ECONOMIC ASPECTS AND THEIR COMPUTATION
Syllabus:-Economics Analysis depreciation Methods - time value of money - rate of return - present
worth method - replacement analysis - lifecycle costing analysis — Energy efficient motors. Calculation of
simple payback method - net present value method- Power factor correction - lighting — Applications of

life cycle costing analysis - return on investment.

ECONOMICS ANALYSIS:-

Energy economicsis a broad scientific subject area which includes topics related to supply and
use of energy in societies. Due to diversity of issues and methods applied and shared with a number of
academic disciplines, energy economics does not present itself as a self-contained academic discipline,
but it is an applied sub discipline of economics. From the list of main topics of economics, some relate
strongly to energy economics:

» [Econometrics
Environmental economics
Finance

Industrial organization
Microeconomics

Macroeconomics
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Resource economics

Energy economics also draws heavily on results of energy engineering, geology, political sciences,
ecology etc. Recent focus of energy economics includes the following issues:

» Climate change and climate policy

Risk analysis and security of supply

Sustainability

Energy markets and electricity markets - liberalization, (de- or re-) regulation
Demand response

Energy and economic growth

Economics of energy infrastructure
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Environmental policy
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Energy policy

» Energy derivatives
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» Forecasting energy demand
> Elasticity of supply and demand in energy market

» Energy elasticity
Depreciation
o Depreciation refers to fall in the value or utility of fixed assets which are used in operations over
the definite period of years.
e Depreciation is the process of spreading the cost of fixed assets over the number of years it is useful.
e The fall in value or utility of fixed assets due to so many causes like wear and tear, decay, effluxion
of time or obsolescence, replacement, breakdown, fall in market value etc.
According to the Institute of Chartered Accountant of India, "Depreciation is the measure of the
wearing out, consumption or other loss of value of a depreciable asset arising from use, effluxion of time

or obsolescence (outdated) through technology and market changes.

Methods to calculate Depreciation:
There are several methods for calculating depreciation, generally based on either the passage of time
or the level of activity (or use) of the asset.

Straight-line depreciation:
Straight-line depreciation is the simplest and most often used method.

In this method, the company estimates the salvage value (scrap value) of the asset at the end of the period
during which it will be used to generate revenues (useful life).

(The salvage value is an estimate of the value of the asset at the time it will be sold or disposed of; it may

be zero or even negative. It is also known as scrap value or residual value.)

The company will then charge the same amount to depreciation each year over that period, until the value

shown for the asset has reduced from the original cost to the salvage value.

The method is designed to reflect the consumption pattern of the asset, and is used when there is no

particular pattern to the manner in which the asset is to be used over time.

Use of the straight-line method is highly recommended, since it is the easiest depreciation method to

calculate, and so results in few calculation errors.

Under the straight-line method of depreciation, recognize depreciation expense evenly over the estimated

useful life of an asset. The straight-line calculation steps are:

1. Determine the initial cost of the asset that has been recognized as a fixed asset.
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2. Subtract the estimated salvage value of the asset from the amount at which it is recorded on the
books.

3. Determine the estimated useful life of the asset. It is easiest to use a standard useful life for each
class of assets.

4. Divide the estimated useful life (in years) into 1 to arrive at the straight-line depreciation rate.

5. Multiply the depreciation rate by the asset cost (less salvage value).

annual depreciation expense = depreciable cost * rate of depreciation

Where;
depreciable cost = Cost of installation — Residual value
teof d jati !
rate of depreciation = , , ,
P Useful life of installation (years)
. c installation—Residual val
Hence; annual depreciation expense = (Cost of Installation—Residual value)

Usefullife of installation (years)

Example: A vehicle that depreciates over 5 years is purchased at a cost of Rs17,000, and will have a salvage
value of Rs2000. Then this vehicle will depreciate at Rs3,000 per year, i.e. (17-2)/5 = 3. This table illustrates
the straight-line method of depreciation. Book value at the beginning of the first year of depreciation is the
original cost of the asset. At any time book value equals original cost minus accumulated depreciation.

Book value = original cost — accumulated depreciation. Book value at the end of year becomes book

value at the beginning of next year. The asset is depreciated until the book value equals scrap value.

Depreciation Expense Accumulated Depreciation at | Book value at year end
year end
Original cost (17000Rs.)
3000 3000 14000
3000 6000 11000
3000 9000 8000
3000 12000 5000
3000 15000 2000= salvage value

Double Declining Balance Method:

Depreciation in straight-line depreciation method is uniform over its life-time, which is not very

appropriate.

The double declining balance method calculates the annual depreciation based on the book value of the

previous year.
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Suppose a business has an asset with Rs1,000 original cost, Rs100 salvage value, and 5 years of useful life.
First, the straight-line depreciation rate would be 1/5, i.e. 20% per year. Under the double-declining-balance
method, double that rate, i.e. 40% depreciation rate would be used. The table below illustrates this:

Depreciation | Depreciation | Accumulated | Book value at

rate expense depreciation | end of year

original cost Rs1,000.00

40% 400.00 400.00 600.00
40% 240.00 640.00 360.00
40% 144.00 784.00 216.00
40% 86.40 870.40 129.60
129.60 - 100.00 | 29.60 900.00 scrap value 100.00

In this method, the salvage value is not considered in determining the annual depreciation, but the book
value of the asset being depreciated is never brought below its salvage value, irrespective of the method

used.
Depreciation stops when either the salvage value or the end of the asset's useful life is reached.

Since double-declining-balance depreciation does not always depreciate an asset fully by its end of life,

some methods also compute a straight-line depreciation each year, and apply the greater of the two.

This has the effect of converting from declining-balance depreciation to straight-line depreciation at a

midpoint in the asset's life.

With the declining balance method, one can find the depreciation rate that would allow exactly for full

depreciation by the end of the period, using the formula:

Residual value

N
Depreciation Rate = - -
cost of installation

where N is the estimated life of the asset (for example, in years).

Annuity depreciation:
e Annuity depreciation methods are not based on time, but on a level of Annuity.
e This could be miles driven for a vehicle, or a cycle count for a machine.

e When the asset is acquired, its life is estimated in terms of this level of activity.

Assume the vehicle above is estimated to go 50,000 miles in its lifetime. The per-mile depreciation rate is
calculated as: (Rs17,000 cost - Rs2,000 salvage) / 50,000 miles = Rs0.30 per mile. Each year, the
depreciation expense is then calculated by multiplying the number of miles driven by the per-mile




depreciation rate.
Units-of-production depreciation method:

Under the units-of-production method, useful life of the asset is expressed in terms of the total

number of units expected to be produced:

o depreciable cost ]
Annual Depreciation Expense = - — * Actual Production
Estimated total production

Suppose, an asset has original cost Rs70,000, salvage value Rs10,000, and is expected to produce 6,000

units.
Depreciation per unit = (Rs70,000—-10,000) / 6,000 = Rs10
10 x actual production will give the depreciation cost of the current year.

The table below illustrates the units-of-production depreciation schedule of the asset.

Units  of | Depreciation | Depreciation | Accumulated | Book value at

production | cost per unit | expense depreciation | end of year

Rs70,000 (original cost)

1,000 10 10,000 10,000 60,000
1,100 10 11,000 21,000 49,000
1,200 10 12,000 33,000 37,000
1,300 10 13,000 46,000 24,000
1,400 10 14,000 60,000 10,000 (scrap value)

Depreciation stops when book value is equal to the scrap value of the asset. In the end, the sum of

accumulated depreciation and scrap value equals the original cost.
Sum-of-years-digits method:

Sum-of-years-digits is a depreciation method that results in a more accelerated depreciation than the straight
line method, and also more accelerated than the declining balance method.

Under this method the annual depreciation is determined by multiplying the depreciable cost by a schedule

of fractions.

Sum of the years' digits method of depreciation is one of the accelerated depreciation techniques which are
based on the assumption that assets are generally more productive when they are new and their

productivity decreases as they become old. The formula to calculate depreciation under SYD method is:




Annual Depreciation cost= depreciable cost x (Remaining Useful Life/Sum of the Years' Digits)
Depreciable Base = Cost - Salvage Value

The sum of the digits can also be determined by using the formula (n?+n)/2 where n is equal to the
useful life of the asset in years.

Example: If an asset has original cost of Rs1000, a useful life of 5 years and a salvage value of Rs100,

compute its depreciation schedule.

First, determine years' digits. Since the asset has useful life of 5 years, the years' digits are: 5, 4, 3, 2, and
1.

Next, calculate the sum of the digits: 5+4+3+2+1=15
The example would be shown as (5%+5)/2=15
Depreciation rates are as follows:

5/15 for the 1st year, 4/15 for the 2nd year, 3/15 for the 3rd year, 2/15 for the 4th year, and 1/15 for the 5th

year.

Depreciable | Depreciation | Depreciation Accumulated | Book value at

base rate expense depreciation | end of year

Rs1,000 (original cost)

900 5/15 300 =(900 x 5/15) | 300 700
900 4/15 240 =(900 x 4/15) | 540 460
900 3/15 180 =(900 x 3/15) | 720 280
900 2/15 120 =(900 x 2/15) | 840 160
900 1/15 60 =(900 x 1/15) | 900 100 (scrap value)

Sinking fund (SF) depreciation method:-

In this method it is assumed that money is deposited in a sinking fund over the useful life that will enable

to replace the asset at the end of its useful life.

For this purpose, a fixed amount is set aside every year/month from the revenue generated (profit
obtained) and this fixed sum is considered to earn interest at an interest rate compounded annually over the
useful life of the asset, so that the total amount accumulated at the end of useful life is equal to the total

depreciation amount (initial cost less salvage value of the asset).

Thus the annual depreciation in any year has two components.




1. fixed sum that is deposited into the sinking fund

2. the interest earned on the amount accumulated in sinking fund till the beginning of that year.

For this purpose, first the uniform depreciation amount (i.e. fixed amount deposited in sinking fund) at the
end of each year is calculated by multiplying the total depreciation amount (i.e. initial cost less salvage
value) over the useful life by sinking fund factor.
l
Annual depreciation = (depreciable cost ) m

Where i = interest rate per year

Depreciation amount for mg year = A(1 + i)™
After that the interest earned on the accumulated amount is calculated. The calculations are shown below.

Book Value after m years = P — A[X7,((1 + )]

TIME VALUE OF MONEY

Time value of money quantifies the value of a rupee through time

Money has time value because of the following reasons:

1. Risk and Uncertainty: Future is always uncertain and risky. Outflow of cash is in our control as
payments are made by us. There is no certainty for future cash inflows. Cash inflow is dependent on our
Creditor, Bank etc. As an individual or firm is not certain about future cash receipts, it prefers receiving
cash now.

2. Inflation: In an inflationary economy, the money received today, has more purchasing power than the
money to be received in future. In other words, a rupee today represents a greater real purchasing power
than a rupee a year hence.

3. Consumption: Individuals generally prefer current consumption to future consumption.

4. Investment opportunities: An investor can profitably employ a rupee received today, to give him a

higher value to be received tomorrow or after a certain period of time.

A rupee received today is worth more than a rupee received tomorrow
e This is because a rupee received today can be invested to earn interest

e The amount of interest earned depends on the rate of return that can be earned on the investment
e The basic types to calculate time value of money are as follows:

o Present value of a lump sum

o Future value of a lump sum

o Present value of cash flow streams




o future value of cash flow streams
o Present value of annuities
o future value of annuities

e Keep in mind that these forms can, should, and will be used in combination to solve more

complex TVM problems

e The following are simple rules that you should always use no matter what type of TVM problem

you are trying to solve:

o Stop and think: Make sure you understand what the problem is asking. You will

get the wrong answer if you are answering the wrong question.

o Draw a representative timeline and label the cash flows and time periods

appropriately.

o Write out the complete formula using symbols first and then substitute the

actual numbers to solve.

1. Present value of a lump sum:

e Present value calculations determine what the value of a cash flow received in the future would be
worth today (time 0)

e The process of finding a present value is called “discounting” (hint: it gets smaller)

e The interest rate used to discount cash flows is generally called the discount rate

PV = FVi/ (1+r)!
Where PV=present value

FV=Future value

r = rate of return

t = time period

P) How much would Rs100 received five years from now be worth today if the current interest rate is
10%?

PV = CF/ (1+r)!

PV =100/ (1 +.1)°

PV = Rs62.09




2. Future value of a lump sum: = oo
e The future value as the opposite of present value e — =
e Future value determines the amount that a sum of money S ik
invested today will grow to in a given period of time ‘LI“ Y
e The process of finding a future value is called —i‘::;r. — s

“compounding” (hint: it gets larger)

FVi=PV * (1+1)
P) How much money will you have in 5 years if you invest Rs100 today at a 10% rate of return?

Draw a timeline
FVi=CFo * (1+1)!
FV = Rs100 * (1+.1)°

FV = Rs161.05

3. Present value of a cash flow stream:

e A cash flow stream is a finite set of payments that an investor will receive or invest over time.

e The PV of the cash flow stream is equal to the sum of the present value of each of the individual

cash flows in the stream.

e The PV of a cash flow stream can also be found by taking the FV of the n

PV= I [CF:/(1+1)]

cash flow stream and discounting the lump sum at the appropriate =1
discount rate for the appropriate number of periods.

Where CF = Cash flow (the subscripts t and 0 mean at time t and at time zero, respectively)

P) Joe made an investment that will pay Rs100 the first year, Rs300 the second year, Rs500 the third year

and Rs1000 the fourth year. If the interest rate is ten percent, what is the present value of this cash flow

stream?
PV = [CF1/(1+r)+[CF2/(1+1)?]+[CF3/(1+r)%]+[CF4/(1+1)]
PV = [100/(1+.1)']+[Rs300/(1+.1)4]+[500/(1+.1)3]+[1000/(1.1)*]
PV = Rs90.91 + Rs247.93 + Rs375.66 + Rs683.01
PV = Rs1397.51
4. Future value of a cash flow stream:
e The future value of a cash flow stream is equal to the sum of the

1

future values of the individual cash flows. Fv= El [CF: * (1+1)*1]
t=

e The FV of a cash flow stream can also be found by taking the PV

of that same stream and finding the FV of that lump sum using the appropriate rate of return for

the appropriate number of periods.




Assume Joe has the same cash flow stream from his investment but wants to know what it will be worth
at the end of the fourth year
FV = [CF*(1+1) Y +[CF2*(1+1)"2]+[CFa* (1+1)" 3]+ [CF4*(1+1)"]
FV = [Rs100*(1+.1)*1]+[Rs300*(1+.1)*2]+[Rs500*(1+.1)*°] +[Rs1000*(1+.1)**]
FV =Rs133.10 + Rs363.00 + Rs550.00 + Rs1000
FV = Rs2046.10
5. Present value of an annuity:
PVA = payment * {[1-(1+r)"/r}
e An annuity is a cash flow stream in which the cash flows are all equal and occur at regular
intervals.
¢ Note that annuities can be a fixed amount, an amount that grows at a constant rate over time,
or an amount that grows at various rates of growth over time. We will focus on fixed
amounts.
P) Assume that Sally owns an investment that will pay her Rs100 each year for 20 years. The current
interest rate is 15%. What is the PV of this annuity?
PVA: = payment * {[1-(1+r)")/r}
PVA = Rs100 * {[1-(1+.15)?°]/.15}
PVA = Rs100 * 6.2593
PVA = Rs625.93

6. Future value of an annuity:

FVA: = payment * {[(1+r)' -1]/r}
P) Assume that Sally owns an investment that will pay her Rs100 each year for 20 years. The current
interest rate is 15%. What is the FV of this annuity?
FVA: = PMT * {[(1+1)' -1]/r}
FVA20 = Rs100 * {[(1+.15)% -1]/.15
FVA2 = Rs100 * 102.4436
FVA2 = Rs10,244.36

PRESENT WORTH ANALYSIS
e One of the easiest ways to compare mutually exclusive alternatives is to resolve their consequences
to the present time.

e Present worth analysis is most frequently used to determine the present value of future money

receipts and disbursements.




e It would help us to determine a present worth of income producing property, like an oil well or an
apartment house. If the future income and cost are known, then using a suitable interest rate, the
present worth of the property may be calculated.

e It provides a good estimate of the price at which the property could be bought or sold.

In present worth analysis, careful consideration must be given to the time period covered by the analysis.
Usually the task to be accomplished has a time period associated with it. In that case, the consequences of
each alternative must be considered for this period of time which is usually called the analysis period.
There are different analysis period situations that are encountered in economic analysis problems:

e Useful life of each alternative is same

e Useful lives of alternatives are different

Single payment present worth factor:

The single payment present worth factor is used to determine the present worth of a known future
worth (F) at the end of “n” years at a given interest rate ‘7’ per interest period. The present worth (P), future
worth (F) and the total interest period ,,n* years are shown in Fig. The expression for the present worth (P)

can be written as follows;
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The uniform-series present worth factor is used to determine the present worth of a known uniform series.
Let A be the uniform annual amount at the end of each year, beginning from end of year 1 till end of year
n. The known A, unknown P, and the total interest period n years are shown in Fig. The present worth (P)
of the uniform series can be calculated by considering each A of the uniform series as the future worth.
Then by using the formula in equation (1), the present worth of these future worth can be calculated and

finally taking the sum of these present worth values.

A = known
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P e End of vear (EOY)

Cash fMlow diagram for ‘known A’ and ‘unknown P’




The present worth (P) of the uniform series is given by:

A A A A A A A
P= - — + -+ —fevseesens + — + —+ -
(I+7) (I+7) (1+i)  (1+4) (I+7) (1+i) (1+7)
(2)
) — ! \7 + 4 _:'.j. 4 '_‘- 4 _‘.' ......... + A X '_'”_3'- + ‘_'"_h- =R "
P=A(l1+7) (1+7) (1+1) (1+1) (I1+7) (1+7) (I+7)" @3)

The expression in the bracket is a geometric sequence with first term equal to (1 + i)~ and common ratio
equal to(1 + i)~ . Then the present worth (P) is calculated by taking the sum of the first n terms of the

geometric sequence (at i # 0) and is given by;

i . F—QEE iy
P =4 QA+ = : -
ot 1— @A+ l
(4)
The simplification of equation (4) results in the following the expression;
P_A(1+i)”—1] .
L+ ®)

Thus if the value of A in the uniform series is known, then the present worth P at interest rate of i(per year)
can be calculated by equation (5).
Equal life span alternatives:

The comparison of mutually exclusive alternatives having equal life spans by present worth method
is simpler than those having different life spans. In case of equal life span mutually exclusive alternatives,
the future amounts are converted into the equivalent present worth values and are added to the present worth
occurring at time zero. Then the alternative that exhibits maximum positive equivalent present worth or
minimum negative equivalent present worth is selected from the available alternatives.

Different life span alternatives:

In case of mutually exclusive alternatives that have different life spans, the comparison is generally
made over the same number of years i.e. a common study period. This is because the comparison of the
mutually exclusive alternatives over same period of time is required for unbiased(impartial) economic
evaluation of the alternatives. If the comparison of the alternatives is not made over the same life span, then
the cost alternative having shorter life span will result in lower equivalent present worth i.e. lower cost than
the cost alternative having longer life span.

RATE OF RETURN
e The rate of return technique is used in selecting an alternative for a project.
¢ Inthis method, the interest rate per interest period is determined, which equates the equivalent worth
(either present worth, future worth or annual worth) of cash outflows (i.e. costs or expenditures) to

that of cash inflows (i.e. incomes or revenues) of an alternative.




e The rate of return is also known by other names namely internal rate of return (IRR), profitability
index etc.
e It is basically the interest rate on the unrecovered balance of an investment which becomes zero at

the end of the useful life or the study period.

Using present worth, the equation for rate of return can be written as follows;
PW, = PW, (1)
PW, = Present worth of cash outflows (cost or expenditure)
PW, = Present worth of cash inflows (income or revenue)
e cost or expenditures are considered as negative cash flows

e income or revenues are considered as positive cash flows.

Above Equation can be rewritten as 0 = —PW, + PW;
In the above equation the net present worth is zero. Now putting the expressions for present worth of cash

outflows and that of cash inflows in equation (1) results in the following expression

n Aot — n Are
PO + Zt=0 (1+i)t - t=0 (1+i)t (2)

Po is the initial cost at time zero

Aok is the expenditure occurring in k" year.

A is the income or revenue (profit) occurring in k" year.
The value of rate of return ir can be calculated by solving the above equation. Trial and error process for
determination of the rate of return consumes more time but gives a clear understanding of the analysis of
calculation for the rate of return.
The rate of return can also be determined by finding out the interest rate at which the net future
worth or net annual worth is zero. After determination of the rate of return for a given alternative, it is
compared with minimum attractive rate of return (MARR) to find out the acceptability of this alternative
for the project.
If the rate of return i.e. ir is greater than or equal to MARR, then the alternative will be selected or else it
will not be selected.
Example: A construction firm is planning to invest Rs.800000 for the purchase of a construction equipment
which will generate a net profit of Rs.140000 per year after deducting the annual operating and maintenance
cost. The useful life of the equipment is 10 years and the expected salvage value of the equipment at the
end of 10 years is Rs.200000. Compute the rate of return using trial and error method based on present

worth, if the construction firm“s minimum attractive rate of return (MARR) is 10% per year.

Sol: Present worth= -800000+1400003 10  —— +2220%9

k=0 (145)10 " (1410

Now the above equation will be solved through trial and error process to find out the value of i.




Since MARR is 10%, first assume a value of i equal to 8% and compute the net present worth. Now putting
the values of different compound interest factors in the expression for net present worth at i equal to 8%
results in the following;

PW = Rs.232054

The above calculated net present worth at ir equal to 8% is greater than zero, now assume a higher value of
ir i.e. 12% for the next trial and compute the net present worth.

PW = Rs.55428

For 14% of i PW=-Rs.15806

PW = Rs.55428 at ir = 12% PW = - Rs.15806 at ir = 14%

S5428

PW (Rs.)

185806

55428 —(—15806) 55428 -0

14% — 12% i —12%

On solving the above expression, the value of ir is found to be 13.55% per year which is greater than MARR
(10%).
REPLACEMENT ANALYSIS

Replacement analysis is carried out when there is a need to replace or augment the currently owned
equipment (or any asset). There are various reasons that result in replacement of a given equipment.

e One of the reasons is the reduction in the productivity of currently owned equipment. This occurs
due to physical deterioration of its different parts and there is decrease in operating efficiency with
age.

e Increase in operating and maintenance cost for the construction equipment due to physical
deterioration. This necessitates the replacement of the existing one with the new alternative.

e If the production demands a change in the desired output from the equipment, then there is
requirement of augmenting the existing equipment for meeting the required demand or replacing
the equipment with the new one.

e Another reason for replacement of the existing equipment is obsolescence. Due to rapid change in
the technology, the new model with latest technology is more productive than the currently owned
equipment, although the currently owned equipment is still operational and functions acceptably.
Thus continuing with the existing equipment may increase the production cost. The impact of rapid
change in technology on productivity is more for the equipment with more automated facility than

the equipment with lesser automation.




In replacement analysis, the existing (i.e. currently owned) asset is referred as defender whereas
the new alternatives are referred as challengers.

In this analysis the ‘outsider perspective’ is taken to establish the first cost of the defender. This
initial cost of the defender in replacement analysis is nothing but the estimated market value from
perspective of a neutral party. The current market value represents the opportunity cost of keeping the
defender i.e. if the defender is selected to continue in the service.

Sometimes, the defender is upgraded to make it competitive for comparison with the new
alternatives. The additional cost required to upgrade the defender is added to its market value to establish
the total investment for the defender. The revised annual operating and maintenance cost, salvage value and
remaining service life of the defender, which are different from the original values, are estimated at the time
of acquiring the asset.

The defender and challenger are compared over a study period. Generally the remaining life of the
defender is less than or equal to the estimated life of the challenger. When the estimated lives of the defender
and challenger are not equal, the duration of the study period has to be appropriately selected for the
replacement analysis. When the estimated lives of defender and challenger are equal, annual worth method

or present worth method may be used for comparison between defender and the challengers.

Examplel: A construction company has purchased a piece of construction equipment 3 years ago at a cost
of Rs.4000000. The estimated life and salvage value at the time of purchase were 12 years and Rs.850000
respectively. The annual operating and maintenance cost was Rs.150000. The construction company is now
considering replacement of the existing equipment with a new model available in the market. Due to
depreciation, the current book value of the existing equipment is Rs.3055000. The current market value of
the existing equipment is Rs.2950000. The revised estimate of salvage value and remaining life are
Rs.650000 and 8 years respectively. The annual operating and maintenance cost is same as earlier i.e.
Rs.150000. The initial cost of the new model is Rs.3500000. The estimated life, salvage value and annual
operating and maintenance cost are 8 years, Rs.900000 and Rs.125000 respectively. Company’s MARR is
10% per year. Find out whether the construction company should retain the ownership of the existing
equipment or replace it with the new model, if study period is taken as 8 years (considering equal life of
both defender and challenger).

Sol: For the replacement analysis the current revised estimates of the existing equipment will be used.

For existing equipment (defender),

Current market value (P) = Rs.2950000, Salvage value (F) = Rs.650000, Annual operating and maintenance
cost (A) = Rs.150000, Study period (n) = 8 years.




For new model (challenger),

Initial cost (P) = Rs.3500000, Salvage value (F) = Rs.900000, Annual operating and maintenance cost (A)
= Rs.125000, Study period (n) = 8 years.

Now the equivalent uniform annual worth of both defender (i.e. the existing equipment) and challenger
(i.e. the new model) at MARR of 10% (i.e. i = 10%) are calculated as follows;

PW 4.; = —2950000 — 150000 [(1 O - 1] + 650000

def — i(1+0)" (140"
PW,,; = —2950000 — 150000 | D’ -1 + 650000

def — i(1+ )8 (1+ )8

PW 4. = —2950000 — 150000[5.334] + 650000[0.4665]

PW o = —3500000 — 125000 [(1 D" — 1] +900000
chall = i(14 )" (1+ )"

1+0D8-1
PW pqn = —3500000 — 125000

Wlwooooo[ ! ]

(1+10)8
PW .pan = —3500000 — 125000[5.334] + 900000[0.4665]

PW span = —3746900

From the above calculations, it is observed that equivalent uniform annual cost of the defender is less than

that of the challenger. Thus the construction company should continue in retaining the ownership of the

defender against the challenger with above details.
LIFE CYCLE COSTING ANALYSIS

Life cycle cost is equal to sum of all the estimated costs associated with a product, service or system

over its life span starting from conceptual planning at the beginning to schematic design, detailed

design, construction or production, operation and maintenance till its disposal at the end of the life

span.

The concept of life cycle costing lies in designing/producing the products, services or systems with

systematic identification of both recurring and nonrecurring costs during various phases of their life

cycle and estimating the cash flows during these phases over the life cycle.




e The economic evaluation of an alternative on the basis of life cycle cost results in a detailed analysis
of the of both present and future costs and thus helps in taking the right decision regarding the
selection of the most economical alternative.

e The life span of a product, service or system depends on the different phases starting from
conceptual planning to its disposal. The end of life cycle may be governed by economic requirement
or by functional requirement and depends on specific product.

e The economic life of a product/system is normally shorter than its physical life. The product/system
may still be functional (over physical life) but may not be economical for the entire life period and
may be replaced.

e The life cycle cost increases, if the design changes are made during later stages of the life cycle.
The cost of design change increases with each stage of life cycle with lower cost during the early
stages. The flexibility in design changes during the early stages is more as compared to that in the
later stages of life cycle.

e Thus the potential for cost savings is more during the early stages of the life cycle and thus the
selection of the most economical alternative and the effective design procedure during the design
stage results in higher cost savings.

e Thus it is essential to have a detailed design of the product/system during the design stage of life
cycle and to avoid or minimize the design changes during production and operation stages of life

cycle to have a minimum impact on the life cycle cost of the product/system.

The life cycle cost analysis is more useful for selecting the alternatives for products, services or systems
having longer life periods. The economic evaluation of alternatives using life cycle cost analysis can be
carried out by finding out the equivalent worth of the each alternative by including all the cash flows
occurring over various stages of life cycle by present worth analysis and selecting the most economical

alternative that results in minimum life cycle cost.

Life Cycle Costing (LCC) analysis for energy-efficient motors:

Life Cycle Costing (LCC) analysis for energy-efficient motors involves evaluating all costs
associated with a motor throughout its entire lifespan, from purchase to disposal, rather than just the
initial purchase price. This approach helps in making informed decisions about motor selection,
considering both upfront and long-term operational costs. By comparing the LCC of different motor
options, including energy-efficient models, businesses can identify the most cost-effective solution for
their specific needs.

Key Components of LCC Analysis for Motors:
« Initial Costs:

This includes the purchase price of the motor, installation costs, and any related equipment or materials.




« Operating Costs:

This is the most significant portion of the LCC and includes the cost of electricity consumed by the
motor during its operational life. Energy-efficient motors can significantly reduce these costs due to
their lower power consumption.

« Maintenance and Repair Costs:

This includes the cost of routine maintenance, such as lubrication and cleaning, as well as the cost of any
repairs or replacements of parts during the motor's lifespan.

« End-of-Life Costs:

This includes the cost of disposal or recycling of the motor at the end of its useful life, as well as any
potential salvage value.

Benefits of LCC Analysis:

« Improved Decision-Making:

LCC analysis provides a comprehensive view of all costs, allowing for a more informed decision when
choosing between different motor options.

. Reduced Long-Term Costs:

By considering energy consumption and other operational costs, LCC can help identify motors that
offer the lowest total cost of ownership over their lifespan.

. Increased Energy Efficiency:

LCC analysis often highlights the potential cost savings associated with energy-efficient motors,
encouraging their adoption and contributing to energy conservation efforts.

. Environmental Benefits:

Reduced energy consumption through the use of energy-efficient motors can lead to lower greenhouse
gas emissions and other environmental benefits.

PAYBACK PERIOD

e Payback period refers to the period of time required to recover the funds expended in an investment.

e This method is as one of the simplest method of capital budgeting.

e This is also called as the ‘back of the envelope’ calculation method.

e The payback method simply measures how long (in years and/or in months) it takes to recover the
initial investment.

e Usually, the maximum acceptable payback period is determined by the management.

e The normal rule that is followed is that if the payback period is less than the maximum acceptable
payback period, one should accept the project whereas if the payback period is greater than the
maximum acceptable payback period, one should reject the project.

e When there are two competing projects, the project that has the lowest payback period should
be chosen.




Cost of Investment

Payback period =

annual inflow

) Cost of Investment — ACCI of lower year
payback period = lower year +

ACCI of upper year — ACCI of lower year

where; ACCI — Annual accumulated cash inflow

Merits:

1. The payback method is widely used by large firms to evaluate small projects and by small firms to
evaluate most projects.
2. ltis simple and intuitive, and considers cash flows rather than accounting profits.
3. It also gives implicit consideration to the timing of cash flows and is widely used as a supplement
to other methods such as NPV and IRR.
Demerits:

* One major weakness of the payback method is that the appropriate payback period is a number
subjectively determined by the management.
It fails to consider the principle of wealth maximization because it is not based on discounted cash
flows, and thus provides no indication as to whether a project adds to firm value or not.
» It also fails to fully consider the time value of money.
Ex 1: There are two alternatives for purchasing a concrete mixer. Both the alternatives have same useful
life. The cash flow details of alternatives are as follows; Alternative-1: Initial purchase cost = Rs.3,00,000,
Annual operating and maintenance cost = Rs.20,000, Expected salvage value = Rs.1,25,000, Useful life =
5 years. Alternative-2: Initial purchase cost = Rs.2,00,000, Annual operating and maintenance cost =
Rs.35,000, Expected salvage value = Rs.70,000, Useful life = 5 years. Using present worth method, find
out which alternative should be selected, if the rate of interest is 10% per year.
Sol: Since both alternatives have the same life span i.e. Syears, the present worth of the alternatives will be
compared over a period of 5 years.
Alternativel:
The initial cost, P = Rs.3,00,000 (cash outflow), Annual operating and maintenance cost, A = Rs.20,000
(cash outflow), Salvage value, F = Rs.1,25,000 (cash inflow).

Income Rs.1.25,000

O 1 ] 3 1 S

Time (Year) l—» | l_ l_ l -l
E:xpcnduurcl - - Vo s o i
Rs.3.00.000 /

R%.20.000

Cash flow dingrmm of Alternative 1




1+i) -1
(L\H 1.25.000 x ——
i(l+i) (1+i)

PIV, =—3.00.000 — 20,000 x

(HO'—M +1.25.000 x _

PV, =—3,00.000 — 20.000 x . -
0.1(1+0.1) (1+0.1)

PIV, = —3,00,000 — 20,000 x 3.7908 +1,25.000 x 0.6209
PW; = -3.,00,000 -75.816 + 77,613
PW, =-Rs.2,98,203

Alternative2:
The initial cost, P = Rs.2,00,000 (cash outflow), Annual operating and maintenance cost, A = Rs.35,000

(cash outflow), Salvage value, F = Rs.70,000 (cash inflow).

Rs.70.000

O 1 )

=
) - 4
Time (Year) —» I | 1 1
R<.2.00,000 \

Rs.35.000

PW,=-2,00,000 — 35,000(P/4, i, n) + 70,000(P/F, i, n)
P, =-2,00,000 — 35.000(P/4, 10%, 5) + 70,000(P/F, 10%, 5)

P, =—2.00,000— 35,000 x (i) -1 +70.000 x
i(1+7) (1+4)
1+0.1) -1

PW, :—2,00,000—35,000x( +0.1) — +70,000x ————
0.1(1+0.1) (1+0.1)

PIV, =—2.00,000— 35,000 x 3.7908 + 70,000 x 0.6209
PW>=-2.00,000 — 1,32,678 + 43,463
PW.=-Rs.2,89,215

Comparing the equivalent present worth of both the alternatives, it is observed that Alternative-2 will be

selected as it shows lower negative equivalent present worth compared to Alternative-1 at the interest rate

of 10% per year.




Ex2: Alternative-1: Initial purchase cost = Rs.300000, Annual operating and maintenance cost =
Rs.20000, Expected salvage value = Rs.125000, Useful life = 5 years. Alternative-2: Initial purchase cost
= Rs.200000, Annual operating and maintenance cost = Rs.35000, Expected salvage value = Rs.70000,
Useful life =5 years. The annual revenue to be generated from Alternative-1 and Alternative-2 are Rs.50000
and Rs.45000 respectively. Compute the equivalent present worth of the alternatives at the rate of interest
10% per year and find out the economical alternative.

Sol:

.17
Rs S0000 Rs_ 125000
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/
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300000

Cash flow diagram of Alternative-1

PW, = —300000 + 30000 x(l”—)_] +125000%x— -
i(1+7)" (1+7)
5
PW, = —300000 + 30000 x (1+0.1) _3 +125000 x ;5
0.1(1+0.1) (1+0.1)

P, = —300000 + 30000 < 3.7908 +125000 < 0.6209
PW;=-300000+ 113724 + 77613

PW1 = - Rs.108663

Rs 45000
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Time (Y ear) —hl'
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Cash flow diagram of Alternatve-2




PW, = —200000 + 10000 x w + 70000 % _

i(l+7)" (1+7)"
a3
PW, = —200000 + 10000 x (1+0.1) —1  70000x— 1
- 0.1(1+ 0.1y (1+0.1)
PW, = —200000+10000 x 3.7908 + 70000 x 0.6209

PW5=-200000 + 37908 + 43463

PW>;=-Rs. 118629
Comparing the equivalent present worth of the both the alternatives, it is observed that Alternative-1 will
be selected as it shows lower cost compared to Alternative-2. The annual revenue to be generated by the
alternatives made the difference as compared to the outcome obtained in Example-1.
Different life span alternatives:

In case of mutually exclusive alternatives, those have different life spans, the comparison is generally made
over the same number of years i.e. a common study period. This is because; the comparison of the mutually
exclusive alternatives over same period of time is required for unbiased economic evaluation of the
alternatives. If the comparison of the alternatives is not made over the same life span, then the cost
alternative having shorter life span will result in lower equivalent present worth i.e. lower cost than the cost
alternative having longer life span.

The two approaches used for economic comparison of different life span alternatives are as follows;

i) Comparison of mutually exclusive alternatives over a time period that is equal to least common
multiple (LCM) of the individual life spans

i) Comparison of mutually exclusive alternatives over a study period which is not necessarily

equal to the life span of any of the alternatives.

Ex3: The alternatives are from two different manufacturing companies for purchasing a machine. The cash
flow details of the alternatives are as follows; Alternative-1: Initial purchase price = Rs.1000000, Annual
operating cost = Rs.10000, Expected annual income = Rs.175000, Expected salvage value = Rs.200000,
Useful life = 10 years. Alternative-2: Initial purchase price = Rs.700000, Annual operating cost =
Rs.15000, Expected annual income = Rs.165000, Expected salvage value = Rs.250000, Useful life = 5
years. Using present worth method, find out the most economical alternative at the interest rate of 10% per
year.

Sol: The alternatives have different life spans i.e. 10 years and 5 years. Thus the comparison will be made
over a time period equal to the least common multiple of the life spans of the alternatives. In this case the
least common multiple of the life spans is 10 years. Thus the cash flow of Alternative-1 will be analyzed
for one cycle (duration of 10 years) whereas the cash flow of Alternative-2 will be analyzed for two cycles
(duration of 5 years for each cycle). The cash flow of the Alternative-2 for the second cycle will be exactly

same as that in the first cycle.




Rs.175000 Rs.200000

0 Tl T:’ T3 T R TS TG T 7 TS 9 10
Time (Year) —DJ : -
Rs.1000000{ \

Rs.10000

Cash flow diagram of Alternative-1

1+i)" -1
PW1 = -1000000 + (175000 — 10000) l( T On l + 200000 [(1 L)"]
PW, = — 1000000 +165000 x6.1446 +200000 =< 0.3855
PW;=-1000000 + 1013859 + 77100
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Cash flow diagram of Alternative-2 for two cycles
1+" -

1 1
PW2 = —-700000 + (165000 — 15000) l + (700000 — 250000) [m]

i(1+

+ 250000 [(1 )10]

PW, =— 700000 +150000 x6.1446 — 450000 x0.6209+250000x0.3855

PW,=-700000 + 921690 - 279405 + 96375
PW>;=Rs.38660
Thus from the comparison of equivalent present worth of the alternatives, it is evident that Alternative-1

will be selected for purchase of the compression testing machine as it shows the higher positive equivalent

present worth.




Net Present Value (NPV) method:

Net Present Value (NPV) is a financial
metric used to evaluate the profitability of
an investment or project. It calculates the
difference between the present value of
cash inflows and the present value of cash
outflows over a period of time.

It helps determine whether an investment
will generate more value than its cost.

It accounts for the time value of money —

The formula for NPV is:

T

Cy
NPV =) iy

t=0

Where:
» (4 = net cash flow at time ¢ (inflows are positive, outflows negative)
¢ 7 = discount rate (cost of capital or required rate of return)
¢ t = time period (starting at 0 for the initial investment)

¢ 71 = total number of periods

meaning money today is worth more than the same amount in the future.

It supports decision-making by showing the expected net gain or loss in today’s terms.

Steps:

e Identify all cash inflows and outflows for each period.

e Choose the appropriate discount rate (reflecting the risk and opportunity cost).

e Discount each cash flow back to its present value.

e Sum all discounted cash flows.

Interpret the result:

If NPV > 0: The project is expected to add value and is financially viable.

If NPV = 0: The project breaks even.

If NPV < 0: The project is expected to lose value and should be rejected.

Example:

Suppose you invest $1,000 today (time 0) in a project that will generate $400 annually for 3 years

discount rate is 10%, the MNPV is:

NPV = —1000 +

Calculate each term:

e Year 1: 20U _ 353 .64

1.10
*  Year 2: % — 330.58
s  Year 3: % — 300.53

Sum:

400 400 400
(1+010) " (110102 " (1+0.10)7

NPV — —1000 + 363.64 + 330.58 V,00.53 = —1000 + 994.75 — —5.25

Since NPV is slightly negative, the project would not be considered a good investment at a 10% discount

rate.




NPV Method for Power Factor Improvement:

Steps:

1. Initial Investment: Cost of purchasing and installing power factor correction equipment
(capacitors, controllers, etc.).

2. Cash Inflows (Annual Savings):

o Reduction in electricity bills due to lower demand charges.

o Avoided penalties or surcharges.

o Possible incentives or rebates from the utility company.
3. Project Life: Expected useful life of the equipment (usually several years).
4. Discount Rate: Your company’s required rate of return or cost of capital.
5. Calculate NPV:

o Discount the future annual savings back to present value.

o Subtract the initial investment.

o If NPV >0, the project is financially beneficial

NPV for Lighitng
How to calculate NPV for a lighting project:

1. Initial Investment: Cost of buying and installing the new lighting system.

2. Annual Savings: Reduction in electricity bills due to lower power consumption.
3. Project Life: Expected lifespan of the new lighting system (often 5-10 years).
4. Discount Rate: Your required rate of return or cost of capital.
5

Calculate NPV using the formula:

!

NPV — —Initial Investment + Z
-1

Annual Savings
(1+7)t

LIFE CYCLE COSTING ANALYSIS- LIGHTING

There is lack of awareness of the fact that the variable costs (operation costs), especially the energy
costs of a lighting installation during the whole life cycle, are mostly the largest part of the total costs, and
that proper maintenance plans can save a lot of energy during the operating phase of the installation.

Due to this lack of awareness in common practice, life cycle costs (LCC) and maintenance plans
are very seldom (rarely) put into practice. The calculations show that the management of LCC in the design
phase can change the evaluation of different lighting solutions significantly. This adds weight to the energy
aspects and thus influencing the final decision of the client to more energy efficient lighting solutions.

Long term assessment of costs associated with “lighting and daylighting techniques Fontoynont
(2009)” has studied financial data leading to the comparison of costs of various daylighting and lighting




techniques over long time periods. The techniques are compared on the basis of illumination delivered on
the work plane per year.

The selected daylighting techniques were: roof monitors, fagade windows, borrowed light windows,
light wells, daylight guidance systems, as well as off-grid lighting based on LEDs powered by
photovoltaics. These solutions were compared with electric lighting installations consisting of various
sources: fluorescent lamps, tungsten halogen lamps and LEDs
General results of the study were:

— Apertures (openings) in the envelope of the building are cost effective in directing light in the peripheral
spaces of a building, mainly if they are durable and require little maintenance.

— Daylighting systems aimed at bringing daylight deeply into a building are generally not cost effective,
unless they use ready-made industrial products with high optical performance and low maintenance, and
collect daylight directly from the building envelope.

— Tungsten halogen lamps, when used continuously for lighting, are very expensive and need to be
replaced by fluorescent lamps or LEDs.

— Depending on the evolution of performance and costs of LEDs and photovoltaic panels, there could
also be options to generalize lighting based on LEDs and possibly to supply them with electricity generated
directly from photovoltaic panels.

Life Cycle Costing Analysis for Power Factor Improvement
Power factor improvement projects typically involve installing capacitors or other corrective devices to
reduce reactive power, which leads to energy cost savings and avoids penalties.

Purpose of LCC Analysis
To evaluate the total cost and savings associated with power factor improvement over the entire useful
life of the equipment, including:

« Initial purchase and installation costs

o Energy savings due to improved power factor
e Operation and maintenance costs

o Replacement costs (if any)

« Disposal or salvage value

Steps in LCC Analysis

1. Identify Initial Investment Costs
« Purchase price of capacitors or power factor correction equipment
« Installation and commissioning expenses

2. Estimate Annual Operating Savings
e Reduction in electricity bills (primarily due to decreased demand charges and penalties)
o Lower utility surcharges for poor power factor

3. Calculate Annual Maintenance Costs
« Routine inspection and servicing of capacitors or equipment
o Costs for repairs or minor replacements

4. Account for Replacement Costs
« Capacitors and related equipment may have a lifespan shorter than the project life
o Plan for replacements during the project life cycle




5. Consider Disposal or Salvage Costs

o Costs or revenues from disposal or salvage at the end of life
6. Determine Project Life

o Typically 7-10 years or based on equipment warranty and expected lifespan
7. Choose Discount Rate

« Reflects cost of capital or desired rate of return

RETURN ON INVESTMENT
e Return on investment (ROI) is a measure that investigates the amount of additional profits produced
due to a certain investment.
e Businesses use this calculation to compare different scenarios for investments to see which would
produce the greatest profit and benefit for the company.
e This calculation can also be used to analyze the best scenario for other forms of investment, such as
if someone wishes to purchase a car, buy a computer, pay for college, etc.
The simplest form of the formula for ROl involves only two values: the cost of the investment and the gain

from the investment. The formula is as follows:

Gain from Investment — Cost of Investment
x100

ROI (%) =

Cost of Investment

The ratio is multiplied by 100, making it a percent. This way, a person is able to see what percentage of
their investment has been gained back after a period of time. Some, however, prefer to leave it in decimal

form, or ratio form.




