution:
Given P=$24,i=8% per year & N = 381 yrs (2007 - 1626)

Find F, based on () 8% simple interest, F = $24 [1 + 0.08 x 381]=
$755.52

(b) 8% compound interest, F = $24 (1 +0.08)
= $130,215,3 19,909,015
3. Suppose you are offered the alternative of receiving either $ 3,000

s ;,g? will be paid in full (no risk). Because you have no curren!
n Or money, you deposit the P dollars in an account that pay$

Given: F=$3,000 N = 5 yrs
Find:P F=P(1+ i

= F E—E{—KE___ -
(1 + i [1+g_(_ﬁ}i_5~.ﬂ42

and i = 8% per year

So, it is clear that if P is anything. less than $ 2,042 you would
prefer the promise of $ 3,000 in five years to P dollars today.
Otherwise prefer $ 3,000

4. In example 2.3, we determined that, given an interest rate of 8%
per year, receiving $ 2,042 today is equivalent to receiving $ 3,000
in five yrs. Are these cash flows equivalent at an interest rate of
10%?

Solution:

Given: P=$2,042 i=10% &N=5yrs

Find: F F=P(1+1)N=2042 [1 + 0.10]° = $ 3,289
Since the amount is greater than $ 3,000, the change in interest rate
destroys the equivalence between the two cash flows.

3. Suppose you have invested Rs. 1000 at present. How long does it
take for your investment to double if interest rate is 8%
compounded annually?

Solution: Let investment F will become 2P after N yrs

F = 2P

FromF = P{l+iQ
2P = P(1 +ipM
or,2 = (1+0.08N
1088 = 2

N log 1.08 = log 2 [: taking log on both sides]

/ N =-9yrs
- i is 18%
Find effective interest rate when nominal rate of interest 15

6,
. e i 1
per year & compounding is (i) Monthly (ii) Daily (iii) Hourly
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iv) Continuously. : ,
(. ) when patterns in cash flow transactions’ can be i Seidities] s SO
Solution: advantage of these patterns B ; : ;
: ; y developing concise ‘expression for
. i 0.18)12 computing either present or futy ; i
it 1+i) _1=(]+—'—H) -1=19561% ; : s r‘?wﬁl‘mﬂfﬂﬂsenes_wlewd]clasﬁiiy
(i) Monthly, i = = 12 the five major categories of cash flow transactions; develop interest
365 formulas for them.
0.18Y7°7 ; . :
(ii) Daily, i= (] + ES'Q) -1=19716% 1. Single Cash Ifluw : It involves the equivalence of a single present
! amount and its future worth. So it deals with only a single present
e (1 , 018 )36:' X 24. % amount P and its future worth F and is given by
I:III.} ourly, 365 % 24 FEP{] +1}N
(iv) Continuously, (from equation (a) from 2.33). )
i=e-]=el8_1=71972170 I
1 1
7. If a lender charges 12% interest, compounded quarterly, what ]i t ; i 1
effective annual interest rate is the lender charging? pP= I.[.]-'[]I :
tion: :
Ealution Fig.: Single Cash Flows
= + o
I 1+ (012/4) )41 2. Equal payment series: This describes the cash flow of the common
= (1.03)*-1=_1255=1255% installment loan contract, which arranges repayment of the loan in
8.  If alender charges 12% interest, compounded monthly, what is the squal periodichiipi e
effective interest rate per quarter? F
Hint: m = number of compounding periods per quarter 0 T T T T T A
Solution: l S N
Let,i = effective interest rate :
; rate per quarter. Fig: Uneven Series
‘r = 12%/4=3%and m=3 (No. of months per quarter) [(1+iN -1
I = [1+4(003/3)]3-1= (L.O01)-1=00303 =3.03% Bl {
9, : .
B 2 t'nnrtey lender charges interest 1% per month what is the Where, A = Annual payments or incomes
~ effective interest rate per year?

Payments are made at the end of each equal periods. These

Solution: transactions are graphically illustrated in figure. Looking at this: diagram,
in = effective interest rate per ye we see that if an amount A is invested at the end of each period, for N
M =12 S periods, the total amount F that can be withdrawn at the end of the N

periods will be the sum of the compound amounts of the individual
deposits. .

As shown in figure, the A dollars we put into the fund at the ETI;i ?:
the first period will be worth A (1 + i)¥*1 at the end of N perli;'l]d:e e
dollars we put into the fund at the end of the second period W S
A (1 +{)¥-2, and so forth. Finally, the last A dollars that we contri

inN= [] +() Dl]u -1= [}']2{;.8 = 12&3% per year

nterest F
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the end of the Nth period will be worth exactly A dollars at that time

This means that there exists a series of the form.
F=A(Q+iN-1+A(1+DN-2+. +A(1+i)+A

or, expressed alternatively,
F=A+A(1+D)+AQ+iP+.  +A(T+D) L. (1)

Multiplying Eq. (1) by (1 + i) results in
(Q+)F=A@+i)+A(1+iF+. . +A(1+iN

Subtracting Eq. (1) from Eq. (2) to eliminate common terms gives us
F(l+i)-F=-A+A(1+iV
Solving for F yields,

1+4iN-1]
F = A[[-'L;'—J|=.-1[F;"A,i.N}

3.  Linear gradient series:
The amounts are not always uniform, when manvy transactions
involves series of cash flows but they vary in some regular
difference
*  One common pattern of variation occurs when each other cash
flow in a series increases (or decreases) by a fixed amount.
N-1)G

A (N 1)G
Jh'._'(}-"-. |

&
|

Fig: Linear Gradient Series
Present - Worth Factor: Linear Gradient: Find P, Given G, N, and I

How much

gradient amo:noijs F?; h-‘_iv.g_m deposit now to withdraw the

Present amount p f:: e ]m ﬁgwf? To find an e€xpression for the
FPPY the SIHEI? - Payment present-worth

9% P= Z (500 +ip
n=1
LelmPugG : aam“"“*i.}‘xyields
n+“2+2‘“]+...+{m_1 -
ax[u+x+2x2+""‘(N—]];:~-|]
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Since an arithmetic- geometric series 0. x 22 ..., (N - 1)x¥-1) has

the finite
. T—Nx"‘-w[N_l},
- 1

We can rewrite Eq. as
[T = NxN-1+ (N _ fju8

i
Replacing the original values for A and X, we obtain

. G[A*iNNi-1
SR (1+i) }GI‘PEGJ-T‘J}
I'he resulting factor in brackets is called the gradi i

gradient series present-
worth factor, which we denote as P/G, i, N)
To find F,

peg[Atil=1] NG
L

1

i

P = axt

Functionally

17 NG
G (F/G,i,N)- =

To find A,

-c[ii
i T
Functionally, G (A/G, i N)
4. Geometric Gradient series:

When the series in cash flow is determined not by a fixed amount
like above but by some fixed rate, then the series is called Geometric

gradient series.

Fig Geometric Gradient Series

Here, F, = A(1 +i)¥!

Fo= A(1+g) (1 +iN2
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Some formulae:

A. Equal payment series: [[1 5 lff—‘l]

Fy = A +gP (1 +i

Fn=A(l + g B. Linear gradient series: [ 1+ ' '1:| NG
i
So.FE=F; +F:+.......... + Fu
=A(l+)¥+ A+ +INTH AL+ (1 +NT+ AL+ g A “L[I i +]},L1:‘
(From sequence and series formula) & =E[ QA+iN-Ni-1 ]
i
afl - Lo
Sum = —{1—1 [ r = common ratio] 1+8M - (1
-r C. Geometric gradient series: F= [ - e L5
f N1 o
11- ( 1_+._.*_1\': | D. For compounding;
. :) N \1+i/ | Iq_.;_a
= Al +i) A+ g, Derer =\37i/ Rule 1: From higher compounding period to lower compounding,
1-{ 1+i | ; period.
. i'l't’-\lf - iw'l'l'll
= A(l+ip [+ fLEe \T (1+1) Eg: iquarter ==~ OF Touawter ™)
' 1 +ti-1-g [] + [N ;
(A+iN-(1+g) : o v
= -_&I |r] 1 ]:Ii :g] + |I“:Il Lsemi 2
L: a +j;‘» S : Rulglr From lower compounding period to higher compounding
~F= ﬁL——-—__E_] period.
! =
i - g eg: isemi = (1 + iquarter ) — 1
. U]lgﬁm}_=_‘qﬂf1+j]'\-] a1 P2
To fi 5 year monith
For withdrawn: if i = interest rate per year and withdraw is monthly
p= Afl-q +. g (1+1)-M] then imonh = (1 + iygar)/22 =1
: ~B 6.  Continuous compounding and continuous compounding
Ifi=g formulas.
p= [—Hﬁ_] a) Continuous compounding and discrete cash flow
141 Here cash flows occurs at discrete interval (eg. once per year) but it

is compounded continuously throughout the interval
S€ries: A series of cash flow Let the nominal rate of interest per year be r, and the use of
it an ﬂverali re

3, Ul‘ll!q:u] pa
Fm w"& u-l
wh gular
ich are irregular and doesp'y exhibj B £ e
;,Llldr pattern continuous compounding

i=er-1

______ We have, F=P(1 +iN

F = Pe™
k= Hevenue

%= Cont F=P(F/P, r%, N)
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Interest Factors and Symbols Fslion
Factor Name unctiona
[ To , Given ! Factor Symbol
Hiad Single cash flow Wi
F P ; N Continuous |Ff P, fw
compounding
compound factor L .
P F e N Continuous {P/F, l"f:ﬁrh
compounding
present equivalent |
Uniform series __‘_hh‘
F A eN_ 1 Continuous {F/A, r%_,ﬂ_}"
er-1 compounding
| compound amount =
P ] A eN-1 | Continuous {P/A, 1%, N} |
eN(e"~1) | compounding
present equivalent
A F er-1 Continuous [A/F, IW
eN-1 compounding
sinking fund
A P | e¥({e-1) | Continuous {A/P, 1%, N} |
L eN-1 | compounding
capital recovery

b) Continuous compounding and continuous cash flow
Continuous cash flow means a series of cash flows occurring at

ﬁ!ﬁlﬁtﬁima]]}rslwninterval.
LEtl"-MEIimIii‘ltﬂ'estper}fear

If there are P y
total of one unjt Pﬂm Payment per year which amount to a

“[Tlii TT3 H‘
We have, :

F=Af((1 +in- 1)/ i)
F=A{(1+i) =1) /i) (ifN = 1)
Future equivalent at the Endﬂf}rear]

1
F=o W +r/pp-1)/4y P

w
A |
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F=U(+r/pp-1)/r) :
As F=P(1+r/p)
1+r/pjp-1

= r(l +r/pje

lim
Asp , (1+r/pp=¢
Present equivalent of continuous one year cash flow
P =1{e - 1/r(e)}
P=e"-1/re
(P/A, 1%, N) = e - 1/re
Where A = amount flowing uniformly and continuously over one year
Thus,

i) P = Af(e™ - 1) /reN}
© . SolvedExample
1. A person deposits a sum of Rs 5000 in a bank at a nominal interest

rate of 12% for 10 yrs. The compounding is quarterly. Find °
maturity of deposit after 10 yrs.

T

ii) F = A{M}

Solution:
Given, P =Rs500, N =10 yrs, r = 10% compounded quarterly
-

rym 01
&J;L-f-&-\-nw=('l+a) -1=( ET -1=125508% per year.

F = P(1 + i) = 5000 (1 + 0.1255)"" = Rs 16310
Mr. Jha wants to have $ 1000000 for the studies of his daughter

after period of 15 yrs. How much rupees does he has to deposit
each year for 10 continuous yrs in a saving account that earns 8%

interest annually.

Solution:
Given: F = $1000000, N = 15 yrs i = 8% per year

........

[ —]
- —
2 ]
B o
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Find: A First discounting F = 1000000 to year 10 Engineering Economics | 33
o 19 With an annual incre
Fio=Fx(1+i)N= 1000000 x (1 +0.08)° =$ 680 56 interest rate of 15%, Find theat‘:ta'i'fahmm:mm for next 9 yrs with an
; the above serie atend of 10 year with
MNow, from equal payment series formula 2z 3
5 Solution:
1= TR - :
F = A[ﬂ——]}——J (.: F is F) Given: (It is the problem of Linear gradient series)
i G = Rs. 1000, A = Rs. 5000, N = 10 yrs and i = 15% per year
A = F xE]_“”_iJ'NTI- Find: F = future worth -
[]1}3 0 123 4 %6749 )15
A = jex
= BS»DSSS'IQX(I_UB}”’-] = 546,9&0.3 §
3. A man aged 40 years now had borrowed Rs 500000 from a bank for
his future studies at the age of 20 yrs. Interest was charged at 119, 8 §5
per year compounded quarterly. He wished to pay loan ip B
' semiannual equal installments with the first installment
beginning 5 yrs after receiving loan. He just cleared the loan now.
What amount did he pay in each installment?
Solution: F =Fa+F:
Given, P = Rs.5000001=11% per year & compounding quarterly F» = Future worth from Equal payment series
N = 20years A=? Fi; = Future worth from Linear gradient series
Quarterly interest rate, S50, P = =’\[M;\+g[w}-ﬁ
d ; i i i 1
. i L ]] wr : ¥
L = {4_.‘ sl e 2.75% [From formula No.4) s H_ml'ﬂ + 015 -1] 1000[ (1 +0.15)" - 1]_ 10 = 1000
=00 T 015 015 0.15

Semi-annual interest rate

lemi = (1402 -1= (1+ 0.0275)% - 1 = 557%
Using single payment compound amount factor 2
F = P(1+i)¥ = 500000(1 +0.057y% ..

= Rs. 170209.33

An investment of Rs. 100,000 is made in a company. The first year
of the investment produce net revenue of Rs. 20,000. Over a 40 year
period, the net revenue received from the investment decreased by

Using uniform series compound amount factor 10% each year. If the interest rate is 12%, what is the present worth

F = A[un_:lJ= A[ﬂim” for the investment?

. : | 0.057 gt
Equating equation (i) & (ii) Solution:

o o =12% o =-10%, N = 40 years.
| ﬁmmm.nmwtﬂ[mﬁ? 24,3 GivenA = 20,000,1=12%g=-10 4

| 0057 B 2]
~ A =Rs 6] 21732 is semi-annua Pw = -100000 + 20000 i-g

4 A person is Fliﬂ i f h Ipil}'ml_'ﬂt.
L ning for his ret; : ( | E
.H-'E‘!'VI'.CE‘. H«E Wﬂl.lld ]ikg t rehre‘d llfﬁ' and hi& Iﬂ more }.rearg Df ks _1 + Zm ]_§1fo{_{.1} = R!. 13,6133

0 deposj :
5000 at the end of first year in?:}':el;ﬂ"fu of his salary, which is Rs
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What is the effective interest rate of nominal interest rate 10% per

6.
year if the compounding is
a) Yearly b) quarterly
) monthly d) daily
) continuously
Solution: For compound
a) Yearly
1
f’(“i)m' 1 =[1 J'l—l) ~1=01=10%
b) Quarterly, m=4
4
i-[l - %} -1=0.1038=1038%
c) Monthly, m=12
0.1\12 A
:—(1 +*ﬁ) -1=01047 =10.47%
d) , m = 365
=( i]_]?nﬁi i
! 1 +365_, -1= 01051 = 10.51%
€) Continuously, m ==

: 0.1)=
1=(1 +:J -1=e-1=¢-1=(10517 = 10.517%

7. Determine the FW of given cash flow data.
Deposited at 8% compounded continuously for five years.

i) Rs. 50,000 at the beginning of each year
ii) Rs. 50,000 at the end of each year

Solution:
F

: T

Fl 21 31 41 5
i A= 50,000
sing continuous compound amount factor (af

t
F = AN-1)/(e-1) SRRty

50»'11}"(‘—'“”"’-1]!'(@"“4}
Rs. 295258.74

So, P at 4™ year = 205758 74

F = PeN
= 295258.74 x gooe
= 31984998
Again,
F
n I
!1 ‘_-l 11 ;! 5|
A = 50,000
F = A{er“-lj,l‘{e'-‘lj
= W,EII]I[E”m’i—l]f{e‘J'-‘!-lj
= Rs. 20525874

e

. S . 3 Ny P Wi it T T e "

1. Ramesh, a civil engineer is planning to plane a total of 20% of his
salary, which is Rs 250,000 per year. He expects 7% increase in
salary for next 15 years if the mutual fund results in 10% annual
return, what will be the amount at the end of 15 years. If salary
increases by 25000/ year, what will be the amount? [2069 Bhadra]

Solution:
For the first case, the flow is geometric

A = 20% of 250,000 = 50000

g =007
i =010
N =15
We have,
1=(1+eM 1+
] P =Ax [ :1:_} ﬂ{ )

1 - (1.07)5 x 1.10-5
= T 0 10= 00

= 565849.642
= P(1 +i)N = 2363694.381
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b If salary increases by Rs.25,000/ year than

A= 50000
G = 5000/year

5000 T.u:l-*-i}-l&xﬁﬂy_l
F = SO00(F/A10%19 %330\ 010 ) 010
» 1105 - 1 £1.10% = 1 ~15 x 5000
= S0000x~ o7 3000 (T30 )T 010

2 mﬂ'l.llul and effective interest rate. IZD?] Bhadra]

Solution:

Serat 231 mmd 13
Evaluate FW at the end of 15 yrs with 10% interest rate

3 e
compounded monthly on a cash flow of 50,000 at the begnnlng of
each first 10 years. [2071 Bhadra]

Solution:

A A A A A A AAAA f
ERR2 3 4 5% 7 5 o S

Given, A = 50000, r = 10%

= i35)
! = *ma’ -1
(1,002
¥ 2y -
= (.1047
= 1047%

At the end of 9 year or tﬂ:gglng of 10% year

FW = A!j“‘fl'i!'-lj
I_Ir I-_
" smmlui{fﬂ—q

0.1
= Rs. 85336065

J.ul"
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S0, the value of FW at the end of 15* year is
Foo= P+
= 853360.65 (1 + 0.1047)
= Rs. 155095335

4.  What will be the amount of money at the end, if you deposit Rs.

5000 per month for five years continuously? If nominal interest
rate is 10% & compounded quarterly. [2071 Magh]

. o ]
Solution; iy

Given, A = Rs. 5000 per month for five TS

inominal - = 10% & compounded quarterly
R | b,
S0, l.-;..-.-.-:_-\r - T — T e '.-'i‘n 0

= 0.62%
[A+iN-1
[T

1

_ | {1+ 0.0062)8-1 i
- .'\[]l.i_‘.l W:
= 362070.93
5.  Calculate the value of x from the following figure. (i = 10%)
[2071 Magh]

15 20 20 20 15 10

Solution:
Lompounding 15, 20, 20, 20 to year-6 and discounting 15 & 10 to year-6

50 that,
M1 +i¥-17 15 10

1RAR0I) 297 S oy tarorE 0

19965 + 662 + 13636 + 8.264 - x =10

- x = 108.065
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1 interest
ctive I.I'ld “umll'li
What is the eff t rate compoun

6.
end of 10 yrs with 8% in PR
cash flow of Rs. 500 at the beginning [2070 Bhadra]
years.
Solution:
¢ 2072 Ashunn
For theory part Sec a gl

ﬁTS

it

Transforming the amount to end of each year
T = 500xe®
The worth of all at the end of 5" year is
500 x e** (F/ A, 8%, 5)
DOE*5 _
= 3198.499

o 1

Y
500 x el08 x
The worth of it at the end of 10 years is
= 3198439 (F/e, 8%, 5)

= 3198.439 x gl08*5

= 47N6
If you deposit Rs 10,000 is a saving account now, which gives 10%
nominal interest rate, what will be the amount after 5 years if
interest is compounded
(i) Semi annually (ii) Monthly

Solution:
If interest is compounded semi*annual!}f then m

[2070 Magh]

= 9 and the

P effective interest rate is
gt = (1+r/mjm-
AL
2
= 10.25%
F = P(F/P,1025%,5)
= 10000(1.1025)2

ii)

8.
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= Rs. 16288952
For monthly compounding

: 010012
leff = (1+'ﬁ‘

P(E/F, 1047, 5 = 10000 x 1.10475 = Rs, 16452.116

-1=1047%

F =
Find the value of P if j = 10%, use gradient formula also,
[2070 Magh]
6 16 16 16
Solution:

Discounting all cash flow to year 2,

G N
10F/ A, 10%, 3) + [T (F/G10%,3) - —ICE] +16(P/ A, 10%, 4)

P =
, 4 516 1618
f ; 1‘.; it
0k SREIETE g
S L 1+iN-1
R, |_L 1 M
=10, 110=1 AR 312) 1104-1
- 0010 *\010* 010 - 010) XG0 x1 108
= Rs. 90.004
9. What is difference between nominal and effective interest rate?
[2072 Ahswin]
Solution:

Nominal: Interest rates are the stated, advertised or quoted rates WI'E.I_E
no time period is started, than per year (also known as per annum) is

assumed.

Effective: Interest rates are what borrow have to actually .pay :Jn:
depend on how frequently the nominal rate is compounded. (i.e. whic
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ance of the loan).

means adding interest t0 the bal
23.1and 2.3.2

For formula and examples: Refer at

10. ‘!I!’m.lﬁJI deposit Rs. 1000 in your bank account. If Ihel' bank pays 49,
simple interest, how much will you accumulate in your ":mllnt
after 10 years? What if the bank pays -:c‘:mpnund interest? Ht_)w

* much of your earnings will be interest on interest? [2072 Ahswin]

Solution:
Principle (P) = 1000
Simple interest rate (i) =4%
Time (N) = 10 years :
The amount accumulated in bank @ 4% Simple interest = P + PiN
= 1000 + 1000 x 0.04 x 10 = Rs. 1400 '
Amount accumulated in bank @ 4% compound interest,
=P(1 +i)¥ =1000 (1 + 0.04)"" = Rs. 1480.24
Interest on interest = 1480.24 - 14000 = Rs. 80.24

11. What is nominal and effective interest rate? Evaluate FW at the
end of 10 years with 12% interest rate compounded monthly of a
cash flow of Rs. 40,000 at the beginning of each year for 5 years.

[2073 Bhadra]

Solution:

. For Nominal & effective interest rate See at 2.3.1 and 2.3.2

n
—_—
+
=8
b T
=
I
=i

= (1_,.% 12
3 2 s

= 0.1268
= 12.68%
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At the end of 5 }"-‘ﬂfﬂrbeg;inni_’ngofﬁuh}.w .

X ﬁ[L-L—1 ”,“‘1]

40000 [Ilﬂﬂ?l}‘;i]

0127
= 330,395.98
So, the value of FW at the end of 10" year is /
F = P+iN A
= 33039598 (1 + 0.127¢ /
= 600,695.45

12. A person invest a sum of 50,000 in bank at a nominal interest rate
of 18% for 15 years, The compounding is monthly. Find the
maturity amount of the deposit after 15 years. Also briefly

explain the importance of time value of money. [2073 Magh]
Solution:
First Part:
Investsum = 50,000
Nominal interest rate = 18%
Effect interest rate (i) = ifl ¥ _r_"-,lm i
: 5, m/
= 19.56%
Maturity amount of the deposit after 15 years
B = P(F/P,19.56%, 15)
= 50,000 * 1.1956
= Rs.729052.15
2nd Part
Time Value of Money (TVM) is an important concept o investors
: h more than a dollar promised in

because a dollar on hand today is wort
the future. The dollar on hand today can be used to invest and eam
interest or capital gain.

A dollar promised in
of inflation. The time value of money can

the future is actually worth less than a dollar
be broken up

today because
into two areas.




|
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* Present value
* Future value
Future value
Present value = {1+ rate of return)mmbe o permds
Present value determine what a cash flow to be received in tha
v

future is worth in today's doflars. Tt disc
. ge rate of returm and the number of

the present date, using the averas
periods. No matter what the present value is  that
value amount at the specified rate of retum and number of periods, the

investment would grow mto the future cash flow amount.

[ fvalne ¥ + a oof re number
Similarly, future value = Present value * (1 + rate of return)

ounts the future cash flow back tq

if you invest that preseng

of penods

Future value determines what a cash flow received today is worth
in the future, based on inferest rates or .'..-!Pi[.'a: gains. [t calculates what a
cizrrent cash flow would be worth in the future, it was Invested at 3
specified rate of return rate of return and number of periods.

Both present wvalue and future value take into account
compounding or capital gains, another important aspect for investors
looking for good mvestments.

13. If you make equal monthly deposits of Rs. 5000 in the bank for
10 years, saving accounts that pays interest rate of 6%
compounded monthly, what could be the amount at the end of 15
years? [2074 Bhadra]

Solution:
Here deposit is monthly (A) = 5000
Interest rate = 6% compounded monthly
TR
g Le75=05% per month
up to 10 years, number of payments (N) = 10 x 12 = 120
A = Rs. 5000
i = 05% =0005

= 5000 ﬂ%%sﬂ’;l]

= B19396.73

Now,

14.
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At the end of 109 year 1o = 81939673
Yearly effective interest rate {ia) =1 +i -1
= (1 + 0.005)2 -1
= 0062
Fis = Pio (1 +i.)" [Here n = 5 years]
= 819396.73 (1 + 0.062)*
= Rs. 1106921 46
i.e. Amount at the end of 15 years is Rs. 1106921.46

How many rupees should you deposit now so that you will be
able to draw Rs. 5000 at the end of this month which increases by
2 percent per month for 15 years? Bank interest rate is 5% per
year. [2074 Bhadra]

Solution:

Given, Yearly interest rate (i,} =5%

Interest on first month ie. (A) = 5000

Geometric Gradient (g} = 2% = 0.02

M = 15 years = 15 x 12 = 180 months
:\

Monthly interest rate (im) = 'l-." % =0417%=000417

Now, Using Geometric gradient formula

A A |

= o -

F{1 + 0.00417) - (1 + 0.02)1%7]

o 0.00417 - 0.02 |
33.205 W)

= 000 x5 016

= 10376562.50

Now, :

15,

e e
P = F(1*i)
10376562.50 (1 + 0.00417)'%

= 4906252.05

So you have to deposit Rs. 4906252.05

inal i fective
Define time value of money, nominal interest rate and ef!
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interest rate. Calculate the fu
monthly deposit is Rs. 6000 for
year.

Solution:

For definition refer to chapter content.
Given, monthly deposit (A) = Rs. 6000 up to 3 years

jen = 3x12=36

ture sum at the end of 5" year whe,,
3 years that earns 7% interest pe,

Yearly interest = 7%
7 :
Monthly interest (in) = 73% = 0.583% = 0.00583

i[ﬂ + ii!n - I]

At theend of 3 years Fs =

(1 + 0.00583)% - 1
= 6000 0.00583

= 6000 = 39.927
= 239566:21
Now, At3¥yearP: = 239566.21
i 7% =007
For5%yearn = 2years
B = P:(1+ip
= 239566.21 (1 + 0.07)
= 27427935
That is future sum at the end of 5t year is Rs. 274279.35

16. A machine needs uniform semi-annual cash flow of $ 10,000 for

fuel liﬂ-r 5 years. If interest rate is 129 compounded quarterly,

~ what is its equivalent present worth? [2076 Bhadra]
Solution: Refer 2071 Magh

amm

BASIC METHODOLOGIES OF
OF

ENGINEERING ECONOMI

ANALYSIS o

In most of the practical decision environments, executives will be forced
to select the best alternative from a set of competing alternatives. Let us
assume that an organization has 3 huge sum of money for pntenua]
investment and there are no. of different projects whose initial outlay and
annual revenues during their lives are known, The executive has to select
the best alternative among these competing projects.

There are several bases for comparing the worthiness of the projects.
These bases are:

1. Present worth method

2. Future worth method

3. Annual equivalent method

4. Rate of return method

3.1 Determining Minimiim Attractiv
: B s iy e i
Rate of Return (MARR) T
MARR is the interest rate at which firm can always earn or borrow
money. MARR can also be regarded as the minimum return required to
get investors to put up the money. MAAR can be developed from existing
projects and may be different from time to time within the same firm.

Factors influence the determination of MARR

1.  The amount of fund available for investment and its source.

2. The nature of investment alternatives.

3. The amount of risk perceived in the investment.

4. The type of organization involved. (Government, public, private)

- MAAR is determined from the opportunity cost viewpoint. i
Example: Consider the following schedule, which shutﬂs prospﬁ:":t
annual rates of profit for a company's portfolio .ﬂ{ capital inves

projects.
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Cumulative
E“Pfd;: I:;ui:ﬂ Rate ll::l :f::::i::s lnveshienl
4% and over Rs. 2200 8 S 1
30- 39.9% 3,400 s
20- 29.9% 6,800 gy
10 - 19,9% 14,200 S
Below 10% 22,500 P s

If the supply of capital obtained from internal and external sources has
a cost of 15% per year for the first Rs. 5,000,000 invested and thep
increases 1% for every Rs. 5,000,000 thereafter, what is this company'y
MAAR when using an opportunity cost viewpoint?

Solution: Cumulative capital demand versus supply can be plotted
against prospective annual rate of profit, as shown in figure. The point of
intersection is approximately 18% per year, which represents a realistjc
estimate of this company's MARR when using the opportunity cost view
point.

Anmial Rate of Profl

4 » 15 i 5
i bats e Cagital Expendinge 1 S—

: Fig: Cumulatipe capital expendity e

7 S g Foak T il R
e = e s
i R s

Pﬂ back riDdistl'm ) A Y e, S
makes a{mﬂughpfo recoup thlemti:l-l d-h needed before an inyestment
tial investmenps, The payback method

calculates the number of years requi
Sitows. required for cash inflows 1o Just equal cash

classified in to two types,
1. Simple or comventional payback period.
2. Discounted payback petiod,
1. Simple payback period (SP)
Simple payback permd doesn't consider the time value of money (i =
0) It measures a projects liquidity and is computed as follows.

Initial Investernt
Expected savings or Reveneye Per year

Sp =

OR,

SP = years before full recovery + Hnrecovered ccfﬂt = st F‘EYW
cash flow drawing following year
In other way, SP period for a project having one time investment at
time 0,
8
L (Fe-E)-1I>0
k=1
Where, | = Capital investment.
K. = Revenues at the end of year k.
Ex = Expenses at the end of year k.

6 = Simple payback period.

Benefits and Flaws of Payback Period

The simplicity of the payback method is one of its most appealing
qualities. Initial project screening by the method reduces the information
search by focusing on that time at which the firm expects to recover the
initial investment. The method may also eliminate some alternatives, thus
reducing the firm's time spent analyzing. But the much-used payback
method of equipment screening has a number of serious drawbacks.

The principal objection to the method is that it Fa.iis_tu measy
pI‘U[‘i!‘lbiIit}r (i.e., no “profit” is made during the pa}'bai'?k P\‘-nﬂd} Simply
measuring how long it will take to recover the initial mv&h:rmw_ outlay
contributes little to gauging the earning power of a project. {[n other
words, you already know that the money you h,;.rr:m:ed for ﬂmﬁﬁ
is costing you 12% per year; the payback method o ttell you i
your invested money is contributing toward the interest expenie,) s,
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is i iffe s in the Himing of ¢, "
because payback period analysis ignores Jdifferences 11 1 & of cag) En | l4g
flows, it fails to recognize the difference between the present and futy,,
value of money. For example. although the payback on tWo investmeny, [Note: Interpolation Technique by g 991ES plus cafeul,
ey = plus calculation

can be the same in terms of numbers of years,

Payback period = 3175 years

a front-loaded !I:]\'l.‘hln-.._.t.It 4
Mode = 3 (8T AT) =2 A
=L ¥ ) =

is better because money available today is .1.-,n|:th nmrc than that tg be For exempla:3 :
gained later. Finally, because payback screening 1gnores all proceeds aftey o :
the payback period. it does not allow for the possible advantages of , f 3, ‘
project with a longer economic life. N 4
> AC = SHIFT = | (STAT) =5 (Reg.) =

In summary advantage and dis-advantage can be presented as
.'-al'l_n'.l - f'r'i'.'!'r;.'l)'fnlf‘frur value) [I'

y = 3.125)

*  Simplicity J
Uy
Discounted payback period : It is defined as the number of years

» [t doesn't require any assumption.
7 ; : ; _ 2
® Reduces information search by focusing on that time at which the % ;
firm expexts to recover the initial investment. wqu.uud. to i the investment from discounted cash flows. Le.
Disadvantages considering the time value of money,
*  [Fails to measure profitability Discounted payback period for a project having one tme
- investment at time zero can be ¢ uted 3
¢  [ttakes no account of the time value of money. SRt "G SFF0 . Be e
* It takes no account of the residual value in the capital asset. E (Re - EJ) (P/E, i% K} ~1>0
. g ; E (Re-EJ)(P/F,i% k)-1>(
;m# Calculate simple payback period for the given cash flow of k=1
project
End of Y. - = / Where, | = capital investment
;ar (EOY) d Net cash flow (Rs) i R, = Revennes st il e
1 . 25,000 Ex = Expense atthe end of year k
i M Attractive Rate of
| = 1 Attrachy te of refarmn.
2 a’m 1 igiinglibin Tacnve ~hate Of retl
3 | 8,000 8 = Discounted 'r‘d'n't"[!n_‘k period.
: | 8,000 Advantage
Solution: 13000 ool * (Consider the time value of money
f End of Year (EODY) | Net ﬁﬁﬁ; {E_r"c— —_— = *  Consider the riskiness of the project's cash How.
| ; 3 o ___)_|___IJII'E-!litl'l-‘t' cash flow (Rs) Disadvantage
- Lm —_— .. e o :
| ¥ )
|I ! 8,000 = 25,000 . lgnores cash flows beyond the discounted payback period.
|II & 8,000 ; r';' [H:” *  Requires an estimate of the cost of ca pital in order to calculate the
| 3 8,000 i [:1 l: payback.
: -1, ,00( : - : i
/ § 8,000 : . No concrete decision criteria that indicate whether to investment
/000 increases the firm's value.
' Here, th . B + 20, 000
| ere, the cumulative cash flow fyrmy 0 positi e i b SR isionks
#Ve In year 4, Therefore A : if maximum
4 e Evaluate the acceptability of the following proposal

Pa}?bafk R e et year3and 4, H}' ihh':l‘hl lation
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ume MARR = 15%

allowable discounted payback is 6 years- Ass

heuzan

Amount (in thousand) | -1500 [200 |400 450 S0, [1160)
Solution: ¥ A
[EOY | Net cash how ‘I_'_—'ﬁ.-g at 15% ] Cumu]aﬁf_}iw:

0 |-1500 TS[T'F ______1‘?'2 A |
1 [ 200 200/(1+0.15)! = 173.91 132609 |
2 | 400 400/ (1+0.15?=302.46 -1023.63
3 | 450 450/ (1+ 0.15)° = 295.88 -727.747 ]
4 | 450 257.29 ~470.458 1
5. | 600 208,31 : 1 :;'1'] &y
6 | 900 389.09 2169431
7 | 1100 41353 U ET
o —

From the above table, cumulative PW at 15% has - ve sign at the
“end of 5 year and + ve at the end of 6 year. Therefore, the discounted
payback period lies in between 5 and 6 years.

By interpolation
-172152 ]
216.943 6
: 0 ?(5.44) using calculator.
Discounted payback period = 544 <6 years

is acceptable,

= o W -

The proposal

3.3.1 Present worth method.
Present worth method discounts future
the interest rate over the appropriate study period
We will first summarize the basjc Ly _
worth criterion to a typical investmen; pro} m a

*  Determine the interest ,

investments. The intermlrifwﬁl t:Et firm wishes to earn on its

. ; elerming S Tate
which the firm can always invest the s in“;—'tPsﬂ.E‘:ntq tﬂl‘:"lL rate alt
) vestment pool.

amounts to the present by using

Pplying the net-present-

. Determine the net cash flows (= Inflow - Outflow)

. Find the present worth of each net cash flow at the MARR. Add up
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This interest rate is often referred to as either a required rate of
retu.rrll Of a minimum attractive rate of return (MARR). Usuall

selection of the MARR is a policy  decision I:nade- by t}"
management. It is possible for the MARR to change over the life nfuz

project, but for now we will use a single rate of interest in
calculating the NPW.

Estimate the service life of the project.
Estimate the cash inflow for each period over the service life.

Estimate the cash outflow over each service period.

all the present worth figures; their sum is defined as the project’s
NFPW, given by
PW (i%) =F(Q+iP+F+iy +F(Q+i2+....+tF (1 +i) ™

N
= £ Fe(l+i)*
k=0
Where, i = effective interest rate or MAAR
k = index(0=k=N)
F, = future cash flow of at the end of period k
N = Number of compounding periods in study period.

While evaluating a project of by TW method, the following rule

appreciable

e  Single Project Evaluation. In this context, a p_vositive NPW means
that the equivalent worth of the inflows is greater than the
equivalent worth of outflows, so the prfrrect I'l'!.ii.ki.‘.'i a pn:fﬁt.
Iherefore, if the PW (i) is positive for a single project, the pm;e;;
should be accepted; if the PW (i) is negative, the project should
rejected. The decision rule is
1f PW (i %) > 0, accept the project.
If PW (i %) = 0 remain indifferent.
If PW (i %) <0, reject the project.

+  Comparing Multiple Alternatives. ; =
altenl:ative and select the one with the largest PW (1) When

z : e
compare mutually exclusive alternatives m,ﬂ.l the same rﬂ e
are compared on a cost-omly basis. I_n IiJ"_us snmzf;:llgn w{hﬂfﬂe .
mizing, costs, rather than maxi mizing profits).

Compute the PW (i) for each

mini
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mallest, or least negative, NPW_'

n proposed by engineers ¢,
| welding operation, The
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the project that results in the 5

Example: A piece of new equipment has bee
t will have a Markey

increase the productivity of certain manula

investment cash is Rs. 25,000 and H:IE equipmen 5 .

value of 5,000 at the end of 2 study period of Five years, INcreagey

P!ﬁducﬁﬁ;y attributable to the equipment will amount to Rs.8, 000 pe,
have been subtracted from the reveny,

ear after extra operating costs e
;Enﬂaled by the]:;md.diﬁanal production, is this proposal a sound one?
MAAR = 20%, use PW method.

Solution: Cash flow diagram
5000

oo 1

fatfd

]

25,000
PW of cash in inflows - PW of cash flows
8,000 (P/ A, 20%, 5) + 5, 000 (P/F, 20% 5) - 2500

-~ 8000 (1+02F-1] 1 5
= K, 02x{1+02) + 5,000 = —_'_“ +02)p - 2500

23924 89 + 2009.38 - 25,000 = Rs 934.27
FW (20 %) > 0 this equipment is economically justified.

Net PW

3.3.2 Future worth method

E;:ﬂhue worth of a project is the equivalent worth of all cash flows,
-bﬂthter ows anfi outflows, at the end of the planning horizon of an
Interest rate that is generally the MAAR. The FW is calculated as,

FW (i%)=  Fo (140N +F (1 +.i)5-14 + Fyy (1 + )0

N
= F Fi (1 + ik
k=0 g
Where, | = effective interest rate or MMR-
k = index for each compounding perio
Fi = future cash flows at the end of per" d k
N = Number of co i i o
mpounding periods in study period.
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Decision rule:

If FW (i %) > 0, accept the project.

If FW (i %) = 0 remain indifferent.

If FW (i %) < 0, reject the project,
Example: Evaluate the FW of the potential i ment

- & lm '
describe in above example. Show relationship betwf:'l:v 1;'\" mdm::tr

this example.

Solution:

Net FW (20%) = -25000(F/ F, 20%,5)+ 8,000(F / A, 20%5) + 5,000

= 25,000 % (1 +02p + 00021l o0

= RS.23248
As, NFW (20%) > 0, this equipment is economically justified
PW (20%) = 2,3248 (P/F, 20%, 5)
2324 8

[T+02p = P42

Same result obtained.

3.3.3 Annual worth method
The annual equivalent worth (AW) criterion provides a basis for
measuring the worth of an investment by determining equal payments on
an annual basis. Knowing that any lump-sum cash amount can be
converted into a series of equal annual payments, we may first find the
net present worth (NPW) of the original series and then multiply this
amount by the capital recovery factor:
AW (i) =PW (i) (A/P. 1, N)
Annual worth is the equivalent worth of a lump-sum amount

converted into a series of equal payments at the end of each period and is

calculated as,

R-E-CR(i%)

AW(H%R) =
Where, R = equivalent revenues
E = equivalentexpenses

CR (i %) = capital recovery amount

Decision rule:

: ; i for a
Single-project evaluation: The accept-reject selection e

L]
single revenue project is as follows:




i
15
|

2. Need for unit costs or

i ics Analysis
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If AW (i %) > 0, accept the Wt
1f AW (i %) = 0, remain indifferent
If AW (i %) <0, reject the project
i xclusive a : . -
; Cﬂmr{mns mum::ll}r;mpare mutually exclusive seTUICE PTOjects
A yn’ the same, you may compare them on a cost-only
whose revenues lternative with the minimum. annyg|

s e i he alte
basis. In this situation, t T Pl
equivalent cost (or least negative annual equivalent worth) is selected

Jternatives: As with present-worth

Applicable of AW
s  Asset replacement
+ Breakeven analysis
+ Make or buy decision
o« studies dealing with manufacturing costs
+ economic value added analysis (EVA)

Capital Recovery amount
The annual equivalent of the capital cost covering the loss in the
value of the asset and interest on invested capital is known as capital
recovery amount. Capital recovery amount is calculated as,
CR(i%) = I{A/Pi%N)-5A/F, i%N)
Where,] = initial investment for the period
S = salvage value at the end of the study period
N = project study period
Benefits of AW: In the real world, a number of situations can occur in
which AE analysis is preferred, or even demanded, over NPW analysis.
533 ;’::mFP;frtx;Pﬂfﬂﬁﬂnﬁ issue annual repnrhal and develop yearly
present the annual cizlr i?ﬁn:fjfompany méy meI_ it more useful _tg
of an ongoing project, rather than its

overall cost or benefit, Fuﬂnwmg are some

AE analysis is preferred; additional situations in which

1.  Consistency of report formats
with annual rather than overall
external reports. Engineering m

Financial managers commonly work
€osts in any number of internal and

\ ANAagers ma i S :
project analyses on an annual B y be required to submit

by other members of the ba?ls for consistency and ease of usé
corporation and stockholders

profits. [ many situation

: s, projects must be
COStS (or profits) for eage of yerech

broken into unit
comparison with

alternatives,
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3. Lifecycle cost analysis. When there is no need for estin nating the

revenue stream for a proposed project, we can consider only the cost

streams of the project. In that case, it is common to convert t.l'lisl;:.ifl.L
a:}rn:lelmsl (LCC) into an equivalent annual cost for P .m:
comparison. Industry has used the LCC to help determine which
project will cost less over the life of a product. LCC analysis has had
a long tradition in the Department of Deferie. havmg bean P
to virtually’ every new weapon system proposed. or under
development .

Example: Solve the same above problem by AW method.

Solution:
Net AW (20%) = 8000 - [25000 (A /P, 20%, 5) - 5000 (A/F,20%,5)]
R L e (-
R-E CR

2000 - 25000 0.2 % (1+0.295 0.2
8000 - 5000 [+ 02p -1 NS [ v nzEE

T T e R - "
i MR e .ﬁ_} |

3.4.1 Internal Rate of return method

Internal rate of return of a project is the breakeven interest rate, 1, at
which equivalent worth of the project's cash flow is zero. This method
solves for the interest rate that equates the equivalent worth of an
alternative's cash flows (receipts or saving) to the equivalent worth of

=Rs. 3124

NAW (20%) = 0, economically justified.

3.4 Rate of Return Methed

cash outflows (expenditures, including investment costs).
Based on PW formulation to find out this interest rate, the

corresponding equation becomes,

I N
"Wii%i= E poR % k)= E B (PR i%, k=0
PW (i %) K:{'I'l{k (P/E, i% ) 2h k(Y o

Where,
Ry = revenues for the K" year
Ex = expenditures (including investment) for the K year

N = Project life or study period
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Similarly at the IRR,

FW (i%)=0

AW (i %) =0
Though IRR can be computed by eqxf.u-ing .E‘I‘.l}r
it is advisable to use the PW formulation as it is

Graphically representation

equivalent worth to zer,
found excessively used,

sl bevvestimen|
=
m

Urrevoversd
Tinlnwcy

Iovemment balmce disgram deming [RE

Decision Rule
IFIRR > MARR, Accept the project
IfIRR = MARR, Remain indifferent
If IRR < MARR, Reject the project

Method of finding IRR
1) Direct solution method : A

or service life of 2 years of retymn
i

solution for determining the

Project with only a two flow transaction

we can apply direct mathematical
rate of return,

Example;

Period

Project 1

Engineering Economics | 57

Solution:
Rs.1000 = Rs.1500 (P/F, i%, 4)
1000 = 1500 (1 + i)+
0.6667 = (1+i)4
mna+) = n22Z. o1
THia= el
i = 1.1067-1
i = 10.67%
Project B
PW (i) = -EU‘J[]J':I-T?]*{ET;;:O

let775 = %
-2000 + 1300 x + 1500 x2 =0
Solving, x = 0.Bor-1.667
I = 25%forx=08
i = -160% for x = -1.667,
.. The project'si= 25%
2) Trial and error method
Example:
Initial investment = Rs. 25000
Salvage value = Rs. 5000 after 5 years
Net revenue = Rs. 8000 per year MARR =20%

Is the investment good? Use IRR trial and error mgthnd

Solution:
SO0

25,000
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2 S ; i Unrecovered Balance
PW(i%) = 25000 =
| + 8000 (P/ A i%:9) - e R
| thf'F i%, 5] 2 “] 23 0N |- -+ A0
5000 1+ip-1 3 | IO A28
;I or 1 +|)’+m [ix(1 +iyl” E 1!::::
- A BT
By trial and error, : Tl £
Ati=20% PW=343 E < e
= e
Ati=25% pw = -1847.1 E% lﬂm 13,000
: 3 o 21 f}?u."l at ]"l'»\.f = n =] ™
By interpolation, ! ; 582
Putting i = 21.67% in equation (1) s IR
IRR lies between 20% and 21.67% } t : }
Again using linear in!Erp‘nlat:iDrl ulnmrnm: n:hudu@;‘ showing :n.p. ;
j = I1.8% 3. Computer solution method
Putting i1 = 21 58% in equation (1) Consider the same example
PW@Is8%) = 14 PW (i %) =0
IRR lies between 20% and 21.58% 8000 (P/ A, i%, N) + 5000 {Pf F, i%, N) -25000 = 0
Again using linear interpolation i = 21.577% 8000 % l“ & 'J1 -1, 25000 = 0
PW (21 577 % } =0 Wi s l] {1 l}
H Write the equation in calculator as,
ere,

Bl +1p-1)f (L +ipxi))+5/(1+i)-25=0
Press Shift = CALC

IRR > MARR (20%), Investment is acceptable
Unrecovered project balance calculation

i X Ll =The value in the calculator is the value of [RR
Year :tw:d‘haliam{ Reht::'n of l;;;;id Pa:frf-er:; Ur:P-ml’ ::;’:‘: Drawbacks of IRR
beginnin ance (Rs. receive at enc ;
year (Rs,) 4 (Rs.) 1. IRR method is based on the assumption that recovered funds, if not
_ — — consumed in each time period, are reinvested at rather than at
’ : l s 2 0] - -25000 8 MARR. This is not always practical.
1 25000 | -25000%0.21577 | 8000 | (-25000 - 53%4 * 2. IRR method involves linear interpolation of non-linear function and
= -5394.25 8000) = 223945 when solved manually by trial and ertor method, may not give
39 I B ——— accurate results and is more time consuming,. :
{ & { i, -4832 8000 - I‘JZZﬁ 25 3, There are situations in which its iterative calculation process fails to
r 3 I ~19226.25 -4148 45 8000 | - l fﬂ'? 4. -? produce a solution. _
Ir 4 I ~15374.7 [ T-’i-f’l_'l_?_:l_-_—__—_' - 4. When naturally exclusive projects are conmies) llt;;anscaler of the
e % E mw_z_ﬂf’ the wrong investment and does not consider o
r 5 ' ~10692 -2307 13000 W 0 investment.
— S
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For Example: Project Cash flow A2

Exl:luSi‘T Al

tually
EOY e ; _5000
~1(MK
y i 7000
1 2
40%
[RR _ 100%
1364

PW(10%) S18
Both projects are
higher PW is worth more to the stoc

view, Al seems better. i .
5. When the algebraic sign of the cash flow changes in the midde ,

the series it is pnssthle to obtain two right answers.

| EOQY |Netcash flow —I
| i

acceptable at MARR = 10%, but AZ wig
kholders, whereas from IRR Poing

A T l
| 5

(1 || 2300

T 2 ! -1320 |

We find IRR = 10% and 20% but both of them are in correct, So, ug
NPW criteria to make the decision.

3.4.2 External/modified rate of return method

IRR has a serious drawback of reinvestment assumption. which#
not always practical for cash borrowed or released from a project to ¥
 reinvested to yield a rate of return equal to that received from the projedt

It assumes that net positive cash flows are reinvested at the reinvestmet

fale € % which depends upon market rate available.

Steps of ERR calculation

1
Discount all expenses to the present at the external reinvestmef
rate, € %

N
LR (P
o (B/E,e% k)

2. Prajectall inco
ke me to the future at the external reinyestment rate € ,

g

3. ERR, i% is the interest

5 Engineering Economics |61
L=ﬂ Ri(F/P, e %, N-k)

fate that establis ’ ;
these terms ishes equivalence between

N
K}.’[]F; (P/F. e %, k) (E/P. i% N) =

N

= ﬁEDRk (F{P.e% N- k)
Where,

Rk = net revenues in period k

Ex = net expenses in period k

N = project's life

€ % = External reinvestment rate
Decision rule
If ERR > MARR, Accept the project
If ERR = MARR, remain indifferent
[f ERR < MARR, reject the project
Advantages of ERR over IRR
1. It does not need trial and error process to solve for i%

2. There is no possibility of multiple rates of return.

Example: A consultancy opened now for Rs. 230000 will lose Rs.12000

each year the first four years. An additional Rs. 80000 invested in the

consultancy during the fourth year will result in a profit of Rs. 55000
each year from the fifth year to the fifteenth year. At the end of 15 years
the company can be sold for Rs. 330000. Calculate the external rate of
return if external reinvestment rate is12% per year. Is the investment
good? MARR = 15%

Solution:

R

230000
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ﬁﬂlmmmwaawg
Dhmallcashwiﬂuwmﬁnﬂ:wﬂ. .
m+12{W{FjA.12%,4]+BmIﬂ{PfP,IE%,4]
+012¢4-1] wz*
= 230000 + 12000 %) 17 1 + 012 (1+012)
= Rs. 317288 e
i Nie 15 yearsa
Cﬂmf'daﬂashmﬂWSta
55000 (F/ A, 12%, 11) + 330000
(1+012)"-1
= 55000x gy + o000
= Rs. 1466003
Equivalence,

317288 (F/P, i%, 15) = 1466003
i% =1074 ie. ERR = 10.74% < MARR

Therefore, investment is not good.

W M

£ e R _.1_._-\-—_._.;:..§Ef. al'.l... Ty
When evaluating public project, taxes and pay off periods are considersf
less significant and indirect effects, interest rate, over counting, tolls, fee
user charges etc are more significant. In the evaluation of such projeds
we often use benefit cost analysis (BCA). BCA also provides informatio
about the relative economic efficiency of alternatives.

B/C Ratio (BCR)
Benefit cost ratio is defined as the ratio of equivalent worth of users
benefits to the equivalent worth of sponsor’s cost.

Types of B/C ratio

1.  Conventional B/C ratio
It is the ratio of gross benefit to costs and expressed as
a) With PW formulation

SN

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

b)  With FW formulation

OIS L

FW()-FW ) + RO & v

BCR =

BCR =

€)  With AW formulation T :

BR= e e— AW
AWM - AW(S) + AW D & m)

Modified B/C ratio

It is the ratio of net benefits 1 the costs and expressed
-4,

a) With PW formulation

o _ PW(B) - PW (D & M)
BOR=""PW0) - Pwes)

b) With FW formulation

., FW(B)-FW (O &M)
BCR =" FW () -TW S

¢) With AW formulation,

AW (B) - AW (O & M)
BOR=""AW (@) -AW (5

Where, B = benefit

I = investment

5 = salvage
O & M = Operation and maintenance

Decision Rule

[F BCR > 1, Accept the project

If BCR = 1, remain indifferent

If BCR <1, reject the project.

Project to be feasible if

Benefit (B) > cost (C)

OR, BCR > 1

Example:

Find both types of B/C ratio using PW, FW and AW method.
Initial investment = Rs. 2000
Revenue/year = Rs. 1000
Expenses/year = Rs. 440
Salvage value = Rs. 400

Useful life = 5 years
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MARR =8%
Solution:
A) Using PW method
PW (B) = ]MO{F}A,E%. 5)
= 10007 pgs x 0.08
= Rs 39927
PW(S) = 4000 (P/F, 8%, 5)
40
= 108
= Rs. 27223

PW (O&M) = 40 (P/A,8%,5)

1.08°-1
- 'L__J— =Rs. 1756.79

3. Using FW method

= 4407 oss < 0.08
1 | PW(B)
- ] {

Conventional B/ C ratio PW(I) - PW(S) + PW (O & M)
o 3992.7 :
= 2000-272.23 + 175679 ~ 1-146>1, Ok

Vi _ PW(B)-PW (O & M)

odified PW (I) - PW (5)
2 39927 - 175679
2000 - 272.23
. = 1.294 (Ok)
2. Using AW method
Conventional B/Cratin = AW (B}
CR+ AW (O & M)
s CR= |-g
= 2000
{T;f%' %)~400 (A/¥, 8%, 5)
= 2000 x 008 0
1.085-1) - 48
(1.085 -7) ‘rﬂﬂx(‘.r{ﬁ;—_—l—
= 4327 )

Conventional B/C ratio = [‘4"321—-?2?-__% ~1146
: %=1 (ok)

Modified B/C ratio = YV (B) - AW (O & M)
CR

1000 - 440
iy = 129>1(ok)

W + - 2 1.08% 1
FW (B) mmwn,m,m_mLﬁJ:%ﬁ

FW (S) = 400
FW (O & M) = 440 (F/A, 8%, 5)
o (RO
440 0.08
= 25813

FW () = 2000 (F/P,8%,5)
= 2000 % 1.08
2938 65

Conventional B/ C ratio 2
“onventional B/ 1a FW (T} - FW(S) + FW(O & M)

5866.6
T 293865 400 + 25813
= 1146 >1 (ok)

P e FW(B) - FW (O & M)
Modified B/ C Ratio = FW (1) - FW (5)

5866.6 - 2581.3
= T7938.65 - 400

36 Introduction to Life Cydle Costing - T

a system occurs after the

=1294>1(ok) .

Because 80% of the total life-cycle cost of
the best long-term system acquisition and

support decisions are based on a full understanding of the total cost of
supporting the system.

Sum of all recurring and one time (non-recurring) cost over the ﬁ;]i
riod of a good, service, structure or system.

cost, Uperamn cost, maintenance

dual or salvage) value at the end of

Ecustestimabesmﬂ}‘be

system has entered service,
acquiring, operating, and

life span or a specified pe
includes purchase price, installation
and upgrade cost, and remaining (resi

ownership or its useful life. Generally, life cyel



-4 format for the major phases of aﬁq“isiﬁ
implified nrma‘ g

e delivery of Pmduﬂsam

| services.

e Requirements definition S6¢ : De
needs

stage : Includes feasibility study, Conceptyg) i
B : o N

termination of users & cusy

e Preliminary design
early stage plans

e Detailed design stage : Include detailed
human, facilities, information system, ma

®  Operation phase : r‘su activities are functioning product and SeTVige,

plans for resource

5, Capi
rketing etc. ta|

are available
e Construction and implementation stage: Includes purchyg,
construction and implementation of system. ]
o  Usage stage: Generate products or services
e  phase out and disposal stage: removal/recycling of old system

Characteristics of Life Cycle Costing:

a Product life cydle costing involves tracing of costs and revenues of 3

product over several calendar periods throughout its life cycle.

b. Product life cycle costing fraces research and design and
Ed;Tt costs and total magnitude of these costs for each
Individual product and compared with product revenue.

Each of ' :

5 Fha"" the product lifecycle poses different threats and
Pportunities that may require different strategic actions.

Product life cycle 4

Z : cycle may be extended by finding new uses or users of
Y Increasing the consumption of th

BT : Of the present users,

ges of Product Life Cycle Costing:
Following a i
8 are the main stages of Product L ife

how much he is pm;i:jmabl”"h what product the customer want
(i) S TRl !GPayfuritandh“w + he will buy:
pecification: [t wi]| giw.; much he wi y

i € detail .
permissible maintenance r:mtss such as re

delivery date, expected perform
a

Cycle;

quired life, nmxim“"'
mnurﬂfturing costs, rﬁ]l“
" of the product.

s are to be dcfinﬂ¢

develop the product,

v) Development: Testi ging " ¢
W initial :m Thi Fs‘t'“_li'.and o7 v i e
- 1his period of testing and changing is

When a product is made for the first time. it rarely ts. the
requirements of the specification and chan : ol
- i m i
it meets the requirements. i<z

{vi) Tooling: Tooling up for production can mean building a production
line; building jigs, buying the necessary tools and equipment’s
requiring a very large initial investment.

(vii) Manufacture: The manufacture of a product mvolves the purchase
of raw materials and components, the use of labour and
manufacturing expenses to make the product.

(viii) Selling

{ix) Distribution

(x) Product support

(xi) Decommissioning: When a manufacturing product comes to an end,
the plant used to build the product must be sold or scrapped.

Benefits of Product Life Cycle Costing:

Following are the main benefits of product life cycle costing:

(i) It results in earlier achon to generate revenue or lower costs than

otherwise might be considered. There are a number of factors that
need to be managed in order to maximize refurn in a product.

(ii) Better decision should follow from a more accurate and realistic
assessment of revenues and costs within a particular life cycle stage.
ding in contrast to short term

(iii) It can promote long term rewar
rewarding.
an overall framework for considering total incremental

(iv) It provides
nofa pmdu-:t.

costs over the entire spa
Life Cycle Costing Process: Life cycle costing isa thur;e-ﬁtii};g:‘;m
The first stage is life cost planning stag}c which incl lE::i P o EM &
Analysis, Selecting and Developing LCC Model, apg‘[-im;colﬂ Stage i
and finally recording and reviewing the LCC Results. gt i U
Life C ost Analysis Preparation Stage followed Py

itori i sis,
Implementation and Monitoring Life Cost Analy
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o
The three stages are: ry activity. An analyst, i'}w’l"'*'lii

is i j-disciplina .

LEC Aml}rﬂsﬁamu!ltdl p B e cont e

life cycle costing, should be fully familiar
ill'“'ﬂ?;;i:?w Iﬁv cycle of asset sources of cost data to be collecteg

v ssel,
financial principles to be applied.

He should also have clear understanding of methods of assesgip
the uncertainties associated with cost
may be required to ve .
iterations should be documented in detail to facilitate the interpret, Horg
of final result.

Stage 1: LCC Analysis Planning: The Life Cycle Costing process beging

:;':h development of a plan, which addresses the purpose, and scope of
analvsis

The plan should:

i. Define the an:::‘is objectives in terms of outputs required to assist 5
management decision

Typical objectives are:
a De'term. ination n::f. the LCC for an asset in order to assist

planning, contracting, budgeting or similar needs.

b.  Evaluation of the impact of alternative courses of action on the
LCC of an asset (such as design approaches, asset
support policies or alternative technologies).

AP ificati i
dentification of cost elements which act as cost drives for the

LOC of an asset in order
to focus desi
acquisihion or asset support efforts, s design, deve lopment,
ii. Make the detailed sc :
PR, th::;j:::mwzf.h rega?rd to planning of time period
required for the asset. & technical and maintenance su pport

acquisition,

constraints (such g e 5 5, limitations and
2 : :amit:'!ﬁﬁft Performance, availability
e, pital cost limitations) that might
evaluated. dentify
iv. Identify alternative

proposed aJ't.ernaﬁ1~re::::flrllz'Eﬂ%l:«el:'f ath[,n 10 be evalyated The list of

3 & o F. re p :
I or as existing options are f fined as ney Options are identified

il un
roblem constraints.

v.  Provide an estimate of d to violate the P
| i resp :
urces Tequire and g reporting schedule

F'I'It\-nh
ang

estimation. Number of ””rfllinn

l’t’l‘fﬂrm o I’ina”j-' achieve the result, Al tl'vll_'ﬂ(.

for the analysis to ensyre that the

support the decis'ron-making proc

Next step in LCC Analysis development
of an LCC model that will satisfy the objectives of the analysis. LCC

Model is basically an accountin :
g structure which :
of an asset components cost, enables the estimation

LCC results will be available to

ess for which they are required.
planning is the selection or

Stage _2" Life Cost _Anal}ﬂ]ia Preparation: The Life Cost Analysis is
essentially a tool, which can be used to contral and manage the ongoing
costs of il asset il o, thereof. It is based on the LCC Model developed
.mf.'i applied during the Life Cost Planning phase with one important
difference: it uses data on real costs,

The preparation of the Life Cost Analysis involves review and
development of the LCC Model as a “real-time” or actual cost control
mechanism. Estimates of capital costs will be replaced by the actual prices
paid. Changes may also be required to the cost breakdown structure and
cost elements to reflect the asset components to be monitored and the
level of detail required.

largets are set for the operating costs and their frequency of
occurrence based initially on the eshimates used in the Life Cost Planning
phase. However, these targets may change with time as more accurate
data is obtained, from the actual asset operating costs or from the
operating cost of similar other asset.
Stage 3 : Implementing and Monitoring: Implementation of the Life Cost
Analysis involves the continuous monitoring of the actual performance of
an asset during its operation and maintenance to identify areas in which
cost savings may be made and to provide feedback for future life cost
planning activities.
For example, it may be better to replace an expensive buﬂdir‘lg
component with a more efficient solution prior o the end of its useful life
than to continue with a poor initial decision.

37 Introduction to Financial and Economi
» . b . tE
Financial and economic analyses have similar Eeatuf"e's. Both estima
project investment based on the difference between
situations.

the net-benefits of a
the with-project and the without-project

The basic difference between them is that: |

e the financial
enterprise, while
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ic analysis compares I CsnStis anc costy’ 46 the
e the economuic AndLys
whole economy

ww .. i< concerned with the true value a projecy holg,
Es ﬂmhw]mh it subsumes all members of society, .

for the sodiety as_a ': “.;ih'w and negative impacts. In addiun

measures the project’s [ r costs and benefits of goods a

economic analysis would also cove ;

services that are not sold in the market and therefore have no Marky
' - i i = §

There are two more Fi‘l_tniﬁ(iﬂl differences between financia] al

economic analysis:

e While financial analysis uses market prices to check the balance of
investment and the sustainability of a project,

*  Economic analysis uses economic prices that are converted from the
market price by excluding tax, profit, subsidy, etc. to measure the
legitimacy of using national resources to certain projects.

* [Financial and economic analyses also differ in their treatment of
external effects (benefits and costs), such as favorable effects op
heaith Economic analysis attempts to value such externalities in
arder to reflect the true cost and value to the society. The inclusion of
externalities raises difficult questions of their identification and
measurement in terms of money
Underlining the integrated perspective of the IFM approach, cost-
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the costs and its to soc :
benefits, and the methods ﬂfe?l;a?i. m:: a broader view of costs and
respects. An enterprise is inlﬂeqz;-dm- i m a number u{
sustainability of that profit, while n financial profitability and the
objectives, such as food security, poverty alleviation, and net benefils to
society as a whole. The main differences between FA and EA are that EA:
(i) attempts to quantify “externalities” (i.e. negative or positive effects on
specific groups in society without the project entity incurring a
corresponding  monetary cost or enjoying a monetary | fit. This
includes both environmental and social impacts resulting from the
project); (ii) removes transfer payments (i.e. subsidies and taxes); and (iii)
makes use of “shadow prices” that might differ from the “market prices”,
in order to eliminate market distortions and reflect the effective
Uppmmnity costs for the economy, thus d.ch',f-_-..-'mg a proper valuation of
economic costs and benefits from the perspective of the economy as a
whole.
Financial analysis
Capital requirement, source of fund, projected cash flows
profitability and project's capacity to meet financial obligations are the
area focused by financial analysis.
Breakeven analysis and sensitivity analysis is done to test the effect

of changes in variables such as cost, price, time etc.

Economical analysis

= ysis in the present context, is meant to Be a form of ccondi It analyze the economic viability of the project, for private sector-
allﬂi FRlE. vk - -
: profitability is the major concern and satisfactory rate of retum is needed

However, it has to be noted that and for public sector profitability is in terms of contribution to national

also complementary, For 5
financially sustainable. |f 5

economic and financial analysis are

T S : 3 economy is considered.
Project to be economically viable, it must be : o £

IRR > MARR, BCR > 1, NPV > 0 are the decision critena.

TN - . i . ;
be no adequate funds to rl;' thft 15 not financially sustainable, there will b i e e —
has sometimes been suggf'&teze:i; UFE rate, maintain and replace assets. It  EcomomicAnalysis | Financial Anayes te
a concern becau_ge = lmg 57 t .]ﬂal'llL-j_,aJ 'l"i-ﬂhl]lt‘p' Sf‘]{}u]d not l-“a. ”'de 1. It 15  done by gm'cmmrnl | . B ,hl; done b} Pn\'ﬂ

supported Project is economica : Tt roject Pfﬂiﬂit- 3

FP through governmeng subsidies lly sound, it can be __project b . — =
Example: What are the diff : 2 Evaluates the monitory and | 2. £ T
‘ it : : only.
Economic Analysis (EA)? érences between Financial An Alysis (FA) and non-monitory  benefits also | benety }
14 ' convert social benefits. 8

Ans: The basic principles ! i t e | ghits.. - e e

both ired 2 0T Carrying oy FA . | 3. Consumer oriented e o t
differ:f i for project Screening an sel ﬂn_d EA are the same and 4. Profit is never a goal. Profit is most.
po view of the u:ld""jduﬂl.- firg and benefit ows from 8 3

OF instify
"stitution, while EA deals with
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1 From the following cash : I“ ¢
1000 L]IEUJ 1210 | 1464
Calculate both type of payback X period. MARR =10%  [2069 Bhag,
a
Solution: 1 il .
Y Cash | Cumulative rw uf taah fluw CF
ear
Flow (CF) Al Gl i 4
j= ~3000 =3000
] T |
-2200 800/1.1 =727.27 227273
II' 1000 | 200 | 1000/1.12=826.44 144629
3 | 1100 | -100 [1100/113=82644 | 61985
| ; =
4 IIEID ] 1110 | 1210/1.1% = 826.44 ;nr;_s_«_
' F’ |Hf-‘-1 .! 2574 1464/1.15 = 909.028 1033.03
i , B3
a) Simple payback period
Year CF
3 -100
4 1110
? (3.083) 0

By interpolation
Hence simple payback period = 3.083 years
b) Discounted payback period

(& Year
-619.85 3
206.85 4
0 ?(3.75)

Hence discounted payback Period = 3.75 year

2. Equipment costs 250000 angd h :
of its expected life 5 years,
produce revenue of 120000

as salvage value of 50000 at the end

Annual EXpenses will be 40000, It will
Per year,
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MARR = 20% =
i) Evaluate IRR using AW formulation
ii) Evaluate both type of B/C ratio with FW formulation

iii) Find ERR N
Solution:
2.50,000
Fig. Cash-Flow Diagram
a) ForlIRR

Let i% be the IRR, then
AW (i%) =0
~250000 (A/P, i%, 5) + 120000 - 40000 + 50000 (A/F,i%,5) =0

% (1 B S
or. ~250000 \WJF 80000 + "_'mL‘I.IXUl rip-1]

On solving, we get
i = 0.2157 = 21.57% > MARR (20%) (Justified)
b) BCR

FW@ = 250000 (F/P, 20%, 5)

= 250000 x (1 +02F= 622080
EW (O & M) = 40000 (F/A, 20%, 5)
M5
(1+0.2) 1) - 297,664

= 40000 x 02

120000 (F/ A, 20%, 5)

(1 +0.28-1] — 890992

120000 x5 3
: FW(B
Now, Convention B/ C = g1y - FW(S) + FW (O &M)
=1026>1 {'[usl:lﬁed}

FW (B) =

892992
___._-—-———-_‘_._T__
= 522080 - 50000 + 297664
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.FW B) - FW U d EI'I.E‘!.HEQ'[:']!E Emnnm;im
. = o S "?5
Modified B/C w0 -FWE) i = 8% per year
% If imonntiy be the interest rate for month then
622080 - - »
Lo o= (] F g
" = 1.0406 > 1 (justified) s il
: = (1+0.08)1/12_1= 6439
C) ERR i
a) Discounting all cash out flow at time zero f 4 8 T ER _'U_
= -250,000 - 40000 (P/A, 20%, 5 e
1.25- d
e 2 )% = o = 309624 .48
250000 - 40000 x 02 x125 Using NPW (im %) =0
b) Discounting all cash inflows to 5 years (N) - P + 10000 (P/ A, 0.643%, 120) = 0
= 120000 x (F/ A, 20%, 5) + 50000 b = 0000N ]
; = 0.00643 x 10064312

1.25-1

= 12 — 5 = (

120000 x 0.2 50000 = 942992 (0 = Rs. 8345006
Equating with ERR i% - We have to deposit a sum of Rs. 834500.60 at the beginning to draw

Rs. 10000 each for next 10 years.

369624.48 (1 + i)° = 942992.00
On solving, we get
i=ERR =206%

4. What is the different between financial and economic analysis?
Determine both type of B/C ratio from the following cash flow.

3. Define equival | A 000
e: X ent worth and rate of return method. How much Annual revenue = B85
ru shou : ! ? s 3
pees you deposit now in a bank account that gives B | 15000
7 Annual cost =15

in i i
terest per year if you wish to draw Rs. 10000 per month for 10

M salv - = 20% of initial investment
Solation: [2070 Magh| Salvage value 20% of initial in
Useful life = 6 years
Bl o MARR = 10% (2070 Magh]
The equivale : : .
Drga:;at- 0t value of al] the cash in and out flows of an Solution:
10N at year () o . . £ — - - - =
equivalent WOnhy1' o annual basis or at year N is called the | Economic Analysis | Financial Analysis
- LY ST ¥ : s t - — t - = T
I Pre YPes of equivalent worth, 1, It is done by government |1. Itis done by private project.
. Fresent WU]’I]‘] ml"“]ﬂd o o ) I
oject,
2. Future it = Y £ T its
ture worth methgqd 2. Evaluates the monitory and F Evaluates monitory benefi
3. Annual worth method non-monitory benefits  also Dn"_'r'-’/_//I

Rate of return convert social benefits.
e (3. Investor oriented.

Rate of return 3. Consumer oriented
urn is the bre, X +_Lonsun T = -
: reak-even interest rage ; \oby: 4 Protit Bnav I Profit is most.
worth of a project's. Cash outf] =418, 1 which equates t} nt . Profit is never a goal.
: s & W dles the prese E——— : = A,
inflows, to the Present worh of t} sh 5. B/C ratio analysis is most used.
o 1ts ca [ -
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= : FPW (B)
£/ convenbonal = pwiT) - PW (S) + PW(O & M)

370197.16
300000 - 33868 44 + 65328.391

112 > 1 (Justified)
PW(B) -PW (O &M
PW (I} - PW (S)

370197.16 - 65328 91
300000 - 3386843~ 1-145> 1 (Justified)

Modified B/C

C T . F
ompute IRR by using trial and error process of the following

projects. Determine alsq investmen
25000
BO0O
5000

5 year
20M

’

t decision,

Initial investment
Annual income =
Salvage value

Useful life
MARR

(2070 Magh

76| Basic Methodologies of E ;
. ngi i 2
Using PW approach, Golution: weering Economics | 77
PW() = 300000 Using PW methad,
s = 02 0 300000 PW (i %) =0
= 60000 PW (i %) = ~25000 + 8000 (P/ A i =
U, )+ 5 F
PW (S = 60000 (P/F 10%6) {1+ ip ) * 00 (B/F, i%, 50009
© = 25000 + goop Aot P -1 . 5000
0000 il+ip T !-_-.‘r" ssrassciniss E1)
L1t Put, i=21%, PW (21%) =33550

= 338684 [ =22%, PW (22%) = -240.885

PW (O & M) = 15000 (P/ A, 10%, 6}
1 +0.1)5-1 3

= 15000 x J{LlTH_,ﬁ 1¥

. t1_‘"l_:l:?';-.‘:'-i Tl AR5
PW (B = 85000 (P/A, 10%,6) L

(L12-1) x 3355
= S5000% =7 qe eduis e
T Solving x = 0.582

= 37019216 Ati=21+0.582 = 21582, PW (21.582) =-2.59

Now . ilies between 21% and 21.582%

Interpolation

21% 335.5
21.582% -2.59
(21 e
Now, 1= 21.577 at equation (1)
PW (21.577} =10

- IRR = 21.577 > MARR (20%)
Economically justibied tor investment

Initial investment = Rs. 100000

6.
Salvage value =0
Annual O & M cost = Rs. 20000
Useful life = 5 years
Annual benefit = 60000 at the end of first year;
I'hereafter decreases by 4000 each year for the remaining years.
a)  Draw U/B diagram
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using PW formulation- i

te cunvenﬁonil BCR

b) Evalua
value = 10000 eriod. Take standard (cut of
o) - Evaluate discounted P2 payback P [2070 Bhadry

pa}l'hadc [:N-'I'll:“j = 3 years-
Solution: UIB (Unrecovere

4 Investment Balance) Diagram-

50, (HH)Y

E
&
-

5206
AR ¥
44,006

[LLLLY

This can also repreﬁented by

(LR
Let i% be the internal rate of interest then,
PW (i%)=0

40000 36000 32000 28000 24000
or, 100000+ G * G ap T+ iy - @ +i) T (1P

On solving,
i = 0.2 =20% = MARR. Remain indifferent.

T = =
Year | Unpaid balance at| Return on unpaid | Pay menr l L'npnld
beginning year Balance (Rs.) received | balancet
(Rs.) end of yeaf
(Rs) |
1 ~100000 100000 x 0.2 = 20000 | 40000 = smﬂ
2 ~80000 -80000 x 0.2 = -16000 | 36000 - 60000
: : — =
3 =60000 12000 3200 ]{]_ = _4_@___’»*_
: B sl 24000 0

Pt
nl;m?ermg'l?mrmﬁm'?g
RS 20000

00D [ === ="
: A0000

6000
=17 |4
K000 l-""-fm S0

anog 1.2 12,000

Balance

AR L0

Unrecovered Investoent

w000g 1.2 lzurm

4 0
20000 1.2 lucm
s i 1 ;
] T i ] 1
I 2 3 4 5

Investment balance duagram

b} B/C ratio, MARR =12%
H0000 5&1#)[1{1 52000 48000 44000

PW(E) = T2 " 112" 118 e
190628.5
10000
PWI({S) = I!T = 567426
: - (1158 - T R
WO & MY = 200 - - = 7209552
PW (O & M) 20000 = 012 <110 72095.52
: , ool Sl PWIB)
Conventional B/Cratio = pwry s PW(O & M) -PW(S)
190698.5 _1145>1

100000 + 720965 - 5674.26
Economically justitied

C) Discounted payback period

| Year | Cash flow _—'E’w of CF Cumulative CF

Mum -100000 A
1_|ﬂw _L:I,mm,fl 1'? 35f14

2| 36000 | 36000/1.12 -2‘5&93‘3

?. % ?Ut‘m

E??h.‘}

28000 1?':-94.5
|_ \ 24000 hms. 24
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; - . The payback period is in between 3 and 4 years . prom conventional BCR method E“S'mumg o

1280925 3 WO TG oy
Py FWI) -FW 5) + WO &

498550 4
0 7 (3.72) years e 'y 108299 953
- Discounted Payhack Period = 3.72 years » J years 11565320000+ 211797 = 092%<1
. Economically justified Not justified |
7. Calculate both types of BCR using FW formulation Modified BCR = FwFEWi ok
i -FW
Initial investment is Rs. 50000 s ) - FW(S)
Income is Rs. 10000 at the end of first year and increasing by 100, S IEHL]J'IJ;:; - ;1&.123 o
O = T i <
o7 justified
Annual expenditure is Rs. 2000 at the end of first year ang INOE Jslac
increasing by Rs. 200 per year 8. Define IRR. Find d IRR and ERR of the following St
Usefal life is 6 years MARR = € =15%
MARR = 15% [2071 Maghy | Year FERE 2 ‘ >l 11
o !_{.Za:-ih flow | =50 | -10 il 30 'll.'l | |
FWIT) =350000 (F/F, 15%, 6) 7
= 50000 x1.15 = 115653.038 ] [2071 Bhadra)
Solution:

IRR is the breakeven interest rate I’ which equates the present worth of a
project’s cash out flows to the present worth of its cash inflows.

e
10000 In another way,
— = 13 . IRR is defined as the interest rate eamed on the unpaid balance ui_a.n
I installment loan. »
40
¥
SO0 a“wfg& o ,\J PW (1 ) =100 ? 1
S T [ 40 50 0
" Ve, =30 - = 4 === p e )
i T+ T+ T (L+ip T (L*i) - R
FW(O&M) = 2000 Oy NG Solving, ”
(F/A, 15% 6) + "I— (F/G, 15% ,6) - ; 50
1=1621% > MARR (15%)
200 56 = ) : i
LH-I?J * ”21.:{; - [115; =1 s ox 200 Discounting all the cash outflow at present withe =15%
: 15 .15
L 100
21179.128 = -5 I—T‘q- = - 58.695
o 15'}&3'—:‘“}% i
1+i i ”'i:v-'uuminm all the cash inflow at the end of 5% year
e - altlollegn 115 . 1.1 _
i = = 4 30 52 ¢ 1.15 + 50 = 135.673
L= [[m Lﬁ_l-'ﬁ_‘_u-T)_ 108299 95 %1152 +40x1.1
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Establishing eqmvalence e
58.695 x (1 + i) = 135.68, solving i = 0.

i=18.24% > MARR

~ERR =18.24%
8.

__l]‘oﬁinc A
Initial investment Rs. 6000
| Annual benefits Rs. 3000
JO&Mmsl i Rs. 1000
Salvage value / R-; 1500 ‘
MARR |' 10% 2]
a) Evaluate both type of BCR (FW formulation). Take useful life = 1

years.
b) Evaluate both type of payback period. If useful life = 5 years

(Take standard payback period = 3 years).
)  Explain the factors affecting determination of MARR.

[2071 Bhadra)

Solution:

FW(I) = 6000 (F/P,10%, 10)

= 6000x 1.1 = 1556245
FW (B) = 3000 (F/A, 10%, 10)

= I.]'“—'I
3000 x 01

= 4781227
FW (O &M) = 1000 (F/A, 10%, 10)

11101
0.1

= 1000 x

= 1593742
FW(S) = 1500

Conventional B/C ratio = \FW@\\_
W) - FW(S) + iy O&M)

En
Bt 'eTing Economics |83
= 47812 27
%

= 159> 1. iuﬁtlhEd

Modified B/C ratio = &M
FW () -FW 5)

E 47812 27 _ 15‘-}‘3'}'42
15562.45 - 1500 = 226> 1

b) Payback period \vﬁ
= ?;r_- CF Cu mu]_aIE_LPW of CF | Cumulative CF
CF (Discounted)

0 | —6000 6000 | T

i —
| _'H]UU - ![:l[hl__ 2000 | —-l[m 181818 818
S | 2000 -2000) | 1652.89 20R%

1
3
3 | 2000 _ 0 [152e  [oem
[4 2000 2000 | 1366026 | 339.726
5 | 2000 +1500=3500 [ 55000 |12 | 51294
i) Simple payback period = 3 years = standard payback period.
Decision — Remain indifferent
ii) Discounted payback period
-1026.33 3
339.726 4
0 ? (3.75)
Discounted payback period = 3.75 > 3 years
Economically not justified.
ii]} I‘\Lf{ raft 3.1
aw investment
9. Calculate IRR from the following cash flow and dr
balance dlagrnm
Ft ear
Cash fluw
| Cash flow |
Solution:
PW(i%) = 0
150 el

250 300 400
HU{J+“+} [rip iy {1“}4 R
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i=2093%

Unrecovered project balance calculation

ng Economics Analysis

golution:

200007

: nun aid —| Payment| Unpaigq |
Year| Unpaid balance Re:;ll': :ﬁ [Ri‘l sined | balances
at begmmﬂﬁ end of Year
year (Rs) SO E———_— — =g
0 0 500 800
1 800 _167.44 (800 x 0.2093) 250 -717.44 |
2 174 | -15016 (71744 x0.2093) [ 300 567.6
717: [ - 76
3 5676 { 11879 400 _286.398
o | 263 | -59.94 -150 49634 |
5 ' 49634 I| _103.8 600 01d~p
L
B
o law
121
f's’ “ 2. 1.21
gn 717.44 .J:L. e e
— =4 ] -
s ik 121 fiso
82 e 600
= e e
£ e 20000 1.2
E g . 285308 200
- 1 T 1 4 x
2 3 4

Investiment balance diagram

L1}
0N

| Dy

Using a FW formulation:

12 years

100000 (F/ A, 12%, 12)

10. Calculate both types of BCR of a

project with following details:

MARR = 12%

Initial
investment

Rs. 100000 | Rs. 20000 at the |
end of first year
and increased by

5% per year

Annual income 1o

Annual cost

Rs. 3000 at the end

of first year and

increased by Rs.
Per year

Useful
life

12 years

Salvage

25000

W =
= 100000 x 1.1212
= 389597599
(L+iN-(1+gN
FW®B) = A i-g
[ +022)12 - (1 +0.05)2
= 2[““.”.1 L'I,_'l"! NP n_n\l_:i ] 5 mm‘rﬂ'lq
_ G NG
FW (O & M) = 3000 (F/A, 12%,12) +5 (F/G, % N) - =
N (1122 -1) 500 1122-1 12x500
= 000x THhi foRX Gl el
= 12295412
FW(S) = 25000
3 | e FW(B)
“onventional B/ C ratio = FW(I) - FW(S) + FW(O & M)
600034.19

Modified B/ C ratio =

380507.599 - 25000 + 122954.12

Economically justified.
FW(B) - FW(O & M)
FW(I) - EW(5)
600034.19 - 1’.12?_54.12 _13>1 Justified
389597.599 - 25000

= 12320

_hﬁJL________H__ g

[2072 Ashwin]

11.

Use IRR method to evaluate following ProJ
15%, Make also unrecovered balance Eraph'

hen MARR s
el [zll;?iﬂhaﬁl‘ll
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L AR — Engin.:
0 1—I 2 I 3 ]_ 4 ] 5 ‘ {ii) Both types of Payback Fatal Em%n%% e

-iu,mfl_[ 50,000 ?ﬂmn solution: 207 By

Given, Initial investment = 3
: = 300,000

|[ EOY L
[ Cash Flow | -60000 zn,gu_mT; 40,00

[2073 Bhad.r;[ .
nnual benefitg =
Solution: PW(i%) =0 iy 'S = 80,000
i M coe iy
20000 40,000 40,000 50.000 70.000 _ o 20,000
~60,000 + Ty e iR (LA (LHI (L alvage value = 50,000
i =0.2797 MARR = Assume 105
Useful time = 10 Yeais

Solving, we get.

[=2797%

B,.-’('.'ratin method

Unrecovered Project Balance Calculation 1)
: ) R S i Al W () = 3.00,000 (F oy
| Year | Unpaid balance | Returnon | Payment | Unpaid Balance | =0 3 0 E/E0%. 10
| atbeginning | Unpaid | Received | atend of year = 778122.738
| vear (Rs) | Balance (Rs.) | ! 120 FW (B) = 80,000 (F/A, 10%10)
| 0 - BE 60 60000 | -1
1 | -e0000 ~16782 0000 |  -56782 = 80,0003
, (60,000 ~60.000 ; - =
: ..‘I Hﬁu_lx (—6d, |l:!l = 16782 + = 1274993 968
. U.2/57) : i 20,000 AR -3
[ 2 | - 56782 -1588193 | 40000 | 3266393 | FW (O & M) = 20,000 (E/A, 10%, 10)
ff 5 B TR | 4000 | -sls00 ] = 20,000+ 10—
| - 81 ‘i-?- -2287946 | 50,000 | -5467946 | U.
- SAan s -1529384 | 70,000 2664=0 = 318748.492
| | | e R .
| (With respect to FW (5) = 20,000
| ! | high amount) : 2
:.—...:r'-T g 9. TR Conventional B/ C ratio = - IFT*-LB]
¢ I 20,000 AR FW(I} - FW(S) + FW (O & M)
f 0.1 50,000 1274993 968
- A0 000 o P PR _,
£ g 40,000 . 778122738 - 50,000 + 318748.492
j:'-g: aas? = 1.217 > 1, Justified
. £ ai Modified B/C ratio = il = EHEIE Sl
i FW(I) - FW (S)
' 1' J .' | | 1274993.968 - 318748492
’ | : ! ’ > LOY - - =
Investmen balance disw 2 _'751.1:-?‘3 e ‘{LL“-}
12.  Your college i T e 2
; €ge is considering to purchase b ) =131 > 1 Justified
expecting Sah'age value Rs, 50,000 ab ik e of Rs, 3,”‘[]‘,1}“" “ Pﬂ.}' back Period
of vehicle saves Rs. 80,000 F':E'r y :‘H’:ﬂd PE10% year, The v EOY [, hFlow PWof CF | Cumulative CF
. ’ ear. en it needs Rs. 20.000 ik ash Flow Cumulative
ttpi_'rarmg cost for each year, Find 5 Rs, 20,00 1 (CH &
() Both type of B/C ratio of Fw f. : ——+—= 300,000 Z3,00,000
ormulation 80,000 - 20,000 | 24,0000
—1_ =60000
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000 | 60000/LY - 195867 75
e -goss66 |
— 000 | 407888 | - 15078555~
3 | G oo | 40008 L - 10%80509
; 0 | 2 | 7wy~
: o0 G000 | 30844 | - 3868235~
; b 20000 | 3078948 | - 789450,
7 |l | o | zwa | omme~
: :mxw_— — 240000 | 2544585 45541 35—
: S0+ | 300000 | 110000/1.1% 87951 136
& %m = 4240976 |
L - 1
Simple Payback Period = 5 years (zero CF)
Discount Payback Period,
CF Year
- 7894.904 7
20095.53 8
0 ?(7.28)

13.

14.

Hence discounted payback period = 7.28 years
Distinguish between financial and economic analysis.
2073 Bhadra)

Solution: Refer [2070 Magh Q.No. 2]

Initial investment of a project is Rs. 1,00,000 having useful life is
equal to 5 years with no salvage value. Annual operation and
maintenance cost is Rs. 25,000. Annual revenue at the end of first
year is Rs. 70,000 and decrease by Rs. 5,000 each year for the
remaining years,

i)  Draw u/B diagram

ii)  Evaluate modified BCR using PW formulation. Take

salvage value

1ii) E:;Iuate discounted payback period. Take standard (cut
o
Payback period 3 years, [2073 Magh

Solution: Refer " 2070 Bhadrg"

15.

Explain any two drawbacks of

IRR with i niafe
between economic analysis and ith example. Differe

financial analysis. [2074 Bhadrl

Solution: Refer For IRR drawhgcks

16.

Refer (2070 Magh) Q.N. 2 for differe
Evaluate the project by usi
i=12%

nee.

ng AW formulation of the project al

= i Engineering peon.
[EOY _ Lo 3ih Efan g;-misg
Cashflow | -3000 800 %m

= (120 1

300
AW (i%) =R - E - (RC%)

Converting all cashflow into future warth FW.

Fw (12%) = -3000 (1 +0.12)° + 800 (1 + 0.12)% + 1000 140
+ 1100 (1 + 0129 + 1210 (1+0.12) + 1464
= 528702+ 125882+ 1404 .93 + 137984 + 1365
= 157577
(1+i)-
Now, FW "'l{ ==y _I Tl
-
o [@2012p 1]
157577 =A| "2 |
On solving, A = 107.86

e, AW (12%) > 0, economically justified.

129

2+ 1464

17. Calculate the ERR of the following cash flow. MARR = 12%,

reinvestment rate = 14%.

EOY [0 12 L
Cashflow | -100,000 | 25,000 | 40,000 | - 10,000 | 50,000 | 50,000 }
[2074 Bhadra]

Solution:
From given data MARR = 12% and reinvestment rate = 14%

SO000  S000

[EEE L]

TEER )]

Dlﬁmunt all cash out flow to fime Zero.
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10000 _ . 06749.71
Expenses {EJ=1W*W 10 A e Wl
. —gor. |- 0 1 L [hgapes
Compound all cash inflows to N i.e. 5 years at 14%, i_ﬁéfc.nsh :[.mum 120000 { 105000 | 50060 75000
flow 1 I 1

Revenues (R) = 25000 (1 +0.14)* +40000 (1 + 0.14) + 50000 (1 + 0.14y: i
‘ Using PW (i %) = 0

+ 50000 = 208485.76
: 120000 105000
- 400000+ ———= , 105000 75000
(T +i}z+m+m+%¥%
i

Now, Equivalence outflow and inflow at rate ERR (i%)
45000 30000. 113000

106749.71 (F/P, i%, 5) = 208485.76
106749.71 (1 +i)° = 208485.76 ERME : _[_]_;_]F B
g raking 30,000 common from all term for easy calculation
i=0.1433 4 . o' 3 75 5 o8
e S ey T B 1'1‘-_-_-'_'+'_'—f—_ -~ 15s
RN > MARR B3 O AP Aty AT
Therefore investment is good and accepted. : pe l'%f: ,;_* i
+1 ( i)
18.  Make investment decision for the following project by using (i (1+1i) R
IRR (ii) B/C (iii) Discounted payback methods. [2075 Baijs akh) Assuming (1 + i) = x
o Then solving by using calculator
=1.13a0 e e
From Given data we have x=1.1360 ~1=1.136-1=0136 = 13.60%
Le. IRR > MARR, economically feasible.

Initial cost = - 400000
(ii) Using B/C method
For Linear gradient series A = 160000, G = - 10,000

Annual revenue (A) = 160000 for 1+ year
[Jrl;’bt"]'lt l,\'|:||'t|'_ o Hl '|"||,'_'.'-i t_, [“r"." “El =A [T'.I-'; R, grtl, db + G tFI.';G g?‘o,- E']

Decreases by i.e. Gradient (G) = - 10000

Annual expenses (E) = 40000 for ] year r g N
; ] 1+ =1 = + i~ Nj-
’ Increases by i.e. Gradient (G} = 5000 =A|° i +I I'i i) L|_|7iI 1]'} + i]'\‘] 1}
Salvage value (S) = I e Bl
£ g ue (5) = Rs. 100000 _ C[(+09F-17 (-10000) 1_;};5_8::&[]1}9—‘1]
= 8 years = 160000 0.09 x (1 .U‘%‘]’J * 000 (1098
ARR = 9% 5
MARR =9 = 88557105 + (- 168876.54) = 71669451
No i i
W, (i) Using IRR PW (1) = 400000
PW(i%)=0
; 22 iy g 100000 86,62
A= 16000 8 = 100000 PW of salvage PW (S) = 100000 (P/F, 9%, 8) = 1.09¢ g g
1 50w LBV 1 4000 g = .;{HIH]
o PW of annual expenses, linear gradient G = 5000, A =53,
SN il T AN -Ni-1
3 y | (1 +1m- ] G Ll—:-l:l———-_—]
40000 : Le. Pw O&M) = A le}:]r_l}“_} X F[ 1+
00 soo00 o8 1+09%-1 '| [ﬁi}ﬂﬂ}[l 098 -8 % U.W'1:|
BN e e~ .
S 600 gy ¥ 40000 [ 0.09 x (LO9) | + 009 (1.09F
= 221392.76 + 84438.27 = 30583109
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PW (B) - PW (O & M
" 71669451 - 30583103
=~"300000 - 50186.62
410863.48
= 34981338
. BCR = 1.174 > 1, economically feasible.

RN pbeck pethod.
Cumg]atiw; _];1:{7"*

Netcashflow | PWat9% | Cumulative pjyy
0 | 400000 | 400000 -/ -400000
1120000 B E 38899083

| | “lm':l'.l.-—[.[_'_]--:l; i
2| 105000 FLiane - 30061443

| [ Bb..q-" h."iL‘l = |IJ. + 1‘,'2

! — |
[ 3 | 90000 £9496.51 ~231117.92 ) B |
[ 4 | 75000 | 53131.89 | -177986.03
5 | 60000 | 3899588 [-13899015 |
| 6 | 45000 P [-li2iss12 T o
7 | 30000 | 16411.027 | -95747.09
8 | 115000 | 57714.62 [ 3803247

Here, Payback period is more than 8 years.

19. What do you mean by financial and economic analysis? Briefly
explain life cycle costing. [2075 Baisakh|
Solution:

Refer chapier 3.7

I.:fjea cycle costing: Life cycle costing is a system that tracks and
_acr:.um tes the actual costs and revenues attribut
1ts invention to
and revenues on

: able to cost object from
its abandonment. Life cycle costing involves tracing cost
: a product by product base over several cale |
The Life Cycle Cost ( LCC) of an asset s defined as:

-”IThe total cost throughout jis life in¢l
acquisition and support costs and
OWTINg or using the asset”

ndar F.L‘]'iULiS-

uding planning, desigh
any other costs directly attributable

Life Cycle Cost (LCC) of
ownership, and includes all the
of the item to acquire jt,

an item represe
cots that wil] pe
Operate jt, Support

nts the total cost of i

iI'II._‘LIJ'rl_Id du;'in:,_l’ the Jite

it and finally dispose it. Life

Engineer; el e

‘osting adds all the

s [ LI“SLE- over h s 4

Cycle their fifs + .
ayalushon. okt & COr basis for the ﬂpﬂcw and enables 4
11'q-uu.m-tlrmr-1' are used), Specified periog l"ﬂlully
dis

This enables decisions on acquisition, ainteng
disposal to be made in the light of full cost lmpl'\caﬁn;: T -
5.
£55eTIce,
the costs involved i
POSING a producy throughout its

or

Cycle Costing is a means of estimating all Life

n|‘l'r‘“m!-’.— maintaining and l,jitjr;ﬂ_mHPr dis
life.

Thus, product life cycle costing is an approach used to
long-term  picture of product line profitability, feedback o u-:
offectiveness of the life cycle planning and cost data to clarify the
pconomic impact on alternative chosen in the dEﬁ'igrl e ing p
ebc.

It is also considered as a way to enhance the control of

manufacturing costs. It is important to track and measure costs dur:
each stage of a product’s life cycle. &

20. What are the relative methodologies of economic analysis? Explain
in brief any two of them with suitable examples.  [2076 Bhadra]

Solution: Refer introduction part of chapter and 3.3

21. If you planned to invest in a project which has stated following
information regarding investment plan in proposal: first Cost = Rs
2 Lakhs, Project's Life = 4 years, salvage Value =Rs 50 thousands,
gross Revenue = Rs 1 Lakh, O&M = Rs 30 thousands. Draw your
decision based on(i) discounted payback period method (i)
equivalent worth method (iii) modified B/C ratio method and (iv)
suitable rate of return method. You are provided with 14% MARR,
3 yrs. loan tenure from bank. [2076 Bhadra]

S‘“lution:

Firstcost = Rs2lakhs
N = 4years

Salvage value = Rs. 50000
Gross revenue = 1 lakh
O&M = Rs, 30000
MARR = 14% =014
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-Im [l'rl'l‘il s
(i) Discounted pay back period < " Pw i Cumulatjy,—~
Year | Cash beat o
fow _ i 200000
200000 ~200000 l
‘ e 4) = !114“1 5 - 13859 ¢ 50
1 -u'n] "ﬁﬂ'ﬂ[] to [7 14) |_ :
: 14)2 = 53862.73 41;117
2 (70000 | 70000 (1+0. l 37485 S —
— 7248 -3/ 76
) -Lwl“:'ﬂ] +0.14) =47 al
2 e 3959 85

A 70000
Now, by Enrerp‘r[&l‘inn
\-‘ear cumulative cash flow
= ~37485.76
4 3959.86
?{x) 0

using calculator

x=39 year

Therefore, payback period is 3.9 years.
(ii) Equivalent worth method

using present worth method
5 = 50000

A

~od
|

1 D&M O0&M OkM O&M

200000

S p———
-

Net present worth(NPW) = _ 200000 + 1+ A |_
i i
O & 'vil—!l’rl -11
. R
= - 200000 + (100000 - 30000) (1 +0. 14)¢ - 1
1+01dp | oma |
-~2£h1m+2039959 B6 + 29604 =335
Therefore B/c Project is acceptable, I
(iii) Modified B/c ratip method.

CR W(B) - pw 0&m
Pw (I) - pw(s)

_._.i‘

] LHHK!(HGH}‘“‘“ '4"‘ R B

w[ (| i{J[]

. oafe [ﬂti_l] S o o

(3 +ip i

'y H-me 14 0 £ _ 1=
(1+014p H"‘T}FJ
= 100000 = 2 o0
= 291371.23
pw (0 & m) = 30000 = 2 ¢
pw (s) = 29604
pw (I) = 200000

I Jere: F L “ﬂ

:E?’_ﬁ{:{]

291371.23 - 87300
- BCR = T200000 - 29604

= 1.197 >1 There fore ok

Extra Quesmmw m

Evaluate machine XYZ on the basis of the P and FW

i when the MARR is 12% per year. Pertinent cost data are as shown

follows:

|I Investment cost (Rs) i | 150000 .
Salvage value (Rs.) 35000 |
Useful life (yrs) 15 |
Annual expenses(Rs.) | 12000
Overhead cost (Rs.) - end of 5 year 24000 ‘
Overhead cost (Rs.) - end of 10* year ‘ mj

Eulutmn P'ﬁ_ {Imﬂhﬂd}

PW (12%) = -150000 - 12000 (P/ A, 12%,15) - 24000 (P/F, 12%, 5)
60000 (P/F, 12%, 10) + 35000 (P/F, 12%,15)°

24000 60000 _ 35000

~ -130000 = 1ot = 1’: ; {11:1 115 112 1128
= _158272.64

rdag (12%) < 0 the project is not acceptable

Fw (methad)

Wax) - ~150000 (F,/P,12%,15) - 12000 (F/A12%,15) ‘32:23?5
(F/P,12%,10) - 60000 (F/P,12% 5) + 35000 =

oince FW (12%) < 0, the project is not acceptable




of Engineering Eronomics Analysis
ilding five years apq
v msuw i pl::t::::c:e:;nansghas been Rs. f! for Ry
Its annual ::1: ears, you sell the building for Rs, ﬁmh
rﬂ::. At the fm"_:: :::n{vnership you rented the hui|dhlg for
During the P::laf the beginning of each year. Use the Aw mem‘]ﬂ_
muii };ls investment when your MARR is 12% per yeir

96 | Basic Methodologies

Solution:

4500
200 T
0 rt T: L Ii T‘ L
RERARR
1
35000
Calculation in Thousands y
AW(12%)  =-3500 (A/P,12%,5) + (200 - 120) + 4500 (A/F,12%, 5

=-Rs. 183
Since AW (12%) <0, the project is not acceptable.

3. If a machine will be operated according to varying hours. 1500 fys
in the first year, 2500 hrs in the second year, and 2000 hrs. In the
third year. Compute the annual equivalent saving or cost per
machine hour if the firm's MARR is 15% and AW(15%) = Rs. 68%

Solution:

Let X' Rs/hr. be the equivalent annual saving per machine hour,

which is to be determined. Equivalent annyal saving in terms of X
can be computed a5, :

AW (15%) = [15000x (P/E 15% 1) + 2500x (P/F, 15%
L 15%, (F/F, 15%, 2) + 2000x (P/F.
15%,3)] (A/P, 15%, 3) o ) ;
Calculating, 689 = 1975 207 ,

ear. At the end of 3 years Rs
At the end of 5 years you sell 2
Ting the peripd of ownership, yo¥

of each year. Use AW meghoq MAR;;: ?rr;:: paid at the beginniff
o (1]

[N

Solution:

250000
I = S000000) 1
A50000)

AW (12%) = -5000000 (A/P.12%, 5 - 450000 5 /p

12%
+ 6000000 (A/F, 12 % 5) + 500000 - 250000 ;z]g‘;;[; ;2*"- )

AW is -ve, investment is not ‘.‘Ci‘-'!"l'.}mitall.}r justified,

5. Maintenance cost for a new COmMmun;
expected 50 years life are estimated to be Rs. 200000 each years for
the first 5 years, followed by a Rs. 2000000 expenditure in the 158
year and another Rs. 2000000 expenditure in the 30* year, If MARR
= 10% what is the equivalent uniform annual cost over the entire
so period?

Solution:
o—L 2 3 4T EE S
VLT
200000 v ¥
2000000 5000000

Discounting all cash flows to the present
PW (10%) = 200000 (P/ A, 10%, 5) + 2000000 (P/F, 10%, 15)
+ 2000000 (P/F, 10%, 30)
= 200000 x 3.7908 + 2000000 x 0.2394 + 2000000 x 0.0573
= 1351560 '
AW (10%) = 1351560 (A/P, 10%,50) = Rs. 13631834
6 A housing company is considering building apl!‘tm"!ﬂﬂ at
Kalanki, Kathmandu. The company has reached to  following

No. of apartment 50
Occupancy capacity 80%

Land cost Rs. 30000000
Construction cost Rs. 95000000
Study period 20 years
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i 15%
taxes & insurance
1.2 times the land cost

hly rate to be charged pe unjy

of total investment
Annual

Salvage values
1 ine minimum MO nt
apartment. MARR = 15%
Solution:
(Amounts are in 00000s)
AW of costs
Capiml recovery costs

COMPARATIVE Avie—
OF ALTERN ATIQNE*;LYSIS

—

= (300 + 950) (A/P, 15%, 20) + 300 X1,

’ Most of engineering projects can _ ) e

5%,20) =Rs. 196.222 . be accomplished by
G . feasible design alternatives. The in‘.-a-:.hnints db;_-" Tows S

A - "[I] F 35 N = RS 5 ; % 2 3 in g
ual taxes = 15% of (300 + 350) s various alternatives, may be different ang their annufl —
7 722 | 7.5 s P i rev
Therefore, equivalent AW costs = Rs. 383.722 (196.222 + 187.5) cost may vary. Because different leyels of iny Em‘.‘nues arlu:]
: i T i e : estmy nmormally
varying econg : )
AW of revenues produce p Ay s mic outcomes, w

€ must perform ap analysis

to determine which one of the mutually exclusive alternatives
Ves 15

Let x be the monthly rent to be charged
AW of revenues = x x 12 x 50 x 80% =480 x

Flrll [ crrr.‘t":.

s . Inthe real world of engineering practice, however it is typical for us

Equating, to have two or more choices of projects that are not independent of

480 x=383.722 one another in seeking to accomplish a business objective. (As we
shall see, even when it appea re .

x=0799=08 ; TR .k. .. Pt .m E.hﬂ s }'_L.ive only one project to

consider, the implicit “do-nothing” alternative must be factored into

x=3m{IJper month {Appmximat{e!}r] the dl_":_'i‘wiﬂi'l-|"_"|._'|I-\:_]'|?‘J [3]’1_);_'.'_*55_'] In this section, we extend our

evaluation techniques to multiple projects that are mufually
exclusive.

(3R] N |88

Generally, the alternatives that require the minimum investment of
capital & produces satisfactory functional results will be chosen
unless the incremental capital associated with an alternative having
a larger investment can be justified with respect to its incremental
benefits,

4.1 Comparing Mutually Exclusive
having Same Useful Lifeby = = 0
4:1] Pﬂ}"bﬂ(‘l\' p{.ﬁri(}d met_hf}d ﬂ-nd Equi‘.-’ﬂlent

method:

P3yback period: In payback period, the length of £
the cost of ;

=

worth _

ime required o Tecover
: ojects are
an investment for two or mMore alternative Pr
C . o
°Mpared and one with least payback period is selected: :
- s [ ter
Note: Types of payback period is already studied in chaPEEE
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Example: Autonumeries Company has W0 mutually exclusive p, .

Select the best project U8

ing pa}rha(‘k P'?fiﬂd method_ Sl’hq}

Engineering
Here, cumulative balance turns Positive in the Ecﬁﬂ.mu I 101
lies between year 4 and year 5 by inlerpﬂla::'ear 350 Payback periaq
. ion.

=15%
Pﬂmd £5 yrs ﬂﬂd MAR'R I e |.1a}-|:-u;_‘k pl""l'i.ﬂd =490 YIS,
: A - jl rpolation ¢
Alternatives R [t Note: Interpo ation can be done by usip, :
850000 .ﬂﬂ{}l]{] . [ g calculator ag iy chapter 3]

Initial Investment i Since, payback period or alternative 'B' s jpe
e 5 less than payback peri
E period 'ﬂf

s VA" Hhe best profec v
alternahioe A' the bes! f”'w‘'l.-'r‘”'"L-"'”.!Jrlri'l;nl is alternatipe ' g
o - LIL‘

12000 | 11000

Net Annual Income

ue = 20% of initial investment Equivalent worth method:

Take salvage val
|_|i1“'|||_'|':t '-'\'I.1Ff|'i i|'|'||_1H'H_’JL1. two Or more 3l
i

Solution: In eq AT AT ey ‘Matives are compared
For alternative A the basis of (PW, AW or FW) ie. equivalent worth, An g
< [y R srrivale : fa r d the :]!tt‘m t
e 2 SR i ol with highest equivalent worth is selected as best Al ative
(Periods | Cash flows | PWof netcashflows | Cumulative | D ; matives,
(i = 15%) cash flo P i n.m ually  exclusive investment alternati
E . W_s_ I jmph‘l‘lu‘ﬂh!lﬁ an office automation plan in an i al‘l_‘l.res for
0 ] - 850000 — B50000 | B50000 -'i are being considered. Each alternative ek Ih"“g design form
= : FIER e sa :
1 ‘ 120000 104347 82 74565217 | requirement but capital investment & benefits are I:Iiffere:: f;:?IE;
= R e — | . . ; ive. T 4 Lk . A
f 2 20000 507 24 | S alternative. The study period is 10 yrs. MAPR = 10% per year, which
e A | } alternatives should be selected in view of the following i ! %
3 120000 78901.94 57601298 | - N ing investment.
| e | Alternatives A | oo T —_—
4 120000 6861038 | 07407 59 -{,JF“” e e o b A —!_C
| : | Capital investment | - Rs 390,000 | -
5 | 120000 + 170000 144181.25 easyiail - . "3__‘ Rs 920,000 | - Rs 666,000
* = | <149 pAnnua cost saving | 62008 167,000 133500
[Atyear 5 salvage value = 170000] Solution: b ) —
Here,u:e cumulative Balance does changes into positive in 5 yeas By PW method:
refore Pﬂ}’bﬂfk Pﬁ'rlﬂlij 15 more I:h._lnﬁ_-”:; for alternative A. : PW (109%) K= 390,000 + Rs 69000 (P/ o
For Alternative B 0,000 + Rs 69000 (P/ A, 10%, 10)
s O 'F(l+i]1]"'—]'| 1
m —_— 14 . UMY+ I"_\.f|.'|h|/_ 01 K’m
of net cash flow | Cumulative -:.15!1-| : ' e
B | flow N ED ST L
[~ 400000 400000 Rateiman
T . : 2 b
Sl U L - 304347.82 390000 + 423975.13 = Rs. 33975.13
— 1 @ 11
_____EJ'I?S.B — 290872.03 PW (10%) 3 = - Rs. 920,000 + Rs. 167,000 (P/A, 10%, 10)
T ||| ""__'_"___-— : A
7232678 _148545.25 > o [+ 018 HE CE
3 HE i = - 920,000 + 167,000 x| X110
62892 85 T BAR 1.
T - 85652
94463 58 e = Rs. 106,148
[At 5 year salva s | 8811.18 PW (10w gl
3 ge value = =" ' N (109 > o
80000 ————4 10%)C = _ s, 660,000+Rs. 135,500 (P/A. 10%,10) = Rs 160385

I
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I rnatives C would be selected bﬁ_‘mux.(- it h&s

So, Based on PW method, Alte
largest PW value (Rs. 160,304)

By AW method
AW (10%)s

e 390 |]'_H:| {‘HHF}IUQDJ jﬂ} + K= {'r'?,ﬂﬂﬂ

1+0)°x01 1 o ¢9 000
= _ 390,000 x il +0.1)0-1

o Fxi |

[ F=Pa+iy&A =TTy 1)

— _ §3470.7 + 69000= Rs. 5529.30

AW (10%)s =-920,000 (A/P, 10%, 10) + 167,000 = Rs. 17316

AW (10%) = - 660,000 (A/P, 10%, 10) + 133,500 = Rs. 26,118
Alternative C is choose because it has largest AW value (Rs. 26,118)
By FW method:

FW (10%)s = - 390,000 (F/P, 10%, 10) + 69000 (F/A, 10%, 10)

I'r_"! + (.1
= - 390,000 x (1.1)"° + 69000 x| 57—

= Rs. §8,138

FW (10%)g = -020.000 (F/P, 10%, 10) + 167,000 (F/ A, 10%, 10)
= Rs. 275,342

FW (10%)c  =-660,000 (F/P,10%,10) + 133,500 (F/ A, 10%,10)

Rs. 415,801

So, based on the FW method, the choice is again alternative C, because it

has the largest FW valye (Rs. 415,801).

Example: A company is planning to install a new automated plastic
molding press, four different presses are available. The initial

Press e _Pz_——-— _P:i_ — F_al__
Capital SRe M o —— ]
investment J_\ Rs.30,400 | - Rs. 49600 | - Rs 52,000
Useful life T e N -
5 yrs o 5yrs__

T T I —

5 8 | -Rs.25192 | - Rs. 22880
B R e 0000 2 E”'EELP"

Engineerip
B Econgm;
golutiom: il o
Here We solve (By the FW methoq).
=
FwW {1!]% == 24000 (F/P, 1@%, 9} - 31'2{]{‘] (F
ey /A, 10% 5)+ 10000
=3 % (1 + _1)5‘312["][1*0.]5-1
L'Ti)“‘} *+ 10000
== 229,131 + 10000
= = 219131
gimilarly,
FW (10%)r2 = 30,400 (F/P, 10%, 5) - 2912 (F/ A, 10%, 5)
¥ A +
= — 226,788 + 18000 ¥
= - 208788
FW (10%)es = ~ 49,600 (/P, 10%,5)-25,192(F/ A,10%, 5+ 20000

233,689 + 20000

- 213689
FW (10%)p 22,000 (F/P, 10%, 5) - 22,880 (F/ A, 10%,5) + 25000
223,431 + 25000
- 198431
50, Based on FW analysis preference ranking is (P4 > P2 > P3 > P1} and
the best option is press 4,
[Note: It can solve by using PW and FW method also]

41.2 Rate of Return method and Benefit cost ratio
method:

The projects having highest value of IRR, ERR and BCR may not be

the preferr ed alternative, they are just relative measure and cannot be in

the Way as (PW, AW and FW) method. For this purpose we adn{._)t

i ) AL is 18
Cremental analysis. For independent projects, no incremental analysis
HECE\.‘\SB,[‘?I

Tog - .
edure for incremental analysis: ital
: ; ing Cap!
Ar]’angv th{-_" J.-E."r]"!lh].[' aItEﬂlﬂ'Wes b.’-]S'E'd on LI'!CI'E‘af' E‘

MVestment,

Estaby;e :
ablish a base alternative:
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104[(:0:11931 :
; sast capital in
.. o The first alternative (Least caf Vestm,
a. Cost alternative: 10€ ot *Mly
. . first altermative ig
If the first alfe ~ AN “CPlaly,

lternatives:
. T;;Shj;mi‘;R;J select it as the base. If the first alte “Thatiye ;.
(IRR >

5 s in o
acceptable, choose the next alternative in order of iNCregq

capital investment & check the profitability criteria (PW gy
s ' 1 1
values, Continue until an acceptable alternative is ”b“'nl"d Ii

“one is obtained, the do nothing alternative is selected.

3 Use jteration to evaluate differences between alternative unty
E i

more alternative exist.

a) If the incremental cash flow between the next (higher capiig
investment) alternative and the current selected ﬂ[h,,,mme'
acceptable, choose the next alternative as the ‘current g
alternative, Otherwise, retain the last acceptable alternatiye P
the current best.

b) Repeat, and select the preferred alternative the last one for whjg
the incremental cash flow was acceptable.

Bxample: The estimated capital investment and the annual expenses for
four alternatives design of a diesel powered air compressor
are shown. The study period is five years and the MARR is
20% per year. Based on this information determine the
preferred design alternative using IRR on incrementl

investment.
L [:rz

ital i
Joi Invﬂtﬂlﬂﬂf - RS 1 - Rs. lqﬂﬁm | l{'-'u 148200 | - Rs. lﬂmj'
T —_—

e

| Des:gn aliemahves | D3 : D4

—

nua]expensesl -_29[]0{] | _mgm | h],;;_.;m -22100 |
fu]l.xfe 5 r €_T_'5_ |_;_—J;

Marker va]ug Tol
m_‘} W | 256m [ 1400 |

[Note: Market value js salvage value]
Solution:

Arrange the four mutyg)

: : ¥ exclusiy, e
increasing capital investme € cost alte

i
matives 1 the!
Nt costs, atives based or

So order of alternative i
s for Merementy| analysis is D1, D4, P2 and D3:

Take D1 as the base alternatiyes

pow, the first increment anajyeie ;

Ysis is beh'"ﬁ‘ﬁn D
1 and D4ip
. Dq,_m

and present in tabular form

[ncrement covered D4 - E}’J__
E_?:inig !nve.--;tmw: ‘EZ_U[E:_ -
. fﬁ;m_u.tﬁx;mng{-s T ﬁg—ﬂ]—__u'__-__——
iaretvatoe 75 S
o IRI —— 1

Calculate IRR of increment cash flow of pyg _ )
PW (i%) =0
- 22000 + 6900 ai”r*\ %, 5) + 4000 (F/P, i%,5) =0

] +]]' ‘] | 1
- 22000 + h"J'Ul‘
1 _| []+lj MJ,{[J+]5=G

Solving by calculator,
i=20.5% = MARR (20%) So, eliminate D1 -
Again, incremental analysis is between D4 and EQ_
Calculate IRR of incremental cash flow of D2 - D4
FW (i %) =0 [~ for calculating [RR any of AW, PW & FW is made

equal to zero]
- 18,600 (F/F, i%,5) + 5200 (F/Ai%5) +0 =0
[(1+iPF-1] .

i b

- 18,600 x (1 + )5 + 5200 |
L

Solving by calculator
1=123% < MARR (20%0 So eliminate D2.

Again, make incremental analysis between D3 and D4.
Calculate IRR of incremental cash flow of D3 - D4.
FW (i %)y =0
~ 26,200 (1 (F/P,i%, 5) + 7,300 (F/A, i%. 5) + 11,600=0

: (1+i)p-1
s 2“,2“[] 4 {l + 'I:I-' 4 :'}““ {L-Flll]—'—‘}"' 11&"‘]] = l:}

‘ml"’j“l—" by calculator

oo L= 204% > MARR (20%) So elimi
st altern ative,

nate D4 and Select D3 s the
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106 | Comparative is considering following el
engineering fim & Wiy
mp‘ﬂ An 4 —
tives. S —
all‘lm"EDT — Alternatives -|
Al _I e

il - 6000
S [ =N | - O
AR

7 (a0 [1w [0

S0

e s using IRR incremental analysig
i alternatives by using Vsis.
Determine the best
ﬁmmingMARR = 19%
Solutior: This is the case of investment alternatives so,
SN L s 1S & =
First calculate IRR for all alternatives
ForAl PW(% =0

3000 2000 1600
~ 4000 + =

1+0 " (1+iF (1+ip

- 1=3434% > MARR, (accepted)
Similardy for A2 PW (i %) =0

1600 1000 1000 0
. =

5 i e e
(1+d) (I+ip" (1+ip

- 2000 +
i =4076% > MARR. (ac cepted)
&for AAPW (i %)=0

- 1=2481% > MARR {accepted)

Taking A2 ac the base alternative & order for incremental analyss®

A2, Al,and A3,
Now, the first Increment analysis is between A1 and A2 i.e. Al-M
BOY [M1-22 [a5- 50
'!—]'-——i————ﬁi?__.ff AL |
—-—-—-__._,__?'_D‘:_H‘I_ e ’_—_}_EH]I'J
J__Hiffi___q 0
2o oy
G | 200
— 190 T4
N i —
e |

Enginper;
Calculate [RR of incremental eash flow of (A1 - A2)
PW (i %) =0
1400 1000 600
. 2000 + (1+i) (1+ip" 7+ r].=ﬂ

solving by calculator

i = 27.61% > MARR (15%); ace

Pt Al & eliminage A2
Again, increment analysis between A] & Adie (

A3 - A1)
PW (i %) =0
2000 400
- 000 + 0+ '|"J"+ v : Fh+_l_|7= 0

i =8.8% < MARR (15%); accept A1, Eliminate A3
So the best alternative is Al

42 Comparing Mutually Exclusive
having Different Useful Lives

When the useful lives of mutually exclusive alternatives are
different, the repeatability assumption may be used in their comparison if

the study period can be infinite in length or a common multiple of the
useful lives,

421 Repeatability A ssumption

['wo or more alternatives having different useful life are changed
into projects having same useful life by expanding their life up to at least
L'{IJ'I'[[T][\H Vear.

a st Eeill 1‘ arl
The economic consequences that are estimated to h‘-F‘F‘En_mlife
alternative's initial useful life span will also happen in all suce .
*Pans replacements )

/ , Lora sldo meet both
Actual situations in engineering practice seldom
Conditiong

. : mutually
Example; The following data have been Eshm““?dﬁ f"; t::h < aal
xclusiye investment alternatives A and B, associate penses aré
?“g'"“’iﬂﬁ project for which revenues as well as

/ ively. If
ln'q-'flf'.-'g.'_[‘ -”ll;'}f have useful lives of four and six years respect!

e esirable by
e MARR = 10% per year, show which alternative 13 P




ysis of

| Useful life (year)

s

Solation: The LCM of useful

Using the repeatability assum]

For Alternative A

: nses .
| A e —

‘_H; valae at ﬂwind_-:d E-:e_rul_hte_ _ 0

Alternatives

Use “»pnatabiliijr assumptiong,
B - [ 3
ey R.-:'_._J.'im - qu
< T ] 1900 2500
- -: _ "_L__h.u; E ‘“211 |
T |6 T
|0 ~

lives of alternatives A and B is 12 Yean

pions and a 12 years study period.

e 00 — 645 = Re 1758
Net revenue = Revenue - E‘PP:-IH'J?‘ = 1900 - 645 Ks.1255

r—

Now, PW (10%) of A = - 3500 -

P/AI0%12)

= Rs. 1028
For alternative B,

Net revenue = Revenue - Ex]

ettt

1 4 % 8 9 1011

=-3500 - 3500 [(1 + 0.1) + (1 + 0.1)%] + 1255 x

3500 [(P/F, 10%.4) + (P/F,10%,8)] + 12%

penses = 2500 - 1020 = Rs. 1480

A= |480

e L]
Now, PW

=Rs. 2,267

Based on PW methog we
larger value (2,262)

[Nful.‘e: Similarly we can apply AW

would sgle

10%,6) + 1480 (P/ A, 10%,12)

g " lJ.'\
ct alternative B because I! J

& FW method also)

422 Co-terminated Assumption.

a)

Engineer;

o A finite and identical study period is used f
- oed o al]
o  This planning horizon, combined with
to the estimated cash flows, "

and comparable basis.

altermnatiyes.
PPropri
puts the allerr'LahF::::'n 2 Comimon

. Used when repeatability assumption is o
pplicable.

. This is the

prl:['ht't'.

approach most frequently
¥ used i Enp;jﬂlh.'ring

Useful life shorter than study period (useful life < }
When project lives are shorter than the required *:u:: P'ﬂ:
must consider how, at the end of the project lives, we *ﬂlp:annﬁ'? x

the required service period, Replacement Projects—
additional projects to be implemented when the inigial project has
reached the limits of its useful life—are needed in such a cage A
sufficient number of replacement projects that match or exceed the
required service period must be analyzed.

rest of

To simplity our analysis, we could assume that the replacement
project will be exactly the same as the initial project, with the same
costs and benefits. However, this assumption is not necessary. For
example, depending on our forecasting skills, we may decide that a
different kind of technology —in the form of equipment, materials,
Or processes —is a preferable replacement. Whether we select exactly
the same alternative or a new technology as the replacement project,
we are ultimately likely to have some unused portion of the
equipment to consider as salvage value, just as in the case when the
project lives are longer than the analysis period. Of course, we may
instead decide to lease the necessary equipment or iu't‘-'”““'_m the
remaining work for the duration of the analysis period. In this case,
We can probably match our analysis period and not worry show
&‘l\'ﬂgk' values,

In any event, at the outset of the analysis period, we mu:-“ m:!
“me initial guess concerning the method of @Pi@gﬁm
analysis, | Jlt'r? when the initial project life is e E!P::’Fd.
We may revise our analysis with a different replacement P

is an OngoNG
project and **

edﬂtﬂ-w‘!m

his s only reasonable, since economic i t
atuwl}- in the life of a company and an m'.restm::t
shoulg always use the most reliable, up-to

I'u-!..-'anu.lbly,f acquire,




i h“:&l'nati'ves

o Analysis ©
pmparative ¥ ] . : gl
i Each cost alternative must provide sam, |l‘1-'n|
. Hves: Ul
iy Cost alterna Vs
serviceassmd}' pent nt for remaining lime

or least equipme

| for service : :
1) o of original alternative ypy;) st
2y

2) Repeat part of useful life

period ends.
. g _
: % -ash flows reinvestad
ii) Investment alternatives: Assume all cas _ ested i J
g opportunities of MARR to end of study period. .
1 b 1
This is mostly applicable in our syllabus numerical problems.
is is \

h Novelty Company, a mail-order firm, waniy,
mailing system to handle product annuunrem%
n two diﬁ:{'rﬁlnt tYPES

Example: The Smit
i matic
Tnsdui::;;mm firm has a choice bet.ww .
machines. The two machines are designed d1ffe.rentl}-, but fy,
identical capacities and do exactly the same job. The $125
semiautomatic model A will last three years, while the fully automyg
model B will cost §15,000 and last four years. The expected cash flg,
for the two machines, including maintenance, salvage value, and

effects, are as follows

a A _' B

0 -$12500 | s15000 |

1 | 5000 4000

2 5000 4000 P

3 5000 + 2000 2000
Wl 4 ' 4000 + ];I]E K

5

As business grows to a certain level, neither of the models may be ab
to handle the expanded volume at the end of year 5. If that happe®™’
fully fﬂmPfltﬂ'iZed mail-order system will need to be installed "
haufdle the increased business volume. In the scenario just Pregeﬂlf‘
which model should the firm select at MARR=15%

Solution: Given: (.
bel HI'I.EIGI_"'ETI- (-'15}" flows for two alternatives as shown in Figé
ow, ysis period of five Years, and i=154,
Find: NPW of each i N
: alternative and which alternative to select.
Since both models have 3 shorter life thap, th
e

WL
FH_.;:D‘ ,:
years, we need to make ap explicit asg

u

required service A

Engineer;
rn'tlili"""“"nt is to be met, Suppose that he m‘ﬁ%l 111
equipmen! comparable to model A a 5, am; Ty CONsiders
faxes) and with an annual Operating cogt of ﬁﬁu?‘]:hpa}th I;Eﬂ,'unle?:;g

2,000
Model A yeor

n |

5 5000

$ 12,500

Model B Years
(1] | ¥

£ 4,000

$ 15,000

Required
service

penod

Figure: Comparison for service projects with unequal lives when the required

. service period is longer than the individual project live

For the Temaining required service period. In this case, the cash flow
would look like

e - — oy |
=2 | T NodaR _ Mpdall S
- L $ 12,500 -$to00
S 5,000 AN
a0 T 4,000
- 500 e
——-2LI T 500042000 | ooy
N -5,000- 6,000 _HF——%T:;“'H
'-——-__5_____ [t 2 -5,000 - 6,000 __,—/’-E'—/&;d
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. 2 tﬁ, It
the annual lease payments, (1 .
re-st:.:; $ 5,000 to operate it annually, D“:
& b

112 | Comparati
Here, the boxed figures rep!

il inment
S0 fo o ?;‘Tllrt:e p:id by the leasing C'I-"mPR“,‘_" 'LN';“'_ that
maintenance costs e the same required service period of five Year,

alternatives now hav is
N analysis. :
Thersfore, we can 456 S0 0000 (P/A, 15% 2) - $ 3000 (P/F, 15, 3)

= = 115[“ 5o
PW (15%)a _gu. 000 (P/A, 5% 2) (P/F, 15%, 3)

-§34,359 . 3P -
_$15,000 - $4,000 (P/A, 15%, 3) - $ 2,500 (P/F, 15%, o

_$11,000 (P/F, 15%, 5)
= -§31,031
Since these are service projects, model B is
Example: A large corporation is considering the funding of f"”m\fing
mutually exclusive water supply projects. Based on giy,,
information determine which alternative is more desirable ,
implement by using co-terminated assumption.

PW (15%)s

the better choice

[ Alternative v B. il

| Investment 70000 100000
Annual Revenue 38000 50000
Annual cost 12900 27660 |
Useful life ; 4 yrs 8 yrs :
Salvage value 0 0 0

[Take MARR =10%
Solution:
Taking study period as 8 years

(Note: atlwayls take study period equal or greater than useful lives of il
alternatives, if not given in the question I

100000
= Fig.: Cash Floy Diagram of Project B
0 adjustment is required for 5 i al
to useful life. h,?mah"'"e B because study period 15 equé

o FW (10%)B =-mm[F.r‘P,1u%,gi+{5m ““’“mﬁmfl'na-' 3

=~-10000 (1 + 0.1y + m[mmﬁurlﬂ,q

01
= Rs. 41118 85

0000
Fig: Cash Flow Diagram of Project A
For alternative A, the cash flow accumulated at end of usefu] fifa
reinvested for extended periods. fis
FW (10%) = [~ 70000 (F/P, 10%, 4) + (38000 - 12900 (F/A,10% 4]
x [F/p, 10% 4]

L]

=. [- 70000 (1 + 0.1)* + 25100 x (1 01 )] X (1401

= Rs. 2050047

Here based on co-terminated assumption FW for project B is higher (Rs

41118.85). So select alternative 'B' for implementation.

b) Study period shorter than useful life: (Useful life > study period)
Project lives rarely conveniently coincide with a firms

Predetermined required analysis period; they are often too lang or too

short, The case of project lives that are too long is the easier one to

address,

ndertakes a five-year production

useful lives of
long as the

Consider the case of a firm that u
Project when all of the alternative equipment choices have
%Ven years. In such a case, we analyze each project for g
"®*quired seryice period (in this case, five years). We are o

case, WO ,
alvage value is the

k

Id after its S€7

:‘::hunus.ed portion of the equipment (in this -

?Imuu“we include as salvage value in our ana}{;; "

o th t Of money for which the equipma_'it cou Y e dollar
® Project has been rendered. Alternatively, salV8¢
Bure of the remaining usefulness of the equipment

L]
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of project lives that are longer than the ﬂ“alh.
frotnigog immu-ucfim industry: A building project may, hayg .
in the cons :

period oocurs but the equipment that is purchyg, h:
L]

relatively short completion time,

ipeclsgd HEE:! Ilﬁ::imi is shorter than the useful life of any

study pe LR :

or an‘:rs};eﬂll. L}: trumft: the :

an estimated market value. This assumes tha
sold at the end of study period at that value.

For this purpose we adopt imputed nmr]wt mh.w technique, Whig,

is sometimes called the implied market value & estimated by i Mputeg

market value (IMVy) = [PW at the end of year T of remaining Capity|

recover amounts] + [FW at the end of T of original market

end of useful life]

: Proj
Jternative at the end of study petiod

Usip,
t disposable ass

els wil] by

value af the

Imported market value Technique: Used for useful life > ﬁl.udﬁ
period

When current market place data is unavailable for an
sometimes necessary to estimate the market value of an
termed as implied market value.

asset, it :'5|
asset. Alsg

Estimating is based on logical assumption about

the remaining life for
the asset,

IMV: = [EW at the end of year T
amounis] + [EW
end of useful Jife] |
IMV = E]l"\lr(_'g + EWM-‘.-

Where, |

of remaining capital recovery
at the end of year T of original m

arket value at the

IMV = Imputed market valye

EWe = Equivajeny worth of capita) recovery
EWw, = Equivalent worth of market value

of study period.

Example: W, A 1 B el UL 0 s e
u“tm":q:imﬁtifefﬁn:ymmr Company (WMC) has own a contract
owned Property and ¢r. o mm"ff fadioactiye Material from govern -
task fft]liires 5 speciall:“sg:e“.m 4 designated dulnping site. This
material onto 2 transportation vn;rPEr-bullduzg.- to dig and load the

Waste must be moved i 4 period : v Appmﬂma'ﬂ}’ 400,000 tons of

{ii‘b'i.‘n,

Engj
M"del A costs 5.150,[]]“ and has 5 life i Emnnm lllj
require a0y MA0r Ovethaul Toy uais s Mode] before it
required to remove the materia] i twg . Would p,
operating cost f‘ur each unit woylg run to § 49 Years, ang the
hours of operation. At this Operational rate. ﬁl:wfm for 2000
,,Perable for three years, at the end of

i Which time 3. .,
that the salvage value will be § 25 gog fov i "lmelt is

A more efficient model B costs $240 000 each, has 5 H}e of

hours without any major overhaul, and cogts $ % 12,000
2,000 hours per year to complete the job within hvu;::.?h
estimated salvage value of mode] B would be required tg by
the material within two years, -

Gince the lifetime of either mode] exceeds the i .
period of two years (Figure...), WMC has to assums spae e
about the used equipment at the end of that § ;

engineers at WMC estimate that, after two years, the model A
units could be sold for $ 45,000 each and the model B units for§
125,000 each. After considering all tax effects, WMC summarized
the resulting cash flows (in thousands of dollars) for each project

as follows.
Annual Equivalent Cost %)

Period Model A Model B

0 - $300 - $480
1 -80 45
2 e U -45 @
3 -80 +50 —45
4 45
5 45
3 45 W

ge values 3

’ . salva
HL'ru, the HP.'-II."DH in the boxes ru:prE'SL'I'it the estimated that the

. Assuming
ﬂw end of the analysis period (the end of year EL]E?
firm's MARR i 15%, which option would be accep
lltiun:

=15% per
s . Figure here and ] e
Cash Hows for two alternatives as shown in FtIEJl:smaﬁ\'fis
Year, Fing. NPW for each alternative and whic




> tives :
1_lﬁlcmwﬂﬁ*“"'ymd”‘ﬁ’“
.1 50,000

§ 480,000 B

Estimated salvage value

ai the end of required § 25,000
service period
A
% 50,000
A
o 1854 2 3 4 5 r.'
1 : I
Y vy
545000 . $ 45,000
Required
service period
Y

5 480,000

(c)

revenues for both conf; ulz-ce'projecils’ 50 we can assume the same
the market v Burations. Since the firm ex plicitly estimated

ues of the agget
Years), we can com S at the end of analysis period (two

5 (removal of Hfjj :a:]:E two models direct] y. Because the
;ﬁ?is'%] o €qual, we can concentrate on the
A ..sgw - $80
= -$362' [PIA']5%12}+$%{[J|{(F, 15'5{5 2}

-.H&] i
= -$364 $45[P:" A, 15%{2}

+ $'25[] P/F L
Model Ahasﬂ-.ﬂmmmwm (P/F, 15%, 2)
Costs

and thyg would be Preerf"d

EximFlE: Use co-terminate (ie. the imputed b E:;qu‘ll? _
develop an estimated mark Market v .
puetiiod et Valte and determne L9")
the best

Jlternative project by taking study periog of ‘g ot
OF given

in_f,;,rmation. :
Capital investment T
B ot = 35000 | - 50000
| Annual expenses 1500 “_.z‘m—u'—-—-

'_A_nﬁual revenue | 13000 |17=pn |
— Bii i |
Lﬁalvage Value | 3500 5000
Useful life WE
79 | Oyews

Use MARR = 10% per year

Splution:

For alternative X:

Net annual revenue= Revenue - expenses

= 13000 - 1500 = 11500
3500

11500 1

35000
Fig. Cash Flow Diagram of X
FW (10%)x = -35000 (F/P, 10%, 5) + 11500 (F/A, 10%, 5) + 3500

1.17-1
= - 35000 (1 +u.1)-'~+1150{1[ 51 ]+3500=R5-1?34“-3

For alternative Y:
Net annual revenue = 17500 - 2500 = 15000
MY 5000
15000 *

it
llh.-t.

0000

Fig. Cash Flow Diagram of ¥
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echnique

jue (IMV) | i -
S od mm’k(‘l va [ j & Ee
Bj"l.lsll‘lg II'I'I["ull. i) q{'l“] fﬁ}’[.- “] _'.'._,H}' r‘”“”{ .'h'l-,-"II ['J r”“‘l’. H} - I.E"I I.”-””"nl of mu mney th.-lt must h'E" ':nw'rHl{,d § ‘ llg
Capital recavecy: < gl 0.1 0.1 return A at the end of each and eyery p'?rim;m‘]aEr © Yield 4
i — ] : i . [ , L T .
£ 5{“”“'”"‘_ Th 1 SUMOE) ]_]_x_"_"' i% |.L“'|P|1¢I|I.fl.lll.l:l‘-\..l, Ming interest 22
This is a convenient basis for compari
- L R : n
= 93722-437.2 lternatives when the period of d F" E Mutaally exclusiye
i p lity ase " Meeded service is indefinjgel
= Rs 8935 end repeatability assumption is applicable Ely long
. e o It is present worth of project which lasts torever such a-
; wnd of 5% year for remaining 3 years, » blic sector projects such a
Now, PW at the end _Publ proj
[1.13-17 I Bridge
4 - ¢ IR 10%. 3)= 89356 x| —F//——— 5 = ! ;
PW (10%)x = 8935 (P/ A, 10%, ) |_ (0.1 | x 113 _Hvdroelectric dams
= Rs, 22220 ~Irrigation system

e« The CW of a perpetual series of end of period uniform

i Faymenis A,
with interest at 1% per period is A (P/A,i%, =)

Again, PW at the end of 5% year of urigimi market value at the end
useful life (8 vears)

. AT £ IO Y = TORAT = e/ =y % | -IlJ".'I 1+ LI\"“ ] "IE1|
Le. at the end of 5" year of salvage value (Rs. 5000) So, CW (i%) = PWn,. = A(P/A, i%, =) = A :_, N e i1+ | 4 \i)
S0, FW (10%) MV = 5000 (P/F, 10%, 3) = 5000 x (1 + 0.1)-3 = Rs, 375¢ | : A
( ) nE. 375650 T ;'L W (i%) = —|
Now, imputed Market value (IMV) = 22220 + 37565 = Rs. 259765 : .
159768 Hence the CW of a project with interest i% per year is the annual

equivalent of the project over its useful life divided by i

Example: A selection is to be made between two structured designs.

Because revenues do not exist, only negabive cash flow
0000 amounts (cost) and the market value at the end of useful life
are situated as follows:

Fig: Revised Cash Floys Diagram of Y

. RN r sl
FW(10%Ww =_5 e rrnative - 1 Structure N
(10%)y = -50000 /P, 10%, 5) + 15000 (F/ A,10% 5) + 25976.5 Alternative |~ | Strochue BESSH IS
. . r+0 Capital investment - 12,000 | 4m]__|
= - 50000 N L ¥ 0.1y - 17 — ——
X(1+0.1) + umfa—-—ﬂL_H + 25976.5 Market value iu _ED'E it b
=Rs. 370275 ) Annual expenses - 22000 e ﬁ}ﬂ_
A : St et
Based on Co-terminated g6 : Useful life | 10 yrs _1:'_“5_——J
(Rs. 3702 assumption FW for - . ;o highet R, BN S 0 - - .
. 37027 5) or alternative Y is g the CW method of analysis,

By using the repeatability assumption & . 1500 e vedl
So, alternative Y i best selection determine which structure is better if the MARR is 13 pef} 8
ROt o o nriilviabih (AW) over the useful life of each alte

4.2.3 Capitali
apitalized worth method- structure at MARR = 15%, is calculated as,

* The - ; 5. ol
Priocess in Which present \, o AW (15%) M = - 12000 (A/P, 15%10) - 2200
OVer an mhmte iﬂngth of i . orth of all revenues and for ex Pui].'ri', i
(CW) method, 'Me is caley|, orth 0.5 j900=-4592

ed s called capitalized = - 12000 x (1.15)" X750 -1

h ¥ y i
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1

40000(A/ T 15%,25) +10000 (A/F,157%,25) ~ 100y
AW(S¥N =7 015 e =13
20000% (1 15}2 1'!’1" #1000 | 152 > = 10m

== 7141

Ll BN are as follows
o structure M &
Then the CWs of

e

R LA '_"J:"'__ ; '-u\-I{",:\-
CW (15% == = 015
N DD, o= - 47,607

e value of CW (-30,613)

MM}‘ Exclusive, Contingent ang

* Independent Projects in Combination

Mamiv there are three major crous nvestment "FP'II tunities
al  Mutually exclus st one project out of the group canbe
“Hioser
Independent The choice of 2 Project 1s mdeper dent of the
e 3 e group, so I 1l or none of
e s number in | '
MTHnE e :"u.' Fenice i @ prowect 1s conditior _' 0 :EEI.' Chice
% One or more other projects. ( mungent | 50
aLlepiance of ong require the accet ANCe Of anol
Form :
ormation of mutually exclusjye alternatives:
i r g 3
.} &’ WO Independent « -
SEPENGENt projects then the mutually exclusi¥s
GO Natiim )
Mutually exclusive | 4 B | Re k '
A (tll'nbll'l-ﬂul.l'ﬂ S ﬁf}hli A
| 1 ' P 1 1
gz g | I Do nothing
| . I | :
(ST L . J- | &
.. . = 1Y | Accept A |
| 3 0 [1] |
Be g | A
[ 4 | Accept B
NN 1]
e | |"j1||1‘|.-| Jill!hf‘"’- & B

ral design, alternative M shoylq
: L

IfA :
yd acceptance of B is contingent of accept

(e TTHEE ombinabon
(L LL! .

" " b - i__
sutually ex lusive combination | -,5‘ [B|c | S
2] g l_n_‘_f_l
N nl
| r= 0 1:}"-'T'|:It|'r||'|.E
1 1olo \rs;r_ﬁ
" 1 | Accept A & B_‘_]

=
L | Accept A B

gxample: The following are five proposed projects being cnmid:_u[b!
an engineer in an mtegrated transportation company P
upgrading an intermodal shipment transfer facility for less
than truckload lots of consumer goods. The imter
relationships among the projects are:

Pr mject Bl . : ; 4]
l]_ B2 | mutually exclusive and independent of C set
Project B2

Project C1 :
Project C2 '

acceptance o

mutually exclusive and dependent (contingent) on the
f B2

Project D is contingent on the acceptance of C1.

The respective cash flow is shown on table. Using PW method &

MARR = 10% per year, determine what combination of projects is best
if the capital to be invested is (a) unlimited and (b} limited to 48000.

Cash flows for end of year (Rs.)

Projects/EOY | 0 [ 1 2
Bl | ~50000 | 20000 Flm}ﬂ
B2 | -30000 | 12000. | 12000
€l | ~14000 | 4000 | 4000 4000
2 | —15000 | 5000 5000

Ly - 10000

""”il-l.h“"

The p on
he PW for each project 15 calculated as




§ . Mmﬁws
- Comparative Analysis of %
i g 000 + 20000 (P/A, 10%: 4) | oct B2 EPneTing Eeomany h
PW (10%) Bl =-50 Abination 3, project B2 is selecteq R, 23
p=1] 1 13 par €O mblngduﬁh oy
= - 50000 + Ell“”‘[ i el B Ll A00 45 of BZ WSis same

bination 4, project B2 & ] |

. 5 selected :
For con 2 1 ” 4 80, comb; wlys
(cash floW of B2 + cash flow of C1) bined cagh fow is

'p'il('l rl '_!4'

Similarly,
PW (10%) B2 -
PW (10%)C1 = _14000 + 4000 (P/ A
y (2 = -15000 + 5000 (P/A, 10%, 4) = 800

= 8000 for combination 5 and 6

= -30000 + 12000 (P/A, 10%, 4) it

10%, 4) = -1300 oW calcula

pw (10%)of 1 = 0

pw (10%) of 2 = -50+20(P/A,10%,4) =134
pw (10%)3 = -30+12(P/A, 10%,4)=gp
PW (10%)4 = - 4 +16(P/A, 10%. =57

tion for combined project is:

PW (10%
PW (10%) D = 10000 + 6000 (P/ A, 10%, 4) = 9000

Mutually exclusive project combinations is:

. e imilarly,
" Mutually jve | B1 (B2 [ | & T Gimilarly __
" Mutually exclusive | | @ [p 10585

.| combination | o | ared
| 1 I' 0 | 0 0 0 _'_[.I PwW (10 l-:-_] y —h 20 : X
- iy -ep values shown in above table)
-I 2 | 1 ll 0 0 i___ﬂ (All these ¥ J
i : ’ Bk To Ui S,
- | ] | 1 |E ___g} a) Based on mutually exclusive combination the best ol
5 ! b1 o |1 6B2, Cl, D) which has the highest PW if capital avalable &
3 _ [ B k.
] l 1] [ 1 1 [0 E unlimited.
I b flows and PW i T b) If, capital available is limited to 48000 mutually exchusive

i | combination 2 & 6 are not feasible. Of the remaining mutually
: ; Z
| Mutually | Cash flow for EOY (x Fvesiid P | exclusive combinations, 5 is best, means combination of B2 and (i

| exclusive i 1000 - selected with a PW = 8.9 x 1000 = 890
|I combination — : ! : _| capital (x 1000) ected with a 8.9 x 1000 = 8900
o i Ta [ Ja | o | T—
o ClbUel SR Old Question Solution | N
0 |0 1 it
N D—]E f]'_ | 0 A 1 _me the following information select the best project.
20 | 50 134 o8 | Project A | ProjectB
' G IO WA i :
12 | 30 80 S | Inital investment 35000 | 50000
__I i —_—t P - +— 10 &
| ]_6_. 41 _____ﬁ'F_-——; i__ﬁ"“""l' revenue 16450 G
17 | 45 8. | Annual cost 3000 13830
I e —— L — __J P— =2 ___.—————-_-_-'_-_-_-_-_-_-
22 | 54 15.7 Useful life i
£ > 4
Nﬂfﬂ, HEI'E, for CDmbinah'Gn.l no Pfﬂj{-}('[' - _I_'_ SN — l_-___"——]—ti — 4_-—-—-—"_'?_—#_—-‘__—-"-
Hia is selecte ' R ;
For combination 2, e ——Eia._lffge value at the end of useful life |0 _u_...--'

Project B] g selected 50,

' o
| as of BI, combined cash flows is s et
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MARR = 10%

When service period required 1

(i) 4 years by FW method

(ii) 8 years by [RR method with PW formulation

Ezl}f]q Hhidril

Solution:
i) 4 years by FW method

For Project A e
o 1
25000
PW (10%) = -35000+ (16450 - 3000) (P/A, 10%, 4)
| o r-1) 1
= 35000+ 13450x 57 X714
= - 35000 + 13450 x 3.169
= Rs. 763469
~FW = 763469x1.1* = Rs. 11177.95
{Or we can direct calculate FW instead of PW)
For Project B: Study period (4 yrs) is less than useful life so, use@®

terminated assumption. (Calculating imputed market value)

IMV = (PW at end of year T of remaining

at end of year T of original g capital recovery « mr.rll”I1II

market value at the end of use Jful JH€

.]jll.

Enginge:
=0 5‘“"""%&"‘%-’11&5

e V :‘!Ut

faf gavab
capital recovery & R) = 50000 (A/P,10%, g

= 5000 x 1_1_.?___2.1___

1 ].‘ =7 = RS-%TZ_E
oW at the end of 4t year for remaining 4 yea's
W (10%)m = Rs. 937272 (P/A, 10% 9
o 1.14 111
= 93722 1
ot ”] \'r--i.iqz Rs.m&z
Galvage value i5 Zero so,

[swr at ._ini_'i of 4t vear of ﬂl'i?:t'ﬂa! market valye = 0

o, IMV = 20708 62+ () = Rs. 29708 62

Now,

SO0
- PW (10%)4 = - 50000+(25000-13830)(P/ A,10%,4)+ 29708.62 (P/E10%4)
= _50000 + 11170 x 3.169 + 29708.62 x 0.6383 = Rs 568.5

=
8328.22

= 568829 x 1.1* = Rs.

> FW (10%)
So, select project A having higher FW.

(ii) 8 year by IRR with PW formulation

For Project A:

FW
Here FW (10%) 4

W *

ll.uL'ii.n.il.-rm‘L.‘ IRR = i%

Then PW (i ), = 0 (ED2
1+ - ..--==D
ﬁl‘l}ﬂ + (16450 - 3000) *+ir
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o ommon study period for project A &Biz . L hﬁ?

By solving calculator, Heres Lﬂﬂd&ga

. . =

T L ing epestabiity assakt Pl .

ject B: 5 =

Mﬁ;{? = 0 r pmje.:t A: Net Revenue = Annyg] Revenye - Annual

PW (1.%)s ) ]+i...-|_]>(_ 1 Fo = Rs. 18000 Costy

_ 50000 + (25000 - 130.3U] i (1+iE=0 1000 i
1000g e

1RO00 T 18000 1‘ 18000 1. - t

By using calculator, i = 15.08% o I [{ T T T T T T T T

So IRRa > IRRs .
So select project A _ e 13 i
2. State and explain about the cases of mutually exclusive contipgy 200000 200000 200000
and independent projects with example. Compare the follgy, j {7 .
L by whing repeatability assumption when MARR = 12y Future worth, F‘I.*.-'ug_c:n]-_-.. =. — 20000 i{FjP.I_Z%.H] + {E;pau%‘-lm +
- - ——— (Ffl’.12‘a'{-,13} + (F/P,12%.6)] + lmJGl(FjP,l?.%.lE] +{FfPru1'12:|+
Project A ;: (F/P,12%,6) + 1] + 18000 (F/A,12%24)
[nitial Investment 200000 300000 ' =~ 200000 [1.12%% + 1.12'® + 1122 + 1.129] + 10000 [L12% 4 110 s
—— , 1122 -1 -
Annual revenue 25000 30000 1.12¢6 + 1] + 18000 x TR Rs. 347611853
Annual costs 7000 9000 For Project B: Net Revenue = 30000 - 5000 = 21000
: T ; 20000 20000 0000
Useful life b yrs 8 yrs il o T 21000 1‘ 21000 1'
20000
Salvage value 90000 ; l____ 0 TTTTT‘[TT?ITTITTIITITTTT—I‘
1 223 -4 56 7
(2070 Magl : )
Solution: 300000 300000 k
Mutually exclusive project: At most one project, out of 0.0  PW(12%)24 = 300000 [(F/P,12%,24) + (F/P12%.16) + (/RAZA4E

alternatives to achieve desired goal can be chosen. This kind 0 t lL]i_‘.UDl[i"ﬂ’,‘l?ﬁi},lﬁ}+{Ffpau%'slﬂ]

opportunity is called mutually exclusive. 21000 (F/ A 12%,24)
+ 21000 (F/ A12%,2

Cuni:ir_tgent Among the available alternative, the choice of one pm]"’d-"_ : 2476
conditional on the choice of one or more other projects g calle = -300000 [15.17 +613 + L
contingent. E.g: Purchasing of printer is dependent on ImNhasi“S‘{

]+m[&13+lﬂﬁ*ﬂ

+ 21000 x 118.15

compulter.

= = Rs. 4459530
3 i

Independent: The choice of 4 Project is independent of the choic® of o 1

other project in the roup. .. Project can be sewsnce] or rocted Wit ere FW of A > FW of B

F : * accepted or rejec !

influencing the acceptance or rejection of othe i 50 Project A would be best selection

er. ke .+ MARR =12%
5¢ IRR method to select best project

E.g.: Buying machinery, furniture g, truck are 3 independent project®

=
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e ——
Initial investment _ 2750 | 2000
Annual income 1200 ':15{1_ d
Useful life 4 L il o
Salvage value 800 | 1000

Select the best combination if A, B & C are mutually exclusive

Solution:
Solution is similar to the [2071 Magh]
Refer to next question (below):

4. Use IRR method to select the best project. Use MARR = 1y
Select bes.t combination if A, B &:( are mul‘ual]} txclu&wg

[a B Gy it [y mo]
[nitial inwstn-wnt 10000 | 15000 | 27000 | 2[1{](]1]_
Annual incum;e“ | 5000 7000 | 12000 I 9000
_Esl.;ful life 4 __m‘; T k! -'l
_S_alvagf value 2500 '5[I[I_Cl _] _Eﬂ[!ﬂ i Il![lm
MARR | 15 8 |15 13
(2071 Magh)
Solution:
Calculating IRR of Projects
For Project A:
FW (i%) =0

Mt
- 10000 % (1 + i)t +5{P{RJ><I]—+:L"I‘ + 2500 = 0
~i=3934% > MARR, accepted

For Project B:
FW (i%) =0

1+i)-
- 15000 = (1 +i}*+12mx£—+-?—l+mm=n

By solving calculator,
~i=36.87% > MARR, accepted
Similarly, (with the help of calculator)

~, .= . ns
For roject & ! 33.63% > MARR, ACCepig
ject D: 1=37.74% > MARR,
For Pro== » ACCepted,

the projects according ¢ ;
i arrange B to their capity] :

Al
0 B D and C
5elect A as a base project then
s .
]ncrement T B_A_ D-p s
_——______ T__‘_\_-\_\_‘_‘_‘_‘_‘
]nirialim-e.w'tmfﬂ | :1”'{?{3_. 3000 7000
[ i = ——
,-!mnua] income 2000 2000 300
R e —______‘_‘—_-_

2500 5000

o S

for B-A
FW (i%) =0

+iyi-1

~ 5000 x (1 +i)* + 2000 x +2500 =0

~i=232.16% > MARR So accept B and eliminate A.
Again, Incremental analysis between B and D. ie. (D-B)
Calculating IRR for B - A

FW (i%) =0

1 +i) -1
= 5000 (1 + i)t + ?_'mm{—li}—+ 5000 =0

~1=40.00% > MARR so, select D and eliminate B.

Apgain, Incremental analysis between C&Die (C-D)
]HR—E-—"ELQ*_Q
FW (i%) = ¢

= 7000 (1 + i)+ ng}“—}—-—

Ba H1=1832% > MARR, So, %u]vctC&eli.n‘uﬂatED'
ved d be
Pon IRR method analysis the best project oS

exclusive P":j

P""Ftt

in, t
Select best combination:

H,
1%, Project A, B, C & D are mutually
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ject D will be the best n‘:mhimn
“Hi

Lt ject A and Pro
So, Combination of Prc) lue of IRR as calculated earlje,

because these two have highest va

i best i
5. Use repeatability assumption to select the best project frop, the
following three projects.

Project A

100000 | 200000 | 250000

Initial investment

. -
Annual expenditure 25000 20000 15000

Useful life |3 5 7
Salvage value 40000 50000 60000
:'L’LRR 14% 14% 14%
| B e —— - )
(2071 Ehddm]
Solution:

Here common year for A, B& Cis=LCMot 3, 5 & 7 = 105 years

Study period is very large, here project A, B & C has to be repeated 35
times, 71 times and 15 times respectively.

For this case we have to use summation approach.

For Project A:
PW (. B T O, U 0 N W
(14%)s= £ -5 + (- 25000)x : STESTR R
f i )
To convert all the to convert all anniaal To ' convert
all average
Capital investment to year '/ cost to year ' value 10

}I'Ear Iﬂl
Now, solve by using calculator

34

100000 1 +0.14)15 35 40000
PWa= I - +(-2s000p[EECME-1) 1 7 400
£ A i=0 (1+0.14)% ( }x[ 0.14 ] (1 +0.14)105 +j:—L| [_j—rﬁ._ﬁ}_:

= - 307665.02 - 178571.24 + 83066.05
= - Rs. 403170.21

Bineering Eemom 1

larly:

Gim
por Proiect >
?;['] Lo (=20 1141
aa%)B = 2 7 145 T - 20000) x| — =1

w (14%)° 7 5o ~S3 ST 0 N

: : - 014 ¢ W
= - 416118.91 - 142857.0 + 5499 g PLUS
~ _ Rs. 50494613

For Project &

7 M
250000
W {]4'5—*5]’]C T 0 = 1147 *+: (= ]5{){1}] xl—uﬁl:-ﬁfl-lx_l__ 15
= . k 4
' L ] 11g% i£1‘ﬂ-t_?f

t

= - 416414.52 - 1071420 + 399395 = _Re 6170

Sa Based on PW, the pmicct A would be best selection. It has] valge
of present worth (PW) = - Rs. 4031701

6. a) Select the best project by ERR method.
Tﬂkl‘.’ M:\RR e “]‘I"":.l &E= lmfu_

—woy | o [ 1 1 2 s
Project A | - 64,000 | 26200 29000 | 30,200 | 31,000 31,000( 260!
| Project B | - 68,000 | -4,000| 39,200| 38,000 | 35,000 35000] 30|
Project C | - 75,500 | 20,500 | 40,600 40,000 | 39,000] 35,000] 2400)

Solution:

For Project A-

PW of all cost = - Rs. 64000

FWofall benefit = 26200 x 125+ 29000 x 128 + 3100123108
<122 + 31000 x 1.2! + 26000 = Rs. 2858508

Now, PWx(1+i) = FW

64000 x (1 +{)p = 285353.984

Solving, i = gg_jl.}=_':;,:~b.mRR,ﬂl‘C€P{“d
For Project p;

PW of all cost = fﬁLI}{HJ,lmxl.E“’Rs'ﬂmm 2+41)
Fwﬂfall’tmnvm = 3921.)0x1.24+38im"“‘2“11m

Rs. 285269.12
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v = 310084+ 5255208 = Re 3 " ]135

l: } | bfr:l."'l] 10% r.l' .\Il!in'f.-
H MV 25( 5 ¥y 3
P {I['I‘ } s 01 | | |

zmulxﬁ= Rs. 22727.27 Hsn g

Now, Imputed market value (IMV) = 78780.60 + 22727.27= Rs. 101507 g7

101507 .87
150000 f b
) (S) = (700000 x 1.15 - 03) yx —0
. |T _'T .*I -1T T AW (I) - AW(E) = (RES S 3629?6'03”11‘-‘1:
l = Rs. 125203.677
400000 AW (B) - AW (O & M) = 215000
_ AW(B) - AW (O & M) _ __ 215000
We have, modified BCR = AW (1) - AW (5) 5o, modified BCR = 125203677 1.72> 1 50, gk
0 o d on medified BCR Meth
AWD-AW(S) = (400000 1.15- ]I;ZIISL']?.H?}%T{I = Rs. 88892258 Now, based on modified BCR Method
. o BCRof B> BCR of A
150000 2 2 ; ' ; .
So, modified BCR = 38890958 = 1687>1, ok 5o, project B would be best selection s
: Note: If more than two alternative project were given then have
For project B: | Pl i T %
FOrproject b proceed similarly as for IRR & ERR) in the case of BCR also]

Salvage =10% of 700000 = Rs. 70000 Net benefit

= 250000 - 35000 = 215000 7. Define mutually exclusive project, independent project and

contingent project with proper combination. (2072 Ashwin)
IMV, 70000

11 T Solution:

Hheet1s
0 ; ;
700K fO-terminated (ii) Repeatability assumption taking MARR = 8%
LY S N
| Proj ject B
. : | Project A | Projec
CR (10%) = 700000 (A/P, 10%, 8) - 70000(A/F, 10%, 8) [ Tnitialcost 1 | 5:1 000 | 2,00,000
g el GO » N i =
= 700000 = 0.187 - 70000 x 0.087 = Bs. 1 24810 _:"J"LI'I.['Il:.-_'l] revenue | 90, 000 _[:E}i_é'i.ﬂ___.
PW (10%)cx for remaining yrs = 124810 (p/ A 10%,3) Operating cost | 20,000 | 20,000 |
= 124810 x 2.486 = Rs. 310384 | Life year 1 |6 e _
Also, PW (10%)wy = 70000 (P/F,10%,3) | Salvage value B%ﬂ@-——{mm dral
= 70000 x 0.7513 S“'uﬁﬂ
n;
= Rs. 52592 03 i By
: u

Si i .
lI‘lg "'”"t*—’rmlndled
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For Project A: ]
Net annual revenue = Revenue - expenses = 90000 - 20000 = 70000
&0, 000
70,000 ‘T‘
150,000
FW (8%)a = -150000 (F/P, 8%, 4)+ 70,000 (F/ A, 8%, 4) + 80009

/1.084
= -150000 (1 +0.08)* + 70000 LW_;' + 80000

= Rs 19135449

For alternative B:
Net annual revenue = 100000 - 20000 = 80000

IMY, 120000

80,000 f ‘}

2HEH)

By using IMV technique
Capital recovery,
CR (8%) = 200000 (A/P, 8%, 6) - 120000 (A/F, 8%,6)

- 120000 X 755 7

4 0.08
= 200000 1.08¢x T5os —
= 43263.07 - 16357.85= Rs. 26905.22

Now, PW at the end of 4% year for remaining 2 years,

PW (8%)cx = 2690522 (P/A, 8%, 2)
! 1.082-1\ 1
= 2690522 x 008 J T0& = Rs. 47979.13

A =
Again, PW at the end of 4% year of original market value at the end

useful life (6 years)
i.e. at the end of 4 year of salvage value (Rs. 120,000)
So, PW (8%) MV = 120000 (P/F, 8%, 2)
= 120000 % (1 + 0.08)*= Rs. 95259 87
Now, 1mputf‘d marked value [IM\,-") = 47979.13 + 95250 8p
= 14323899

[Jf

le

14%;
80,000 1 e

20003, 0}

s = - 200000 (F/P, 8%, 4) + 8pogg (F/A, 8%
" ,4}1‘1

~ _ 200000 % (1 + 0.08)t 4 m[%]m

g
72097.79 + 360488 96 + 143738
89=Rs, Py
63,15

hﬂql,d on co-terminated assumption FW §
OF project B s

FW (8%

prefore; _
T;s 231630.16). is highe,
o, project B is best selection.
ii) By using repeatability method
II
The LCM of useful lives of alternatives A & B s 12 o
repeatability ass sumptions and a 12 years study period. C2TS, using the
For Project A:
Net revenue = 70,000
A 70,000
BRERREe
l 234 56789 00R
| SN0 'L
50000 ~150000
Now, PW (8%)a = - 150000 - 15000 [(P/F, 8%, 4) + (P/E, 8%, 8)| * 70000
(P/A, 8%, 12)
= - 150000 - Hﬂlllm{['l +0.08)+ (1 +(.08)4] + 70000
1.0812-1 1
= Rs 65
e J - R0
Fl]l' meftt B:
Net revenue = 80,000
A = 50,000
d |3145h;39|ﬂill1
HO0O00 —"l*m 12]
PW /a0 X ; fﬁusf"
B~ 200000 - 200000 (P/F, 8% 6) +80000 (P _
H"-‘I‘EP Rs. 276852.316
Wof B > PW of A

' Project B would be best selection.




132 | Comparative Analysis of Alternatives hi-
Now, PW (1+if = FW v, pw(+if = FW t"‘!&’ﬂmhlm
71333.33 (1 +if = 285269.12 7s A3 1+ i)t = 83767106
; 1 = 4% >MARR 5"-"':':!1:& \

[= 2599% > MARR, :uTt'g.‘lll-d.

& pased on ERR method, the Project C woulg bl B
b, L a 5@ 2

For Project C:
PW of all cost = Rs. 75500 p Co-terminating both project at 5 years 314
FW of all benefit = 20500 1.2% + 40600 x 1.2¢ + 40000 x 1.2° + 390(y) by m“d}fIi?—ﬁ::nﬁ'u{:fs:f?gtﬁwtfﬂmmﬁ“"}' ?ﬁhum
ect = 10% cost. ! i
(122 +12)+ 32400 = Rs.339678.72 o ARSI Value of
E First cost Annual T
Now, PW (1 +if = FW | project Benefits | Annu::!i&b{ bl
75500 % (1 + )= 3367872 e o R ke
Rs. 400000 | s, 175,000 5. 2500
- i=2848% > MARR, accepted _‘___;k_— B 1 — -——-_R:‘- :
| | 5. 700000 | 50 |
Apain, select project A as the base project and arrangement of Project B_ _!._;{; [Ill.l . Re l,l.,l;\[i I Bym
according to initial investment is A, B& C & m
Incremental analysis between A & Bie (B- A) Solution:
| Increment | 0 1 | 2 I 3 4 | 5 | I;, E Here, for both J_'l;-(-|1_‘C1 -:tle}. pE!’de is l%ﬂ&ﬁn&mw&h
| | | | ol e we have to use imputed market value (IMV) technique.
! B-A | = 4000 | = 30200 3 T_lﬁlﬂ_ 7800 ‘_?_I_J'.f:"'_?- > 7000 ! 12000 For project A:  Salvage = 10% of 4000000 = 40000 &
|€-B | -7500 | 24500 | 1400 | 2000 | 1000 | 1000 | - 5600 Net benefit = 175000 - 25000 = 150000
For (B - A E : ? [MV, 40000
e iswo0 1
PW of all cost = — 4000 e Es. - 29166.67 T T T J.T T T
1] 2 3 b o
FW of all benefit = 10200 x 1.24 + 7800 x 1.2* + 7000 (1.22+ 1.2) + 12000
= Rs 6510912
Now, PW(l1+if = Fw 400000
29166.67 (1 +if = 65109.12 Capital recovery CR (10%) = 400000 (A/P, 10%6) - 0000 (A/FA058)
fEgh| - _ 1 1
i 1=1432 > MARR 50 ac cept B, eliminate A = 400000 x1.1%% o t'mxﬁ:ﬁ
.f'i'ij.:alll'l, Incremental d[m_j}r_wat_wém B and (-_"_L - B) : 1.18-
For C - B: P = Rs. 86658.65
it the o _ 2k :
PW of all cost = - 7500220 _ o e end of 5 year for remaining years
: 500 - Sl e i
1.26 = Rs. - 9375 43 PW (10%) x = 86658.65 (P/A 10%:1)
FW of all benefit = %125 ;
24500 % 1,25 4 1400 5 1,24 4 2000 « 1.9 crn ._]-—-_-Rs. 7878060
- 3{;{;33.63}(1‘]; lfe
g of usefdl

+ 1000 x (1.22 + ]2.’ = Ra. 83767 106 PW at tj o
€ engd of 5ih vear of ﬂrigiﬂﬁl market it

)y -
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9. Define m"m]ﬁmpk. (2073 Hha:h golution: Refer "2070 Magh® Q.No, 1 '8 Economc 1139
vn.th smhb;?m (Magh) : ] _Choose the best project AMOng these 4 .
Sk using ERR (Take € - 25% and MARR 2 MARR = 15% and study period is 10 e * using IRg,
10. Select the ﬂstprﬂpw'[ FEl e T u%i P = msﬁ"#?&]m If
- I T | Projet - |A |8 is 209,
S50 ._3_{&:"_]__ ﬂ _F_ir‘_tt cost Rs. _‘_9@
e e “Annual Revenue Rs. | 150
1900 | 3800 | 3700 | 3600 k %ﬁk o s
golution: For Project A (2074 Bhadra)

Solution:
For Pro A
PWofallcost = 6000
FWofall benefit = 2400x125°+ 2800 * 1.254 + 2900 * 1 253
b : + 30001252 + 3000 * 1.25' + 2450 = 30711 39
Now, PW (1 +if = FW
6000 (1+if = 3071171
Solving,i= 31.27% > MARR, accepted
For Pro B
PWofallcost = 7000

1900 x 1.25¢ + 3800 x 1.25¢ + 3700 x 1.255
+3600 x 1.252+ 3600 x 1.25 + 3300 = 3572724
Now, PW(1+if = FW
7000(1+i) = 357224
Solving, we get, i =31.21% > MARR accepted

- FW of all benefit =

Based on ERR method, proposal A should be selected because it has?

higher internal Rate of Return (i)
II-E:H d:; o — by mutually exclusive, contingent and
cpeacent project? Compute the following projects by Ui

repeatability assumption when N i
ARR is 10%, s
Project ? R ]5

&g - __'_'-F.-ﬂ-

Initial Investment (Rs) 35 100000 | 1 _I:,u_ﬂ_l];]
b | ekl —
Annual Revenue (Rs) il _15 000 [ 2_{} al;ﬂ_f :
Annual Cost (Rs) e _3_[;% A ;jm_}_ —
Useful life (years) —= ]
Salvage valye (Rs.) “_ﬁ—— 1 _8_ ——
5,000 10000 _—

015 150 10 1% 150 l]

RN
l‘J:-.

G

Calculating IRE

PW (i%) = 0

.'; 10

[(
- 900 + 150|

On solving |,
~ IRR of A =12%
Similarly for Project B
PW (i%) =0

i=0.121 =12%

1+io-1], 180

TSR ME

ra+ie-1] 30
_300_

- 1500 + ZThL

TED N

On solving, 1 = (0,143
#IRRofB = 1430%
Again for C, PW (i%)=0
B Ty 500
= 2500 + 400 LM_-"._] + (1+ 'I]_HJ'=

L (1+1)10

On solving , i=0.1128

Again for D, pW (i%)=0

o -ERR 01 C = 11.28%

" 4+ 0 - 800
= 4000 +1.;:_:_“.__..L-l . rl_,_-—-—-—:l]

il +5%

On mlving

i=020=20%

{1 + ij]d
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M &'ﬂ‘l: "y 4
o (5% = e I]'bmﬂ'ﬁm”‘m’qﬂmm ey
-~ IRRof D=20% ey S 1.15% -1 +
the be; ect among given alternative is Project D with Maximy, - 18000 =g 35— e
So proj iy
%. - :
IRR Ufo:' he fallowing W0 mutually Exclu:swe “"Emah", ] = - 12993580.06 + w?ﬂ_ﬁm.?s - 5216941_75 “Rs.-171
i Cﬂ::::nd the best alternatives using repeatability asaummiuna: e FW of B > FW of A. So, Project coylg be the begt o 3991?.[;.-
m # =
MARR = 15% % Compare following WO projects by IRR meg . I:;h:j:L
7o e TR " When ;
[ Project (A) | Project (B) _ # R . =109 ey
Jﬂtiaj cost 100,000 150,000 J — [ initial cost | Annual revenue
| Annual cost 25,000 12000 | Froject A_ 500000 -%3%
| Salvage value | 40000 50000 _{ oroject B - 700000 [ 00000
[ : 6 vrs | 10 yrs 3
| USE'['I.I] ]lff:" Pt ] . ; Im
(2074 Bhidlaj solution: Here the cash flow diagram is, I
Solution: for Project A Net revenue annually (A) = Revene e
From given data above using repeatability assumptions: = 200000 - 50000 = 150000
Here common time period for 6 and 10 year is 30 years,. : ““i"“
For Pfﬂif.‘('[ A: y 150000 150008 | 5opmg

1 1t T
40000 ymoog  S0000 40000 100 l " - - "

(T T Ty

|
v v l l I Further proceed as QN 1 of (2074 Bhadra) and select project with higher

value of IRR among A and B for implementation.

15. Select best project by repeatability assumption when MARR =13%

i
L5000 A = 5000 A= 3%
| D0 1O 100000 ] I

Now using cash flow diagram and MARR = 15%
FW(15%)s = - 100000 [(F/P,15%,30) + (F/P,15%,24) + (F/P,15%,18)

=i ._I nitial cost | Annual revenue | O &M]| Life year | Salvage |
3 Project X | 400000 | 175000 50000 | 4 | 1000
+(F/P15%,12) + (F 159 L_'L__' T anonnn |
(F/ . ) .{ /P.15%,6)] Project Y | 700000 | 250000 70000 ..
+ 40000 {T‘;’PJS%,MJ +(F/P15%,18) + (F/P,15%,12) Mm:l

+ (F/P.15%,6) + 1] - 25000 (F/ A,15% 30)

Solution; For this Net revenue = Annual revenue - O & Mcost
- —1ﬂﬂ[)(ﬂ[1.153ﬂ+1.152++1_15

Le. for project X (A) = 175000 - 50000 = 125000
& for project Y (A) = 250000 - 70000 = 180000
And common time period for 4 & 6 years is 12 years

41,1512 4 1.156]

1 B |
+ 40000 [1.15% + 1,15 +1 1512 4 1 156 4 1] - 25000 x i‘lﬁzﬁj
= - 11087947 + 1986557.62 - 10868628 66 Rs. - 20369618.04

B T‘aking 12 years of total service life. 4 Bhadra) and choosé.
S Use Tepeatability method as Q.N. 2 of (207 '
SO0 Prnject w-th hi " lue EFW- “ﬂl
16, ith higher value o .
Y BB b T S R 5 N Def . = : Fﬂﬂw
1 ERRREN from ;. "\Pendent and contingent project: Pt B g per
150000 A 1300

: L L i
Year, ANUal cash flow series of Rs: 5,000 forever WM

T
150000 A= | 27000
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Solution: Refer chapter for defin

Given, A = 5000

Time period = forever

i = 8% .
, A ing L]I'ld conbinuous "-'tlh'h ﬂ
i f continuous compounding in e

s u}' =A™ - 1)/re™} = 5000 g8

iton.

—
REPLACE

il MENT ANALygiq
17. a. Recommend the best project T;-m th*eﬁ:illl?.(;r:ﬁ} :wn Project, B Wi
taking study period as 6 years. Assume MATE = T per yea; Organizations providing goods/services e sevan o
Frpject ' ﬁ— TR B— — ujpmvrlt and machinery which are directly required mﬂm;nm.hh
Investment [ 350,000 SI]IJ,{}HH | 'i? additi““ to these facilities, there are several other Ltmmmmm
' ' =am I il ] St 7 TR
Annual Revenue 130,000 | 175,000 B, eceseary to facilitate the f|_1r‘|tt.|r‘1mr'|,c__!| of organizations, are
Annual Cost 15,000 25,000 All such tm'i%l[ll_"‘ﬁh should b; continuously monj o
- -1 i - 7 e othe .'_. 3 . e % [E.d

Salvage Value 35,000 50,000 gfficient rum_'rmr.nn;._,._. ‘- LTWWL the '4_'3_3!.11'} of service will be poar.
seful lif; 5 years | 8 years Al Besides the quality of Hm_\. s rhi.} facilities, the cost of their operation
Ly fHe - i b % J and maintenance w ould increase with the Ppassage of time. Hence, it is an

(2076 Bhadra) Jbsolute necessity to maintain the equipment in good operati
Solution: Refer solution of (2072 Ashuwin) conditions with ““'“”””“"-"1_[ cost. Thus, we need an integrated approach
to minimize the cost of maintenance. In certain cases, the equipment will

b) Recommend the best project from the following cash flow of a be obsolete over a period of time. If a firm wanis to be in the same
mutually exclusive

: : business competitively, it has to take decision on whether to replace the
Projects using modified benefit cost ratio method. MARR = 10%

i old equipment or to retain it by taking the cost of maintenance and
[ Project A B By operation into account.
l Initial Investment 24,00,000 35,50,000 P There are two basic reasons for considering the replacement of an
[ Annual Revenue | 8,20,000 12,00,000 B _J #quipment — physical impairment of the various parts or ”bmm&
| Annual Cost 1,10,000 140000 | mhe ®quipment. Physical impairment refers only fo ‘W%&;
| Salvage Value 2,25,000 ~ [350000 4 thma] condition of the machine itself. This would lead t::, 2
[_USEfuJ life 10 fro—— i m Value of the service rendered, increased operaing is due ©

o JEA 10 years, - SN diMtenance cost or a combination of these. Obsolescence

. T i i i .in
Solution: Refer solution of (2071 Magh) "MProvement of the tools of production, mainly ’mwmm

techn 30, i : . e
the OY. So, it would be uneconomical to con H the machi
5 = f I l %
Lo i m:l: 1T'Id.t_hll.'lt_" under any of the above i f
Periodica) ly re placed.

e inadequate

s, the capacity of existing facilities n'l:a}' following
F 5 tuation

current demand. Under such S

will be considered.

Re ) ‘th a new one-
Lpla(‘E‘n-lEnt of lhe ex iSﬁﬂg equlpmem Wll‘h

2 Sometime
tep the

ahernatl\.' Bg
L]

ﬁugmeming the existing one with an addihofﬂl
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Types of Replacement Problem
y can be classified into t
teriorate with time (Replacemey,

wo cate gnt‘ius:
Replacement stud

e
a2}  Replacement of assets that ¢ g
i to Pgradual failure, or wear and tear of the components of

machines).
This can be further classified
(i) Determination of economic lif

d"h_'
th

into the following types:
e of an asset,

ii f an existi ot with a new asset,
(i) Replacement of an existing asset with a ne et

(b) Simple probabilistic nmde_lhfnr assets which fail completgjy
(replacement due to sudden failure).

= Fimdamentals of Replacement Analysis

AT e

5.1.1 Basic concepts and Terminology

Replacement analysis is a choice between the present asset (calleg
defender) and new alternatives (called challenger).

Concepts of Replacement analysis refers to selection of similar by
new assets to replace the existing assets to meet current and future
requirement more economically.

Replacement projects are decision problems involving the
replacement of existing obsolete or worn-out assets. The continuation of
operations is dependent on these assets. The failure to make an
appropriate decision results in a slowdown or shutdown of the
operations. The guestion is when existing equipment should be replaced
with more efficient equipment.

This situation has given rise to the use of the terms defender and
challenger, terms L'UITImUn_l],,-' used in the lllflxiﬂg world. In every boxang
class, the current defending champion is constantly faced with a new
challenger. In replacement analysis, the defender is the existing machi®
(or system), and the challenger is the best available replaceme
equipment.

An existing piece of equipment will be removed at some future time:
either when the task it performs is no longer necessary or when the tas
can be performed more efficiently by newer and better equipme nt, The
quesHOn fsﬁ fios whether the existing F;irce of equipment will be removed
bt aien it Wil be removed. A variation of this question is WhY i
should replace existing equipment at the cy prent 'time, - athet than
postponing replacement of the equipment by repairing or L;wrimulinﬁ l

ngineering g

aspect of the dcfender-cha“mgﬂ 3

T : 3 ¥
.'ql"mhi' i<h Etmpment 15 the bESI; o 3 3
Sty V0 F ; hallenger, 1 " “™Moemg g,

i Jhalle L
od by the ¢ hallenger, we would BENerally wat:: defengy, "Sliny

rt‘l‘l‘”;’E the Jpg:-‘.l—i'lhii.' alternatives, vl _ ;:”b}:‘

agh ! Imiu e

e R for Replacement: very

eas0n- _ Ry

g h ysical impa IrmffﬂF (Deterioration).

1k “: ph‘.-"‘r"c"ﬂ condition of the asset ltt'mw'?re:har g L L
) Normally agin : udes Wear hm-lh'

U|me|'lL Y aging result, in the d gy

e : S F it . %
hecoming less efficient. OPeration of Rl

A [nadequacy Capital as.u.;erh. are 'r-l-*."vt?d 0 it

2 hat satisfy human wants. When the 2 i a0 sencc
increases then existing asset does not haye su”m[ﬁ'ddm a ; ""':
thﬂt k mmﬂ

3 G*tJric:r[..a_r.u:e|1&‘:r Due to impact n.t' qhangﬁ mmhﬂnbg? ,
frequent Teplacement of existing assets with new ang Tore

challengers.

4 Financing: Financial factors involve ecoromic .
external to the physical operation. For example, the rental ﬂmﬁ! of
assets may become more attractive than ownership.

gome definition:

« Economic service life: Economic service life of assets is defined &

the period of time that results in the minimum equivalent unifom
P equiv

annual cost of owning and operating an asset.

*  Ownership life: It is the period between the date of acquisition and
the date of disposal by a specific owner.

*  Physical Life: It is the period between original acquisition and final
li'l-‘-].‘-'uml of an asset over its succession of owners.

*  Useful life: It is the time period that an aﬁetﬁk&ﬁmm
‘f'-E’T‘v'inr. It is the estimate of how long an asset EﬂPemd

N business to produce income.

Sink cost: A sink cost is money tha B

cannot be recovered. Sink costs are also called and

challenger

Two bae: e
n:. basic approaches to analyzing T'-?Platmen:hpﬂﬂg i
PProach and the uppartunit}'vcnst approac™ mgﬁunﬂﬂ ”hdl
Cash flow approach: In this approacty P! ; 4

B



lq‘ﬁlﬂepiaoemenrﬁm'}'mﬂ nt o
15 down payme OWard un

hu:pi|r|!i,‘r”~“'1"'[d“ ”_" “”lm]m%*'!
cement  alternative :

defender and is treal

& . ™ rORIC
challenger. This apP ach repla a8 i

{g from the sale of the "l"fvn w‘lrh
prir.‘q_'n} the "I""“*'“?',l‘r_ dl"h

CONSequUences for @ .
T Wi
T'ypically, the net prt £
: : -has
subtracted from the purt ) |
. In this approach, proggag.
; roach: It eedi
3 DP].'N"rfﬂﬂllT iﬂ‘-‘l ;l;r.iq In"lh‘xf as investmeni rl'"“""'-'il r:g Ir,_Ilﬁ
; oF AN : r
sale of defender #
defender itsell. .
net proceeds from the sale of the defeng

{ (L - €y
defender. That is, instead of 3

Jedye
Gedyey,

H 3 ]
the salvage value from the : € Congjg,
an investment required in order to keep the agggy

I'his approach views the
ping the

opportunity cost of kee :
Pun—]mm‘ cost of the l.]'IJI”S.‘H!_‘“i_IrJ W

the salvage value

= Basic opportunity cost approach is considered for COmpg;

defender and challenger. Replacement analysis is Carrieg I'.i

. i 3 oy 't

comparing annual equivalent cost (AEC) of defendgy o

challenger :

. After comparison, the option having lower value of anmy

equivalent cost is accepted. Where AEC is calculated by considersy

salvage value of an asset (if any) with the help of annual warl
(AW) of all cost throughout its life.

. The total annual equivalent cost (AEC) of owning & operating &
Asset (AEC) (i %) is the summation of the capital recovery costand
annual equivalent of operating cost of an assets

Le. AEC (i %) = CR (i %) + OC (i %)

Service Life of Challenger 4

Economic service Jife: The
Year which minimizes the

Operating an asset, angd

economic service life (ESL) is the number !
equivalent uniform annual cost of owning
15 often shorter than the useful or l‘h‘.r"-“"'“"a] life

Capi e
apital Ruﬂwuyumi (CR) = | (A/Pi %, N) - S (A/F.i % N)
Operati i
/ n=1 OC, (P/F i %, n) (A/P,i%, N)

Total Ccost = [CR w DC)

Economic :
SErvic i
e life of challenger: Tl e
Ber: The economic life ¢

Engm' s
g the s:quimlfnt uniform anny Mh““":‘-

al C
{ is often shorter than the U‘Je[-ulmt of :

get, anc ﬂﬂ% "
an as 3 T E1i"‘-'~ B 1 i . th]l"Sl-Eal i
1o know @ challeng onomic life in View lﬁl“h

45 8 Id be co b
existing assets should be compared gyer their egmnmm"lhml,h : ¥ and

inimize

g onom ic service life of the de'fe“dm.:
14

. er
often One year. Generally defender involves 3 | of the defe I
is : Wer init:
surchasing challenger but it requires more anmsg) ey

maintenance also) cost due to old Eer:hnntc:g\r and continy; 5 (repair &
F s umg

a1 Recovery with Return: Consider the Eulknwmg data

Capit : :
; purr.'hqm' price of the m

]_.L"i ir s j : rICh'II"Il". F= Sﬂl"l'agg valuEﬁ
the end of machine life, n = life of the machine in years,
rate, compounded annually. The corresponding cash

shown in Fig. here.

of 3

the machine 5
and=;

flow diagram s

Fig: Cash flow diagram of machme

The equation for the annual equivalent amount for the above cash How

diagram is
AE(iY=(P-Fyx (A/P, 1, n) +Exi
This equation represents the capital recovery with refum.

Determination of Economic Life of an Asset

Any asset will have the follow ing cost components: Capi!ai m‘;
(purchase price) of

{*""L'rl!;l'.'l.‘ first cost), 1_‘11[11p|_:tq_'|_{ from the first cost

cost (O & M cost) Total
(average first cost) and
hufmeabwew“‘“‘

Machine. Average operating and maintenance
€ost which is the sum of capital recovery cost
dVerage maintenance cost. A typical shape of eac
espect to life of the machine is shown in Fig, below
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o

[
| F_ngi
|| N Bl o golution- Mies | 149
, annual equivalent cost
permnine . ! for both d'?fﬂ'dl-'l'ind(
\ <o Defender (D) Pallenge
f 2500
1 ! . - The market value © 25000 s considered a5 Capita|
o | - oppertunity cost approach MVestmeny, 4
| : e = Sl ' 3 per
% CEsr o
| b ’ il
I lgmnad "\\ i
LRy . e
el : =
T 8500
I~ 0
[ e ; 00 13509
e 23000
| PRI iy e [
l (ELET BS TS 'r”: CFD r"-I‘,”lrr"'ﬂll-trI]'JI
- {134 -25000 (F/P,12%
} A AEC |_|l' ) [-25000 (F /.12 85"1”“"[:' Iz".q-,z:l 10000
B> | (F/P.12% 5
L b F/P12%,1) =1 'HJI]] (A/F, 12%, 3)
Lk o the yywching i [-2 U
WD | jk
[-25000 {1+ 0.12)* - 8500 @1 +U'11}:‘]m[l+ﬂuﬁ
Fig: Chart showing economi 12500] (A/F, 12%,3) |
rn.';l;l IJJL above, it is clear that the capital recowv v cost (average fing I.IIJ.-L'IL.—\_I.*J,]E'!-i..}}
cost) poes on decreasine i e life of the | =
Ll on decreasing with the life of the mach | the avera ) 012
l'[""'Ll[IF'IIt'1 and maimtenance coslt EOes on i asing with the life il th 69485.60 > i_l_-‘ﬁ
machine. From the beginning, the total cost contir to decrease up log 591 98
particular life and then it starts inc reasing. The point where the total cosl . -
15 H'IIrI[IHLIrlt4‘-1.!”11?[F]L‘l‘l'.*|11|||::| life of the machin FDH"‘I..I”L'H_L;L'r )
If the interest rate is more than zero per cent, then we use interet
formulas to determine the economic life. The replacement alternativescn

1d annual equivatent

be evaluated based on the present worth criterion a

criterion
Example: Determine the choice between a defender that has a curren
25000 and challenger that can be purfhaSEd for

the
3 years with salvage value zero = |
oW

market value of Rs,

37500. Both have a same life of 3
end of life. Take MARR = 12%. Their operating costs (i.e. Cash fl

values are gives as:
| Challe nger UC}

EOY | Defender (D)
[ 48 25000 _ 37500 |
o | 2500 |
2 | 10000 5500 |
3 | 12500 6500 |

17500
Fig.: CFD of challanger [ C)
A (12%) - %,3) - 2500 (F/P, 12%2)- 5500

(F/P12% 1

[-37500 (F/P12

- 6500] x (A/F,12%, 3)

1] R5c 012
= =004 19 x T
1121

H = Rs.-20295
L -
"€AEC (12%)5 > AEC (12%)

Sa
Teplacemen should be made.

]
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Example

One electric mmrrll.:l):’ :
new one having initial Clﬂl::
having operating cost of Rs.

i xisting gener

d to replace exis 88 ate

o dﬁ;l;-i';m with useful life of g }rﬂﬂw“hi

9000 in the first year. For the r'-"‘“ai.._i!“ d
: - oV Bl i

y 15% over the previous year's Ve A
i st increases by ; Opery

et Dpe“'hns:fjue declines each year by 2{:'!".-0 f_rum “lE‘_pr eviouy ye;:ﬁ

;:JS# & sal‘lfﬁe Determine the gcONOMIc SErvice life of this New “‘arhi,l:

v va - : .
by miﬁidering MARR = 12% per year.

Solution:

Here to determine ec |
' i re can use the followin Rt
given cash flow information, we « & equatioy .

AEC
Annual equivalent cost AEC (i %) = CR (i %)+ OC (i %)

onomic service life with MARR = 12%, ¢

MNow,

Il N | Dpéraﬁun cost | Salvage cost __

[N 54000 |

| 1 9000 43200

| 2 |10350 34560 ]

3 [ 190250 27648 |
4 | 1368787 | 221184

TE 15741.05 | 1769472

| 6 |1810221 | 1415577 |

| 7 |20875 (1132462

| 8 |239408 | 9059:70
For year N = 1;

41200

B}
54000

AEC (12%) = CR(12%)+ 0C (123

54 .
(34000 (£/P12%,1) - 43509, 9000] x (A/F, 12% 1)

= {5400(]x1.12-432m+9‘m]k 0 "'ﬁn.]_lﬁ,};_

: Lin= A
e Wean also calculate CR & O¢ separaty g 1 Ry
(R . 1

OC{]Q"};} = 9000

Then AEC (12%) = 17280 + 9000 = Rs. 26280
Mﬂﬁ_’iig

L]

1 3

9000 L03s5a
54000

Lﬁ-l 000 ITF.."r !’,'ll“i;,ﬁj. = ‘{,&15[-,(} + m {F!. P,]_H, 3

x (A/F,12%,2)

AEC (12%); =

} +10350]
= (54000 (1.12)2-34560+ 9000 (1.12) + 10350) % (A/F,12%2)

Y 0.12
"i_}[1l‘_| Fhy

1.122 -1

= RKs. 25287 i
Similarly,
For N = 3 1 .Il Il 3I
AEC (12%), = Rs. 24597 00 1550 il

kForN = 4; ApC (12%)4 = Rs, 24165 4000
ForN = 5; AEC (12%)s = Rs. 23955
ForN = 6; AEC (12%)c = Rs. 23931
ForN=7: EC (12%); = Rs. 24072
ForN = 8 AEC (12%), = Rs, 24354
o from above calculation AEC is decreases from N = 110 6, then after
then j; st
VEn W ithee

art to increase,

; Nalysis, economic service life (N) = 6 years €
Usefy| life

W, fﬂj[n

=8 yrs.




5.

(a)

(b)

lysis when Required

&

3.1 Requirement

There are three assumphion to
the defender. They are

a) Planning horizon (study period)

Assumption & decision Fra Mewqp

determine the optimal time reny
P

Ay

b) Technology

¢ Relevant cash flow information

Planning horizon: By the planning horizon, we simply mean g,
service period required by the defender and a sequence of i
challengers. When we are simply una ble to predict when the Activig
under consideration will be terminated, infinite planning horizag
used. But when the project will have a definite & ]'-'““di['tilbi.;
duration, the replacement policy should be formulated my,
realistically on the basis of a finite planning horizon,

Technology: Predictions of technological patterns over the Pl‘-'nn'ir'-f-'
horizon refer to the development of types of challengers that may
replace those under study. A number of possibilities exist in
predicting purchase cost, salvage value and operating cost that an
dictated by the efficiency of new machine over the life of an existing
asset

If we assume that all future machines will be the same as those nok
in service, we are implicitly saying that no technological progress®
thie area will occur. In other cases, we may explicitly recognize .
possibility of machines becq yming available in the future that will®
signiﬁcanr]:; more efficient, reliable, or productive than thost
'c.urrent]}f on the market. (Personal computers are a good Ek‘lmplfj
This situation leads to the recognition of technological change ane
obsolescence. Clearly, if the best

i : ap and
: available machine gets better
better over time,

delavi we should certainly investigate the p yqibility ©
g et’s replac 4 ool
o ying an asset's replacement for a cou ple of years—a viewpo!
at contrasts wij e SN ! ¥
; with the situation in which technological chang®
unlikely.

R"—“’-‘““"“ ?“d cost patterns over the |ife of an Asset: Many variet”
of predictions can be used to estipg te |

the patterns of reve
of salvage value over the life of patterns «

il
an asset, Sometimes revent

nites #

‘ 2
stant, but assets increase, with Salvage vah Mli"‘& b

machine. In other situatil:nnr ad

“:H f’:f;e of equipment can be “P‘Eﬂlezcm.ﬂhrﬁmw:&& l
jﬂzrrﬂiﬂi’ whether rf:p]aCE'r.'nent ﬂIlaI}r;is is dj | . ::
minm“mmm or profit maximization. We Wm‘
pglic}f for an asset whose salvage Value dogsg nm% 3 "ﬂ“!&n‘
jsion framework: i
& Decision fmmr.-_-‘.wll'.k s dE_‘-'eiuped for indicatin replag
B o an assets with notation (Jg,ny) (J1.mm) erﬂ_g :
ﬂh pair (1) indicates a types of asset and life time gyer wlfu{:m] s,
f:]ilil pe retained. N

Normally in the case of defender and challenger
Where, Jo— defender
| = Challenger

If defender asset (o) replaced now then ng =0 & it can be wr =R

The sequence (Jo,2), (J1,5) (J23) indicates retaining the defender for
two years and then replacing defender with an asset type |
(Challenger - I) & it is used for next 5 years & then again replacing | with
an asset type ]2 (Challenger- II) & using it for three years. Hence okl

* planning horizon covers 2 + 5 + 3 = 10 yrs.

Decision Criterion

Although the economic life of the defender is defined a the
additional number of years of service which minimizes the annual
equivalent cost (or maximizes the annual equivalent revenue], that s so¢
Recessarily the optimal time to replace the defender. The comest
eplacement time depends on data on the challenger, s wellas on daa

on the defender.
iv method
_'%3 a decision criterion, the Annual qu.}l'.aient- (:?15}3. :
E:?:des a more direct solution when the planning h}l;‘l;l;e liﬁ’_m
4 ﬁthe hldnuing horizon is finite, the PW mmgd is uﬂcawmhm
lse, 1.-‘!,'1;" will dp\'t‘lﬂp the rEP].ﬂCL‘mEnt Jecision

Situations W T " horizon withou!
Hations, We begin by analyzing an infinite planning a5 this 8

_ b e
K change. Even though a Simphﬁed Ismlahl:ﬂ i
introg ¥ to occur in real life, the analysis of 7 [:'r;g infinite-hor2™
repp S5 Methods that will be useful in anay \

ACement Problems with technological change:
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. Ing . .
fhen compute the-AEC for defenge after Ny Mil%

53.2 Replacement Analysis under infinite Plany, 1) year year
“ (No* + 1) ¥e e
H:Il\'ag;tmn.-‘_“m fop

Y

8

horizon
Based on the infinite planning horizon, the service is FeqUirgq
& -5 3 . S 5 - < Ty
very long time. Either we continue to use the defender 1 Provig 'y R b
; { : f 1 E‘ ) * .
service, or we replace the defender with best available L'J1.1I|;-,]Hv j f o No* s ¢
same service requirement. -
ced . Salvage at Np® ag
i mycsiment
Step1: Compute economic life for defender say Np* and a5, it o
T pi AL 3 y E 3
economic life for challenger say Nc*. The corresponding Mimp Then compute AEC (i %) & if AEC (i %) > AEC,» %WCm]
T i Y i ﬂlm
i check for next (Np* + 2) year replaced

equivalent cost is AECp* and AECc*. Otherwise

Step 22 Compare AECy* and AEC*. prample: i :
- - o _ machine: Current salvage value = Rs 5009 ]
If AEC* > AECS*, Accept challenger, it is more costly tg kogy o cate of 25 % over previous year. dm“‘“‘-ﬁﬂ anmaa)
the defender than to replace it wi : challenger - . :
A A it with the challenger, Thyg th  gequired overhaul = Rs 1,200 to be used for 6 years
challenger should replace the defender now. ; .+ = Rs. 2 000 for first : .
Operating cost = Ks, 2, Or Iirst year IHﬂEasmgh? Rs';;,mpum

If AECy* < AEC*, it cost less to keep defender than replacs New - Machine: 1= 10,000
Salvage value = 6,000 other 1 year and will decline by 15% each year,

by challenger. Thus, the defender should not be replaced noy
¥

Tha ik o P | e - .
The defender should continue to be used at least for the Operating cost = Rs 2, 200 in first year increasing by 1% year
duration of its economic life if there are no technological thereafter.
changes over that life. For economic life determine when the old machine should be replaced

- : = 0
Le. No replace on the year of (Np*) g

Solution: Economic service life of defender:

Initial cost = Rs 5,000 + Rs 1, 200= Rs 6, 200

Step3: If tflae defender should not be replaced now, when should it be

replaced? First we need to continue to use it until its economic e

life 1s over. Then we should calculate the cost of rui:ning the it | Operating cost | Salvage value
defender for one more Year alter its economic life. If this costis v | O | 5000

ng_jatE-r than AEC.* the defender should be replaced at the pnd 1 [ 2000 | E___—-—————'
it JT_R'. economic life. Otherwise, we should calculate the cost o | i |_-3:_'-L?'I:I _;,S_l?ii-——-—-‘
& the defender for the second year after its economic lif A Ten " . BN

f this cost is bigger than AEC.* the defender should ¥ — T
mpj‘_ic‘"d one year after its economic life. The process should ke L 4 | 6500 ___.._-|—:':—-—-—'""—-'-_-
“U"“”U‘-‘d_‘”'m we find the optimal replacement time. Th¥ |9 |5{H,1) _——-—'EE_'_'_—F-_—-—
Ta;.‘q::;rn:r.an-,~h 15 called marginal analysis; that is, we calculate the i_h iy i LGUU_ M
VREEenia cost of Operating the defender for just one mor S E o 1) - 70
s ]Iﬂ other words, we wani to see whether the cost @ AEC, = ¢ 200(A/P, 15%,1) + 2,000 * 1,500 [AIIIIG’ Uk
extending the use of the defender for an additional ¥ (A/F '5"1..1; AN T
exceeds the savings resulting from dela ying the purchase ¢ %6300 e 00 x (o) - 3750 (1)
challenger. Here, we have assumed that the best availd % %{-m\ (1.15) + 2, 000 + 1,500 > :

challenger does not change

!




L 1,500(A/G,
A = 6, 200A/P, 15%, 2) + 20004L500(A/G, 15y, , *f:'.g]
(A/P, 15%2) :
= 5, 203
Similar,

At n=3, AECp = 5469
Atn =4, AECp = 584
Atn =5, AECp = 6258
Atn =6, AECp = 6682
Hence, economic service life of defender is 2 years and c{mﬂspﬁn%

AECo Rs, 5,203.
Economic Servile life of challenger: T
|T i [ market 'ua]ut'_ L’}EEEILE::;?
L0 | 10,000 [0 e
|1 | 6,000 . Q_QE};% P
|2 | 5100 [2640. V>
[3 ]L4335 ECEn
h | 3685 | 3802 . e
L5 | 3132 | 4562 ____h"j
|6 | 2662 EETE
Atn = ]
AEC. = _10,000(A/P, 15%, 1) - 6,000(A/F, 15%, 1 ) + 2,200(A/F, 15% 1)

= 10,000(1.15) - 6, 000(1) + 2200(1)
= 7,700
A+n= 2
AEC. =10,000(A/P, 15%, 2) - 5100 (A/F, 15%, 2) + 2,200 (R/F154
2) (A/P, 15% 2) + 2,640(A/F, 15% 2) b
= 6,184
Atn =3, AEc =575
At n=4, AEC. = 5, 625
Atn=5, AEC. = 5721
Hence, economic service Jife of challe

AEC. =5,625

nger is 4 years and corr espond

Now,
At ESL,
AECp < AEC,
i.e. defender should not be replaced now

»

« when defender should pe
rsis.
Tﬂr Inﬂl:;::?l‘-ﬁ! at end of year 2 = Rg 2813
PP ot for 34 year = Rs 5,000
Terimrlimg at end or 3" year = Rs, 2 109
5;]1-'1159" Equiwﬂ?“' cost of reusing defeng
flTl:.-" p. 15%, 1) + 5000 - 2109
- 6126 {Which is greater than AEC:)
. pefender should be replaced at end of Vear,
i€

: Strateg |
3 Replacement 8'€S  under . 3
b2 Planning Horizon o Finite

erfmﬂmmgum‘mﬂ

. planni iod is finite (f -
If the planning perio € (for example,
comparison based on the AE method over 3 defender's cight Fﬂt“’3:_1

life does not ;_:;em‘_-ra]l_v apply. The procedure for mlﬂn&ﬂd‘.a
with a finite planning horizon is to establish aj] "reasonabje”
patterns and then use the PW values for the plannhgpa'iodmse]mh

most economical pattern.

Example: A hydropower company has a contract to provide i

o government of Nepal for the next 8 years. Tt can produce
hydroelectricity using old turbine or the newly bought turbine,
Consider old turbine as defender & new turbine as chi]lcn;umdby
using annual equivalent costs technique, compute their economic
service life? And what is the best replacement strategy?

Number ‘Eﬁﬂ}ﬁm Annual equivalent cost at MARR =10%
L | Old turbine | New turbine
= 1 T oS 3750000
. 2 2550000 3075000
3 s 2930000
=S 2980000 2915000 .
e > 3220000 2950000 _‘

Sﬂll.'lt!i,un: e

From insp_t;gtinn
F
Or0ld turbine (defender):

B Emn"m"if service life = 2nd year (year at minimum o
% New tuyrio: 3 :
tbine (challenger):

Econgm: n
NOmic seryice life = 4t year (year at mun! "



r —
158 | Replacement Analysis e Hd s

Now, Likely replacement patterns under finite Planning hor tarly:
o g
§ .

| ol opti©
[,w‘] 0%)s

years be a 5: (o 3.4 0.1)
Option 1: (Jo, 0) (. 4) (. 4) - 2750000 (P/A,10%3) + 961 :
Option 2: (Jo. 1) (. 4 (1. 3) + 3750000 (P/ A, 10% 1) /510 ?:-ll;ﬂ:.

Option 3: (. 2) 0, 4) 0, 2) o option 6 0o 0.9 155375

Option 4: (Jo. 3) (. 4) (I. 1) ['-'“'I{I'ﬂ%jh = 2980000 (P/A,10% 3) + 2915009 {PM—]D'H} @5

Option 5: (Jo. 4) (, 4) + 3750000 (F/ 5 10%.1) /v o 13;3;3;“3]
Option 1: (Jo. 4) (. 4) co, by comparing I"‘P"'-' (10%) t-[‘ different strategies, the Mty pa)
Here, Jo — Defender ] - Challenger " derived by option 3. Hlence best replacement gy o

o .
2) (1, 4) 0, 2) having PW (10%) of AEC = R 1505 “S?wuldb.&
ategies 4, : BN

Note: Here we prepared six options but result of best sir

lies on where for both Jo & J are within the limit of their economj, i T Old Question Soluts
RREhS L e T
Le. most likely stra.!egies are | L-r- -whal s Fhe economic 5E-rvi.r:e .li.fe of an asset? Fing the :
option 1: (Jo.0) (0.4)(J.4), option 2: (Jo,1) 0.4)(].3 ) & option 3: (],,2) 0403 service life of a new elfattnc lift truck which <oStS § 20000 haye
For option 1: (], 0) (], 4) (J, 4) operating cost of $;1[Iﬂ{l in the first year and salvage value of S12009
. _ = : _ at the end of the first year. For the remaining years, operating costs
PW (10%}1 = 2015000 {-P,.' A 10%, R] sncreases each year b}, 10% over the previous years' 5
e IE STy 1 3 costs. Similarly the salvage value declines each year by 20% from
= Zgl:ﬂﬂk 01 /|>< 118 = 2915000 = 5.33 = Rs. 15551305 the previous year’'s salvage value. The Lift truck has a maximum
. ; life of 7 years. An over out costing of $3000 and $5000 will be
Fi tion 2: (Jo, 1) (], 4) (]. g
e ﬂ: _} Pe b0 required during the fifth and seventh year of service respectively.
FW(10%), = 2575000 (P/A,10%,1) + [2915000 (P/ A,10%4)] (P/F10%]) The firm's required rate of return is 15% per year. (2069 Bhadra)
+ [2930000 (P/ A, 10%,3)] (P/F,10%,5) Solution:
r111. F1 14 ; Sl e
— ZS?EDWLIEJ 1 1—| 5 L+ 2015000 L 1 J - " _l_’ For theory part see at [2071 Bhadra]
1 TRE o
1 B fr— gy
X177+ 2930000 IFXﬁ: '_'IEBL—F_.MmuaI operating cost J'H;h____’i/
4 51
= 23409325 + BAO0320 + 4524260 = Rs, 15265512.50 = | $10 i
. \ 2 $ 1000 x (1.1) = 1100 12000 % 08 =
For option 3: (J,, 2) (1, 4) (], 2) i O g\l e x 08760
3 ol I :_JI & : =17 X
PW(10%): = 2550000 (P/A,10%,2) + [2915000 (P/ A,10% 4)] (P/F:10% e J[ $ 1100 x (L1} = IS S =
3075000 (P/ A, 10%,2)] (P/F,10%,6) 4 |13 .
- -2 e 520
= 4425525 + 7636150 + 3012545 = Rs. 15074220 iRy 1664.10 {Hﬂﬂ___ﬂ_ﬂrg—-""#
: L 2.1
For option 4: (Jo, 3/) (], 5) r 6 1610.51 ______________?E.—-——*"""‘.
+ = rJ oy Pr'rFrjﬂ'k. 7 p—— 314}5?1&
PW (10%)s = 2750000 (P/A,10%,3) + 2950000 (P/A,10% 5) ( L7 | 1771.56 (+ 3000) :
= 6838976 + 8401680 = Rs. 15240655
T -
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Now,
Calculating annual equivalent cost (AEC) = AEC (15%)
; =CR (15%) + O¢C
Foryear N=1 o

12000

10040
20000

AEC (15%), = 20000 (A/P,15%1) - 12000 (A/F,15%1) + 1000
(A/F,15%,1)

k 0.15

0.15
X 1751 -7 = 23000 - 12000 + 1000 = $ 12000

Foryear N=2

9600

|

Lo iy

1000 11060

20000
AEC (15%):= (20000 x 1.152 + 1000 x 1.15 + 1100 - 9600)
(A/F, 15%,2)

AEC)

0.15
= 19100 (A/F, 15%,2) = IQ][J(’)xm=$Sﬂ83.?E
Similarly,

AEC (15%)3= (20000 x 1.15% + 1000 x 1.15% + 1100 x 1.15 +1210

_ 7680) (A/F, 15%,3)

0.15 ]
= 26535X]7m 1 - 9764147

(Note: Here first convert all cash flow to future value & convert FWh

izt — i

for 20000 = 1.15¢
5% = ( - T 005
gC (12 ] '] A5 4 100 [y
A x 1.15 + 1331 - 6144) {A;FJEM] 1100 Llsu-%; ;
= 34061 35><‘—'—-—-D'15 £
- . 115 -1~ 9682142
For year N =3

irect write AEC (15%) by sales
can direct write : ¥ solvin
!Yﬂuab(wm No need to write full EXPIESsiﬂn'Eg N calculaior similarly o

5 over head cost
(20000 % 1.15

Atyearn
AEC (15%)

Df$3m:]isreq-ujrfdm

-‘+100ﬂ>rl.15"+11mx1_153+mu
%1152+ 1331 x 115 + 1664.10 + 3009 4915

e
= 46328 x5 7= $687130
Foryear N = 6, AEC {15%): = § 6465.939

7. AEC (15%)r = $ 580831
So, From above calculation AEC is decreases from yearN=1toN=7

For year N

S0, economic service life = 7 yvears.
OR

A firm has a contract to provide printing service to 10E for next years.
It can provide the service using its old printing machine (the current
defender) or the newly bought machine (the challenger). After the
tontract work neither the old machine nor the new machine will be
retained. Considering the annual equivalent costs of the old machine
and new machine as follows, what are their economic service life? And
what is the best replacement strategy?

Number uf__v;rs;_ " Aanual equiva]eimi___{lts]zt_h_if__ﬂ_’_l__“__
q______[_N_}_ Old machine | _.___NflV__________ﬂlxh“"'_____
— ]. _I 5'15:{“1} '?,50.@
" swo0 | . GHEEEEE
— 3 [ ss000 __%—-
it | sseon f’—%
> [ cas00 ———'/Eﬁ?/
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Solution:

From the analysis of given data of AEC for old mach
machine the value of AEC decline from N =1to N =2 & then?e Lt ey
for old machine, so economic service life = 2 years nf“-‘&ging

And AEC decline from N = 1 to N = 4 from new machine, s,
service life = 4 years. : E.‘c::.m]%

Replacement strategy: (Jo — old machine, | — new machine)
Option 1: (],,0) (J,4) (1.4)
PW (10%)} = 583000 (P/A,10%,8)

AT T
Ena )xri;{ﬁrst change A to F & thep bR
I

583000 x(

; Rs. 3110262
Option 2: (Jo, 1) (. 4) (. 3)
PW (10%): = 515000 (P/ A,10%,1) + 583000 (P/A,10%, 4)
(P/F, 10%,1) + 586000 (P/ A,10%,3) (P/F, 10%,5)
= 515000 x 0.91 + 583000 x 3.17 x 0.91 + 586000
x 249 x 0621 = Rs, 3053102.50
Option 3: (Jo, 2) (. 4) (], 2)
PW (10%), = 510000 (P/A,10%,2) + 583000 (P/A,10%, 4)
(P/F, 10%,2) + 615000 (P/A,10%,2) (I'/F, 10%,6)
510000 x 1.735 + 583000 x 3.17 x 0.826 + 615000

% 1.73 x0.56 = Rs, 3014844

()Pl‘.iﬂ'l'l 4: Uu,. 3} ﬂ, ':;’]. :
PW (10%); = 550000 (P/A,10%,3) + 590000 (P/A,10%, 5) (P/F, 10%)

550000 x 2.48 + 590000 x 3.79 x 0.75 = Rs. 3048131

Option 5: (Jo. 3) (1. 4 (. 1)

PW (10%)s = 55000 (P/A,10%,3) + 583000 (P/A,10%, 4)

(P/F, 10%, 3) + 750000 (P/A, 10%, 1) (P/F, 10%, 7)
550000 x 2.48 + 583000 x 3.169 x 0.68 = Rs. 3106149

Option 6: (Jo4) (.4)

E“S"naering 11y
W (10%)e = BN P/ A9, g Mhﬁﬂ i
= 59&[[1::3_1&%533&]3,(3.]@“& {HF'MA‘]

o Ml -] i
we compare PW (10%) of different gyray... Rs. 31514
! {.1“{!{‘} o Annuﬂl cost is ﬂhfa'_ll'led by Ophun_teglﬁ %1' e

¥ " T ml'lllm
I Wthe pest replacement strategy would be (0 2) 0.4)
ith PW (10%) = Rs. 3014844 0.7

The new machin_e costs 10000 Operating cost 30 «
Z jncreases by 20% per year. Market value js Bﬂmﬁﬂmih

will decline by 115% each year N = 5 ?ml&“m'?ﬂnd

machine can work another 3 years, Markes “]““ Tequired, gl

: : : oW is 5000
will decline by 25% each year. Immediate over haut: and
h.llllu!h Test A

to uperable condition costs 1200, (}pﬂaﬁng S 3
years & increases by 1500 per year thereaftpr. m&?&hﬁ!
i) Find the economic service life of this machine few)

ii) AEC of defender is as following:

[ 11 T IS
| AEC [5380 | 5203 [5468 |58
When the old machine should be replaced w-iththem.m
(2070 Magh)
Solution: (i) for a new machine
| No. of }'e.‘s; E Operating cost Salvage
! [ 2200 6000
8 -2 | 2200 x 1.2 = 2640 6000 x 085 =5100
3 |2640x12=3168  [5100x085588
4 |38m
TS | 4562
For year N = 1, AEC (15%) = CR (15%) + OC(15%)
G000
i] 1
2200
10000
. F,15%1)
AEC (15 ®)i= [10000x1.15- 6000+ 2200 (A
= 7700x1 = 7700
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ForyearN = 2

LT

[fLL Ly
[Note: First convert all cash flow to FW & then into AW for _q|:(~]
AEC (15%); = [10000x1.152 + 2200 x 1.15 + 2640 - 5100]
(A/F, 15%, 2)

o 0.15
= 13295x775-7= Rs.6183.72

Similarly for, year N =3,

AEC (15%)s = (10000 x 1.15° + 2200 x 1.15? + 2640 x 1.15 + 3168 - g3g
(A/F, 15%, 3) :

Also, (Just by using calculator)
For year N = 4, AEC (15%); = Rs, 5625.48
For year N = 5, AEC (15%)s = Rs. 5631

So, by analyzing above calculated AEC (15%), its value decreases from
year N=1to N =4,

For N=1, AEC = 7700
IN=2, AEC = 6183.72
N=3, AEC = 5756.09
N=4, AEC = 562548
N=5, AEC = 563]
So, so, economic service life = 4 years (Le. ESL = 4 years. )

(i) From given value of AEC for defender.

N [AEC |

1| 5380
(27 | 5208

3 | 5468

4 [ 5845 |

Here, AEC decreases from year N = 1 to N = 2 & then it increases:

_gnomic service life = 2 years
Lt

« AEC Challenges

- .th'('_! Ve fenicler

He
fender should be used for 2 years

o de ;
know the time to replace

NowW: to P thf dgfmdﬂ we

m.ITHm'ﬂ mﬁh

t of operating defender for 1 mor
¢ then is should be replaced.

analysis.

If the cos ® year i
allenge T an A o

e ,-\[-:(_ . defender for eCONOmIc SeTvice lifg
pre,

T ; (2 vears) :
he AEC Of challenges for economic service fife of B % )18 greater thap
need to use defender. It can be replaced at first year i }m'h!"lu

3, Explain about Reasons for replacement of
equivalent of the defender and challenger a7e
below. What is the best replacement strategy?
The planning horizon of the project is 8 years,

'_"" The anmug)
BIVEN in the tyf,
Uﬂm:m

kmftna 1 2 3 1 s K
(Ao | 5300|5250 | 5400 |57 e |

| S

(AEC)c '??m_)_ 6150 | 5700 | 5600 |37 (s |

{2070 Bhadra)

Solution:

For theory part See at (5.1.1)
As per above (2069 Bhadra] we can make 6 numbers of straiegy buk

the economic strategy lies within the economic service life of it

ang l:huJ]ungvr we it has 3 strategy as.

Jo — Defender

] = Challenger

Option 1: (J,, 2) (. 6)

Option 2 . 3) (1, 5)

: Option 3. . 4) (1, 4

Jption L (Jo, 2 {0, 6)

Pw ( 12%)
W%h = 5250 (p/ A 12%,2) + 5600 (B A12%8) ELE
= 5250 x 1,69 + 5800 x 411 X079 =R

Option 5. Uu 3) (,5)
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PW (12%): = 5400 (P/A12%3) + 5675 (P/ A,12%,5) (P/F, 125,
= 5400 x 2.40 + 5675 x 3.6 X 0.712 = Rs. 27506.1¢

Option 3: (], 4) (J,4)

PW (12%); = 5750 (P/A,12% 4) + 5600 (P/A,12%,4) (P/F, 129 ,
= 5750 % 3.037 + 5600 x 3.037 x 0.63 = Rs.28177.28¢

3)

)

So, by comparison of PW (12%) of annual cost for above strategy, oo
has minimum value of PW = Rs. 27506.16 * OPtion 3

Therefore the best replacement strategy is (Jo, 3) (], 5)

4. Annual equivalent cost of ‘defender and challen

e .
below. ik C Blven

'n | Defender __E_Zha.llle-nger J
1 [5380 7700 |
2 | 5203 | 6184 |
3 | 5469 5756
4 |5844  |5625

I's [6258  [563:1

|6 - | 6682 5721

Either the defender or challenger is required for next 5 years.

After the work, neither the defender nor the challenger will be
retained. What is the best replacement strategy? (2071 Magh|
Solution:

Jo — Defender ] — Challenger

x - & F K . il &
Strategy are: Economic service life for Defender — 2 yTs

Economic service life for challenger — 4 y15
Option 1: (Jo, 2) (I, 6)
Option 2: (Jo, 3) (I, )
Option 3: (Jo. 4) (], 4)
[No need to check for other options such as

1) etc.]

Calculating PW (i %)
Option 1: (Jo. 2) (J. 6)

]24',:1
5203 (P/ A12%,2) + 5721 (P/ A12%,6) (P/F:

- 5003 % 1.69 + 5721 x3.277 = Rs. 27540.78

10, 0) (0, 4) 0. 4), a3 0

of Annual cost for combination as;

Consider i
PW (12%):

12%.2)

n

i

Engine ; Bl 5 o
an ) {]a. 3'] {.L 5) E“‘Dlnu' l.lﬁ?.*- '
= 5469 Ifljfﬁ,lz%?r} + 5631 {P.n"AJ].z% Ry,
5469 X 24 + 5631 x3 6 x 0700 o CIEAY
on x UI".'4} UJQ.:' Rs, 2?568'%
= 58‘44 {J"';‘f A,lzn{a,‘l} + 5615 {P!ﬁllzw."q}
= 5844 X 3.037 + 5625 x 3,087 5 0 g3¢ R'l:’fl*,m,q,]
636 = Rs. 286139

co, BY comparison of PW (12%), the best strategy i Option
™" pw=Rs. 2754078 Hhaving leag

W ['[,'Ewm]:

{_}Pti
W {12%]3

\nd the replacement strategy is (Jo, 2) ], )

Explain about sink cost, economic life i
of an asset. The AEC for defender ang fhalig?:nm for

What is the best replacement strategy? Take mmﬁhﬂ
= E h

i izon of 8 years
planning horizon of 8 years.
Solution: (2071 Bhadra)

gink cost: A sink cost is money that has already mmspe“tmﬂmh
recovered, Sink costs are also called retrospective costs.

Companies in every industry have to spend money mm}gm A
company budget may allow for investing money in employee m
inventory, office space or any other cost of doing business. Once the
company's money is spent, that money is considered a sink cost
Regardless of what money is spent on, sink costs are already spent &
permanently lost. It cannot be refunded. For example, once rent is paid,
that money is no longer recoverable which is sink.

Elmnnmiu: service life: The economic service life of an asset is defined as
the ?Eriod of useful life that minimize the annual equivalent cost [AECE
wning and operating the asset. To get exact economic service e, We
::‘;g ;;thijn:i I_llw .\.-Jf,]”‘: uu:j '\ [_j,'far\_i] that minimizes AEC as expressedin
Where CR = {E-R L)l <

E!ﬂmpjt;- = Lapital recovery cost, OC = Operating

5

LEL
i

—_— ; [
i Time (i year)

y -
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Here, life period = 6 yrs

But economic service life = 4 yrs (upto which AEC is on de
which AEC is increasi n)

Reasons for replacement: See at [5.1.1]

For Numerical part: Refer to [2070 Bhadra]

L'lil'lihH '-'I
i,

6. An existing machine has market value of Rs. 10000 ang
.hj" Rs. 2000 per year. Its Operating cost is Rs. 2500 in der"“‘m
increases by 20% each year for 4 years, New m.n:hin: " 1 g
20000 now and its market value will decrease by Rs. m;um R
from 4 years, Operating cost is Rs. 1500 in first Year -lmi ip'" Year
by 30% each year. Calculate equivalent uniform .mnualmm
both existing and new machines. MAPR = 15%. Formulate t;?t

replacement strategy if we need the machine for four ye

ars only,
(2072 ‘o‘5h\\':i|1:.
Solution:
L For Dr:fr:_nde-r _ = i Eu'ch..l_[]-en;r__—_“
| Year ﬂper;tinn L'tlsl_EJ]\'J;',E .L"lper.:_riunﬂ;i. _5.1Eag_e__—
= = bk’ - i | o) b ML e bl
| 0O - 10000 = 20000
e 2500 8000 1500 |20000 x 0.8 = 16000 |
[ 2 3000 6000 | 1950 | 12800 |
[Bs | w0 [ swow | s | el
N R 2000 32055 8192

For Defender:

: . oy \ W15
For N = 1 AEC (15 = (_R(15% L 4
+2500] x (A/F,15%,1)

— [10000 (F/P,15%,1) - 8000 + 2
| . 0.15 e 00
= (10000 x 1.15 - 8000 + 2500) = ] 151 ¥ ] Rs. 6l
ForN = 2 AEC (15%)> = (10000 x 1 152 - 6000 + 2500 » 1.15
+ 3000) (A/F, 15%,2
- 13100 x 0.465 = Rs. 6093 02 . ¥ B
ForN = 3 AEC (15%)s = (10000 x 1.15° - 4000 + 2500 x 1.1
x 1.15 + 3600) (A/F, 15%,3)
= 21565x 02879 = Rs. 6210.22 -
- . = ¥ " ar
ForN = 4 AEC (15%): = (Directly from calculator) Rs. ¢
T |
For enger: £ 15%
ForN = 1, AEC (15%) = (20000 x 1.15 - 16000 + 1500) (A/}

= Rs. 8500

)y -

2, AEC (15%)2= (20000 x 1 152 _

prN T, 1950) x (A/F15%2) lm*mxm I

s R 8058.14 N

= '5,hﬁf__{15'}:’}*={2m:<1_‘[51_m,240+1 XV
for N « 115 + 2535) x m;F.15%,3;.“1??57?2“0::1@{%;:

4, AEC (15%)s= (20000 x 11548199 4 1509
+1950 % 115 + 2535 %115 + 3295_5,] . I:ﬁ:ffx-::jp
Rs. 7581.858 5%
e calculation,

rvice life of defender is 1 yeqr

For N
50 from abov

Economic e o
¢ service life of challenge is 4 years

Ecunﬂmi
. AEC of challenger > AEC of defender for Ecunmnicmiﬁ_
. AEC of defender < AEC of challen,
8es for economic
service life. o L
.TI"II:‘I'E[;L'H'E' Mo need to replace the existing machine.

7. What are procedure for replacement analysis whes _
2073 Bhadra)

horizon is infinite?

Bu

Also, maximuim

Solution:

Refer [5.3.2]

E_. Find economic service life from the following information.
Initial cost = Rs. 50,000
Operation cost = Rs. 10,000 for the 1 year and increases by 15%

Thereafter,
Salvage wvalue = Decline each successive year by 2Fe over
previous year.
Useful life = 8 years
MARR = 159,

Solution:

[teat | Anmual < oot | Saiige

_iu;m._ml L-)pemtin

e S0 a8 =0
2 [1o000x 115 11500 | OKBEEEEER
3 [ 11500x115=13225 | 32000x087"

£ 13225 x 1,15 = 1520875 (20400
—t—

3| 1749 1634
NG | d1asy 131072
72313060 L 10485.76

~8_ 260019 308360
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Now, calcujarjng annual equfvalerll cost (AEC) = AEC (15%)

For year N =1
SNK)

10,0840
0000
50000 (A/P, 15%, 1) - 40000 (A/F, 15%, 1)
+ 10000 (A/F, 5%, 1)

0000 % 1.15 X i - (40000 + 10000) x —2:15
= 0000 115 X757 - (40000 + 10000) x T2

AEC (15%),

= Rs 27500
For year N =2

32000

]
g

10000 11500

300040

15%, 2)

Lok 015 Sy
= 57125 x m—_—l = Rs. 26569.76

Similarly, for N =3

20480

> l :rl sl
1OO0G 11500 13225
50000
AEC (15%)s = (50000 x 1,15% + 10000 x 1 152 + 11500 x 1,15 + 13225
20480) (A/F, 15%, 3)
= Rs. 27426.56

Here, For N =1, AEC (15%); = Rs. 27500

SR

- {.ﬁﬂ “FI‘.E} + {1(_‘ {]l:'-.!i:.]

AEC(15%). = (50000 x 1.15? + 10000 x 115 + 11500 - 32000) (A/F, |

Enineny -
N =2 AEC (15%)2 = Rs. 26569 7¢ ' M
|

N = 3, AEC (15%)s = Rs. 27426 5¢

ol ¥ - i
I above €2 lculation AEC decreases o .
from 2t0 3 ]"eﬂl'lhz L
50 s from 210 &ty L
inctt lh | “1 &
in groP A b3
75000
7426
6563 |« w f=mnaccrio L

e

3
TImE im year)

Therefore economic service life is 2 years,
9. Define sunk cost and economic life of an assets. What are the
reasons for replacement of asset? The Annual Equivalent cost of
defender and challenger and given in table below. What is the

best replacement strategies? Use MARR = 12% and planning
horizon of the project is 8 years. 2

L Bov@ | 1 [ 2 | 3 | «N[NS
(ACE) (Rs) | 5300 | 5100 | 5400 | 5600 | 600 | a0
(ACE) (Rs) | 2500 | 6000 | 5600 | 5600 | 5650 |um |
o (a3 Magh

Solution;
First part refer 5.1.1
[Mote: Past pa rticiple of sink is sunk)
Secon p ‘art: Refer 2070 Bhadra

: Refer 207 i e gervice

. i “ﬂm

[,}'?flm: defender and challenger and Ewmmﬁnﬂmﬂmﬂ
life, Company X is going to purchasea ﬁat the E;
Rs. 18000 having salvage value of Rs. after for s
Year and decreases by 20% each ye mmmef i WI;
Usefu] life. Annual operation and mlnnniem‘. 1ts usef? :;:;:}
First Year and increases by Rs. 2000 ﬂchﬂfg l‘ﬂ“ww‘ |
Yearsg Calculate economic service life of I

10,



172 | Replacement Analysis

tion: 3
i Refer chapter con tent for definition part.

Gi [ = 18,000 Assuming MARR = 12% per year
dven, 1 = ' ¥ ¥

At th[; end of first year salvage value = 12000

And decreases by 20% each year

Useful life = 6 years
irst year and increases by Rs. 2
Operation cost = 5000 for first year and increases by Rs. 200() aftep the

Annual equivalent cost AEC (i %) = CR (i %) + OC (i %)

Now, =as S
[ N | Operationcost | _Salvage
0 f - | IR _!_H{__nin‘“hmu
1 AL o 12000
2 3 7000 G
i 3 f A M 7680
| 4 QRSO0 6144
| 5 | 13000 j |' 49152
|| 6 .' 15000 . . | 393216
ForyearN=1 iy
1 2000
18000 5000
AEC (12%) = CR {]2‘.-’{:.}+D(;‘[12~_'{,)
= 18000 (F/P, 12%, 1) - 12000 + 9000] x (A /F, 12%,1)
112
T (18000 % 1.12- 12000 + 9000) x 75

= Rs. 17160
Note: We can also calculate CR and OC separately as

CR(12%) = 18009 (A/P, 12%, 1)- 12000 (A/F, 12%, 1)
= 121a0
OC (12%) = 5000

Then AEC (12%) = 12160 + 500 - 17160
ForN=2

| | 8000 5
I (12%]2 = [15(}00 I{PKPJE%.?] -gﬁm +
AEC x (A/F,12%, 2)
= (18000 H.lz?-gﬁm+m
x 11'2 -pﬁm : A
? 0.12

- 255792 x (]-]—23—_7) - Rs. 12065 5

Similarly, For N =3
AEC (12%) = 12067.53
For N=4, AEC (12%), = 12358 38
For N =5, AEC (12%)s = 12768.89
For N =6, AEC (12%)s = 13084.72
[Note: Value is directly calculated by using calculator]
S0 Here AEC is decreases from N = 1 to 2, then it started to increase.
That means economic service life of router is 2 years,
1. What do you mean by replacement analysis and economi servc
life? What are the procedure when planning hmm “'fﬁ
and finite? Calculate AECs from the following g
determine service life. o
1=18,000
N=g years !
O& M = 3000 for the 1* year and increases b}lls.%
3= Decline by 20% each successive year over S8
MARR = 12% per year

previoss 5 00
I..:
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Solution: ; |

Refer chapter content for theory part.

Given: MARR=12%per year,0& M cost increases by 15% 5 decling by
AEC (i %) =CR (i %) + OC (i %) ay

MNow, £ DN
| N f'bperation cost Salvage _:"‘-ﬁ-,&\
0 e
o
T 3450 [ :j_"‘{?%w
i 3 r' T
N e 0
Bany| 5247 | . SR
i 6Bt | e
= = ==
15 7700 i i 3020
For year N =1 TR
RRS
0
| BN N}
AEC(12%); = CR(12%)+ OC (12%)
= [18000 (F/P, 12%, 1) - 14400 + 3000] x (A/F, 12%, 1}
0.12
= [TS-IIKF!1.]2—1-1-«1[31'1+'_HJ[H11*=l 1211~ Rs. 8760
ForyearN = 2

AEC(12%), = [18000 (F/P, 12%, 2) - 11520 + 3000 (F/P, 12%,1) + 340
x (A/F,12%,2)
n.12

= (18000 x1.122_ 11520 + 3000 x 1.12 + 3450 'ﬁ?ﬁ

n 012
= 178692 x 135 = Rs.8429

g
E"Eime.h‘g -
s "M ll7g
for N |
EATY
0
| 2 4
M) 50 iy
1 BO00
2% [IHU{H{FIRIE%.31—921&+3(m{HP1
A + 3450 (F/ F,12%,1) + 3%?_5] * (A/F 12';:3!
= (18000 x 1.12-"—*)216+3[l_‘ﬂ]x1u:+3m; ]'
! 11

=R 0.12
+ 3967.5) *1127-7 =Ra.819%9

gimilarly,
For N = ';r AEC { 2"‘.’:]; = Hsg. 8055

For N =5, AEC (12%)s = Rs, 7985
For N = 6, AEC (12%): = Rs. 7977
For N = 7, AEC (12%); = Rs. 8024
For N = 8, AEC (12%)z = Rs. 8118
Here, AEC (12%) 1s decreases from N =1 to 6 and started to increase after
then. That is the economic service life =6 years
But useful life = 8 years (as given)
2. What is replacement analysis? What factors should be

considered in replacement analysis? Explain the cash flow
approach and opportunity cost approach. {2076 Bhadra)

Solution: Refer introdu tion part and 5.1.2.

3. A new machine costs $20,000. Future market values are expected
to decrease by $ 2000 each year over the p;mous‘j'm“ll
Useful life of the machine is six years. Operating T;,:
estimated at $ 3000 during the first year and mﬁtwgmi
15% per year thereafter. MARR 12%. nemmmeM

Service life of the machine.
Solu.hll]n:

R
efer the solution of (2074 Bhadra)
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If repaired, the old
aIfht}ugh the

machine can be
firm does not e
from scra Pping it
another firm in g

will require an immediate $1,200

used for anothey ﬂ"-'E'
xpect to realize any salyye 7oy,
at that time. However, the firm cap se] i[f Shi
e industry for $5,000. If the machjm.; is Wy
. store it o 0 fai;,':
: neither extend the $€TVige |
NOr increase the value

of the i
machine. The Operating costs are estimated at $2 0pp

first ¥ear, and these are expected to Increase by $1,500

thereafter. Fu ture market values are expected to decling by §1
per year.

overhaul to re
condition. The overhaul will

originally estimated

The new machine costs $10,000 and will have
$2,000 in the first year, increasing by $800 p
expected salvage value is $6,000
15% each year. The com
the economic life for each option, and
defender should be replaced.

Solution:

1. Economic service life

Defender: If the company retains the

Operating costg
€T year thereafter The
after one year and will deelip,

Pany requires a rate of return of 15%. Find

determine when g

inspection machine, it is i
effect deciding to overhaul the machine and invest the mﬂE]LEt’H!S
current market value in that alternative. The opportunity -:Eﬁt.at TE
] W aul costing $ 1,200 is also
1 is § 5 cause an overhaul costing $ 1,2
machine is $ 5,000. Because aj L+_ I the total it e
ke the chine rational, the total i
needed to make the machine operational e
in the machine is § 5,000 + $1,200 = $ 6,200. Other ¢

defender are summarized as follows:

[ Market Value if

| Overhaul | Fﬂrf‘{:aﬁ’rt"l:i k "

n | [ Operating Cost | _D:r:%s%#ﬂ___ﬂ

0 ‘ $1,200 | Jes EW
e 0. | $2,000 TS

2 0 | s350 | _:TW

3 7] $5,000 B

4 0 | $6,500 A

> 0 | 8000 T

We Ca_.l-"l_l:ﬂ.]il:ulate " i EqUEvaier-'nII costs if the defend

3
. le, the €
for one year, two years, three years, and so forth. For example;
r L8 3

i C .
W diagr -qsts for four years are ag f‘i‘“uws.l ﬁm P
" 7 years: ACE (15%) = $6,200 (4 /p 15
+ 51,500 (A/G, 15%, 4 $1 . F*q+‘wﬁt ‘
¥
£ 6,200
Fig: CFD for defen
L
7,000 7]
£.000 ==F===2m="" E e
% S000 - g remmemee
§- I
T 3000 g
E .
s 2,000
| 5
1000 -+ 4----
t :
E :
D=t -1 ‘ * :
L— MNumber of vears defender reti

m for N = 4 years is ghor - o

Fig: AEC as the function of the life of a defender

The other AF cost figures can be calculated with the following '

AEC(15%)n= " $6,200 (A/P, 15%, N) +$2,000+$150
L-‘\k; 1:7‘“1-, \:-.' 1nk v 14‘5; ]
-$ 1,000 (5-N) (A/E, 13:?‘0, N) forN=1,%
N = 1:ACE(15%) =53,130.
N = 2:ACE(15%) =$a.1}&
N = 3:ACE (15%,}=$§,£' VA
N = 4:ACE (15%) =$5596l .
Whe N = 5:ACE(15%) =56'434131ue Thus, Eﬂﬂ ;
tone |~ 2 Years, we get the lowest AEC ¥ on we deed B EEEEE
Nomje life i two years. Using the nota _ ?F
EdUrE‘J We ha\t" ; . -
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Nnb'= 2 years,
The AEC values as

€omputing ACE for N = I, 2, and 3, we

need to compute ACE for N = 4 and N
when N > 2 3n4

point.
Challenger, The economic life of the
the same procedure

in figure 14.8, Ay
can stop righy there,

al|  al |
M Y
5 } ] ] ”K’I’ln i_-,
s hav 2 DECause AEC i, iNer i
we have assumed thyy ACE has uniquyg .
* Minjg,
|

l'|'|.l“|.'r‘lf;l':l' can be defe
we used in this exam ple for the de

AEC (15%)y =

FMingg Wit

. fender
$10,000 (A/P,15%, Ny +$200p

+$800 (A/G, 15%, N)
. -5 6,000 (1 - 15% )N '.I,ra"\,.-’ F, 15%. )
I'he results of "Plugging in" the values and J
N =1 year: AEC ( 15%) =% 7,500
N = 2 vears: AEC (15%) =% 6,151
N =3 vears: AF( (15%) = $ 5,857
N = 4 years: AEC (15%) = $ 5,826
N = 5 year: AE( (15%) = $ 5,897

solving are as tollows

I'he economic life of the challenger is four vears: that is
MNe' =4 years

AEC: = %5826

Should the defender be replaced now?

Since AECy" = % 5,116 < AEC,
replaced now. If there are no technological advances in the next few

years, the defender should be used for at least MNp' = 2 more yean.

Ihus,

$5,826, the defender should not be

However, it is not necessarily best to replace the defender right at

the high point of its economic life

When should the defender be replaced?

If we need to find the answer to this question today, we hilw-:

calculate the cost of keeping and using the defender for tht'ji‘"ﬁlr

year from today. That is, what is the cost of not selling Il.w Lift-.lt:h

at the end of year 2, using it for the third year, and J'L'P|=f':""l‘:-'.l'um:

end of year 3? The following cash flows are related to this ques

(a) Uhpurl unity cost at the end of year: equal to the
or & 3,000,

(b) Operating cost for the third year: $ 5,000. ;

(c) Salvage value of the defender at the end of year 3%

The following diagram represents these cash flows:

2, 000

.‘"\E"u._.'jl - $5,] 16 I
a function of are plotted ll

market valut

Enpives: x
e

5 300,000

A
& 8 5,000
- st of using the defender for one morg yeged
e CO

nder for one more rear
aconomic life i y &mhm“ﬁﬂ
3,000 % 1.15 + $ 5,000 - $2 000 = 56,450
Now compare this l.'.d}l.;l'. v.».\.'.jih th.e .-'J\E'Cr_;' = Sﬁ.ﬁzﬁlnf the
greater than AECe". Thus, it is more expensive i kﬂ?g:“!‘? Itis
for the third year than to replace it with the chaljen, ,“h
we conclude that we should replace the defender fﬁ:ﬂ%
2. If this one-year cost is still smaller than AEC, ;‘d{f?ﬂl
calculate the cost of using the defender for the fmth reed 1y
compare that cost with the AEC" of the d'liﬂmger
2 Consider again the defender and the challenger in above QN 1
Suppose that the firm has a contract to perform a given
using the current defender or the challtngtr for the next cight
years. After the contract work, neither the defender nor the
challenger will be retained. What is the best replacement strategy?
Solution:
Recall again the annual equivalent costs for the defender and
under the assumed holding periods (a boxed number denotes the
minimum AEC value at Np' = 2 and Ne* =4, respectively):
Annual Equivalen! Cost ()
n_ Defender _Challenger

] 5,130 7,500
5 5,114 6,151
3 5,500 5,857
& 59 5,324
5 (’:ﬁ_ 5897

“Plon1: G, 0), G, 45,7, 4)

Optign o, L'V (15%)1 = $5,826 (P/A, 15%8) =$ 26143

o 2 (5, 1), G, 4), G, 3)
PW (15%), "= $5,130 (P/E, 15%1)

+$ 5,826 (P/A,15%,4) B/

+$ 5857 (P/A, 15%3) B/

= $26,143

F,15% 1)
F, 15%3)
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Option 3: (jo, 2), (. 4), (j. 2)
PW(15%): = $5116(P/A, 15%.2
+ 5§ 5826 (P/ A, 15%, 4) (P/F, 15%, 2)
+ 56,151 (P/A, 15%, 2) (B/F, 15'}i'~,[3}|
= $ 25217 + minimum cost,
Option 4: (o 3). (. 5)
PW(15%), = $5500(P/A, 15%,3)
+$ 5897 (P/A, 15%, 5) (P/F, 15%, 3)
= §$ 25555
Option 5: (jo, 3), (. 4). (j. 1)
PW(15%)s = 35500 (P/A, 15%,3)
.+ $5826 (P/A,15%, 5) (P/F, 15%, 3)

500 (P/F, 15%, 8) = $ 25,946

-
LR

Option 6: (o, 4), (. 4)

PW (15%)s = $5961 (P/A,15%, 4)
+$5.826 (P/A, 15%, 4) (P/F, 15%, 4)
= §26,529

An examination of the present equivalent cost of a planning horizen
of eight vears indicates that the least-cost solution appears to be option ;
Retain the defender for two years, purchase the challenger the keep it for
four years, and purchase another challenger and keep it for two vears,

RS [8]§1

;h slk:. The chance that on investment's
expected:

The decision to make a major capital investment such 1s
2 new product requires information about cash flow over the life of 2
project. The profitability estimate of an investment depends on cash flow
astimations, which are generally uncertain, The factors to be estimated
include the total market for the product; the market share that the frm
can attain; the growth in the market; the cost of producing the produt,
including labor and materials; the selling price; the life of the product; the
cost and life of the equipment needed; and the effective tax rates. My of
these factors are subject to substantial uncertainty. A common apprach
s to make single-number “best estimates” for each of the uncestam
factors and then to calculate measures of profitability, such the NEW
Or rate of return for the project. This approach, however, has:treg
drawbacks:

T - . ill match
L No Buarantee can ever ensure that the “best estimates” will

actual valyes,

No provision is made to measure the i

! 100 managers have no way
EStment, or the project risk. In particuiar mject‘l"‘iﬂmd

of deierminmg either the probability thata P -

or the Probability that it will generate large profits

g o accuratell profct
mnaﬂﬁdu@ cash flows can be so difficult 10 Em::lw for .
elem::‘m Irequently consider a range of Pomt::h flows 8 paﬁl‘?;;
I':JIIEII-.'.rS ke range of values for 'u\di\fid“al'.: - L

ven profect T
Possip| tha.t 4 range of values for the NPW of aegt;m Pﬁ,babilﬂi "#
+ Clearly, he analyst will want to 826 .
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reliability of individual cash flows and, consequently,
certainty about the overall project worth.

the leyy

In summary origin of project risk can be presented as

1) Cash Flow Estimate :
measurements error

Inaccuracy of the cash flow estimay
\ Stimateg _
i

2) Nature of Business : All business are not same nature e

: : Cdusa S0
types of business operation are less stable then others, -t

3) Rate of Interest : It depends on current health of economy
; : : 2 ¥ an
future expectation of economic condition. d
4) Study Period increase: . .
uncertainty of a capital investment and economic return,

Long study period generally
5)  Unclear specification

6) Volatile and unpredictable future

7)  Social risks

8) Variability in output

6.2 Methods of Describing Project Risk

There are various methods for describing projects risk, listed as: |
1. Sensitivity Analysis
2. Break even Analysis

3. Scenario Analysis !

6.2.1 Sensitivity Analysis
Sensitivity analysis is a general non probabilistic methodolog!
1 ; impact of

readily - available, to provide information aboul hutuninﬂ tal i
| ! 15 amental I
uncertainty in selected factor estimates. B e in s fundel -
.. Cis100 pmft‘.ﬁr.

developing etonomic information useful in the de o

itivi ' J ve i - ‘hange
general sensitivity means the relative magnitude of ¢ Ln};u:i |
measure of merit. (PW or IRR) caused by one or more ¢
estimated study factor values.
ap . ; T he
It is a means of identifying the project variables which W

have the greatest effect on project acceptability. 3
analysis heca

n ‘f"“'cd'

Sensitivity analysis is sometimes called “what-i!

5 questions such as “What if INCremeny) salps
e 2,000 units? Then what wil ghe . S2ESare
ihe’ " ith a base-case situation, which i g, %

2

pegin® L each input. We h :
values for °n change yh %hh

fkely ; ral specified percent Poin :

intere* ) sev;ilv f:olding other vaa'gebl 'S above and be "iiabl of

oy value, WiHE nables constany Next, the mog
2 We

new X

NPW for each of the values we obtained, A 5
; ; : b,

- to present the results of a sensitivity angjecc. o Iemem seful

iphs. The slopes of the lines show how Sensitive o plot

in each of the inputs: The steeper the slope, the More
Im 5 change in a particular variable. Sensitivity graphs idens:
variables that affect the final outcome most. Y the crucy)

ollowing technique are usually inchy : 2\ A
!{‘TISi:-i"'tt_'"I ;'mal-]’}'si:%. : el miy discussion of
i) Breakeven analysis
iiy  Sensitivity graph
i) Combination of factors
Steps for sensitivity graph analysis:
1) PlotPW, FW, AW, IRR or BCR on V - axis
b) % error in estimate of parameter value is plotted on x - axis
9 The slope of the line shows level of sensitivity,
9 The steeper the slope, more sensitive.

E;:}plﬁ A Project costs Rs. 500000 and will have annual saving of Rs:

EEn;jﬁp?r Year for 10 years, 5.311,-359 value is 10% of initial cost. Perdform
i analysis over a period of £ 40% in

i)

i)

Initia] investment
Annual Saving

i ;

1) Project Iife

-“.Ssume .

MARR = 109 usi formulation

Sﬂl“tiun: 10% using AW

Sﬂ]".',a
B = 10% of 1~ 50,000

™ = 500000 (A /P10 %, 10) + 92500 + 50000 (A

F

10%10)

' Y
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0.1 x1.1w 0.1 0*11=> 18216.58 (For 10%) 8 8 Bt
= = 300000 x =551+ 92500 + 50,000 x T gnter 1 msmllla:fm R}
. 1025 e 107 09 = 9361.15 (For - 10%) Olhey  * 388
= 1426457 o
iar for B
ape s i 4 IﬁimﬂJf
e e - and fill in the table and plot the Braph
AW =1 (A/P,10%, N) + B + 50,000 (A/F, 10%, N) ° / -
01x11N ’ 0.1
=-] 11N-1 + B + 50,000 x TAN-1 e, e ()

Where | = initial investment, B = annual -“"“"ji'in N [nvestment

= E"I“]-‘-":! ]!ff_'

[\"J.h.ﬁmn I 10% |. 20% I _‘-u:l-:_.--‘i-__ 40% 1 -10% —-:L'_':..IEHE :[__'-I}"_r'_“—k:n:-\"
AW [ 61273 II -0 | 1472 | -18284 | ZMOLE | 305391 | 38676 4;57:_1_“"'“x
: £} &y
{1 varies) | | Gt e
| < R e it e e e
| AW 2351457 | 3276457 | 420457 | 5126457 | 501457 | 423547 |-13485.00 2754 | o] B Fiiermccticar deai
| {B vanies) | b eyt i oty
AW 1821658 | 214565 | 21495 | 264142 I 9361.75 | 315019 | 493247 | |_'«1T£—E;T'
! varies) | | iy - Erme
{ £ ueh 3 — 1 | Sl
Calculator Trick
For I varies 30000
Enter equation (i) in calculator T - 40000
, DRy it 15 T - 50000
L€ =X e _q) T 72200+ 50000 x 0.1 / (1.1 -1) + _com
Press CALC, X =7 J
_ From graph benefit has a higher slope therefore, the most sensitivess
Enter 500000 * 1.1 = 6127.3 (For 10%) B P eneithasa gl S re,
nefit,
Press CALC, X =7
. 6.2.2 Bre: : . iom
Enter 500000 * 1.2 = - 2009.96 (For 20%) eakeven Analysis i
d For negative sign The usual breakeven problem involving two alternatives Gn
And For negative sig Most easily . i equivaler t worth
72401 84 (F 10%) of th *UY approached mathematically by equating an o In
- A W * Y G —) .I. } e K 3 : j ; : = I ﬂﬂ
Enter 500000 * 0.9 = 2 (For ) ; :— W alternatives expressed as a function of the factr equal
= : Siort, i _ : exactly equal
Enter 500000 x 0.8 = 30539.1 (For - 20%) , the breal - even point is the point at which revenue s
o ;_mrsl
imilarly, For N Brg rticular proect
oLy 5 1 ity a;lﬂkhrx;un analysis jg mean of identifying the valueof a w
nte uation (1) 1n this way a : : ’
Enter E[-] E. ! af 4 & th:“ Causesg ”'ll." E}Iﬂilf'l:t E‘N'ﬂl.'_'tl}' to break BverL. .
1.1 = . — reik&‘f@ I i
4:\{]{]{]{:}0"”-1”_-__{] Ix- 1) + 92500 + 50000 x (1.1%-1) r | N Volume ;fdﬂm :
3 : Lis the - prﬂdw:e N
y the aAmount of Pl‘(!duct that a irm nef’.'d to . A0S
Enter CALCX? s
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COover total cost of Production. This can be computed by
Total Fixed Cost

elling Price - Variable Cost per Unit

Fixed cost: Remain constant ov

many goods are produced. Such as land, rent, iNsurance

Variable cost Variable cost vary with number of

Production level], workforce size and other p
faw materials, fuel, advertise etc.

Breakeven Volume =

Total cost: Sum of fixed cost and variable cost
Let Sbe the selling price per unit

V be the variable cost per unit

FC is the fixed cost per period

Qis the quantity of production

Total sales (S)=s+*Q ... . Graedl)

Total cost (TC)=v * Q + FC (ii)

Fiaxed cost

Cost ond Revenue

-3 Product

BEP

At intersection point

Total cost = total sales

v*Q+FC = s5"Q

or, P = (5-v)Q
FC

or Q R

Example: From given data, determine
BEP in terms of number of unit

(a)
(b)) What should be the o

er how many times you se]|
= ’
etc.

arameters, Sych a

utput if the profit desired is

|
ang h':rh

Rs. 5!“,}1

pmd'-l[‘q. |
oy

what is the different betye
() anit at breakeven?

Fixed Cost (FC) = Rs. 4,000
Total Cost (TC) = Rs. 8 500
Total Sales (S) = Rs. 10,500

Gales Volume = 1500 units

solutio™

we have, 3 i .

_[_Dl_a] C'l'_jfgl {rI(-_‘j = Fixe d CDSt {FC} + Vﬂmﬂe tmt {‘.Iq ) 8
(4) yc=TC-FC = 8500-4000 = 4509 \

yariable cost per unit (v} = 4'5‘1]*”'5'}0’“331*“3&

Selling cost per unit (s) - 'lljﬂ,.-' I”:'."[:':'=HS~?P‘!J-'Eil'lil

4000
QBEF =FC/ (s-v) = Z7==1000unis

(b) Profit = Total Sales - Total Cost
s*Q - (FC+VQ)
= 5"Q-(400+v*Q)
5000+ 4000 = (s - v) Q
9000

— S ﬂ;L'l

A Ve

5,000

Therefore break even unit for the profit to be Rs. 5,000 2250
&) Atbreak even profit = 0, Assume FC remains constant
0

[

$*Q- (4000 +v* Q)
4000 = (8= v) * 2000

A= Rs. 2 per unit
nrzak - Even

Analysis for comparing two altemaves. | | S

LW ol i |

| eT g

- :1,1 there are two investment opportunity obtammvalﬂﬁw ﬁtf
Vil ’ ; 1
¥ dependent o 5 single and commeon factor reak -evenpoit

"

i Uatj : 3 the b
| g ®Quivalent worth. That value is known s
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1\.

Altlemative A

Alternative B

2 :\ BEP
“ ‘
i » Time
Mathematically,
Biy = fy I.‘-I'I and Ewg = t.;' l_\ll
Where, Ewa = Eguivalent worth calculation for the net cash flg,
alternative A, ;
Fws = Equivalent worth calculation for the net cash flow g
alternative B
oo i e A EL . .
3 .—\_kfu_.u.-nﬁ tactor atfecting the equivalent worth valys
ol alternative A and alternative B
At break-even point,
i.: W A - E WE
Example

Consider the following two motors each of 100 hp output capacity item

Item M ot -
[ Otor A Motor B
; e e, N Moto
Purchase Cost (Rs) 1,25,000 — 17_-—--
= — 1,60,000
Efficiency (n) o pitciel

ife (Y e 92%
Life f']'l'i‘.ﬂ_rsj 10

Maintenance cost (Rs)/Year S_N _ 10
insura 150 2,500
Annual tax and insurance I_sﬂm—h )y
Vestmeny

1.5 of
RS e (L |

| 15% "E‘?ft“_'fﬂ.-

| MARR

- R 7
(a) How many hours per year wou . e motorg R .
full load for the annual costs to be equal? ¢ o operate

5/KW/hr. ity cost is RS

AR\

(i
E’l_.a-'

jon is more than 55 h i :

(f an nual pperation 18 m ours, which motor should be
[h‘l 5 Iefl'fd?
ﬁolutil"“:
fot thgjp_f_'_ﬁ_ | 1
ro Calculating the annual equivalent cost

CR (Capital recovery) cost = 1,2500 (A 1P, 15%, 10)

=  Rs. 24,9065
Maintenance cost =  Rs. 5,000

Tax and insurance = 1.5% of 1,25,000 = Rs. 1,875

Opera ting expenses for power (electricity cost),
We known that,
e y Output
Efficiency () = Input
Let 'X' be the number of hours of operation per year
Input * rate * Hours

QHEEE,‘RAE,HWE

Operating expenses =

& E‘%?_"—?ﬂxfux[lhp-ﬂ.ﬁﬁkw]
.

= 545X

ivalent cost of motor A 1t
o = 24.906.5+5000 + 1,875 + 504.05X

31,781.5 + 504.05X

For Motor B

= 1,60,000 (A/F, 15%, 10)
Capital Recover (CR)

= Rs 3188832
= Rs 2500

= 1.5% of 1,60,000
= Rs.2400

Maintenance cost
Tax and insurance

nses for powWer, :
ber of hours of operation per year

Operating expe
Let %' be the num
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100 = 0.746 ;

Operating expenses By 2K
= 405.43x
P etal anrual m]"wn]m“{n[m! of motor B (AW of B)
3 =  31,880.32 + 2,500 + 2,400 + 40
= 36,780.32 + 405.43X i
At Breakeven point,
AWofA = AWofB
31,781.5+5M05X = 3678032+ 405.43X
X = 51 hours
Total Cost of Motor A
i Total Cost of Muotor B

Sclect B

11781.%

Srrmmsss e

B = Time
31 hours

A Ifannuﬂc:[ ation i
€ peration is more -
nore than 55 hoyrs
urs, motor B is selec
. s selected.

6.2.3 Scenario Analysis

Alt ; S

ok “Inf::;t::ﬂ:n:i;tLj: ns..nu..u[_-,.a a.nd break-even analyses are useful, they
i g mm.:_ujdr: n |t..r~. difficult to Specify pmp-';.] are :Im ul, ! Y

: variable and the NPW. Th 1sely the relationship
mmph_r;afm by interdependencies amg * e relationship is further
0per_at|r1g costs constant while Vdr}fjng Unj:g ith'ﬂ' variables. I'{ﬂlr_'lirlg
but in reality, operating costs do nol hﬂ'hu‘,;? es May ease the analyss
complicate the analysis too much to permit in thig manner, Yet, it may
variable at a time. Movemen in more than one

Scenario analysis is a tu:llrquu.- that co

NPW both to changes in key variables and to ““-H'Jdﬂrs the

he 1 sensitivity ol

those variables. For example, the decision mgy Nge of likely values of

extreme cases: a “worst-case” scenario (low yp; Er_ May examine two

high variable cost per unit, high fixed cost, and g, . =™ 10w unit pric

scenario. The NPWs under the worst and the peg, :-] and 3 “pest-case

calculated and compared with the expected, or J;.ﬂh_m;lnc;};j},tms are then
+ NP

Ve N

nma scenario analysis is a means of comparing a "
In U7 oject measurement (such as NPW) with one or more

ted P
of & al scenarios, such as the best case and the worst case, to identify
4dditio me and most likely project outcomes.

the ex

It is a technique to identify and assess factors that o
the success of a project.

ey
ok analysis:

Fﬂpg;diz& ]
[t assigns the pmhablhhﬂs of various outcomes of on investment project.
distribution of a random variable allows us to make a
spef_.-lf-,c Probabilit}-' statement, a single jfatue that may characterize the
dom variable and its probability distribution is often desirable. Sucha
expected value of a random variable. We also want to
about how the values of the random variable are
dispersed about the expected value. (Le the variance). In investment
analysis this dispersion information is interpreted as the degree of project
risk. The expected value indicates the weighted average of the random
variable, and the variance captures the variability of the random variable.

The probahilil"r'

ran
quantity is the
know something

the various outcomes of an

64 Decision Tree & Sequen

The assignment of probabilities to
rally called risk analysis.
at shows a Sequence of strategic

under each possible set of

investment project is gene

A decision tree is a device th
decision and the ex ed consequences

circumstances.
Components of Decision Tree

Decision Node:

Deecision node
Allematives
Probability node: | | o
A 1 resents pmbabi]ity node with the possible outcomes
circle rep gl o
estimated pmbabjhhes on the branc
Probability node

Aliernatives

A
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Branch

Line cnnnecting nodes from the
To illustrate the basic

invesmr, named Bj]] Hendersor
inancia) market. He v,

Erowth stock d1 ang ave

Figure beloy
Tepresented by
Tepresented as

select some Particular ajte

represent Uncertain

However Bill can
enter it beside €ach branc
is the Cconditiong] Moneta
and given Event.

R A

illustrate

1

ants to ¢
ry safe IS, Tre,

ance events th
Vestment. Thes
ng from , crcular pode.

€vents over whicp,
assign a Probability 4
hin the decision tree. A
TV ransactiop, as50ciated

Stock (d,)

Decision LT

niﬁ:iﬁiml-l‘r't.‘c

5 this sipy
4 square boy or decig

ranches €manating from the

Mmative, say,

left to the
L'llni.'l"
who wants
hoose lk‘tu-'uun
asury bond
ation,
ion node,
node,
“invest in the
at can happen,
S Events
Note

Bill hag nNo cont

€each
t the
with

A, High (504,

Change ]luk

Adding complexity the e Cisigy

profilen by

soeking adeitiogg] iu{urlnui.a,

I
e T

to inye

are shown i

B, Mediym (g )

right of the

Pt, ‘i‘!'q

St Some

A highy,

d2,

With the e

The

Suppoge Bilj
Stock, ~

each re

”Iq:“
rol,

th

chance

Preseng,
n Fj

5 hran[j-ﬁ

di

Ty

iy
Wﬂeh

B4

EvVent ang

end of each brang,
the se] ected actip

N\

B\

U fea dy, &)

oty Profii
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h Flow : :
x Cas . s ¢
P s termined, the nex step is
of the decision tree is de “_ E;d el
T : ssocia
he stTUC tu h flow (monetary value) a Pra
Jevant cas he possible chance nutcumﬁ-be , cﬁim
the = e has to made
and C1510Mn has
d goark '|,1i5 h(}{\kr the de ey vajue Sh[”}ufd 'tm on ﬂ'ﬂl
y . a
ized throtb fore, the relevant mim?d-{f ent points in time over
L] K - T o - =
empha basis. e d revenues occur at differ ious amounts on the
frer-tax he an to convert the various Gf
. . gince L 4 we also need SUm amounts, say, an
bast jy period, ir equivalent hamp- esents the profit
the stud) ches to their +t present value thus repr
pee's bTAT The conditional net p

the first part

: the path from

psent value: he decisions and events along

rith the de
ated wit

sssocia

™ "H..]-
ee to the er
nfthe iy

el !

Once

re

|'i11l| the ives
0 alternatl

costs

R dure
k Proce i
ollbac i
[o analyze a decision tree, W
0 analyz

: edure. In
{s— the rollback proc rorking, tow
ba,:kt'\.raﬂ S 2l ”‘lL'th'- d[ld Wiy

work

in at the end ofthetreeandﬁ :

o r words, staring at the Psuﬂ
i ard the initial node, we

the decision tree’s |

alue
5 onetary v
fine two rules: xpected m fii
e & node, we caltuidl.'i:‘- 1her:banﬂi ies by conditional
1. For each '-'1“1”_"“" jone by multiplying P g from that node and
o This is ¢ /

(EMV).

tin
ches emana
rith branc :
et profits. We then F; .
the expected valu

i ohest EMV (or

one with the thLE:rE not
i W =g

jecision “lmma“v&m the decisit
d ;

g atbon.
rther Ct"“ﬂ;:dmuplm' wl SECeR?

followed.

in the
!aceme?dwul:rau
alculated ©

profits associate i
summing these L'L‘-'Tl% it 15
node to 1'I'ILi'i.L't-'-tE. lhd_t m that node.
anches emanating ro the
branc ode, we select

P2

s x

! ‘h decision I :

For eac h ¢ tho:*-
; en

ninimum cost). Th

I

fu
s inated from
rinated acToss
; are elin ark
selected @ B draw a ME

1AgETa W
tree Lil;li,

h ar TS ‘_I ~ating [hdl h ¥ are I'ILII tOtE
% the
| L= jigluiie ki t"
L L=t

rm his
transtol™ "7 alues.
il could A o
w illustrates how iBornW' ok
Example bf::’rnb“’m into a tree
investmen

& ﬂ'lff.
00 to invest in ions: share
Bill has $50,000 to “::d to two opHe stock at $50 PF public
gupp{l!i‘f s have been narrow of a lt‘ch“c'szyis a
His choice s 1,000 shares -
jon 1. Buy 1,
ion

i ailable on
ormation &V& = ¢
one year. = h inf r this S1Z8
Il be held ful? Lnn* much researc 00 fo
there is

o
here will be a brokerag

«  Opt L
that W ),
offering llxim t
the g.I‘-'Jf-'k';

- N




fransaction (for either buying or selling stocks).
assume that the stock is expected to
three different levels: 4 high level (A) with a 50% pe
medium level (B) with a 9% return ($4,500), or a low
30% loss (- §1, 5000), Assume also that the

or g

provide a return g4 any

Probabilities of i, ;

R

" ]

turn (g5 oo

ar ek 1
level (C Wit

h

OCcurrences are assessed at 0.25, 040, and 035, II"SF’WHVF],‘, .}\_w
Stm:k dlvld["nd iﬁ &niifipatpd fﬂ'f FU[_‘-h a gﬂ'-'“'t]'l-i."T:iPnrm[ CL‘]Tnp;u:. I"u
Y.
.

Option 2. Purchase 4 $50,000 US. Treasury bond
interest at an effective annual rate of 7.5% ($3,750). The
earned from the Treasury bond is nontaxable
there is a $150

Bill's dilemma

income,
transaction fee for either buying or se
is which alternative
financial gain. At this point, Bill is not concerne
Some professional advice on the stock before
will assume that any long-term capital gain
Bill's minimum attractive rate of return is known to be
taxes. Determine the payoff amount at the tip of each branch.
Solution:

A, High (50%) $ 75,000 - $100

B, Medium (9%

$54,500 - £ 100

C, Low (-30%) $35,500 -3 100

- $53.750 -3 150

~$50,00

{7.5% return)

(a)

5 16,0510

) s890

$- 13967

—O $Rog

(b}

5% after

+ which Pay

inh_*;ES!

Howey, o

”].l'lj_l’| tht" bﬂnd
to choose tg Mmaximize

hig

d about seeking
making a decision We
8 will be taxed at 20%,

[
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» Bill's investment prnblem.‘.(fr) Relevant cash flows
D cision I ;{'h; net present worth for each decision path
ecisic
H ) A
H:‘lin Iﬂ”[.l X,
A {f]{’

jon 1 a real winner) over a one - year holding period.
rlﬂ“ 0% return {:1 TE:
2 50%

h flow associated with this even at period 0 wall
e
net ca ount of investment and the brokerage fee. Thus,

with
The
include the
we have 3 5 £
.od 0: (- $50,000 - % 100) = - $ 50,100 |
o g LEL : R,
& sell stock, you need to pay another bmk:rag;a
When you ¢ .m' investment expenses, suc_h as mt v f:
: included in determining the cos :
| gains will be calculated as (
g 24,800. Therefore, the net

i am

HoweVver, :
issions, must De

for investment. The taxable "Eij&?:[l]'lii !
75 000 - '$ 50,000 - % 100 - § 100)

riod 1 would be.

c{_\f‘l"lﬂ‘l

cash flow at pe
+ &75.000 - $100) - 0.20 |;$24,5LHJ} 1
s et presfnt value of this &

=§ 69,940
Period 1:

ock transaction
Then the conditional n
i # A = 1&51”
$50100 + $69,940 (P/E. 5%, 1) $ %
5011 datthempofﬂlfi'lbk
for each posst

in figure (b

PW (%) = - i

This amount of % 16,510 15 rmttn;d
=il
This procedure is Tepe

oWl
1 ts are sh
I'l'"“]ltl'l'l:._’, ATMOUnts &

) i 4
2. With a 9% return, W

s TPeriod0:-$ 50,100

Period 1: 53,540 4
- +_ r
. PW {r:rﬁ‘)" - ;,D,‘lﬂﬂ
3. With a30% loss we
3 g 50,100

« Period Ik
1

1: K]-?JNU 1?940 I:I:’,"l F, 5%, }1 ;

(1% 4 ek considerirn

= - §13,967
e Period - i prokerage

I
Option 2 W.':'
omumisst 50,131'
["el‘i
T Ty
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+ *  ‘Period : $53,600
* PW(G%)=-50100 +33,600 (P/F, 5
Figure (b) of aboye shows the complete far B
Problem. Now Bjj can calculate the expected mgq t-w Bl"ﬁi"v“ E'
each chance node, The EMV of Optic el Bty 3

5 the sum o 4
T

» and low feturns ang the r{i de:ls.

l'i'.'r:

%, 1) = § ggg
decision treg

EMV = ¢ 16 510 (0.25) + & 890(0.40
For Option 2, the EMV is s mply
EMV = § gog

) =$13,97 (0.35) - _ $405

I i ) o - 5

In Figure 1217, the expected monetary valyes
event nodes, Bj st choose whi- ; : :
o 1J_|' must i._hﬂCl.‘-L which action to take, and this would the

e with the ht.gh_vst .I-!'n.-l‘n.', namely, option 2, with EMV = $898. Th

expected value is Indicated in the tree by putting $898 in, the decis

e = e ] 1 T 3 T . s : HJII
node 1][.th!f l.w_gmmng‘ of the tree. Note that the decision tree uses the jgg, |
of Mmaximizing expected monetary wvalue developed in the Previgy; |
section. [n addition, the mark || is drawn across the NOnN-Optimg|
decision problem (Option 1), indicating that it is not to be followed, Iy |
this simple example, the benefit of using a decision tree may not be

are shown in

evident. However, as the decision problem becomes more complex, the
decision tree becomes more useful in organizing the information flow
needed to make the decision. This is true in particular if bill must makea
sequence of decisions, rather than a single decision, as well next
illustrating,

Procedure for solving decision tree using PW analysis:

L] Start at the top right of the tree.

. Determine PW for each outcome branch.

» Calculate expected value for each decision alternative.

*  E(decision) = I (outcome estimate) x P (outcome)

*  Select best decision ;

*  Continue towards root decision in order to select best alternative:

Example:

| -
The income and corresponding probability of a machiné

' B Econogye, 1,
i p with Grade A, Grade B and Grag, il h&{ *‘E

’__"ji.-——-“ Machine A " 4
| Probability i
’_,_,-o-"‘__'__ 0.2 -1-‘-‘""
Gﬂde C o [l —_—_‘—*—_‘—'—-—-_._.___ 2y
e 0.4 3500 e
Grade B  RSRSEREETL ! 00
e ; 4000 &%
Guen | 04 | wn z

H_:rds;_u—f machine A is 1050 and machine B j5 1000. Find wich
c

Thihine should prefer?

ma

Solution:
Decision fTee

[D |

From the decision tree d iagram,

Expected return Income from machine A
= 0.2 x 2000 + 0.4 x 3500 + 0.4 x 4000 = 3400 2
Expected net profit from machine A = 3400 - 1050 =Rs.
Expected return/income from machine B

=04 %2000 + 0.2 x 3000 + 0.4 x 4000 = 3000
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isk Mﬂﬂﬂgement
iy -
4 ' & I“ ' d Question Solution .. /;;f 10% | 20% | 109
- 3 * Ty 3 | ) | |
alculate breakeven volume of a cab] ; 2 'ﬁﬂ | yarid 7159.82 |3278.57 | -408 216
from the follow; : able manufacturiy, - |
Wing data. Total cost = B com .on of
Rs. 400000. 1 St = Rs. 1200000 vapj.p. Pany :tion ©
: - Income from sales = Rs. 1500000 1able yarid
unit, Bk at Pl’ﬂduﬂil}n of i life
Solution: (2069 —T{3027.713 [ 512114 | 115908 | e
. | haq,ij /W . 3027.713 | 5121.14 | -1159.14 325257
Total cost ) = 1200000 ,Miatioﬂ ot
Variab];; cost [1'-‘(_} = rl."-?lptf__— et B g L —
; = 400000 i e e |
il a0 TR |54 7823 1890197 |2920085
Otalcost = Fixed cost + variable cost yagiation Of
Fi d cos =
ixed cost 1200000 - 400000 = 800000 f,l}iﬁ—————
s : : 400000
Variable cost per unit (v) = Tri:]T: = 80
s ki = 1500000 i
es per unit (s) —_5[1{J|] = 300
, , FC
Now, Breakeven = —— '
g v
S00000
= 300- 80 — 2636.36 |
!
.. Breakeven volume = 3636.36 unit '
2. A proposal is described by the following estimates: P = $20001,
5 =0, N =5 and net annual receipts = $7000. A rate of return of 20%
is desired on such proposals. Construct a sensitivity graph of the |
life, annual receipts, and rate of return for deviations over a rang¢ | 8
of + 20%. To which element is the decision most sensitive?
(2069 Bhadral |
Solution:
1.2°-1

PW (20%)

-20000 + 7000 = m

934 264
Now, variation in life, annual receipts & IRR are giv

which is obtain by a given equation. ‘

Ty
PW (i%) = - 20000 + B x L1

i % (1 +i)N

Il

en in tablé |
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ofa iJﬂ?E‘ﬂ“ ™ als SCEr ﬁ'ﬂ NCu i |'.|‘l it
F t E r\ = "
on ..ﬂ..Lt f. M cx L llf i‘l’ [

Life Uariation = 327857 _ (-1878.81) = 5157 35

IRR varigtion = 2920.055 - (-78

-782.30) = 3702.355
Benefit variation = 5127 14 (-3252.57) =

8373.7 (more varighle) |

- The max; . ;
xmum slope a from 5 graph is annua] receipts. So, the

most sensitive to annual receipts. e Y
3. Explain decision tree analysis, (207 |

Refer at 6.4 : Ma&h" :
4.

equal and recommended economic pump if it is to pe 0 Er? mf
hours daily at full load. {2E}F;{I ;:Z:hj
o |

- s T
I KHASA Pump | SAR‘U'DPu_;];ﬁ

| Capacity |. 100 hp 100 hp ____-| |
|' Purchase cost (Rs.) | 500000 | 1000000

| Tax per year (Rs.) | 10000 | 15000 | I
Maintenance cast per vear (Rs.) || 36500 | 29200
Efficiency | 80% | 90% :
Life year 5 | 3 |

Salvage value || 20% of purchase cost for both ‘ ;

|
| 20% per year 20% per year

MARR

Elech-icit}- cost |

Rs. 10/kwhr Rs.. 'lE']ﬂth '

Solution:

For KHASA Pump, salvage value = 0.2 x 500000 = 100000

o/

iy 5}

CR = 500000 (A/P,20%, 5) - 100000 (A/F,20
1.25x02 020 ;
= SGMUXW'”:UUWKI.Z“—I = 153751.
Tax = 10000 per year
O&M = 36500 per year

E—'rcxpflwe of X hours =
timn
or

.rﬂtﬂl CD*."rl {TCF:I e 932‘5 X +1{m] +3ﬁm+ £

1802-326.1'2 +9325,

1]

ggrvO PumP
e= 0,2 X lﬂﬂ]m=2m

Fof

E.,:I'h’ﬂgc 1.—'i:'||l]
= 1000000 (A/P.20%5) - 200000(A/F20% 5
- 125 x02 02
= Il}DﬂDﬂL] x 1B 200000 ngmﬂ

Tax = 15000 per year
&M = 29200 per year
L |

(10 x 100 x 0.746 % x

Qperating expenses for X hours = e }"’m:

307503.76 + 15000 + 29200 + 828,88

Total cost =
= 351703.76 + 82888 x.......... {Iny
For breakeven point, equate the total cost of two pump,
18082622 + 932.5 x = 351703.76 + 828.88 x
103.62x = 17087754
x = 1649.078 hrs/ year

* Break even hours of operation per year = 1649.078

e o ‘hiseh A

* What are the sources of risk in engineering projects it ”'!ﬂ_l
.real estate developer seeks to determine I.h’-‘ m:]:ﬂmﬂﬂ
height for a new office building which will be

values ar¢
Years. The relevant net annual revenues mie ﬂ{;mu&ﬂ
35 given below. -

First cost

Annual revenues

L_N__t_Resale value
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The deve]
Oper j ;
that it jg i“pfh:r::‘““?n about the interest rate i to
Tange of y,) E.'I‘.‘- of 5 to 30%, For each buita: e, byj is
economical I;r:'-iw of i for which that bui]di:lgld;\:E. :ﬁshl, ﬂ:ﬁ
A sensiﬁﬁt}v di-i,gram s ight j, w
. : u he
Solution: Firs; part, Refer at 6.1 Pport your AMNswey, oy
Second part
For 4 floors building
PW =

~125000000 + 19910000 (p/ A, %, 5) + 200000000 (p, &

= -125000000 + 19910000 x Lt -1 .. 200000000
1|:1 +i)3 1+ 'L:|5

3 !2‘;‘ Ii:|

Now varving i from 5% to 30%

* O - T PR e e
FL'II:I'“_} = > | 10 i) 20 25
.1} 7905113 74658 1176755.06 9660211 | 39204

i | 1179051 I"-"H. | 7465882919 | 41176755.06 | 141‘15H1_?.[J =-39204353 | -
From table, A

PW

- r
¥ 5 R
’ T i

g, What are the sources of risk in engineering project in

i%
14198602.11 20
-5920435.20 25 |
0 ? (23.46) From interpolation

The 4 floors building is economical for a ranges of 5% to B4
where PW is positive.
For 5 floors building

(1+i)°-1 300000000
Vi ¥ g
ix(l+ip  (1+ip

PW = -200000000 + 37815000 x

Now varying i from 5 to 30% 2y [
T E T T B [ ronie] o8

I PW(i%) | 1987770104 | 129624998.6 | 75914765.67 -mamq.:ﬂ 876,80

From table PW i%
33653269.68 20
-876.80 25 _
r inber 10|ﬂlmﬂ} .
0 ?(24.98) (By interf 298%™

: g 2 W b0
5 floors building is economical for a ranges of 3%

PW is pﬂsitive.

itivi pomic
an be seen from sensitivity graph, ec®

Same result €
i itive.
rate is that where PW is positi |

P¥ (xu0")
&

—l—-lll

perform sensitivity analysis of the following proj ookl
of £ 30% in a) initial investment b) Net annual ﬂd:
useful life. Draw also sensitivity diagram. Use PW formulat .

4

l_lnitial Investment (Rs.) 550000
Net Annual Revenue (Rs) | 150000
Salvage Value (Rs.) B0000
Useful life (years) 6
MARR 1%
R
First part refer at 6.1 R
PW = _550000 + 150000 (P/A10%.6) * 0000 (P/EX he
- = __1;1:_:-1—- + -—-"‘- .
= -550000 + 150000 x e 01" L
= 14844702
NUW at Vﬂriablﬂ I' B a“-d N
PW < NG s £H0 :
o 5 | P il SRR it
BTiNx01 * 1
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0% 1 wx ]_ W0, I 0% | 20w | .
% |

W, | QM_‘ﬂ:i 3844702 | A4 0 | T |5
investmen 16552 a8 1 | " Mazn | o,
I variation | [ ( | - . ] hy

' Pon,
we), | = . | 1 ] rn"‘h"

PW(s), 2137759 | 2roroas | seaaias | BM1810 | 177%9 1o L

Annual | . . | S

| revenoe % . mﬁ

| vanation | | "y

e aoe ) : J | b,
! v 1 ‘.

H‘I\I e 2350741 748100 1M273A 513118 1 Il .
useful ife y : g | o -
varnahon -

l_ S e = o : = b o | "I'\}d_l
P (x
'
T4

The steeper slope is obtained for annual revenue

i

The most sensitive is the variation in Net annual revenue

: o5t B
A machine has a fixed cost of Rs, 4000000, [t has variable .;m“l“
45000 per unit. Find BEP both in volume and the value ]Lj’:ﬂﬁ
price per unit is Rs. 60000, What would be the effect on pf

- when fixed cost increases b}; 10% and :rl‘l“llﬁ |)IjL'€ dﬂ“m
5%. (2071

L o - 3
O edcost (FO) = 400000
. ble L-uﬂt'p!-flll'lirlf'l-’} = 45000
e . Pfil.!' per unit (s) = 60000
selling .
Qe = =
’, poc-
4“‘:’“‘] !
m

= 26667 urt

In jerms of volume L.E sales
‘ 6. 67 x 60000

L}FHI
= 16000000

slso, FC increases by 10%
FC = 1.1 = 4000000
= 4400000

Selling price decrease by 3%

SPis) = 0.95x 60000
. = 37000 per unit
Tolslcost = FC + variable cost
= 4400000 + 266.67 x 45000
= 16400000
Sales = 26667 x 57000
= 15200000
Lo8t > Syles
‘lossy . 16400000 - 15200000
16400000
= 7.4% of total cost

Explain the decision tree analysis
Rfﬁ'r at 0. .;

or the improvement of a nuﬂ“fm o investmen®

"Jttrnati\-'.:a are bt‘il'lg considered. The !“"' - pelow-

tht‘ Oy ~ ’ & . me are ‘k“ #”ﬂ

Draw oot ling increment in incomt 20 et R
aw dt!#..‘i&it:“ tree d]‘.l.gl'-l.ll‘l of the situation “&im r

alg s : ]
is “Mative using FW formulahion.
° ?t'uln,-,‘




H = High Success
M = Medium Success

L = Low Success

: s : o8
Annual incomes are obtained by multiplying incomes of different SUce

with their probability
For alternative A = 500000 x 0.4 + 300000 x 0.5 + 125500 x 0.1 = 362500
000 x 0.3 = 235000

For alternative B = 400000 x 0.2 + 250000 x 0.5 + 100
' ) x 0.4 = 132500

For alternative C = 200000 x 0.5 + 125000 x 0.1 + 5000(

Now, PW for Alternative A = ~1000000 + 362500 (P/A, 15%, 6)
1156 -1
PW, = -1000000 + 362500 X T 755 x 0.15

206 | Risk Management
Sal
es Pmbabilit}' A
Ty,
High success | 0.4 Hﬁ“\-\ﬁngmn:
Medium B —;\‘_‘\\um
success Vi
Low success | i e
[ TR 0.1
: — o M 1
| High success 0.2 %_ﬁ
Medium ] 05 __l_‘_yhrm}m
success
*_Ew success | O TW‘“
I 1:igh SUccess 3 __Iil'i___h—__‘_‘_—_‘q""*
1 U5 | 20000
| | Medium 01 [ 125000
| __success 2
E\ﬂuccl‘ﬁﬁ A |_l J_EW—_‘—Q_:_J

= 371874.97 |

Alternative B

for
1.15.
= -600000 + 235000 x 1
PWe. 115%05
= 289340
oW for alternative C
' _ 400000 + 132500 x —a¥=1_
pWe = 1.15%x0315
= 101388
pWa is greater than other, thus, alternative A is mog feasible,

g Perform sensitivity analysis of the followi : ol
1 OWINg project

of 10 t0 50 percent in
i) [nitial investment and

(i) MARR using PW formulation. Assume Sy = g Draw

sensitivity diagram alse.
Initial investment = 400000

Net annual income = 80000

Life =12 years, MARR = 15% (2071 Bhadra)
Solution: writing a PW directly,
1.152-1
PW = 000 X o= =
~400000 + 80000 X T 7553 g 15~ 22600
| Invariation of initial investment and MARR
| (1 + {)12 -
PW = -1+ 80000 %5_111,—1 )
1= X1
Py 1+ 1)
: Remaris
Yation | 105 20% 30% 40% i
e T e AR
muunﬂ];“ 635048 | -46350.48| -sas4s | 12635048 | A oogunt
mvaﬁm.-mh ]
! T | e
(%) 72782 g 57740 emil® |
27 | -16542 | -381207 ot |
Variatio 5
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Friginee: ] i
Pw v gmeﬂ'u% ! e
Jh {k!n‘] FC Ml@;j II- L
Qe = y
=+ 100 _ 40000 " &
- o

= 10000 units. 3

f the Prﬂﬁt desired is Es. 50000

i = Total sales - Total cost

I.‘f{]Fi.t
o0 = sxQ- (40000 +vxQ)
; W = {? - :‘-'] x Q
ar,
Q= 22500

or;

Break even units for the profit to be Rs. 50000 is 22509

12. Draw sensitivity chart using PW formulation ‘e s
information’s. It is desired to evaluate the sensit; 'm::l:ut

<+ 200 . 30% change on: i) interest ii) investment. 072 Astwin)

4 ¥

From graph, slope of investment > Slope of MARR !

.. Investment is more sensitive, |

— f— 4000

P e 4 50

Bl e a1 LILH]
e 5500
foe) E——— ],

11. A company products an electronics timing switch that is used i | o
consumer and commercial products made by several othe ;
manufacturing firms. The fixed cost and total cost are Rs. 4000 |

and Rs. 85000 respectively. The total sales are Rs. 105000 and sales 10000
volume is 15000 for this situation. Solution:
i)  Find the breakeven point in terms of number of unit. Assume MARR = 159
L ii) What should be the output if the profit desired is Rs.50000! | PW = _10000 + 4000 (P/A15% 5) +G (P/GI5%3) 7
(2072 Ashwis] _ 1155-1 +__.x11£5",15::’ﬁ'ﬂ
Solution: | = ~10000+4000q =57 015 * 0.1% : !
i) Total cost (TC) = Fixed cost (FC) + variable cost (VC) = 629219

PW in Variation of I & i

VC = TC - FC = 85000 - 40000 = 45000 a5 Bi-l
i -1 ﬁﬂ"““‘]
; ; 45000 | W = _|+4+}Uﬂxﬂ—+-'r;‘-*'if"[ i+
Variable cost per unit (v) = 15000 = RS 3 per unit | (1+ipx1 .
e or, thlﬁ can - ) ¥
be written as :
: : 105000 | ks 0, GO0
Selling cost per unit (s) = ~z555"= Rs. 7 per unit. o 000 4500 ﬂ+%+ﬁ?ﬁ

= _[+u—+ﬁ+-——-‘{1+i]l*(‘l+l}"




2laniSkManang l Y i Yk

10% ' 20 o '
% 30% -10% m;“lk\ the outcome from one stage is j
PW (i) 569297 | 51243 | 45 ] “Tar, i i When each alt . Tt 10 the i
i 4567.67 | 693672 | 76176 | 834218 Pove p9% ., making: €Mmative g Text st
teres Ly L be mad dﬁﬁ i
variation "'h'l‘le,,r o d 5 E_S“mateﬁ can e to acCount for rlﬂ, B ad
:F'iham, F‘Ub,a lge Evalu‘“mn using decision tres, Dmmh-: B %h [
= ; — L Onsty ; _ i : s e
an O [ 529619 (4296.19| 329619 | 729619 | 829619 9296 lq___h_'“:ih F’r‘ﬂﬁﬂu{ facilitating the analysie of S Problem, ey, Foetdl
vari S : Intere, g e sequential decisions and variable outeqme. “SPecally o
hation | | L Temajp, ihat iﬂ"'ﬂ: v 6.4] [For Second Part [Procedure js same :“’:rm
1 | corey tail R % "2071 Magi
—~ i ]
; llowing cash f] i
sider the fo -1 ow d.ll.sum
1 c:::;,mt worth to #20% and #30% for the Fll.'t. changes i
P ARR = 10%. Assume salvage value =0, Ject life. Lot

M 7000  T000 m “

NNE:

" 3 4 5

nlerest rte
2NN
Investment w]uﬁﬂn!
_ e 7000 7000 4000 4000 400
== [} P“I'“-D%:I = —j|JIH][.«+ 1+ |::|_]_:|1+ |]. + D]}2+ |:1+{|1F+|:1 +ﬂ.1}‘b{1+ﬂ1?
TR 2 Teiim SR R = 369.75
. [Note; This can be solve by use AW Formulation, Annually of 7000 for2
From graph, slope of investment is more than slope of interest rate, thus years and 4000 for 3 years]
investment is more sensitivity. For + 20%N
13. Explain about the decision tree analysis. Perform sensitivity i i ] 7000 7000 4000 4000 4000
: : : + 200 PW = 2000+ s+ ti5: 11 00
analysis of the following project over range of * 30% at the 1412 71 1% 711356 S -
interval of £ 10% in =560.19
i) Initial investment (ii) Net Annual Revenue of (iii) Useful life For - 20% N
USE PW Formulation e
| = PW. = ap0n 2000 700 S AR +i@§+%““ﬂ“
‘Eitial Investment (Rs.) | 1,00,000 = .- 2000 + 1108 t1qs "1 21 ]
fi\‘et Annual Revenue (Rs.) | 40,000 For + 30% N e
value (Rs. 15,000 7000 7000 4000 4000 1776
Salvage (Rs.) | PW = _2000+ # A %_15 st 1
J Useful life (years) 6 : .
' =-1004.3
| MARR (%) 10 | ; For - 309, s
dr : 4000
: Pw 7000 7000 4000 =X 4918
ot - 1 :
- 2000 + +a tipt Tk
Sﬂ]uﬁﬂn: 1107 * 11 : :

a SE]'iEJ'5

]

Decision Tree Analysis : Alternative evaluation may require

1876.73 L i



15. A small hydro

Initial investment
Energy Generated for vear
Annual repairing cost
Market Price of energy
Salvage value
MARR

Solution: Bre
to costs.

Initial investment = 10,00.000

Energy generate

]
|

Market price of energy i.e. Revenue =

pProject has giv

Find its breakeven point of time.

dKeEVen pomt i1s the poimnt

en fﬁlin“ing information
= Rs. 10,00,000

= 200 MW

= Rs. 6,000,000

= Rs. 4Kwhr

= Rs. 1,00,000

10%

]

(2073 Maghy

it at which revenue is exactly equal

year = 200 x 1(0°P kw /(365 x 24) hrs.

200 * 10° x4

365 x 24

= Rs. 91.32 per hss.

Revenue per year = 91.32 x 24 x = 7999632
For BEP equating revenue and cos r . B __]
Variation |+ 40% - 40F% Hem"{kf— ;
i | ! . J
i I 11 ]':lf-'ﬂ( | 19601.19 119601.19 A, | an N rems
(l) Pw “J i I . | constant e
Variation | - —
T 70 7117 4 d N rem
(i) PW(A) Annual | 7208486 | 671 1749 ||, .ih]".l. lir
Consts -
revenue variation ~—~g
e - ¥ - i i }ﬁt rel
i . -42881.29 I, i anc
iii) PW (N) useful life | 26184.14 i
variation TSN =
i i) MARR() | -16813.88 | 8843.49 [, A dm! |
lv} PW(]] (l, b [L'“”-“"t"f“ j_ =
variation Lot A0

\é .

Revenue = e
(1 +0.1)" - (600,000 - ?w,rﬁa.z}ﬂi";_u+
|I?-'-!r'[l' 01 l'm"m-ﬂ
N= f. 736 yea rs
greak even period = 6.736 years
 Pres ; ;

I Jence

pru"ecf cost Rs. 125,000 with Annuaj revenue

3 of
2 ﬁmu;l cost of Rs. 35,000. Salvage vajye will hﬂﬁuzﬁm.‘
i e o
"nve.ﬁtmi‘ﬂl, Perform sensitivity analysis using pyy g the
i ex a range of +40% in (i) Initial i“"ﬂhhtm i) Orhulating
o g "‘“‘lﬂrh-
iii) Useful life and iv) MAAR. Draw me%ﬂ'ﬂm
indicate the most sensitive and least senqiﬁq,m and
2074 Bhadryj
solution: Here, | = 125000, MARR = 10% (assumed)
Net annual revenue (A) = 65000 - 35000
= 30000
S = 8%ef 1
= 10000
Useful life is not given so by simple payback period
y I 125000
N ="A = 30000
= 416
S0, take N =5 years. e
Now, PW - 125000 + 30000 (p/ A 10%3) + 10000 (p/E10%:35
115-1 1000
= 125000 + 30000 x 57515 © L5
= Rs. 69601 .19
In terms of variable I, A, N and |
AT [(iN-1]. m;m_
Ve, = l+"\| Jxl]-r'l'l""]-rm (ﬂb’m
F \ _ jecrease &
" l'”"'“‘”t!'u'ur variation increase (I) by 40% and m‘a

5 - 1 2 e
o 125000 x 1.4 = 175000 and | = 125000 X 06= 1%

fpwo V pion i
?":{er Yariables same as in equaktion (a) ':alcujawdmzedﬂﬁw \ :
“ Hl] angl Pw for 1 = 75000. And ||.J[|.UW S-EI'I]I?P

I Variabjes

e
=
L1

also then in tabular form:
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anagemeny

3

4

(119600
RLY 4- 130000

1 2000)
T 110000
™ 100000

L]

T BO000

A wariation

(67117 @rrrrrrre————— ST P T
AR SRR o S T S e e '

T G0000

T S0000

T 40000

H
; = N0

= L

= 2IHHHD

= SHHH)

(—42881)

k. 4

From graph we see Investment variation has steeper slope.

The most sensitive is the variation in [nvestment.
Note: To determine steepest slope you can find out the differenc
between + 40% value and - 40% of PW for all cases, then the @

having highest value must have steepest slope.

doés |
7 i akev oint and break even volume. How €7
17. Define breakeven p g it

interest rate change affect the project?

Solution: Refer 6.2.2

: i io and
18. Explain the concept of scenario an ;

w::t CFL bulb Price is Rs. 280 and 100 watt filament bllﬂ:l:'
lighting power is equal. Whic

lectricity cost is RS- i
house when elec i 5

rice ®

Rs. 30 at market but their
you prefer to use in your

unit?

Solution: For theory refer £.2.3 and 6.4

decision tree Aﬂﬂl}’“s'”. |

From Given, For CFL bulb of 20 watt:

[nvestment = Rs. 280

Vo s
20

e
Cun? 1000) * X *12= 024,

f\bﬁ'ﬂﬁ x 15 thE’ 110 l{_'r! hﬂurs Cl'f lighﬁng
Total cost = 280 +0.24 x

For flament bulb of 100 watt:

Investment (I) = 30
o oiuse =i
Cost of use Iﬂ[‘m}r"xﬂlz-_-llzx
Total cost = 30+12x

At breakeven point
= Total cost of fﬂam‘ bulb
30 +1.2x

Total cost of bulb
80 + 0.24 x

At breakeven point

Total of bulb = Total cost of filament bulk
280+ 024x = 30+1.2x
On solving: x = 260.42 hours
Since, | have to bulb for more than 260.42 hours and the cost of use'of
CFL is 0.24x, i.e. for higher value of x, cost of use for CFL is less than
filament. So | prefer CFL bulb.
19.  Perform sensitivity analysis for the following project over 3

range of + 30% in parameters: (i) Initial investment (i
revenue (iii) Life year.
P— L v - S _-_-_-__-
1 I RS. Em.rm]
B el 00
| A Rs.120,000 .
Salvage Rs. 80,000
Life year b year

(MaRr [ imeperyen S

S 1 &
Olution: Refer 2071 Magh in (QN.1}

Zﬂl Pfl'fﬂ is (Owver (.
: rm a sensitivity analysis ( : s
increment) with using IRR (AW ;Mmmﬂ "#l:* I’Q’
Parameters (i) useful life (ii) [nitial I:"; TS

gj‘i’t'rl that' [ = Rﬂ- lrmjmm S‘V =
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£ | |'||'I'E'1ru ""*"hl

Rnwnue.-; = RS 4

Sugg"’ﬂ which of
Sensitive ang why

9000 Useful g,
the considereqd
T (2[1'?(; Bhﬂdl‘.}]

6 years and M-‘\RR

g Parameter of the Project ,h 1%

20lution: .. is
on: Refer solution of 2071 Magh in (QON

d Magh in IN.7)

2. wn
at are the diff, re
trent tools ysg 2 . .
of ; . , used in economics
S : “NY project? Explain eath of them briefl I'-“":" e
. l]lllllun; Ht'ﬁ.'_r 6.3 y. {M?ﬁ Bh&d._r:l
3. i
Extra Question Solution S
1 CFL bulb of 20 W e

att costs Rs. 250 where as Filament bylh uf;lﬂ

watt costs Rs. 30 which bulb do you prefer

in your house? Why?

Blectricity cost is Rs. 10 per unit (Kwh). Assume light the bulp:
, i

house is 4.5 hours per day,
Solution:

For CFL bulb:

Initial cost =

Rs. 250

20 1

Cost of use L.IE\.‘l."l'l | xx10= 02

Where x is the number of hours lighting the bulb
I'otal cost = 250+0.2x

For Filament bulb

i

Initial cost = 2
100
& ——— .} -
Cost of use \ 7000 | % x % 1C X
= _"u.'.l + X

Total cost (TC)
At breakeven point,

TCof CFCbulb = TC of Filament bulb

250 +02x = 3+x
220
= =——= 275hours
" 08
4.5

In a day, light the bulb =

S o 1

2752 Wi
for€: kO 61.11 =62 days
Ther* - {
than 275 hours (& ; :
| pave 10 use for more . (62 days), lm_]lm'mm
g .
) oSt y £ ;
mm}’h grm gensitivity "‘"a:}:;;}"::‘f‘ﬂ IF:R.a:mi BCR (with
ol | [
¢ u: 10P) over A range o n a) initial nvestment and b) Ngg
snnual revenue. {
ial ;nvestment (D) = Rs. 2,00,000
::nual Revenues (R} = Rs.50,000
nual Expense (E) = Rs. 5,000
- = Rs. 25,000

galvage value (SV)
yseful life (N)
ria of merit: [RR

10 years, MARR:‘IH‘PH}TH

golution: Crite

Using AW formulation,

_2,00,000 (A/P,i%,10) + (50,000 - 5000) + 25,000 (A/Fi%10)=0

X

f 1
\ ek 45 5 Nt 1
or - 200000 (1o -1 + 45000 + 000X rmagss

IRR = 18.95"% :
When the capital investment varies by +20% |
At10%,

; : o,
(1+1)¥0xi .
AW = - 200,000 x1.1 AW+45,W+EMI{1“}L1

=
[RR = 16.37 %
AL20%, :
; 1
w1 : P L ]
( 10 % § ¥ =1
AW = _ 200,000 x 1.2 X%:—%}FH* 45,000¢25,000 X [T e -1 .
0 i
RR = 14159,
At-lﬂu‘a‘l

e
i HY RV % ipe - 1 |
W= -2.00,000x 0.9 x%:-::}ﬁﬁ 1 45,000 + 50X P

IRR = 21 {}g ‘].-u - -I

Sim; !
Marly, oy _ 59 % TRR = 25.67 % 3



- Mdnagemens

=45mﬂ
At 10 %*""w‘-lﬂﬂ,nmx 1 +ij10,;

1 -
IRR = 20,66 o A+D0 7+ 450001

SImiIarI_',r, At20 %, IRR = 23 ’5(; :

At"lﬂ?{ Aw_ 1 o
7 ‘_EJUD +J!¢X.
ﬂm%ﬁﬁ"%ﬂmxﬂg,L
IRR = 16,18 9, '

Similarly, At - 20 %, [Rg - 13.32 9

T
1R

Different in investment = 25.67 - 14.15 = 11.52 %
Different in revenue = 23.36 - 13.32 = 10.64 %
. Investment is more sensitivity.

Criteria of merit: BCR

Using FW Formulation,
(50000 - 5000) x (F/A, 12 %, 10)
200000 (F/P, 12 %, 10) - 25000

e T & ] L
!_"I-L I"lnuulll:ll.\i

45000 x (11212 -1)/0.12 _
=132
200000 x 1.121° - 25000

+20%

investment (I) varies by
45000 x (F/A, 12 %, 10
200000 x 1.1 (F/P, 12 %, 10) - 25000

When the

At 10 %, BCR

%, BCR = 1.09
Gimilarly, At 20%, BCR 1

Engineering
Eoonormicy
45000 % (F/ A, 12%,1
(

g

0% R "~ 200000 x 0.9 (F/P, 12%, 10) - 25009 = 147
10%:
AT x
+ 25[":]'0)“ -L,-]l']"'r .
o A+ Teg g%, BCR=157
K s %
net AnuabTEvEnIuE VATS by +20%
“ 4500 x 1.1 (F/A12%,10)
25000 x { : = -300000 (F/P,12%,10) - 25000 = 145
@+ ipo-g=0 putt% B : j
4500 x 1.2 (F/ A,12%, 10)
0% BCR = 200000 (F/P, 12%, 10) - 25000 ~ %8
' 4500 x 0.9 (F/ A, 12%, 10)
31-10%, BCR 300000 (E/P,12%,10) - 25000 ~ 119
gmilarly, At - 20%, BCR = 1.05
BCR
L
T ; Mt Anul Revrma §
=t
=-I'. I;H iﬂ"-
: Different in investment = 1.67-1.09=058
Different in revenue = 158-1.05=053
Mare slope in investment. Hence investment is more il the
3 ot
Perform 4 sensitivity analysis by breakeven analyss
[ﬂuﬂwing dﬂ.{a, i
Fixed cost = Rs. 35,000
Vari -+
dnable cost = Rs. 66,000 .
£ Oy i e
=138 Ut per unit = Rs, 3,000 :
B re
; Yenue per unjt = Rs.1,50,000
a SE i - [
lling price comes down to Rs. 40 ol

W



Breakeven, point (BEP)
Va

Fixed cost
Per unit - varj

(Selling price able cost per

= 66,000/3,000 = Rs, 2
= 1,50,000/3,000 = Rs. 50

. 35000 i
.BEP = ﬂ= 1,250 units

unj)

riable cost Per unit

Selling cost Per unit

a) Selling price down to Rs. 40
35000

BEP = ——

W-n= 1,944 44 units

50 - 40
55 X100 = 20%

1944 44 - 1250
Increase in BEP = L—_‘—]‘ » 100 = 564%

1250

Reduction in selling price

b) Costincrease to Rs. 40,000

40000 ]
BEP = 50 - 23 ~ 142857

Increase in FC = 35000 x 100 =1421%

1428.57 - 1250 0
1 > - 3 = .._ﬁ A
Increase in BEP = 1250 = 100 =14

¢) Variable cost increase by 10

i.e. variable cost 1.1x22=242
35000 ; 2
——— = 1356.58 units
BEP = 50-24.2
_(42-2) % 100=10%
Increase in variable cost = 22

135658 -1250) 100~ g 5%

Increase in BEF = 1250

Results; n 56% increase of BEP

i ice results i
e  20%, increase in selling price It

P R -
Y | . Fnginecting Econonics |91

rease in FC results in 14.28% i :
o e |
TV rde i variable cost results in 8.5% i it
P
. ‘f“‘; s (Selling price, fixed cost, variable cost) BEP is more
» factols v -
(ot m‘ i selling price.
E: mine the best d
4 i 3

ecision at the decision node Dy,
Hevenic (Million)

Solution:  Selection step by step from right to left.
Decision at node D),
ROR=05x10+05x12=11
PROR=06x5+04x22=118
Select PROR as 11.8
ROR=07x11+03 x (-2)=7.1
PROR =02 %12 + 0.6 x (-3) + 0220 =46
5&[@;1 ROR as 71

Selection a¢ ),

From h:"dr“PUWt"r =118 x0.4+7.1x06=8%

om solar pPower = §

n.-.e':mef select hydropower plant as
n.

of 8%

I;FJE..JEB N




It represents the re
wear and tear and o

duction in market value of

: : AN asset C B
bsolescence. The physica] o

dt‘te:'immriun o

occurs dy - : f t ;
d © o Wwear and tear With passage of time. Obsolescen; i
ue to availability of New technology or pe T CRIIee oooypg

ne replaces the old even though the
L. The examples of tangible assets f
is carried out are construction eqy; ‘
o 55 1l uipme
buildings, mac hinery, vehicles, etc. Depreciation e
usually calculated

which the depreciation analysis

amount for an asset js
on yearly basis, Depreciation is considered a
expenditure in the cash flow of the.asset, although there is no physical
cash outflow, /

More specially, an_ accounting concept that

establishes an annual deduction against before-tax income such that the

depreciation is

effect of time and use on an asset's value can be reflected in a firm's
financial statements.

Depreciation affects the income tax to be paid by an indix-'IdEJaJ ora
firm as it is considered as an allowable deduction in calculating I”"E
taxable income, Generally the income tax is paid on ta.xahjc inmﬂ:-ﬂj:
is equal to gross income less the allowable deductions {E.)'F-benh:.@e;mg
Depreciation reduces the taxable income and hence results in

the income tax to be paid. o
stablis nti
sciation can never be established u
; eprt'{':armn canr
The actual amount of d
is retired from service.
Basic requirements of depreciation

d to produce income:

It must be used in business or hel ‘8

1.
[t must have a determinable use

2

ful life and the life must be

o e 2 ars out, decays
ot ething that WEars out, decays, gty tae E AR
t be slzsmEES value from natural causes, up
or

jrm
i I - i -
o o inventory stock in trade or investment property,
pis 25
: I of dEPfE‘ﬂahon &
i 2. Effusion of time
and Tear
e 4. Exhaustion or depletion
bsnfeﬁ':ence :
Wi, : 6. Fall in market valye
Acciden s . b
5 - classify depreciation into the categories of physical or
al depreciation.

e :

functio sical depreciation can be defined as a reduction in an asset's
Tm perform 1its intended service due to physical impairment.

;?;cal depreciation can occur in any fixed asset in the form of

m. Deterioration from interaction with the E'IWitmnment, including such
agents as corrosion, rotting, and other chemical changes, and

() Wear and tear from use. Physical depreciation leads to a decline in
performance and high maintenance costs.

Functional depreciation occurs as a result of changes in the organization

o in technology that decrease or eliminate the need for an asset

Bamples of functional depreciation include obsolescence attributable to

advances in technology, a declining need for the services pe formed b?

N asset, and the inability to meet increased quantity or quality demands.

Teminologies of depreciation scessary
e diScussing about different methods of depreciation, it is
il W the common terms used in depreciation analysis. . i
Hlﬂuk value: Represent the I'EIT!ﬂ-iI'l-iﬂEf mmmw [::Plg
Hl?estment on the books determined at the end dmh}’wﬁrrm ata
?_ 1€ Of asset recorded on the accounting books uf &Eeﬁhrm.
BIven time period. It is generally calculated at the emi n:ugt Jess the
k valye at the end of a given year equals the i :

WAl denrecs . nt till that year total ¢
PTeciation amoy t till that 3 the .

U !
a;:?h.lmd Cost or Initial Cost: Initial costis
ll.:ng the asset. It includes the cost of the

"¢ Price, delivery, and installation fees et

F 9
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3. Recovery period: Depreciable life 'n’ of the

4. Salvage value (5V): Salvage value re
value of the asset at the end of its usefy

dssptg in J"""al‘s
Presentg E—"‘-"h'ma

Llife. It js the gy mat}‘ﬂ
- inflow that the owner of the asset will receive by dic Pec i
¥ Qisposjp., .~ S
end of useful life, Bty e [

5.  Market value: The amount that will be
willing seller for a property where
compulsion to buy or sell.

6.  Useful life: It represents the expected number of
useful in terms of generating revenue. The asept may
working condition after the usefy] life but it may ro be

Useful life is also known as depreciable life. The
over its usefu] life,

paid by the willip

In this method
Amount every year, and thus a fixed
€very year so that at the end of
the scrap valye remains. In other

the property is assumed to Joge

Amount of original cost
the term when the asset is wormn o
words the book value
€ period,

It assumes that 2 constant amount
depreciable life of the asset,

decreases at 5 linear rate with the Hm

Mathematically,
-5
Dn = N
Where, D, = Annual depreciation deduction jp, the year N
I = Initial cost -
5 = Salvage value

N = Life of the asset
Example: A machine costing of Rs. 4,000 is
years, and salvage value is 1,000. Find

i)  Annual depreciation ii) Rate of 4,

P Teciation
iii) Depreciation amount for the 6 year

iv) Accumulated depreciation and book val

each has equal ﬂd'l.-’antag

“Stimated 1o, pove fife 10

Uyer ,
£ ang "

years the ,

value by a Constap
i5 written gff |

ut, only

of the asse :

is depreciated each year owver the

Engineering Economics | 225

ot 4000 - 1000 _ o 300 per year
ol jation =" 10
al deprec!
Annt 300

fdepﬂ’.g-ia.tim‘l = 7“—@ « 100 = 10% per year
Rate © 1 -‘]{]=41-—><1[]||}=w%year
¢ depreciation = N 100 =75
OR, Rate © Annual depreciation = Rs. 300

reciation for 6t year = o i 5
ii) DeP oo ount for the 6 year = -
ulated depreciation ame
jy) - Accum .
= 4000 - 1800 = Rs. 2200
" value at end of 6 year= 4000 il
Book value 0

' ini Balance
722 Diminishmgfl’)eclmmg s o s
o Matheson Method / Consta Inl:vf.‘TC‘Eﬂ‘u.E e
2 . ation method. s method
It is an accelerated de prec;imd i D{j;
ti = - i
f the year and is calculated by multip . ]s
! e yeadl « ;
: of each year with a fined = method
s as fixed perc!fﬂtageﬂar 5
mount in a given }-;hg —
is constant for all

. heline d
ewice the ST T

sed as a
depreciation 15 expressed

bﬁginning
the beginning
also sometimes known
ratio of depreciation a
inni at year
beginning of that year 1= L
asset. When this rabo 18 S ki ba.lanff o i
method is known as doubie 200% of the straigh preci
words the depreciation rate ﬁl)s[)ﬂl' hod 5
Jinine balance Hoi
Double-declining L e
. 3 recia of the
declining balance me fee ol of dep B ‘
It is assumed that th;t the begl v at the beginni
of the book value {B\'rz : to the B
in any o

depreciation life of the &

constant Lhmughvul
Mnthtmnlicﬂuj'-
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At the end of 3+ year = (1 - Dy~ Dy)= ol (1 - @)
For any year ‘n’
Da = ad (1 - gn-1

Bunkrvalue =I{1-qgn
@ = Declining depreciation rate =

: 2 X straight line
Ssues Rega:ding salvage value

l'{! prﬁ:iﬂﬁﬂh ;
9

= ; . .
Salvage value must be estimated at the beginnine
analysis. 5 ‘I'?Fﬂl'ec.';,ﬁ:'1
5 :
If final book value (Bx) doesn't equal to estimated sa]y,
we have to make the 8¢ Valye

adjustment in our de iati
Preciation ang
lys

method.
Casel By>s

_ T_G reduce Final book value (Bx) to salvage value by switchin
declining balance to stra ight line. § e
When By > S, we are faced with a situation in which we have ng
depreciated the entire cost of the asset and thus have not taken fg
advantage of depreciation’s tax deferring benefits. If you would prefer by
reduce the book value of an asset to its salvage value as quickly as
possible, it can be done by switching from DB to SL whenever 4
depreciation results in larger depreciation charges and therefore a moe
rapid reduction in the book value of the asset. The switch from DB toS.

depreciation can take place in any of the n years, the objective beingfo’

identify the optimal year to switch. The switching rule is as follows
depreciation by DB in any year is less than (or equal to) what it would &
by SL, we should switch to and remain with the SL methodl ff?rﬂl"
duration of the project’s depreciable life. The straight-line depreciation
any year n is calculated by i
Switching rule : If depreciation by declining balance in any year l:d
than or equal to the depreciation by straight line, then we would ;uf!
to and remain with straight line for the duration of the P

depreciable life.
Straight line depreciation in any year n (D,)

book value at the beginning of year n - salvage value
Da = Remaining useful life at beginning of year n

"

g <5 : lvage value, it i &
t e1ati\f£‘1}r high salvage value, it js Possible thy h bt
with 2 rql-t could decline below the estimateq saly, valye bﬁi* N
ast : lysis beca  When
fjust our analysi mmh‘*’dﬂm:u

ust reac .
¢ _ccets below their salvage value To oo oid ;
W oreciate o

o 0" ;-hargeﬁ that w“ulld _dmp the book value bejoyy ’Lhenh‘p'
e jaticy -mpl‘r' stop deprec;ah]’lg the asset Whﬁ]mer Wﬁ*ﬂmu
joul ST < _ds, if, at any period, the implied book value is lower

galue: other Wor ;
g5 .In dvprec-iarmn amounts are adjusted so that By = §,

¢ p‘f thE
\'ﬂju e m

- then the b "
nSt oy value is lower than S, at any period, then depreciation
fe. f the adjusted as By =S. '

amount are

| Note:

1. Double declining balancing method:

b
2 %

Depreciation rate, R= N

Where, N = useful life
Z D‘g-;]ining balance/ Diminishing balance method

|l.l'5._'ul.\. 1
Depreciation rate, R= 1'-\ PF

Where, Sv = salvage value

P = original cost

X =6 = 0, This formaln e
. for

Bample: Consider the following accounting

‘Omputer system.
Cost basis of the asset,1 = Rs.20,000
Useful life (N) = 5 years
i) Salvage value (S) = Rs.500
U Salvage value = Rs.2000

E"“l'-Himrru:

Dl!-:hmrlg balance rate (o) = g:.( 7=40% M
Cﬂm i ble Dﬁww L

ihnE the dE‘PIECiﬂtiﬂﬂ b}f Dou .
Hﬂl }PE“ -r‘- !
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Income Taxes

B = 0B e Fenecing Eonomi | 29
B D L ing Fund method
TR Ty LSS ?_Eti}"""-----._ +13 sin (and is N amount which has to be g aside 2 fingg
—— BT T _43;-!:_}-_ Fitann | I gnk'hﬁmi_ {say atl'udul.'f'] out of the gross income mﬂmi‘ﬂtﬂ
: 5’?‘3%__1_1_1'._«,;;‘---— e _Ezﬁqig'_" ] r'mfalf' s  ife of the building or property, the fund should s G
1) Here book :':i________ rialih iy loan 1:,:,5_3 — " U-"’f'ml cost of the property. A building, a machine, vehicle epc_
Rs 500, .nmr;‘f:;-‘m Rs, 1552.2 a¢ rh:- u_u_j_”_“;" ;- mTi\ke“ after certain ﬂ.r.qaara lI:' at the end of its life. i'ﬁ‘-‘llmiti;.
20 COmpute the g © We use the switching. > Which i vty s By 1o make SOTE PTI-”‘_-LQ::H WI.'!ETEb? the owner can accumulate 1o
_~ and use ”“; ‘-jw:ppmw.nhm for each year 4 . LS r,;c»ﬂmqwmd for r.t-bml.r.-h;l:la'ﬂi .E Prerr;:j-ﬁ falr_n:an replace the article. For
T e decision rule "4 mparg R o snking fond s periodically colected and depotedin
== _bl- Depreciaﬁon T e ey Wyl peat® oot highest compound interest or sinking fund insuranee pol;
I!_ 1 Il 2 000 _ 500 \/6 = e -'| st €preciati il _[I_);:L-—.?.r‘“‘« J:ﬁ;:l:iﬂ with the '”"_"L:_m_[jw ‘:f‘mia:;v' :hmughgut_ the life of building
| = e ] 39 ;E 2 | <8000 [j_n,___x‘.“‘ﬁ-.. smcm n case when a. L.-_JI[._.]J,".U_-., is | utt up mta "'Ehj_':l‘-‘*‘-‘?lﬂd'ﬂﬁedby
'_:__'_H_EEPHH - 500)/4 = 2875 'l' _4;“{—] — __]_"*ff_im,;ﬁ :j;mglﬂap- 5 small portion of rent or .r'_mme is set aside every year or at
|3 | "73;1_- ;{;'J: 1___1.*:-_;*._11_ G e ____ETEEWE‘“ pegular ntervals and may be paid directly to the lender by way of
P % 53 !_*_EBHJ Do not m‘]‘t;r nstallments.
| 1_ __{':’T'J"EI - 500)/2 = 1910 [ > }'_‘;2_3 5 au _EJ___—'——H..__ The fixed sum depreciated at the end of every time period eams an
The deprec mf:'r: ‘-w._'hl.-_du?_p ]: T T e e —-—w_ltﬁlEEL__‘__ interest rate of i% compounded annually.

N e e —————— e in this method, the book value decrease at increasing rate with respect i
IN|D th swibchine Spemer o
r C D.H 'ml_h -\w_ltfhingf_ro S_I._ | l-;nd of year Book vaiuﬁR‘:‘]—_‘ useful life.

il 1 | &000 I 12000 b let | = initial cost, S = salvage value, N = Life of the asset
|| 2 I- 4800 | ?r i = th'lti}d] return L'-..\m:,*uu:‘lﬂt"d a_m't'u.allju' o
| 3 |T 2880 | 4320 A = The annual equivalent amount of déprﬁ?lahﬁ“m
, f 4 — — By = Book value of the asset at the end of period n
4 | 1910 sl L 1 2410 B D = Depreciation charge at the end of the pﬂ‘lOd n
|I Tofind the annual equivalent amount (A) = (1-5) % (AYE, i%, N)

t": I 1910)
j J — - T'-]FIJ'Il ' 4 Th 5 P% “_1}
A d the depreciation charge (D,) = (1'5]“t!’ﬁf'F' i%, M’[ﬂ A
o fingd the : 00 : - i%, Nj x
ii) Book value < Salvage value (2000) [F}rt;':t“-‘*‘l\ value at the end of period t = I-{I- 8} % (A/Ed ! N)
i, n}

o are adjusted as By =5 QR
Jepreciation amount are adjustec A 1 Bxamyp . . year
&  Sebpss i ik By (at end tlf_?l"’l'l,/’l h?mip;l:: F“:‘Pure the depreciation charge and book ﬁ.]“'mmh
M e Sinki i =t hon.
— 8000 12000 > 2000 nking fund method with following informa

ey Initi
7200 > 2000 __— 1§ Acost = Rs.2,00,000

4“5”-]_ Sahlﬂ.gt' \’ilul"_" = RS. zl}‘m] i |

T 20200,
ZH,HU_____ e __H_:l / E“fthi‘-‘ilﬁset-ﬁ 5
1728 2592 > 200 _ WL R

10368>592 | i
— L S
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Solution:

Ei
xed annya) depreciation (A) = (1-g (A/F.12
= 12% 6

= (200000 _ 20000) 01

11267
= 20180.63 l

Net depreciation for the year 1
dy (I-5)(A/E 12%.6) x (F/P12%, n -1)
22180.63 x 1 |

N

"

(n=1)= 22180.63
Net depreciation for the year 2
d: = (I-S)(A/F 12%,6) % (F/P, 12%. 2 _ 1)
= 22180.63 x (1 + 0.12)! = 24847 3
On. continuing, we i i
£ we obtain the depreciation valye &
fﬂilowing table ? i R

[ RSy b Dl 1:98

| Year !de F{“,d mel depreciation [ H"ﬂk"iﬂlu—e_m"]“"
o | preciation (A) | (D)

- e K T |

1 | 22180.63 | 22180.63 200000 - Jfﬁiﬁ.ﬁ;—ﬂ

| vt o | = 1778193 |

| 2 | 22180.63 | 221806312 | 177819.57 - 248423
i | [ =248423 - 152977
% 3 |' 2218063 | 22180.63x12° | 152977278838 |
| | | =27338 | -1
4 | 2218063 22180.63 x 1.2} 9399151
|| | =3116218 | | .
5 | 2218063 | 340065 | 508986 '
6 | 2218063 | 3908984 | 2000002+ Eﬂ{"ﬂ]@
nt of am‘llﬂl sink¥

Determination of sinking fund in terms of Co-efficie
fund: :
: e o building

The calculation of sinking fund depends upon the life of @ h“ﬁ :

< over

and also upon the rate of interest. When the life of a building !

e
amount on the sale of old building
as 10% % &

de of

jale

owner can get back a certain
which is known as scrap value. This amount is considered

building cost. Therefore, the calculation of sinking fund is ma
cost of the building.

gears

ot

Engingﬁ.n-n . j
B Economics | 23

unt of the sinking fund; T = AILn )
_ Total amo bk Nstallmeny

5
W o ssed in decimal; n =
Fq“"edﬂah,ﬂfinlffﬁt expressed in decimal; n n“mnf!ffﬂsarﬁ

ricient of annual sinking fund, so that I = | x g
- offic
A annual installment would accumulate interest for in-1)

st @
The first dfor (n- 2) years and so on. Also the annual sinkj

: o i Rs. 1.00 would be le (asI=I¢ xS and S=1), kmghmd
demPt

seqUemn

14 (1 +ip 4L

tly, the first ins_,ta!_lment would accumulage amourit 1y
; (1 + i) ete.

+1 ] E
el kut*”"' +{‘1+1‘,|-+{1+;]+1]=1
Hence
I 1+ i - 1 =
or, I (1+i)- 1

i
I'::{]_l-“i]“_—l"'”' civiin - sainld)

Equation (1) the co-efficient of sinking fund is an important

pxpression frequently required for valuation.

5 5i :
Consequently, 1=1Icx5= +ip-1 P Err |
Bample: What annual sinking fund at 4.5% must be invested to

produce Re. 1/- at the end of 20 years?

Sofution:
Si

Annual sinking fund may be expressed as [ = m
l'h‘j:“- 1= Annual sinking fund required, S = Total amount of the sinking

'"-IlllI = Rate of interest on sinking fund expressed in decimal, 1 =
ber of years,

|11-!l'ljrn i
t o . P
B the respective values from the question in the above expression

|=“ J;l X045 10045 0.045
0.045 -1 = [T 0450 _1 ~ 24117 -1

124
: ISum of the year Digit method (SOYD)
bis alsg an this Hﬂ:
dividing
b}'fm which the

=(.0319

e . Accelerated depreciation methed. In
N prreclﬂhﬂn Tate fo an?’r }.-(_:ar iﬁ calculated
Yearg left Lfl’q_‘jrn the begm_[ung of that }‘fﬂr

W




232 I Depreciation & Corporate Income

Taxes
dé_Pl‘Ecial'in:ln is ¢

al-:ul.ﬂvd] in the
Years over the u

useful life
seful life,

of ”'Il? ﬂ!-:g[.t hlll' Ihp
The depreciation :
the depreciation rate

difference be

amount in any year is cale

for that vear with the oy
tween inital cost T and saly

ulateq |,
Y thule
al dl_‘pr“:-lﬂﬁnn . UJhH '

R age valuye ‘o )
life, TR0 oty the "y
- Larger depreciation cha rges during the lﬂ‘ginnin
and smaller lepreciation ¢ e i B Yeg 5
depreciation charges as asset Betting oid of gy
- :

nepn\(ia!ion cha rge 15 calculated from
the yvear's digit for the total useful life
at the l\'guming of particular ye

the ratig of ¢

and remajp; Ny
n i

ar. Eusl!h"lllz-

Remaining useful Jife

at the beginning of par
e ticulag o,
SOYD for the total useful [ife = |
- Il-li
(N-n+1)({I-5)
i—-___._._-_.
SOYD

S(_-"\I D dl'Ph\_‘ﬂ‘_:n;—: =

sum of years' digits over the useful life

= 1+2+3+4+, . N-SD*1)

Example: Compute the SOYD depreciation schedule for the fo
Cost basis of the asset, | = Rs. 20,000
5 years
Salvage value, SV = Rs, 2000
NIN+1) 5(5+
2 e Ak,

!InrwinF

Useful life N =

1)

Solution: S0YD =

=15

SOYD depression D, J

— |

!E;uk -.rah.t_eﬂ_u
20000 - 6000 = 14000

[
P Tl

E

(20000 - 2000) = 6000 |

|
| | 15 oSt
2 |[ 4 : ) | 14000 - 4800 = 9200
| 15 (20000 - 2000) = 4800 | U __f_ﬂ'
T Sp AT R [ 9200 - 3600 = 5600
15 (20000 - 2000) = 3600 e
I PRI, 2 _ ST
4 2 5600 - 2400 = 3200 !
[ 75 (20000 - 2000) = 2400 -
] 1

2000) = 1200 1 3200 - 1200 = 2000
20000 - 2000) =
15 (

b

ethod allows taxpayers to deduct
I

ACRS ears of an asset’s life.

. . :
o first few Y '

d accounting an 0 .
ing"" .y, for tax purpose - B an asset's depreciable
e Hlistorc t:}:;;rrﬂi”ed by its estimated usefu], ¥
jife was (RS scheme, totally abandon this Practice and
, The M.A . were set which created severa] classes of
g 1'deitf'l‘i or less arbitrary life called TECOVery period.
with moTe

oe value of property is always zero,
o

simpler

assets each

s The salva

: M."hHCS sche

year, 10 year,

]f: 4 Accelerated Cost Recovery System (MACRS) Rales
Modif1€

I arlier depreciation methods, the rate at which the value of

L -T"ned was estimated and was then used as the basis for tax
mas?t:::'rhus, different assets were depreciated along different
deE::r u;lffer t-lme. The MACRS method, however, established prescribed
zpmdatinn rates, called recovery a_.l]uwa_nce percentages, for all amts
wi;hin each class. These rates, as set forth in 1986 and 1993;_11'& shuw:nm
Table below. The yearly recovery, or depreciation expense, is determined
by multiplying the asset’s depreciation-base by the applicable recovery
llowance percentage.

-

me includes 8 categories of assets: 3 Years, 5 year, 7
15 year, 20 year, 27.5 year and 39 year .

Half year convention

. : _ have
Itis assumed that all assets are placed at otk SHERIEIS
Ze1o salvage value,

| | : : full years
Half year depreciation is allowed for the first year ﬁffﬂmm
depreciation is allowed in each of the remaining years iation in the
Covery period and finally remaining half year deprecia
®nd year of recove
With half of one

ry period. o s
year's depreciation being taken in ﬂ:.m., g years of
Ul year's depreciation is allowed in each of the rem :

ining half-years
e asser's recovery period, and the T i
dEF""ﬁ:iatinn i

$ taken in the year following the end E:;t:‘:e].;ﬁ
P*frliud\ A half year of depreciation is also auowed ervice)
: “‘"I_‘ Property is disposed of, or is Dmen_mse 3
Y time before the end of the recovery period.

F U




£t gty
am: tﬁcm A8set is depreciated iy
10 straight line methog, ) %Y the o
M : G
ACRS Depreciatio, R 8 by
e
i
15 Year ?‘\
5.00 ?Eh:*
9.50 ﬁa
8.55 65:
6
L
D i
6.93 ??jsx
| 6.23 5,285
! 5.90
4838
!
Ii 501 148
| i | 3N e
' 11 | | 398 -
/ | | | 3.28 | 5.91 448 IF
12 ' :
’ 'l | | 590 | 446
| B || | 1591 |esa
/ 14 || | ! 1500 |44
15 { || ’ || 501 | 4482
’ 16 ( / / | 295 | 446l
17 | 4480
! |
18 / | 4461
19 446l
20 4461
z S
Example: A tax payer wants to place in service a Rs. 20,000 asse! it

assigned to the 5 year class. Compute the MACRS pecs
depreciation amounts and book value for the asset.

ptain from given table but in exam : table
on is required which is shown beLuw_]

g is O

i B alati
[‘_IIJD# 48 Ea](u ST T ‘ A
¢ W ction: pErOTAEs beginming with the first tzxable yauy and

faymothe

L) r
; gih year. .
" wlth "hf % = o
ﬂd!ﬂﬁt iperate=1/5 0.2 ]
gl 5% »
e declinin’ balance rate (0) =5 200% = 40%
calvage value mEiiCEi o :
T Catealation (%) MACRs | Decision |
year SRR
i e ] 20%
f |2 ear DDB dep =0.5x04%100
3 17.78%
SL Lj:i"P = % x [][K'l = 2'.}} | ¢
lTFDB dep=04x(100-20-32) | 192% | Do
10 [ 137%
‘3{.dep.=?m\![ﬂ—2ﬂ—33’] |
i\ |DDBdep=04x(100-712)  |1152% |SwitchioSE
' 1 11.52%
SL dep. = 5 % (100 - 71.2) |
el 11.52%
SL dep = I—L:\ (100 - 82.72)
. _—gj__z-—-—r-——'
g la 5.76% :
. 3 Year 5L dep=05x1152
- |
and we mwi 5

In T o
the year 4. SL depreciation is > DDB depreciation

Cal g
~—lation the depreciation amounts from the percbni3ges

e
e |

MARCS —| Depreciation (Dn)

} (%)




o —

0.1152 20000
~ 2304

L]

sed to cover 3 var

iety of h%;
a legal Personality 4
various types of bu'm

all of which are entitie

_ : 5 having
distinct ~ from their

There are
enterprises but corporations and companies have only
personality. It is only a way of including all corporate sou
the personal income tax base.

owners.

A Separate g
Ice of incomey,

The corporate tax rate, is applied to the taxable
corporation.

income o g

The allowable deductions include the cost of goods sold, salariesad |
wages, rent, interest, advertising, depreciation, amortization, deplefio |
‘ A lowi
and various tax payments other than federal income tax. The followin

table is illustrative:

[ Item

o
I_(_]_russ ;ncom; . LN
| Expenses: 7 B
Cost of goods sold Ll
};Deprecjatmn IR
Operating expenses IR

f’ TaF:cable oz;eraling income: - e

( Income taxes

—

D"Et income

£ flﬁ ¥ iy
qu"tE:The amount o xpaldnnanad.mm“ e
ind

. |t tax :
W erage) taX TAtE The rate a taxpayer would pe faxed at i
e (@ Catd constant rate, instead of pmgmﬁ“]? :
dom
“r:ﬁﬁ

g in-order computer company sells
14

P“Wﬂil %
: A sz The cnmpanj:' leased showroom M g
o Periphef §20,000 a year and installed $290,000 worth of iy
house ot ckaging equipment. The alloweg 2 _
g and P2 diture ($ 290, i
M8 " this capital expenditure ($ 290,000) amounted o
¢ this §58,000
] t-?ategﬂrf of 5-year MACRS. The store was completed and
ing the began on January 1. The company had a gross income of
Wﬁgﬂifﬁ the calendar year. Supplies and all i expenses,
ﬂ.fmif:; the lease expense, were itemized as foﬂqw;;—
i Erfhanciise sold in the year $600.000
Employee salaries and benefits 150,000
Other supplies and expenses 90,000
' $840,000

Complete the taxable income for this company. How much will the
company pay in federal income taxes for the year?

Solubion:
Given: Income, preceding cost information and depreciation.
Find: Taxable income and federal income taxes.

first we compute the taxable income as follows:

$1,250,000

Gross revenues

Expenses R

Lease expenses g

Depreciation ——ﬂ

Taxable income _-——ssﬂ‘ Since the
:-:e: the capital expenditures are not deductible Wﬂ‘ e

Pany i in the 39% marginal tax bracket, its 1
Bloy]a

]mﬂ]ﬂ;d by using the formula given in Table 9.6,

a5

w*wglh




Income =
€ firm/'s Cu:j: :1 22-?-50 + 039{5632
= et :;] 2730 R ety 39%, h;ts-t]mﬂh}‘ﬂ
i o T RS
deduc‘tfng t:;;: a COmpany's abi]it}- to g'—‘";emte .
The genera] formul, for after ¢ Positig Cash ﬂtr»;,jall

ax cash flow jg
i D“Pre-:ia.tinn
s also adg back

" IS5Uance

AI—(:F = Nl:"t int"ﬂn]

: . A .
.':nrmuehme-a analys; Mmortiz

ation

frﬂl‘ll {.ili‘l"lt or FqUit'\, other nDn"{-ﬂSh !tr,-_'ms o

The . Ini
amount T€maining afte

INCome taxes haye been deducted
Property is the

I eXpenses, Mortgage

from the i
o ETOSS Incom
atter tax cagh flowy, i

7.5 General Procedure for Making after T3
Economic Analysis ' LR

7.5.1 Some terms and Definition

Gross Income (GI) - total income realized from all revenue-produy

sources, including items such as the sales of assets, royalties, license fu
etc.
Income Tax - amount of taxes based on gross income. Corporate s
are typically paid quarterly, and are actual cash flows.

Operating Expenses (E) - all corporate costs incurred in the transes
of business.

Taxable Income (TI) - the amount upon W
Tax Rate (T) - percentage of TI owed in taxes.
based on TI as per country.

. . g
Net Profit after taxes (NPAT) ok e
subtracted from taxa ble income. :
| tax rate varies a

hich taxes are based.
This rate is gﬁd"’m

ini ch year
amount remaining €a ¥

income taxes are

Average Tax Rate - because the margina
ve

average tax rate is calculate as:
L*

s'['lwriﬁ*

Avg. tax rate = total taxes / 11

) - the total rate paid by : LYY

taxes. Mote state taxes cap be dw“dnﬁngm _

oy
R
2
o« Rate (T
and local

T, = state rate + (1-state rate][l fedmlm} \

T
CFBT) - all cash flow
gﬂjjﬁ;""m[. \-Jn all our PW > {hroughout the yeqr
oo O cidering taxes. Note, all our PW, FW, AW analysis to g
ut cOTE CEFT cash flows. ’
.t have been P
pot GIJE_p+5r%erePisuuﬂalmvestumuuﬂsi,w
CFAT) - includes the cash flow impact of taxes
CFAT = CFBT - taxes
gs are calculated taking depreciation (D) into account, howeyer
;:;wdﬂh- on is not a cash flow, but taxes are.

cﬂhﬂwlﬁerhﬂ{

Taxes = TI* (Te)
T GlI-E-D
CFAT = GI-E-P+5-(Gl-E-D)*(T)
Capital Gains (CG): Occurs when selling price is greater than first cost.

Capital gain = selling price - first cost
cG SP-P
Depreciation Recovery (DR): Occurs when a depreciable asset is sold for
more than the current book value.
Depreciation recapture = selling price - book value
DR SP - BV
&P“_"' Loss (CL): Occurs when a depreciatﬂe asset is disposed 'ﬂﬁ"'h’_
ts current book value.
CL BV, - SP
Considering capital gains, depreciation recovery WC"P*"“?"’:
:;'E;Uﬁs-inmme s expenses - depreciation + deprm‘l““mﬂm
82Ins - capital loss

T1=GI-E-D+DR+E

7.
1':‘2 General Procedure for ATCF
: R,

™ revenues from the project during period ¥




4 Orporate Income Taxeq
=
i5 :xpmses during year |
EPreciat
; g = Oj:'lahnn and depletion durin
= fective income a5 rate o
k income
Al i Ome tax Consequenceg dui-ing Year k
b ) T tax cash flow) = ATCF from the
use t T (i | |
income ta € NIBT (j.e. taxable income) B d"“"'“i; .
X CONnsequences i

'] d hl
du rng year k are COmMputed l::ﬂ:h ' )

"}fElr‘*‘ko,ata

x liability goey
the tax amoung e e

}OCUTS,

aft-:-rTaxj= (R, - Ee-dy) -t (R, E-gd
B - i-]

hman&

43

NIAT, (Net Income

Taxable income
NIAT: = (R, - E; - dy) (1 -
I'he ATCF associated with a project eq

such as d{_‘p!’t‘tidfiﬁh.

Income taxes

uals the NIAT plus N7 Cash gy

ATCF:. = NIAT:. +d,
= (Ru-Ei-dy)(1-1)+ds
ATCF:. = (1-t)(Re-Ez)+tds

Example: If the revenue from a project is $10,000 duringah:ymr,d-
of -pocket expenses are $4000 and depreciation deduﬂiumhrl.:
tax purposes are $ 2,000 what is the ATCF when t = 047 What &

NIAT?

Solution:

ATCF -d:u = 4400 - 2000 = $ 2400

eciation
pefin® d‘.l::: deductions.
&

M reciation: Referat 7.1

pfrit” s .thods of calculatin tati
m
geraight line method

5 Declining halance method

3 Sinking fund method .
3.

4 S0YD method

= wodtfied accelerate cost recovery s

5 1

g Service output method

,-;nu;hine costs Rs. 15000. Its useful life is-_ﬁ?mﬂ“
value is Rs. 900. Compute the annual dtprecl.‘llnn allowance and
resulting book values using double declining balance depreciation

methods. (2063 Bhadra)
Solution:
1
Rate of depreciation = 7 x 2= 04 =40%
Esdof | Depreciation (DB) SL Dep. | Decision | ' Book valee
jye=-| |
! I |

| %4 715000= 6000 | (15000 -900) l““““'““'"

3
Tt\
04 3 9000 = 3600

'?II.I—‘A’I]!=EE'
i u_t - ~
A 3400 = s (5400 - 900} =0
— | 3
4
0443240 = 1296 (3240 - 900} 1170
~ 2 ;.
5
04x1944 = 7y
e Ty !1'9444%]1
e | = 1044

7
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42] De .
on
40 00g o C":"'Pﬂram I
N at the
“ach year by G
i} SDYD }

nd of gm

i) Declin:
ni
SD]“HQH: ng hﬂlan{‘E

P' 1
Irst pary Refer a4 6 1

SOYD NN+

2
6x7

= ——

2 =2

e

2 || 6 e
=7 (1,50 =
a2t 2_1i_1_,um 40,000) = 31428 57 |

[t '
‘ LZI (1,50,000 - 40,000) = 2619047 |

.

hcﬂnm. Ta

_DEpfefiﬂtiun FIJ—N} _j___\
=i SRR ) 2 _l_ EEO]: value (g,

.

F's ; _\_\_-_‘_-_-_-—I—.
| I| 71 (1,50,000 - 40,000) = 2095235 | 72380.96 - 20952.38 = gy

150000 - 31428 57 . 185714

4 3
|| 571 (1,50,000 - 40,000) = 15714.28 | 7142858 - 1571428 =57
(= ]2
B afle 2 55714.3 - 19 = 45810
/ | 57 (1,50,000 - 40,000) = 1047619 ; H, s
| | ——
i 'l 1 000 - 40,000) = 5238.095 |I 4280
== (1,50,000 - 40,000) = 5238.09
’ J 21 | i

ii) Declining balance
Depreciation rate,
#

§_'.-"
(R) :I—(P N
40000 Y146
=l |5000)
=0.1977

=19.77%

Engineering Economics | 243
/,f[-:“i“’" D by D method B
N_
.-—'-""'_'_7_'_'_'_'_'_

/If“"  1,50,000 1,50,000 x 0.9177 = 29655 1,20315

o .
] 120,345 1,20,345%0.1977 = 23,892 9,553

2 G
f_ﬂ..r—f""’ﬂd_gﬁ gL M N 19,088 77 465

| 15315 :
_,T** TIAS5 | 62,150
“'ij 62,]-59__.__ 12,287 49863
L 19863 | 9,858 40,005

sappose 4 equipment purchased for Rs. 10,00,000. It is expected
4 mpgfﬂ'-" ate income of Rs. 3,50,000 per year during 5 years and
corporate income tax rate is 25% per year. Under recovery periods

depreciation are as follows.

@’_ T’l |2 3 4 5
Depreciation | 1,00,000 | 2,00,000 | 2,00,000 | 2,00,000 | 1,00,000
amount

Calculate ATCFs and determine profitability (IRR) when MARR is 15%

by using PW method. (2070 Magh)
Solution:
Yer | Cash flow | Dtpreciaﬁun- | Taxable income | Tax=025% | ATCF=
(Cash flow - Taxzble | Cashflow
T._,___ 4oL Depreciation) income = b
B el : - k.
ITﬂ_._:_'_SEEI’___ 1,00,000 2,50,000 62500 s
“?h_;'m___ﬂ[ﬂ____ 2,00,000 1,50,000 R
ijﬁﬂ__r 200000 150000 . | 37500 | 31800
Em 1“ 000 | 2,00,000 1,50,000 37500 __,__i_.-m
~—1 350000 62500 w750

—0 | 1oomm 2,50,000 T
0 of profitability (IRR ATCF R

Wiix,) 287500 _
=~10,00,000 3 287500 = 31250 312500 312500 =T g
.Cll}i--————“ ) Ay i}3+——'“’:] s {1+ﬂ‘+ﬂ“?




i= 15569, MARR
Dl"!l:ll't'l_i(‘ali_‘y’ justifieq,

An asgey has
Property, De
Over ¢ ¥ears
Year with
15% after

installud value of 45
termine ap

kax, Tax rate

= 1 7850 - 2597
Dﬂﬁ?ﬁ'xm Ex =558
(23000 -
7300)
= TH50

= 409 gefore Tax cash flow
worth methog. “WETCF = e e cash flow
Solution: ATCF > e is negative, tax can be neglected]
inco
Installed Vajye = 45, o if taxable
MACRs 2, o 7850 15180 12876 114935
calculation D?r::;::lmn F 'l'fF{‘lfi"H = 45000 + 115 - 115 115 ¥ 115 °
nvd [IW'IJ-E A 5746.8
Switching| 45000 = MACR -—-‘—11493& + - =
0% 0.2 x 45000 EE T L
= -3459.22(<0)
| Feonomically not justified.
e ke calculation easy) '
1 1 (Do not - Tuio fable can be prepare to ma
| 23] oo B o T
ok L | | V3) by all the
Z DB=04x | 32% | O32x45000 | (z3000- 155‘.__5;_"1;,&‘_' §, Compute the book value at the end of 3 years (BV3) b!" o
fia 00 - 80) } | —1a0] 700 | Team 30| methods of depreciation except MACRS method. Cost basis
,— = | || || e sdl | =130 [ =5 | =tn machine is Rs. 10,000. SV = 0. Useful life = 5 years. MARR = 10%
b [ (Do not mh‘iiuh]
5L = 45% E""T| awitch) | | (
( = 17.78% | | l Solution:
=04x48| 192% | 5 @000~ | 15700~ | o4 | BW- ey
3. DB;?:f: 8 192% | rus_rzx 45000 || |__?1\;£ [ l;z:; g;m m B st line method
§ ( | e =15700 | =760 | =204 | =18
! i Denreci 1. 10000 -0
(Do not || Preciation = -_§_= 2000 per year
switch)
I j i Book valye at the end of 3 year =10000 - 3 x 2000= 4000
= — ]m- u noa "
DB=04x | 1152 | 0115245000 ( (23000 - 1::’;'[3!1- : ;5?: p ) D?cluung balance method
288=1152 = 5184 m:::u 10516 | 42064 | 11688 1
b fate of depreciation () == x 2 x 100 = 40%
Switch / =
l | Book valye at the end of 3 year = 1000 (1 - &)
p - | Ddx i = -04
152 | 0115245000 | (23000 155;7::’: 10516 J_ﬂ, = 10000 (1 : ¥
= 5184 ) B | = 2160




) T iy
‘-i"k- i
i ate |
l'lg I"'"‘M:! Miet, “\'.‘urne Tay
By, od Engineering i
I (1 ok "Ju;_'ati' Em%l“?
- Bnd 7956 2
!X (A o 3 yea 3410 3026 27956 27956 13974 .
o VX (F/ A i y +E'f5§*‘1__753+1-15’ LI3Y 7 115 " 1350 = - 01755 <
D0y ) i ,laxr 1. e
= (1000 0) --LLL_ 18 m cally ot justified.
’ 4575 115 1% -'--i-j...__l:_l [ o mean by depreciation? Explain abouy l‘beﬂuu“k.
V) YOy Najg .hl ; “""t.du:b-ﬂut any three mﬂhu.ds of deprecation Calculation thay
vy i plain only. A machine purchased for Rs. 60000
| Ex d comim b’
87 5(E i are U5° useful life of 10 years. Calculate the depreciation '
04 B (5 +1) o hnﬁ.r each year by using deciding balance method when rage
£ 2 {For n o "y 4
"W it . EN = -!':I mﬂl'i'“t ciiliﬂn is 2““"“ Per }'Eﬂ.r.- {m !hh’
Car 1 + % 4 Vo zt l nfl‘.ifpl'f
Book « JI[“r“_.H ton:
i it the { of 1 . - i £ Solu a Refer at 7.1 and 7.2
Vi, 10000 _ —. ; ,.l:'l . ]
7 Bvalu e 15 ””'m‘”?*ﬁtm |‘ Theory estment = 60000, life = 10
r : alber tax Pw. The cost I--uni“ . ! [nve . Jte = 20% per year
nachine js 5 Years MACRS Propert o2 ma hine i 10y I depreciation At 9
Bave Ry, 4500 per year in h|r:|:;| ¥ over § Years, it EM:! Salvage value is not given, so assume book value at the end of 10
‘ (3 F 5 : L i r i
cont hriuH Rs. 1000, It ifite ‘l:rm :U\tq with anny iE‘ you is exactly equal to the salvage value, (but its value is not less
i ¢ dep eCla l'lT ) uﬁ.'fq = 4
U Tax rate = 3p 5, MARR = 150 bY MACRs Mo g than 2000)
Solution ‘m,‘": 1 - iding bal
a =737%2=20% per year = Double deciding balance rate
Lolal cost (1) = 10000 il
| | Yr |Bwi | Depreciation D, Book value By
A ] (N ] M o= TN s ¥
1 ' e LU | 1 BOOOKO 0.2 » 60000 = 12000 48000 (60000 - 1:2000)
"II {7 NN 5 SMMACRS BTCF - Dy "“':;' 3 38400 o 7680 30720
{ — — — — S— =
}{ aadra = —‘|—_Tm"i L 6144 2576
- | 1750 | - L!,:I;I' 5 2457% F3 T -I1.‘-_i']"'|r 196608
1 Al () = SE— - | " AL ol
; ;,_,_._-—"E'I' fi ’_‘1_95_(,{:1!,_ % :lJE'I v ; 15728.64
§ n | == :d_ll| El-Jl:i]-]:l:I ____..-:E-': ""—;-I—-_._ 15728 B4 31458 Imlg
oy 'h: | & - - _H -‘_‘_\____ e —
: =000 - 1000 l“TJ_ﬁTI‘_:F ﬂ:ii. %q-h__]mfg__ =16s . 1o
LA am =i ! 1 ] B il
= | | S e 2 o
- [ LY (e 644248 (20) f
4 Iql-:,;:_ __l-ﬂ)ﬂ :a?age Value ay the end of 10 year = 644248 with
T3 B Tl 0, ; ic analysis
30 | o= | = f:.':.?;.“ the general procedure for ‘ﬂ“m“mmmmﬂ
; 1152 :
| el lﬂlﬁ! 3 € example,
T lution: Refer 40 75
= -_’ y5) - 1000) i = 1174
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ii) DB'method

1
@ =5x2=04=40%

1
2
;_1_6_090

1I_:anun g s
| 4000 | 1000 | 3000

[5 [3000 7000
———— —l_ﬂU_G_L

Dn

Decision

=
|

4200 l 0.4 x 4200 = 1680

[ s

Dn > (2520 - 2000 = 520)

|
!
|
|

SOYD method

iii)

sOYD =

) Nt 5 W
N ﬁ}ﬁiﬁ £ (7000 - 2000) = 166,67 | 2038
s
| — (5333 fg (7000 - 2000) = 133333 | 400 ;
e 3 l300 |
_/3’“4000 13 (7000 - 2000) = 1000 :
e — | 3
L [0 % (7000 - 2000) = 666,67 | 203
LT " D
L3333 L 2000 - 2000) = 33333 mm)J
H15

 rund method
g A) =(1-5) (A/F.10%
FMdamualdepremahon{ ) =(I-5) (A/F10%,5)

01
= (7000 - M)xmm&%

Net depreciation for the year 1

=(1-5) (AJE, 10%.5) x (F/ P,10%,1 -1) = 81898 x1 =818.98
Depreciation for the year 2
=RIR98 x 1.1 = 9D0.68

b Similar for others, in table
| N | Bny | Da By
11|70 [si898x1-81898 618102
|2 | 61BL02 | 81898 1.1 = 90088 528014
13 1528014 | 81898112 =99096 428918
L@Eme& 1.1% = 1090.06 _3129:1_2__'___
1531912 | s1598x1.10=119906 ﬁwﬂ“ﬂ

1. " oo
:Vnse down the causes for depreciation of assets. If & Wm
sting of Rs, 1,00,000 is purchased by expecting salvage ¥ave &

Rs. 20,000 at the end of 6% years. Calculate the €

AMmoung fo, each year by SOYD and straight line me&;;-_; - . | !




tion g
Snluﬁon: COrpm-_,h come 1,
Wy
Caugeg
) e ePSlation o,
®ar ang Tent Assety
2) Effusion of i
3) Ql‘sﬁlesmnﬂ_
4) Exhaysy
Ustion or de ¢
5) Accidcn{ tpl‘:hun
6)  Fall in
d Market .
Second Part o Valye
-‘_‘_‘_-_‘—-—-___‘___

Giv 'en, in\'es:lment

& = 100,000
Salvage value = 20,000
SOYD methog
SOYD —_L.__t_i_} a@.:_ll
| Year -

Deg l‘CIa!‘an (D.\]

-_\_‘_\_'_‘— _\\\\
— —_ Book Vajye

| | j] rluﬂm _L'rUDl|~m,1,p #_wmom-%?\

. | 77142 86 - 19047 3=

7 (00,000 - 20,000 = 19047 62

A > SE
| > (100,000 - ) = 15238.00 |_—33095_2.1 ]5233m=m_“
7 B T —
| A 425715 - AR
[ | 21 (00000-20,000) = 1142857 ST oo
| [ Za L BT
| 7 (1,00,000 - 20,000) = 761904 | -

1 e E 3 2380954380954 200
| | 37 (1,00,000 - 20,000) = 3809.54
SL Method
_ 100,000 -200001-5) _ ;333333
Da 3 6 \'N /
BT . R R
Year | By —1— _D,,_
100000 | 1333333
86666.67 13333.33

1333338
1399330
1333333
1333333

7333334

pas fotlowing information, casputs the

ine ar by
achi® - of each ye
' yalue .
# :.a ethod if) Sinking fund method
me
g 50 0 —_ “galvage value
Si8 At
wm '+_ $2000 | 10years.
3 gt]:lﬂ______‘____ s
= :
solt . -D;nethﬂi :
i S0 NN”_NJ‘H:__
1 P
B — i —
£ _T | 8000 - 1090.9 = g9ga
=il -'—-;-mm 2000) = 1090.9 1
Foa = 901198182
7 [ ) - 2000) =981.82 2
£ : =397
[s08455
H_.-‘_._F‘m 2‘“ —|hl‘i‘ 2000) = 87273 |
o TR Y Tizons2
§ |305435 | 763.63 el
5 l0s |65 =
s 54545 |3m093
] 363638 I'H.'.\-l |
7 |a0w.03 13636 |2ssa57
8 (w57 [ww |3
| 9 (223 [218.18 |noe12
| 0 [amiz e = |
: | I

i) Sinking find method

Fixed annual depreciation (A

) =(1-5) (A/F, 10%, 10)
0.1
= (M—M)klflm'l

= 37647
Net depreciation for the year 1
=(1-8) (A/F, 10%, 10) * (F/P, 10%,1-1)
37647 x 1 = 376.47
Depreciation for the year2
=647 1.1=41412




252 fDeprecjaHan & Corporage Icomg
" 3 T I
Similar for others, i tab, o

le
1| 5000

37647 x 1 =

376.47
nm 37647 x 11 = 414.177
Em 376.47 x 1 12 455 53
n 6753.88

37647 x 113 = 501 0

| 62528 37647 11=55173

|6 [570162 37647 x 1.1 = 606 30 24
50953 | 37647 x 115 666,93 =

n 37647 x 117 = 733 &3
|9 [ 3694755 37647 x 115 2 806.99 -

10| 288776 37547 1 =88769 mﬁa\
13. lain about the "MACR: e
& :_;Em method of "MACRg deprm%

Refer 7.2.5

salvage value = 20000,
Solution:

From Given data
I =100,000
N=5yrs
S = 20,000

1 1.
Now, decling depreciation rate (a) = N 2= pEeEE ;

Decline

EOY [ SL dep |I Decisten
| dep.(DN) | s
| 0.4 x100000 | 100000 - 200000 { No switch
7 AU ST R
= 16000
2, 0.4 x 60000 | 60000 - 20000
= 24000 5

= 10000

1 A com

E De;—_reciﬂﬁoﬂ is less than SL depreciation “switch®
line ;
If o switch”. ;

then depreciation amounts are adjusted so that BN =§ by
BN < 5 the

swiching ]

bought a machine at Rs. 25000 which is expected to
penefit of Rs. 8000 per year for five years. Iv's ﬂhﬂp ‘u\ﬂise t
.ve years is Rs. 1000 calculate after tax cash flow if Tax rate is
mdu;g‘:?:;reciaﬁnn is on sinking found method, 1=20%. :
ia (2074 Bhadra)

{4

m::;ment {T) = Rs: 25000

Annual Benefit = Rs. 8000

N = 5 years

Salvage value (s) = Rs. 10000

Tax rate = 40% per year

1=20%
Fint calculating depreciation by sinking fund method
Fived Annual depreciation (A) = (1-5)(A/F, 20%,5)

0.2
(25000 - 10000) x T35 7
= 201570
!Iqﬂ depreciation charge for the year 1
= (1-9(A/F, 20%, 5) % (F/P, 20%, n-1)
= 2015.?(]:(](_.|“=1) : ! e
= 2015.99
Yearfieq =2)

" U-8)azt20, 5, « (F/p, 20% n-1)



income (cash

| five-

2 b | d_esge_ciition)
|

201570 T 59843

8000 | 241883 __|r 558116
8000 |[2902.6 |spe73g
8000 | 3483.19 | as16.87 | 180675

: 3
=%x2=g12=4ﬂ%-ﬂi4

rate (¢)
¢ ance nce method.

o decli“ir' 2 bal
B

Depreciation By =Bn.1-Dy

(Dn=a* Bna)
| —— | 160000
) /1/ = 96000
57600
3 34560
00 i sl
/’I%j 20736
T

W;amﬂ trick

:ﬁmylle Bua = ADn=BBu= (@

Then write the equation in the form of
A;B=D_4‘h:C=A-B.'A=C

fhen Press (CALC) | |
Atfirst input, give A = 400000 then Press (=), it automatically give the,
value of B {ie Dy) and C (i.e. By) and value of A will automatically
by new value of C.

240000
144000
86400
51840
31104

Ui

By using MACRS method: -

8000

4179.75

| 3820.24

J' 152810 [end)

Note: MACRS is obtain from given table but in exam table may not be

1,00,000. Calculate depreciation for each year by using
balance and MACRS.

Solution:
For definition port [Refer 7.1]
Given 1= 400000

S5 = 100000
N =5 year

16. Define depreciation. What are the advantages of depred
concept? Your college is considering purchase vehicle of E"?:
that assigned 5 years useful life and expected salvage valx

ot
qors s

given. Thus calculation is required which is shown below.] ~

ms deduction percentage, beginning with the first taxable year and
eding with the g year.

. Maight line rage = 1/5=02

Double dzciifling balance rate (o), = %x A0z .
Sal\‘age Value in MACRS = 0
Calcuia't'ilon (%) —I e De
v DB dep =05 x 0.4 x 100 o
POB dep = 4 (100 - 20 32% Do oot st
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SL dep. -;J—sx (100 - 20)

. DDB dep = 0.4 x (100 20 - 32) ;
1 . :
SL dep. = 3£ (100 20 - 32) 2 f . on amount for the 6% year
3 jation a G
o peprecid depreciation throughout 6* year
DDB dep = 0.4 x (100 - 71 2) )5 cumulated depr
1 : A‘cuk value at the end of 6 yeat "
SLdep. =3=x (100-71.2) gy Boo
1
SL dep =7 (100 - 8272)
PR th
1 : solutiont: reciation amount for the 6% year
g yearSLdep =05 x11.52 e de = od(1- e
: — S 1-02)
In the Year4, SL depreciation is > DDB depreciation ang “w = leqmi:
Now, calculating the depreciation amoynts from the Percentages tog, = Rs. 252‘.1 ihroughout 6% yesr=
I e h jation {
Depm;aﬁ“mm [ B&w ii) Accumulated dEPreﬂal:t;o " ; .
190 y - 1p-@- S
400000 - 800000 = 00 - _ 400[1-(-026H]
320000 - 118000 = 1520 | 3 Rs. 205142
192000 - 76800 = 17509 end of 6% year,
115200 - 46080 - 6o | if) - Book value atthe aF
;_—_ = J = 1 (1 —
69,20 - 46080 = 23040 L = 4000(1-02F 10000
1 0.0876 % 4000000 = 23040 23040 - 23040 = = Rs. 1048576 each paying x"ﬁ, has
7. What do ¥You mean b}r tax Personal ¢ TS | with ten The
4 ax and cg ; : coperty of Th.
* model to'calculate after tax cash flow, Roe ta;;;;;e;;iz; | 2 Sayyouhavea estimate 3 “Mum lﬂ:m and 2 mﬂméﬂt
Solution: Refer [chapter 7.3 for definifion, per month. ::nses of RS- m:wﬁ,ﬂ.m -
S ; 20000
Refer [Chapter 7.5] for after tax cash floy, analysis Dpera::tg of Rs. 36,326 P¢* b e out Rs-
i ysis. m
18 Eixplamlthe Beneral procedure for after tay economjc analysis with | ‘t,:z cost of
suitable éxamples. (2076 Bhadra) cover the €
- Solution:  Refer [chapier 7.5/ totals Rs-
19. Compute annual depreciation and book yajye of ing prope
following depreciation methods: (i) Declin]ng Bal da t::wd 1 your lﬂm‘ flow
(if) SOYD Method (iii) Sinking Fund Method i B“;f“ dﬁJ property’® €4
_ a
Salvage Value Solution:
$ 2000 Gross
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Dperaﬁng I — - 8400 =1
: income = 120000
Gross 11600
o . .
Gr 9'53. perahng Income = operating expenses = 111
= Net operah'ng income = Rs B66600

g
Cash flow M’DJE tax (CFB1 } Net opera flng NCome

Cash flow after tax (C -
T tax (C-FAT} = CFBT - tax liability
= 30274 - 5000
Rs. 25274

L]

R

6(]’]_45&1]
= ooy

= : de|
capital addition + |y, blSen,i(E
:

ﬁ6600—3&326__20[m+2

INFLATION & ITS IMPACT
ON PROJECT CASH FLOWS

sncept of Inflation O ;
he general level of prices, good and
asing power is falling.

ral economy has usually fluctuated in such a

purchasing power of money over
ase over time

ate at which t

[nflation is the 1
subsequently purch

corvices i TiSINg: and
Historically, the gene
ation, a loss in the

way as to exhibit infl.
at the cost of an item tends to incre

time. [nflation means th
ar dollar amount buys less of an item over Hme.

An increase in demand and decrease in supply are fwo causes of
inflation. Inflation can simply be categorized as:
i)  Demand pill inflation

ig that prices usually
t gains it purchasing

i)  Cost pull inflation.
posite of inflation,
amoun

Deflation: Deflation is the o
decreases over time, hence a specific dollar

power.

|82 Measuring
Economists have developed e
Index (CPI), which i based on @ typica s market basket il

services required by the 5 .
consists of items fro™ eight majcr & i ; 1, (4)
. lic

{1) Food and alcoho f

: x

! 1mnspcrtaﬁul‘\- ) mﬁdj‘_:a] &
(8) other and serviee

mer price index is a good

The f-““;ﬂ umer products: However, i : :

in prices of O enses. In performing engineering economic maiym

industrid
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o of the level of prices of all new,
services in an economy.
the total value of all final )

260 | inflation & Its Impact on Project Cash Flows
GDP is a measur

-the appropriate price indeves must be
& L selected to st
estimage ator: ed, final goods and

increases of i
raw materials, finished products, and Operating mqh'he Pricy A pr cally prndUC 2 e srodedt
e 5 domestic P %

Generally, inflation is measured in percentage term ands for 5107 i i
ﬁ;::;m::::amﬂw mtage change in current ;:::?n"’-‘d;ﬂn GoF 5':‘1‘1; services Pmduced within that economy during a
Prices of various goods s oy opedon the bas o LN ified period ; : :

B and services under the study and it . mﬁ: . sP“u‘ﬂ price Index (PP1): The PPl is good measure of the
wgarlen : Pr . ‘e ase.
A bl : b dustrial price INCS
ﬁ:rwmz* ;“::-:I“\::r:h::{ f.lw l\‘[ varying yearly inflay; mdt’i:lc::te the average inflation rate for a‘ 21&." Wm
represents an average inflation rate. S PO single tl:: AP flation rate is 5% and the second years il I 1 el
. ar's m
bil‘ ?nt_e of Rs. 100

fmﬂe each individual year’s inflation rate is based on the
vear's rate, al 5 : Solu
1 te, all these rates have a compounding effect. Pfemvmug ot
Suppose we want to calcula infla P = m
: . O calculate the average inflation rate f i po

peniod: The first vear's inf] o Or @ two yea i i :

1 - ahion rate is 4%, and the second year's rate j pogme et

4 |
: of first year = 100 (1 + 0.05)

the
1: To find the price at the end of the second year we use

8%, on a base price of $700.
N o \ At the end
Step st nf;hc.;hn at the end of the second year, ‘we use the At the end of second year = 100 (1 +0.05) (1 + 0.1) = 1155
OCeEs o y = s J 4
pounding: e flation rate () we establish the equivalence
$100(1 +0.04)(1 + 0.08) = $112.32 Step2: To find the average
! relation.
Sﬂpl To find the average inflation rnlef, we establish the followi ¢ cocond vear,
equivalence eguation g A tthe end of SEORSE TR
$100(1 + £ = $112.32 or S100(F/P, £, 2) = $112.3 Ba. 100 0+ S RERY
Solving for f yields, { =598% - Solving for f, £ =747% brought to the same value a3
f : be
We can o & ; Money in one period of time o i relation.
A a::_\; ‘_:f:l the pfm increases in the last two years are !'T‘:-Cll"h;‘-\’ o anotgr period of timeb-b'!usmgﬂﬂ L
alen ge annual percentage rate of 5089 per year. Note g . rate between t W
i Dollars in period t=(Inflation Postay ol

that the average is & geometric, not an arithmetic, SRracs - ol
Year period. Our computations are simplified by ysin ,3_' ‘,j.“r Aot
rate such as this, rather than a different rate for each ye:,-vd !.,mglv i
The most commonly used indices are: fFash Dows
1.  Consumer price index (CPl): CPl is an .
measures the change in the cost of a fixed hmfé(fmdwamr b
services, products and
it 2. Wholesale price index (WFI;: WFL is the price of 1
basket of wholesale goods. It measures and tracks g rePfl‘Sﬂl_iahW
price of goods in the stages before the retail level, Changes in the ]

AR\

Future dullars




8.3.1 Different interest rate
i)  Market interest rate (i) OR Inflation adjusted MARR : The interest

ii)

262 | Inflation & Its Impact on Project Cash Flows .

‘irltu account any anticipated changes in AMountg
inflationary or deflationary effects. Usually, these ,
determined by applying an inflation rate i
estimates.

ii)  Constant dollar analysis (Ag): (Dollars as if in some base y
: ; : i € Yea
to adjust for the effects of inflation.) " Ui
Constant dollars represent constant purchasing pawer 0
independent of the passage of ime. In situations where inﬂa:a[ is
effects were assumed when cash flows were estimated, the ESH'«"ha
obtained can be converted to constant dollars (base-year fdna]!amal
adjustment with some readily accepted general inflation m:-")'.:y
will assume that the base year is always time 0, unless e o i
otherwise. i
* Conversion from constant to actual cash flow
Aa=Ad (14
* Conversion from actual to constant cash flow
An

“a+ee

An'

rate quoted by financial institutions that accounts for both earning
purchasing power. This rate takes into account the combined effects
of the earning value of capital (earning power) and any anticipated
inflation or deflation (purchasing power). Virtually all interest rates
stated by financial institutions for loans and savings accounts are
market interest rates. Most firms use a market interest rate (also

$uomm e an inflation adjssted 'MAER) in evaluating their
investment projects. This is the interest rate that has peen a diusted

* to take inflation into account.

‘Inflation—free interest (i') : This rate is an eBlima.te ot the il
earning power of money when the inflation effects hayve been
removed. This is commonly known as the real interest rate, it caf
be computed if the market interest rate and the jng..0 o are
known. In the absence of inflation, the market interest g lhf‘

same as the inflation-free interest rate - u

e (£ THis -

rat
pfl’d:;_ of money-

rt the projec

h flow in

cas!
:::15““‘ ol |

1 S
2 BZDUUU_

3 | 220000
4| 230000

b) The project is expecte

actual dollars.
o

ﬁ Year

Actual dollar | -

i)  What are the equivalent¢

ii) Compute the present W

ati=10%.

Solution:

ation B
5 jﬁnsiant ollar | Actual dollar
=+ 350000 250000 (1 + 0.05)7 = ~450000 _
0 e
ZOD'D(E

| 220000 x 1.05° =254677.5

Engmeem@ Economics | 263

s measure of the rate of change in the value

.

t's cash flows into the equivalent actual

200000 x 1.05* =210000
" | 220000 x 1.052 =242550

1 230000 x 1.05* =279566.43
the following cash flow i

d to generate

When f = 5%-
oﬂsmtdollils?

oﬂhafﬂ!ﬁ@m

47619 % 1-
ws <112= 35?'6}1.1’.’
21287658
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- 832 Adjusted-discount method

The two st :
step by ﬂdjus:;]:jp?cm shown in previous exam; 1
g ounting in o iscount - method, whick o I; € cap sof
et o ne st_ep. Mathematically, we cq Tformg def Ve ip
0 one with the formula 1 combing gy tion 3
An g h“’u.: M
r (1+fp An tep

A T ey

An =———_‘irl__,
i (1 + f}n(l + i')“ ...... {1)

Sing i T
ce the market interest rate (1) reflects both th,
- e

the purchasi
Ping power, we have SAMINg Power

equr TIE-WOy d ations
The uivalent rth v S E
le Present-wo h lues In BEquation: (
5
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¢ inflation on economic evaluation are listed =

o bel

i hit hard while flexible i

. od inCOME groups are e flexible incom 5

Ph:sinﬁsmaﬂ- speculators are benefited. e groups like
urces . are diverted from productive to unproductive

Juring production.

g Duing inflation social evils like corruption, gambling, black
marketing etc. flourish. ;

It creates uncertainties in the economy.

4

G It raises the cost of holding money.

g It creates socio-political unrests and people do not trust the
gm'ernnwnt.

7 Inflation redistributes d income and wealth in the economy because

rich becomes richer and poor becomes poorer.

be :
STzl atyenrg 1) And ()
Therefore, f—]___ﬂl___ __An 5 A number of individual elements of project evaluations can be
Wi 1+f(1+ i) = (1‘_—+ r distorted by inflation.
7 ; to l:he f]cri.]uwin g relationship among f, i, i' i ciccoents are sy
or,1+i i : :..0 a *_1} » Depreciation expense; Depreciation expense is charged to
e . '+ fxi'+f taxable income in dollars of declining values; taxable income is
s 'C T b o I . overstated, resulting in higher taxes.
- 'ad_ﬂmputel the equivalent PW of a A » Salvage values: Inflated salvage values combined with book
A justed discount method. previous example by values based on historical costs result in higher taxable gains.
| Solution; Given, i' = 0.1, f = 0, 05 » Loan rcpaYmeﬁﬁ; Borrowers repay historical loan amounts with
{ Where f = inflation rate, i' = inflatj dollars of decreased purchasing POWer reducing the cost of
« ' = inflation - free interest financing debt. ;
» Waorking capital: Known as a working capital drain, the cost of
nflationary

working capital requirement INCreases in an i

economy-

Rate of return and NPW: Unless re
o with inflation, tax

Market interest rate (i) =i'+ i x f + f
!

venues are sufficiently

=(1+01 \
X005+ 0,05 = 0,155 = 155% |

' effects and a workin

a working-

Year | A = :
[ Year | Actual doltar | Constant doliy 1 ree——1 .
[o [ -7so00 I £ % f increased to keep Pac
| COOXI O w0 e drain result in i of return or a lower NFW.
1 j 320000 | 32 = -750000 capital drain result in a lower rate or
[ RS f 357000 [l 320000 % 1.155-1 = 27705627 There are tW0 methods of e_va]vah‘un .
| 207000 %3155 noers . inflation effect by converting all cash flows to money units
761117 |, Estimate . :
: 392:000{}00 j 5200 Ll that have constant purchasing pOWet i e constant (real) dollars
[ e j z r 290000 x 1155+ 6% . ate cash’ flows in the amount of money wnits actually
{ 53¢ =i : 2 B at the time of each transaction. Le, actual (future) dollars.
] Total PW = 1704999 (Same regy, ‘wcm"gﬁi
Example} as aboye




A Mk:.i::st m:l its effect, If the inflati,
; 7 0
Interest (inflation f; SHE S, 19%  per yoo g 23
n free) rate in inflationary ecq, i th%hrh*
nomy? © im

Solution; i

S semeﬂatmn is the rate at which

9 : 15 rising and subsequently
Is of inflation: Referat 8.4

Given, Market rate (i) 13%
Inflation rate (f) 5%

Inflation free rate (i) ?

We have, i
0.13

Solving it

the general level of
urchasi :
Ppurchasing Power j5 fallin,
ing

ixfxi+f
i'+0.05i' +0.05
0.0761 = 7.61%

nvestment cost i

$20000?
Solution:
Sl (2069 Bhadra)
ation free interest rate (i) = 5%
Inflation () = 8%
Market rate (i) =
i (@)= f+fxi'+i'=008+008
vestment = $20000 U8 0,05+ 0,05= 0,134 = 134%

f]')C(. me = $ 5000 at the end of by Year and i.ncreaan 7% per year
SINg b y A\

i

s 7 ﬂl 4
i +&125-22(1‘°5)_
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lar we should are inflation free

000 (109" *
553 (1.05)°F =ATD> 0

ent is econom ically feasible.
following project:
Rs. 1,00,000
Rs. 40,000

+

ore; [nvestm
Ll of the

paluate the
ent

}.l‘liﬁ'] jnvestm
income =

hn"“-“l sales
mua-l labour cost
Mﬂ““l material X
Annual material Y
salvage value

All are in the constant dollars.
ome, labour cosk,

Rs. 1,000

20% of initial investment

Inflation rate for sales inc material X, material Y
and salvage value are 50/, 8%, 0%, 6% and 3% respectively for the
project period. Take market interest rate = 20% project life is 4

(2070 Magh)

years.
=20%

ant amount we should use inflation free

Solution: Market interest rate (1)

Note: when cash flow are in const
rate (i) of interest.

4 years

Project life =
Peixfrf

i1+ 0

(02-005) /(1 +0

{1 +0.08)
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e 1.1434-1

PW = 1,00,000 + 40000 X 57435 11434

! L1 20000

b ; xa-lﬁ}—;?-ww"mszxmz* 1.165* 279 30 (O

3 ired to operate a smapy _

annual fuel cost requir solj

The ¢ plant are projected to be Rs. 200000 with oy A ‘1 Wy,
future inflation. The best estimate indicates thy e
i..?iaﬁon free interest rate i’ will be 6% and the gengr, .

rate, f, will be 5%, if the plant has the remaining usefy m:fqﬁn.

years. What is the present equivalent of its fuel COSts? g £ty

ai

dollar analysis. (207 Bh:‘::l

Solution: i'=6%,f=5% /

j=i+ixf+F=006+0.06x005+005=011

1114 -4

‘3'000"53???3‘1‘1-2%

3=113y
Using actual dollars analysis.

f EOY J Cash flow J Cash flow iq a_ﬂuaﬂoﬁar_ i

[1 20000 200000 (1 +0.113) = 222600
 [2 [ 200000 [ 200000 (1 + 01137 = 2477538

(3 Joo000 2000001 +01 13)' = 275749.98

[4 | 200000 | 200000 (1 +0.113): = :n:u;u{ﬂ:.;— ﬁ‘

[ [Tompw=[10s0135 U _j
+ Total present equivalent of fuel cost = Rs. 1053013 5

5. First cost = $ 80000, Sv = 10% of first cost. The general inflation
rate = 50 ;

| 5

Net cash flow in

| |
35000 (33000 | 20000 ‘50000
{ actual dolars

LS

if inflation free interes

Evaluate the Py by deflection method,

rate = 109 0t
Solution:
Salvage value at the eng 0f 5 year = (1 x 80000 = 8000

Total cash floy at the end of 5t year = 50000 + 8000= 58000

ysing deflation method,

=] Netcash-flw Const -

0¥ in actual infl, dollars 2t 5n,

dollars - e

o | 80000 : __mh“-—”

_;__d___. 32000 32000 (1 mm"“'nm

”;"__F 35000 35000 (1 + 00522 31758 :
e NM::;;-M“,
3 33000 330mt‘l+n,c5:,..1.mﬂ [ =
[ e MXLI,J-M"‘.
4 29000 29000{5+u_:5r1.m DT xian

5 58000 58000 (1 +005)5 = 45444 5 DR
L . Total PW | 387252

- PW = § 3987252

6. Define constant dollar ammntmdm:ldn[lrmﬁuppnn
you borrowed Rs. 100000 from a bank to buy a bike and you have
promised to pay Rs. 5500 per month for two years. What is the
inflation free interest rate you are supposed to pay if average
inflation rate is 0.75% per month? {2071 Bhadra)

Solution: Theory part see at 8.3
Let i be the market interest rate per month.
Useful life = 2 years = 24 months.

5500

1

Now, PW(i% ) =0

1ri-1]_
~100000 + 5500 X ey
i=0,0235 = 2.35%
Average inflation rate (f) = 0.75%

Inflation free rate (i) = ?
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y I;JDWJ
= +fxrittf
0.0151-0.0075 _ 754
T +00075

i
i =

fion free interest rate = 0.00754 = 0.754%
- Infla inflation. What are its causes? Find rate

f infl,.
9, when price of a product has increased frop, Rs, 5 tion Per
gt ke peice o £ : P
over the period of 3 years [2073!“ 5
o .W'} )

e ich th reneral | 1 1
Inflati Inflation is the rate at which the g evel of |
and services is risil'lg and Sl.llm]. uently pun:hasing pPower _CES- Boog
i3 fa]lm -

(i
Causes of Inflation
*  Inflation is a sustained rise in the general price level. Inflatiog, |
come from both the demand and the supply side of on 'ff‘ﬁnnrny‘m1

. Inflation can arise from internal and external events, I
Some inflating pressures direct from the domestic economy,

A rise | the rate of VAT would also be a cause of jncrege
domestic inflation in the short term beca use it increases 3 firm's .
. production costs. ;
*  Fluctuation in the exchanges rate can also affect inflation, !
Types of Inflation '
1)  Demand - Pull inflation

Demand puﬂ inflation occurs when aggregate demand
an unsustainable rate !eading to incre
resources and a Ppositive output gap.
Causes of demand - pyj inflation

:JJ A depreciation of the exchange

:‘ . *
is growing I
ased pressure on scare |

rate
Higher deman from a fiscal stimulus
) Mone!ary stimulus fo the economy

<) Expectations of inflation
d) Higher indirect taxes
¢) Afallinthe exchange rate
§  Monopoly employers progy
Numeﬁﬂ] Part ‘
Rate of inflation {i) = ?
price of a product has inc 'Tamg_,_smﬂn
rime (N) = 3

~F= PA+EN
6,30,000 = 5, 00,000 (1 + i

f = 0.08

gt = R%

Le. Rate of inflation = §%

10. Define inflation. Calculate IRR if MARR
rate is 8 %o,

= 12% and inflation

Year 0 1 2 3 4
Constant Dollar | - 6000 | 1500 | 2000 500 3000
(2074 Bhadra)

Solution:

Inflation: It is the rate at which the general level of prices, goods and

services is rising and subsequently purchasing power is falling.
Converting constant dollar in to actual dollar for f=8 % =0. 08

[ Year (n) | Constant dollar(A4) Actual dollar (A, =Aq' (L +i)*
|/ T 600 % (1 +0.08)" =~ 6000
D B 1500 % (1 +0.06)" = 1620
A o~ o 528
-—_T_ 2500 M*G*W'nm
el <1+ 008y = 48146
4 3000 300X
_T(!_cicula te IRR
PW = (i %)= 0 .
a8 8L
1620 |, 2328 S
- 6000 + T+t {1+1}!+_(]“P a
By using calculator, (1 +1) =12%
- i= 0255 = 255% > MARR. OF









Constant R, Starteq i
300,000

300,000

300000

300,000 (1 + 0.05)° = 347287.5 300,000
'mmnn +0.05)t = 364651.87 ‘ 300,000 |

. Ilar Analysis e
Using Constant Do ys

Converting the actual dollar of alternative 1 to the
using deflation factor.

F

Jsm,omumms)-wzagsss

300,000 (1 + 0.05)* = 330750

f =g

COnstapt dollz; by

————
|

Future Rs. started by A Constantgy ]

started by g |

e e |
| 300,000
B

[ 300000
e

S15000 (1 +0.035)-2 = 294055 87

330750 (1+0.035) = 298317 55

For constant dollar, ¢,
interest rate (i)

1

ulate real interest rate ie. inflation %

= fr‘Fj'!f{-f

i-

{ (%?%*ﬁﬁ%and&s.s%
(1+0.035)

= 0208

= 208y

H -

+m+%

1.2082 1.208
o of alternative 2 = 300,000 (P/ 4, 208%,5)
= 300,000 x ]-g‘-l%-f_l___ |
: 248 17.12
Using Actual Dollar Analysis

Year ]Tlh.m’ Rs. started by A
l L
2

330750
3472875
s ] 364651.87

300,000
PWofalt.1 = '['I_IWS}‘ +

364651.87
125
= Rs. 872682

310500  321367.5 2 33261536 g H44256.9 =

PWofalt. 2 = 155 * 129 125 125

356305.89
1.25°

e 21362 .
= Rs. 882136. 4 five 1 =

Using either Constant dollar or actual dollas

cost) should be choose.

125 '

Qoa




