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LEARNING OBJECTIVES

After studying this unit, you will be able to:
 Understand the meaning of the Time Value of Money (TVM)
 Explain the concept of compounding and discounting
 Calculating the Future Value and Present Value of cash flow
 Take financial and capital budgeting decisions
1.1

INTRODUCTION

As you know, money is the most important thing in our life. It is difficult to live
without money at present. We can fulfil most of our wants with the money. Money or
moni7es worth plays a pivotal role in our day to day life. Hence, it is essential to
understand the basics of money. Money has its value, which varies from time to time.
The face value of money remains constant over some time but the real value varies
from time to time. The Time Value of Money recognizes the value of money at
different points in time.
‘Time Value of Money’ (TVM) has greater importance in the financing function
of any business as well as in personal finance. It assumes importance because of the
uncertain future. The fact is that a rupee in hand today is more valuable than tomorrow.
In the area of financial decision making, the Time Value of Money is an essential
factor. Time Value of Money is required for many purposes such as capital budgeting
decisions, investment decisions and other managerial decisions. Various other factors
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such as cash flows, interest rate, compounding and discounting are also necessary for
understanding the concept of the Time Value of Money.
1.2

TIME VALUE OF MONEY

Time Value of Money is the most important concept in finance, which explains that the
value of a certain amount of money held today is more valuable than its value on a
future date. The difference between the values of a certain amount of money today and
on a future date due to its potential earning capacity is called the time value of money.
This value is affected by various factors such as interest rate, inflation, productive use
of money etc. Without estimating the time value of money, it is difficult to take an
appropriate financial decision.
For example, if anyone offers you ₹ 1,000 after one month for a loan of ₹1,000 received
from you today. Would you agree with the proposal? Absolutely no, because the ₹1000
receivable after one month is not equal to the present value of the same ₹ 1000 given
today. The same amount of money has a different value at different times. We can use
the compounding and discounting factors to estimate the future value of a present cash
outflow or the present value of future cash inflows. This is due to the potential earning
capacity of money at a certain rate of interest. The present value of the amount of ₹
1

1000 received after 1 year @ 10% interest rate is ₹ 909.09 i.e. S((1+𝑖)𝑛) , which is ₹
90.91 less than the present value of ₹ 1000. Hence, you should not accept the offer, as
there is a potential loss of ₹ 90.91 due to the Time Value of the Money.
1.2.1 Concept of Time Value of Money
In simple words, the Time Value of Money refers to a certain amount of money now
worth more than tomorrow due to its opportunity cost. Money can grow by investment,
which gives us the income or return. If the investment is delayed, it assumes that the
opportunity was lost. It is presumed that a wise investment multiplies the money’s
worth. TVM helps us to take appropriate investment decisions in our day to day life. It
also helps with financial decision making in business. Before starting a new project, the
proper analysis should be done using the time value of money to reduce risk, and
uncertainty and to beat inflation. Before a complete understanding of TVM, we have to
understand some basic concepts such as cash flow, cash out flow, cash inflow, interest,
discounted cash flow, present value and future value. These concepts are briefly
discussed as follows.

Odisha State Open University, Sambalpur

Page 4

 Cash flow: Cash flow is a single sum or a series of payments incurred over a
specified period with some specific objectives. It is of two type’s cash inflow
and cash outflows. Again, cash flows are also found in different forms such as
single cash flow, series cash flow, even and uneven cash flow, mixed cash flows
etc.
 Cash Inflow: Inflow of cash refers to the receipt of a certain amount of cash
from different investments at a certain point in time. It is the amount received
by an individual or an organization out of the investment made by them in
different assets/projects. Generally, cash inflow occurs over a future period or at
a particular period.
 Cash Outflow: Cash outflow refers to the amount invested by an individual or
an organization in a project/asset. It is the amount of initial payment made by an
organization or individual for the acquisition of assets or starting a project. It
may be of a single payment or a periodic payment.
 Interest: Interest is the reward or return on investment by the investor or lender.
It is the most crucial aspect of the Time Value of Money. Without considering
the interest rate on investment, it is difficult to access the real-time value of
money of the future cash inflows. The interest rate may be simple or compound,
which is charged by the lender to the borrowers at a particular rate.
 Simple Interest: Simple interest is very easy to calculate but it has limited use
in TVM. It can be calculated by the formula SI=

𝑃𝑇𝑅
100

or SI=Pin. Where, P =
𝑹

Principal, T or n = Time periods, R= Interest Rate and i = 𝟏𝟎𝟎 .
 Compound Interest: Compound interest is the mostly accepted interest in
TVM. Under this interest system interest on the interest, the amount is
calculated in subsequent years. Under this system amount of interest is more
than simple interest. The formula for the calculation of compound interest is
𝑟
C.I.=Amount – Principal and Amount=P(1+100)n or Amount = P(1+i)n where,
P = Principal, r = interest rate, n = 𝑟⁄100. For example: if ₹ 5000 is invested for
2 years at a compound interest rate of 12%. Calculate Compound interest and
amount thereon. Here, A = P (1+ i)n, Hence, Amount = 5000 (1+ 0.12)2 or 5000
(1.2544) = 6,272. Hence, the compound interest is ₹6,272 – 5,000 = ₹1272.
Similarly, in simple interest it is SI=

𝑃𝑇𝑅
100

or

5000 x 2 x 12
100

= ₹1,200. So, there is

a difference of ₹ 72 (1272-1200) between the two methods.
 Discounting cash flow: A future cash flow may be discounted to get its present
value and to make a decision about a project. It is widely used in the Time
Value of Money. It can be calculated by applying the formula of DCF =
CF1

+ (1+𝑖)2 + …… +

CFn
(1+𝑖)𝑛

CF1
(1+𝑖)1

. Where, DCF = Discounted Cash Flow, CF = Annual
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cash flow, i = Interest rate. n = time. If the discounted cash flow is more than
the present value of cash outflow, then the project may be accepted.
 Present Value (PV): Present value of any amount refers to the value at present,
which the real value or face value of that amount is held today. However, the
present value of a future cash flow is the discounted value of the amount
received in future at a certain interest rate. The present value of a certain amount
received in future is always less than that amount due to its discounting factor.
The formula for calculating the present value of a future cash flow is PV =
𝐴
(1+𝑖)𝑛

(where A = Amount, i = interest rate and n = time in years). For example,

present value of ₹ 1,000 received after one year at 10% interest is ₹ 909.09. (i.e.
1000

10

PV = (1+0.1)1 where A=₹1,000, i=100=0.1and n=1)
 Future Value (FV): Future value is just the opposite of Present Value. It is
always higher than the present value of a certain amount due to the
compounding factor. Formula for calculating Future Value is FV = P (1+i)n ,
where P = Principal of Present value of initial cash outflow, i = interest rate and
n = number of years (time). For example ₹ 1,000/- invested today at a 10%
𝟏𝟎

interest rate for one year will yield ₹ 1,100/-. (Where P =₹1000, i=𝟏𝟎𝟎=0.1 and
n=1).
The above concepts are very helpful to understand TVM. Cash flows and discounting
are the central concepts of TVM. While taking an appropriate decision the future cash
flow should be discounted with an appropriate discount rate to find out its present value
and when the discounted present value is greater than the initial cash out flow, the
project may be accepted.
For instance, if an investor has two options for investment as project A and projects B.
Project A offers ₹ 58,000/- after 2 years and project B offers ₹ 61,000/- after 3 years out
of an initial cash outflow of ₹ 50,000/-. In this case, it is difficult to decide the best
project between the two, as both are having of different times and amounts. We can
take the help of the time value of money to take an appropriate decision under such
circumstances.
Solution: Let the prevailing interest rate is 7%, the initial outflow is ₹50,000/- in both
case and the time is 2 years in 1st project and 3 years in project B. Inflow of cash in
project A is ₹58,000 and project B is 61,000/-. We have to calculate the present value
of both projects and compare them.
PROJECT: A
𝐴

Present Value-= PV = (1+𝑖)𝑛

7

(Where A=₹ 58,000, n = 2 years, and i=100 = 0.07)
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PV =

58000
(1+0.07)2

=

58000
1.1449

= ₹50,659/-

PROJECT: B
𝐴

Present Value-= PV = (1+𝑖)𝑛
PV =

61000
(1+0.07)3

=

61000
1.225

7

(Where A=₹ 61,000, n = 3 years, and i=100 = 0.07)

= ₹49,796/-

Under such circumstances, it is wise to accept project A, as its discounted present value
is ₹659/- higher than the initial cash outflow of ₹ 50,000/- and project B is summarily
rejected as its discounted cash flow is less than the initial cash out flow.
1.2.2 Importance of Time Value of Money
Time value of money (TVM) is the central concept of all financial decisions. It signifies
the value of a certain sum over a different point in time. It uses the compounding and
discounting concept to the ascertainment of the time value of money. For the estimation
of the future value of a sum of money, the compounding method is used and to find out
the present value of a future cash flow discounting concept is used. Important reasons
for which people use the time value of money are to find out better investment
opportunities based on the discounting factor, to beat inflation causing declining in the
purchasing power of money over time and to alleviate the uncertainty and risk
associated with cash flows.
 Choosing a better investment opportunity: TVM plays a significant role in
choosing a better investment opportunity from the alternatives. To decide about
the best investment option from the choices, factors of TVM are applied such as
time, rate of interest and opportunity cost etc. Discounted cash flow (DCF)
techniques are applied to find out the best investment prospects. Net Present
Value (NPV) is one of the best DCF techniques for investment project
evaluation.
 Beat inflation: Time value of money is very essential to overcome inflationary
pressure. Inflation refers to the rising price level in the market. Hence, to
purchase an article in the future date we need more money than what is required
today due to decreasing in the real value of money in future. Time value of
money helps us to decide about the investment avenue, which beats the inflation
rate in the market.
 Alleviation of risk and uncertainty: TVM also reduces the risk and
uncertainty in the capital and money market through systematic investment
decisions. The timely decision can help us to mitigate the risk of any financial
loss in the market.
 Determination of Interest rate: TVM helps to estimate the real interest rate
required to generate from the investment by using the future and the present
value of the investment. The real interest rate and nominal interest rate are
Odisha State Open University, Sambalpur
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estimated by considering the inflation rate, risk and uncertainty and opportunity
cost.
 Time feasibility factor: Time value of money helps to estimate the time
required for the return of invested amount at a specific rate. It is called a
payback period or discounted payback period. The payback period is the time
preference required to reach an investment at a breakeven point.
Besides these above reasons, many other reasons are there for which TVM is used by
the individual people and organizations for decisions making. An effective and timely
financial decision helps us to multiply our income in future.
1.3

FUTURE AND PRESENT VALUE CONCEPT

Future Value (FV) refers to the value of a certain investment or asset on a
future date. It is estimated with an assumed growth rate in prevailing market conditions.
It is very much important for investors and financial planners. Considering the time
value of money, the accumulated future value must overcome the market inflation as
well as the normal rate of return. When making financial or investment decisions, the
future value concept is worthwhile. We have to estimate how much money is needed at
a certain point time in future with a certain amount at present, accordingly investment
avenues will be chosen. [Future Value (FV) = Present Value (PV) – Interest rate (r).
Again, the interest rate charged to calculate future value may be of two types,
Simple Interest (SI) and Compound Interest (CI). Simple interest accumulated with the
formula SI= Pti or

𝑃𝑡𝑟
100

, where interest is always calculated on Principal Amount. On

the other hand, compound interest refers to the calculation of interest on interest plus
principal for the subsequent years. The formula for calculating the compound interest is
𝑟
Amount – Principal and the Amount =P (1+100)n. The accumulated interest under
compounding is more than the simple interest. Hence, it is preferable to use compound
interest for the calculation of future value.
For Example, Suresh required ₹15,000 after 5 years for which he is interested to
invest ₹10,000/- at present. He has to choose any one investment option from the
available alternatives. If available options are saving deposit @ 3% per annum, fixed
deposit @ 6% per annum, PPF @ 8 % per annum, debentures @ 9% per annum etc.,
which one should be accepted for investment? Again, interest is offered in a simple rate
or compounding rate, also taken into consideration. The following table shows the
future value of ₹ 10,000/- invested in different opportunities.
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Table 1: Calculation of Future Value of different investment.
Investment
Initial
Interest Time in FV with SI FV with
Options
Investment
Rate
Years
*
CI**
Saving Deposit ₹10,000
3%
5 Years
₹11,500
₹11592.74
Fixed Deposit
₹10,000
6%
5 Years
₹13,000
₹13382.26
PPF
₹10,000
8%
5 Years
₹14,000
₹14,693.28
Debenture
₹10,000
9%
5 Years
₹14,500
₹15,386.24
* SI= Pti, Amount = Principal + Interest
** FV = P (1+i)n
It is concluded from the above table that, investing in debenture @ 9% will
produce a desired future value of ₹ 15,386.24. Hence, it will be selected for investment.
Future Value (FV) can be calculated by using the Excel function (Syntax) as
follows.
FV(rate, nper, pmt,[pv],[type])
Where,
Rate: Interest rate %.
Nper: Number of payment periods.
Pmt: Payment made in each period
Pv: present value, (If PV is omitted, it is assumed to be 0 (zero)).
Type: (If type is omitted, it is assumed to be 0)
Figure 1: Calculation of Future Value using Excel

# FV calculated using Excel ₹10,000. Where, PV ₹10,000, Rate= 9% and number of
periods 5.
Odisha State Open University, Sambalpur
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Under this system of investment decision making, the ordinarily compound
interest rate is applied. It is easy to find out the future value by using the MS Excel
platform.
Present Value (PV) is the just opposite of the future value (FV), which tells
about the discounted value of future cash inflows. It helps an investor to decide about
accepting or rejecting an investment. Without estimating the present value of any
investment proposal, it is difficult to take decisions.
The present value of a future cash flow can be obtained by the formula, PV =
𝐴
(1+𝑖)𝑛

where PV is the present value, A is the amount of cash flow received in future, i

is the interest rate. The process of finding present value is called discounting. The
below table shows the calculation of the present value of the projects having a single
cash flow after a specific period.
Table 2: Calculation of Present Value of future cash flows.
Investment
Initial out Interest/
Time in Future
Discounted
Options
flow
Discounting
Years
cash
PV
Rate
inflow
Investment 1
₹10,000
7%
3 Years
₹12,500
₹ 10,203.72
Investment 2
₹10,000
7%
4 Years
₹13,500
₹ 10,299.09
Investment 3
₹10,000
7%
5 Years
₹14,300
₹ 10,195.70
Investment 4
₹10,000
7%
6 Years
₹15,000
₹ 9,995.13
𝐴
 PV = (1+𝑖)
𝑛

In the above table, four different investment options are analysed to find out the
best investment, where the interest rate remains the same with a different period. It is a
case of a single cash flow at a particular future period. This table shows that investment
option- 2 is the most profitable investment having a higher Present Value of ₹
10,299.09. Hence, we accept the investment 2. This calculation can also be done with
the help of the M S Excel spread sheet by using the following formula.
Excel Function of Present Value:
=PV (rate, nper, pmt, [fv], [type])

Where,
RATE = Rate of Interest
NPER = Number of Payment Periods
PMT = Payment Amount (If Omitted—It’s Assumed to Be 0 And FV Must be
Included)
[FV] = Future Value (Cash Inflow) Of the Investment
[TYPE] = When Payments are made (0, Or Omitted—End of the Period, Or 1—At the
beginning of the period)
Odisha State Open University, Sambalpur
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Figure 2: Calculation of Present Value using Excel

Present value is the most important aspect of (financial decision making), which
help to understand and select an investment project.
1.4

COMPOUNDING AND DISCOUNTING

Under the Time Value of Money (TVM), the concept of compounding and
discounting is very important. Compounding helps to ascertain the future value of an
amount at a certain rate of interest. Whereas, discounting helps to know the present
value of a future cash flow. Both concepts are very much essential in the estimation of
TVM. Compounding helps us to multiply the money we have with us at present in a
future date. Discounting reduces the value of a future cash flow with an appropriate
discounting rate. Suppose, you invest ₹10,000/- in a project for 3 years and you
required a 9% return on investment compounded annually than the future value after 3
years will be ₹ ₹15,386.24. Here the difference of ₹ 5,386.24 is due to the
compounding effect. On the other hand, ₹15,386.24 will be received after three years is
discounted @9 % pa will value at the present value of ₹ 11,881.00, which is due to the
discounting effect.
Both points are discussed in the following sections.
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Figure 3: Present Value and future value of compounding and discounting.

The above figure shows the relation between compounding and discounting with
present value and future value. Always future value is higher than present value.
1.4.1 Compounding
Compounding is a mechanism by which the interest of investors is added to the
principal amount at the end of each period. In the subsequent period, interest is
calculated on the interest + principal amount. It multiplies the income faster than the
simple rate of interest. People choose the compound rate of interest over the simple rate
of interest in calculating TVM because of its characteristics of generating income on
income or interest on interest. For example; ₹ 1000/- invested @ 10% per annum for 3
years will produce ₹ 1,300/- [1000 + (1000 x 3 x 0.1)] under simple rate of interest and
10

₹ 1,331/- under compound interest [Amount=P (1+100)3]. It is observed that the
compound interest produces ₹31 more than that of simple interest on ₹ 1000/- at a 10%
interest rate for 3 years. Hence, compounding is more powerful than simple interest.
The following table shows the series of interest calculations in simple interest and
compound interest and the difference between the two. The difference between the two
for the 1st year is nil but increased year by year from the 2nd year onwards. In the 10th
year, the difference is ₹ 1545.56, which is a big amount of difference. The interest will
increase with time.
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Table 3: Comparative statement of the compound and simple interest
Principa Year Int.
Amount
in Amount in Simple Difference
l (₹)
s
Rate
Compound
Interest
Interest
₹1000
1
15%
₹ 1,150.00
₹1150.00
₹0
₹1000
₹1000
₹1000
₹1000
₹1000
₹1000
₹1000
₹1000
₹1000

2
3
4
5
6
7
8
9
10

15%
15%
15%
15%
15%
15%
15%
15%
15%

₹ 1,322.50
₹ 1,520.88
₹ 1,749.01
₹ 2,011.36
₹ 2,313.06
₹ 2,660.02
₹ 3,059.02
₹ 3,517.88
₹ 4,045.56

₹1300.00
₹1450.00
₹1600.00
₹1750.00
₹1900.00
₹2050.00
₹2200.00
₹2350.00
₹2500.00

₹ 22.50
₹ 70.88
₹ 149.01
₹ 261.36
₹ 413.06
₹ 610.02
₹ 859.02
₹ 1167.88
₹ 1545.56

*Calculated through M S Excel spread sheet.
The above table shows the power of compounding in comparison to simple interest.
The table shows the series of income earned by ₹ 1000 over 10 years @ 15% interest in
both compound interest and simple interest. Compound interest earns ₹1545.56 more
than the SI interest rate.
Compounding Frequency
Compounding refers to the charging of interest on interest plus principal.
Simply, under compounding interest of the previous period is added to the principal
amount for the calculation of interest of the current period. But the question arises,
what is the period for which interest is calculated and compounded. The period of
interest calculation may vary from time to time and project to project. It may be
compounded monthly, quarterly, half-yearly or yearly. Under different compounding
periods, the effective interest rate will differ. Hence, the frequency of compounding
affects the decision of the time value of money under different circumstances.
Table 4: List of formulas for calculation of compound interest
Sl. No.

Compounding
frequency

Formula of
Calculation

01

Annual

Amount = P(1+i)n

02

Half yearly/ Semi Amount = P(1+ 𝒊 )2n
𝟐
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Interest

Int. = P[(1+i)n-1]
𝒊

Int. = P[(1+𝟐)2n-1]
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annual
𝒊

03

Quarterly

Amount = P(1+𝟒)4n

04

Monthly

Amount = P(1+𝟏𝟐)12n

05

Weekly

Amount = P(1+𝟓𝟐)52n



𝒊

𝒊

𝒊

Int. = P[(1+𝟒)4n-1]
𝒊

Int. = P[(1+𝟏𝟐)12n-1]
𝒊

Int. = P[(1+𝟓𝟐)52n-1]

Where, P = Principal, I = Interest, n = Number of years.

Besides, these frequencies and other compounding frequencies may be
calculated as per requirements such as bi-monthly, daily etc. The formula for the
calculation of these time frames is adjusted accordingly.
1.4.2 Discounting
Discounting refers to finding out the present value of a future cash flow with an
appropriate discount rate. It is the reverse of compounding. Under Time Value of
Money, discounting plays a vital role. It also helps us in financial decision making. If
you are interested in the comparison of the value of a certain amount of money at two
different points of time, you need discounting technique. Discounting technique is
widely used in financial decision making. It is also used in capital budgeting. The
interest rate used for discounting is known as the discount rate. Higher the discount
rate, lower the present value and vice versa. Hence appropriate or effective discount
rate may be ascertained by taking into consideration the normal rate of interest
prevailing in the market.
For better understanding let’s discuss an example better understanding of
discounting technique. Suppose, one offers you ₹ 15,000/- after 4 years or ₹ 10,000/- at
present which would you prefer, where the normal rate of return is 9%. The present
value (discounted value) of ₹ 15,000/- received after 4 years @ 9% pa is ₹10,626.38,
(PV =

𝐴
(1+𝑖)𝑛

) which is ₹626.38 more than the ₹10,000/- offered at present. Hence

₹15,000/- after 4 years is the best offer. Discounting technique is also the same as the
Present Value (PV) technique.
Discounting technique applies to different types of problems to get the desired
result. They are as follows.
i.
ii.

Discounting of single cash flow.
Discounting of a series of multiple cash flows of equal or unequal amounts.
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Discounting of single cash flow:
Discounting or Present Value of a single cash flow refers to the finding out the present
value of a future one-time single cash flow. To find out the discounted value or Present
Value following formula is applied i.e. (PV =

𝐹𝑉
(1+𝑖)𝑛

), where PV = Present Value, i =

discounting rate and n = number of periods in years. Let, Ratan has ₹ 15,000/- to invest
and her friend suggested an investment plan which, yield ₹21,000 after 3 years.
Discounting of a single cash flow method is required to apply in this case.
Solution: Here FV= 21,000
i = 10% or 0.01
n = 3 years
𝐹𝑉

PV =(1+𝑖)𝑛 =

21000
(1+0.1)3

=

21000
1.331

= ₹15,777.61

The calculated present value is ₹15,777.61, which is ₹777.61 more than the present
value of cash outflow. Hence, the proposal may be accepted.
Discounting of a series of multiple cash flows:
The present value or discounted value of a series of multiple cash flows of equal or
unequal amounts can be ascertained with the help of the following formula.
𝐶

𝐶

1
2
PV = (1+𝑖)
1 + (1+𝑖)2 +

𝐶3
(1+𝑖)3

+

𝐶4
(1+𝑖)4

+ ……+

𝐶𝑛
(1+𝑖)𝑛

Or
PV = C1 (PVF1) + C2 (PVF2) + C3 (PVF3) + C4 (PVF4) + ……… Cn (PVFn)
Where,





PV = Present Value of a series of cash inflows.
C1, C2, C3…..Cn = Future cash inflows of the different periods.
i = interest rate or discounted rate.
PVF1,2,3…n = Present Value Factor of different cash inflows. ( Value obtained
from present value factor table)

For example, A project costs ₹ 3,000/- expected to generate cash inflows of ₹ 1200,
₹1100, ₹1000 and ₹ 900 at the end of each year consecutively. Calculate the discounted
value or present value of the project if the discount rate is 10%.
Odisha State Open University, Sambalpur
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Solution:
Project cost= ₹ 3,000/-, i = 10%,
1200

1100

PV = (1+0.1)1 + (1+0.1)2 +
=

1200
1.1

+

1100
1.21

+

1000
1.331

1000
(1+0.1)3

+

+

900
(1+0.1)4

900
1.4641

= 1090.90 + 909.09 + 751.31 + 614.71
= ₹ 3366.01
Or PV = 1200 x 0.9091 + 1100 x 0.8264 + 1000 x 0.7513 + 900 x 0.683
= 1090.9 + 909.09 + 751.31 + 614.71 = ₹ 3,366.01
The calculated discounted present value of this project is ₹ 3366.01, which is ₹ 366.01
more than the present cash outflow. Hence, the project may be accepted.
Difference between Compounding and Discounting
Both the compounding and discounting techniques are essential for financial
decision making. Compounding is applicable for the calculation of the Future Value of
an investment at a certain interest rate, whereas Discounting is applicable for the
calculation of the Present Value of a future cash flow at a certain discount rate. The
main difference between compounding and discounting are as follows.
Table: Difference between Compounding and Discounting
Basis
Meaning

Concept

Use
Technique
Objectives
Formula

Compounding
This method is used to ascertain
the Future Value of the present
investment at a required rate of
interest.
It tells about the future value of a
certain amount invested at
present.
of Compound interest rate
To find Future Value
FV = P(1+i)n

Discounting
This method is used to find out
the Present Value of future cash
inflows at a certain discount
rate.
It tells about how much money
is required to be invested today
to get a certain amount in future.
Discounting rate
To find Present Value
A

PV = (1+i)n

Compounding and discounting are just opposite to each other where
compounding helps to find out the Future Value and discounting helps to find out the
Present Value. Hence, the reverse of compounding is called discounting. We can also
find the future value or present value of an investment by using the present value/future
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value factor table by simply multiplying the corresponding factor with the number of
cash flows. The corresponding factor can be obtained from the table at the intersection
of interest rate and period. This is very important for our day to day financial decisions
as well as business decisions.
1.5

CAPITAL BUDGETING

The investment decision of a business firm is ordinarily known as a capital
budgeting decision. However, the firm decides to invest in the long term assets in
expectation of receiving a series of future benefits. A firm’s long term decisions are
generally based on the acquisition, expansion, replacement and modernization of the
long term assets. The main features of investment decisions are the exchange of current
assets for the generation of future benefits. Funds in capital budgeting are likely to
invest in long term assets only which generate future income in terms of cash or its
equivalent. Capital budgeting uses the time value of money for analysing the
opportunity cost involved in it. All the techniques of capital budgeting techniques do
not require the time value of money, except discounted cash flow techniques. Nondiscounted cash flow such as the payback period does not require TVM.
Here are some discounted cash flow techniques which use the time value of money
concept.
1. Net Present Value (NPV)
2. Internal Rate of Return (IRR)
3. Profitability Index (PI)
They are discussed as follows with suitable examples.
1.5.1 Net Present Value (NPV)
Net Present Value is discounted cash flow technique used to evaluate
investment decisions. Net present value is the difference between the discounted
present value of future cash inflows minus the present value of cash outflow or initial
investment. Under this technique, a project may be accepted when NPV is positive.
This technique explicitly acknowledges the time value of money. The steps involved in
the calculation of NPV are as follows.



Future cash flows from the project should be estimated with realistic
assumptions.
A suitable discount rate should be fixed by considering the opportunity cost
of capital or the expected rate of return under equivalent risk.
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Calculate the present value of future cash inflows with the agreed discount
rate.
Calculate net present value by deducting the present value of cash outflows
from the present value of future cash inflows.
Accept the project if the net present value (NPV) is positive. (i.e., NPV > 0)

The formula for single cash inflow from the investment project.
𝑪

NPV = (𝟏+𝒊𝟏 )𝒏 – 𝑪𝟎
Where:
i = Discounting rate
n = Number of years
C1= Cash inflow
C0 = Cash outflow
The formula for multiple cash inflows from the investment project.
𝑪

𝑪

𝑪

𝑪

NPV = [(𝟏+𝒊𝟏 )𝟏 + (𝟏+𝒊𝟐 )𝟐 + (𝟏+𝒊𝟑 )𝟑 + ⋯ + (𝟏+𝒊𝒏 )𝒏 ] - C0
Where:
i = Discounting rate
n = Number of years
C1, C2, C3 ….Cn = Net cash inflows in the year 1, 2, 3…..,n
C0 = Initial cash outflow
Acceptance rule of NPV
 When NPV > 0 → Accept the project.
 When NPV < 0 → Reject the project.
 When NPV = 0 → May accept the project.
Illustration: Calculation of NPV of multiple cash flows.
A project cost at present of ₹ 13,000/- is expected to generate ₹4,500/-, ₹5,600/and ₹6,700/- at the end of each year for the next three years. The discounting rate is
assumed to be 10% p.a. Calculate the NPV and decide about the acceptance of the
project.
Solution: Here: C1= 4,500, C2 = 5,600, C3 =6,700, C0 =13,000, i =0.1
𝟒𝟓𝟎𝟎

𝟓𝟔𝟎𝟎

𝟔𝟕𝟎𝟎

NPV = [(𝟏+𝟎.𝟏 )𝟏 + (𝟏+𝟎.𝟏 )𝟐 + (𝟏+𝟎.𝟏 )𝟑 ] – 13000
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= (4090.5 + 4625.6+ 5031.7) – 12,000
= 13,747.8- 13,000= ₹747.8
Alternatively by using the PV factor table @ 10%
NPV = (4500 x 0.909 + 5600 x 0.826 + 6700 x 0.751) – 13,000
= (4090.5 + 4625.6 + 5031.7) - 13,000
= 13747.8 – 13000 = 747.8.
The NPV in both methods is positive i.e. 747.8, Hence, we should accept the
project.
1.5.2 Internal Rate of Return (IRR)
Another discounted cash flow technique is the internal rate of return (IRR). It
also uses the magnitude and timing of cash flows. It is very easy to understand the
internal rate of return in the case of one period project. The internal rate of return is a
discounted rate or equivalent rate which makes all the net present value of all future
cash inflows of a project equal to zero. For example: if you deposit ₹ 20,000 with a
bank deposit and get ₹ 21,800 after one year. Here, the present cash outflow is ₹ 20,000
and the future cash inflow after 1 year is ₹21,800. The present value of ₹ 21,800
received after one year is ₹20,000. Hence, the discount amount is ₹ 1,800 (₹21,800 - ₹
20,000) and the discount rate is:
r=

𝑪𝟏 −𝑪𝟎
𝑪𝟎

=

𝟐𝟏𝟖𝟎𝟎−𝟐𝟎𝟎𝟎𝟎
𝟐𝟎𝟎𝟎𝟎

=

𝟏𝟖𝟎𝟎
𝟐𝟎𝟎𝟎𝟎

= 0.09 or 9%

The formula for calculating the internal rate of return (IRR)

IRR =

𝑪𝟏 −𝑪𝟎
𝑪𝟎

Where: C1 = Cash inflow and C0 = Cash out flow initially.
Acceptance Rule of IRR
 When IRR > Opportunity cost of capital (k) → Accept the project.
 When IRR < Opportunity cost of capital (k) → Reject the project.
 When IRR = Opportunity cost of capital (k) → May accept the project.
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1.5.3 Profitability Index (PI)
The profitability index (PI) is another TVM method for evaluating investment
proposals. It is also known as the cost-benefit ratio. It is the ratio of the discounted
value or present value of future cash inflows at the required rate to the initial cash
outflow of the project. The profitability index is calculated by using the following
formula.
𝑃𝑉 𝑜𝑓 𝑐𝑎𝑠ℎ 𝑖𝑛𝑓𝑙𝑜𝑤𝑠

PI = 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑐𝑎𝑠ℎ 𝑜𝑢𝑡𝑓𝑙𝑜𝑤 or

𝑃𝑉 𝑜𝑓 𝐶𝑛
𝐶0

𝐶

𝑛
or ∑ (1+𝑖)
÷ 𝐶0
𝑛

Where, PI= Profitability index, PV= Present Value, 𝐶𝑛 = Future Cash inflow, C0 =
Initial cash out flow, i = Agreed Discount rate.
For example, the initial investment of a project of ₹ 50,000 is expected to generate a
series of cash inflows of ₹20,000, ₹30,000 and ₹25,000 at the end of 1st, 2nd and 3rd
year. Calculate PI at a 10% discount rate.
Solution:
20,000

30,000

25,000

Present Value of cash inflows PV = (1+0.1)1 + (1+0.1)2 + (1+0.1)3
= 18,181.82 + 24,793.39 + 18,782.87
=61,758.08
Hence,

PI =

61,758.08
50,000

= 1.2352

This project is accepted as PI is greater than 1.
Acceptance rule of PI
 When PI > 1 → Accept the project.
 When PI < 1 → Reject the project.
 When PI = 1 → May accepts the project.
All the above techniques of capital budgeting are very important for managerial
investment decisions. While taking various investment decisions we should care about
selecting the appropriate discount rate, estimated future cash flows and initial
investment. Among these methods, the net present value method is the most suitable
and widely used in the area of capital budgeting decisions.
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1.6

APPLICATION OF TVM IN MANAGERIAL DECISION

Most of the managerial decisions related to investment are based on the Time
value of money (TVM). The use of time value of money helps a manager to take an
appropriate decision under risk and uncertainty. The appropriate Interest rate or
discounting rate plays a vital role in financial decision making or capital budgeting.
Managers of different capacities such as bank managers, portfolio managers, corporate
managers, finance managers and individuals use the time value of money for their
financial decision. Decisions taken through adjusted time techniques are more
comprehensive decisions. Following are some important decisions taken by the
managers using the time value of money.








Decision on purchasing long term assets
Hiring or leasing decisions
Decision on selecting securities by a portfolio manager.
Choosing an alternative source of finance by a finance manager.
Choosing the best investment opportunity by the corporate planner.
The decision was taken by a bank manager on fixing interest on loans and
advances.
Individuals for personal credit and major purchase decisions.

The primary goal of any financial manager is to maximize the value of the firm by
taking an appropriate financial decision in time. The use of techniques is also essential
to select the best alternative from the available resources. The time value of money
plays a vital role to maximize the value of a firm by taking important business decisions
such as capital budgeting, working capital management, cost of capital, lease or buy
etc.
1.7

LET US SUM UP

Time Value of Money (TVM) has played a pivotal role in investment decision
making in both corporate finance and personal finance. It assumes importance because
of the uncertain future. The fact is that a rupee in hand today is more valuable than
tomorrow. In the area of financial decision making, the Time Value of Money is an
essential factor. Time Value of Money is required for many purposes such as capital
budgeting decisions, investment decisions and other managerial decisions. Essential
factors of TVM are inflow and outflow of cash, required interest rate or discounted rate,
time, opportunity cost etc.
The difference between the values of a certain amount of money today and on a
future date due to its potential earning capacity is called the time value of money. This
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value is affected by various factors such as interest rate, inflation, productive use of
money, risk and uncertainty. Without estimating the time value of money, it is difficult
to take an appropriate financial decision. It plays a vital role in maximizing the value of
a firm by taking important business decisions such as capital budgeting, working capital
management, cost of capital, lease or buy etc.
1.8

KEY WORDS








1.9

Time Value of Money (TVM): Value of money at different points of time.
Compounding: To find out the future value of a sum invested today with
compound interest.
Discounting: Finding out the present value of a future cash flow with an
appropriate discount rate.
Capital budgeting: Long-term Investment decision of a business firm.
NPV: Net present value
IRR: Internal rate of return.
PI: Profitability Index.
REVIEW QUESTIONS

A. Very short questions.
1) Amount = Principal + ________.
2) Formula to calculate simple interest ________.
3) The compound interest of a sum earns ₹50 more than simple interest after 2
years at 10% interest p.a. find the sum.
4) Find the present value of ₹ 10,000 received after 3 years at a 10% discount rate.
5) What is the full form of NPV?
6) What is IRR?
7) Project under NPV method is accepted if _________.
8) Find the future value of ₹ 5,000 invested for 4 years @ 10% per annum.
B. Long Questions
i.
ii.
iii.

What is the time value of money? Differentiate between compounding and
discounting.
Find the future value of ₹ 3,000 invested at present at 12% pa for 3 years.
Project ‘X’ costs ₹ 25,000, expected to earn ₹9,000, ₹7,000, ₹ 8,000, ₹ 6,000
and ₹ 5,000 respectively from the end of 1st year to 5th year. Calculate the NPV
of the project assuming a 10% discount rate.
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Answers: A.1) Interest, 2) Pin, 3) ₹5,000, 4) ₹ 7,513.148, 5) Net Present Value, 6)
Internal rate of Return, 7) NPV > 0, 8) ₹7,320.50, B. ii) ₹4,215 (Approximately),
iii) ₹2,174.
1.10



FURTHER READINGS
Pande, I. M.,(2005), Financial Management, (9th ed.), Vikash Publishing house,
New Delhi.
Donald, R., C, Qin, L. (2021) Introduction to Financial Mathematics, CRC,
Press.
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UNIT 02:

MEANING AND TYPES OF ANNUITIES

Structure
2.0 Objectives
2.1 Introduction
2.2 Concept of Annuity
2.2.1 Characteristics of annuities
2.2.2 Special fields of annuity application
2.3 Types of annuity
2.3.1 Ordinary Annuity
2.3.2 Annuity Due
2.3.3 Annuity certain and continuous
2.3.4 Deferred annuity
2.3.5 Perpetual annuity
2.3.6 Annuity contingent
2.4 Let us sum up
2.5 Key words
2.6 Review questions
2.7 Further Readings
2.0

LEARNING OBJECTIVES

After studying this unit, you will be able to:
 Understand the meaning of the Annuity
 Explain the characteristics of Annuities.
 Know different types of annuities
 Use of annuities for taking financial decisions
2.1

INTRODUCTION

An annuity is an integral part of financial mathematics. It is very useful in the financial
planning of an individual as well as an organization. Under annuity, a series of
payments is made to get an accumulated amount in future. There are different types of
annuities applicable for different situations. It considered the compound interest to find
out the future value as well as the present value of an annuity. The annuity method is
applied to many fields of finance, such as repayment of loans, securing regular income
from investment, recurring deposits, commutation of pension, the establishment of the
endowment fund and sinking fund, annuity policy etc.
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Suppose you are interested to buy a car on loan from a bank, and payment will
be made on equal instalments over a specific period, in this case, you need an annuity
for the calculation of EMI (Equated Monthly Instalment). Some people may plan for
their retirement in advance to receive a fixed amount on monthly basis, therefore they
need an annuity plan from an insurance company to secure their future. Like these in
many cases annuities play a vital role in financial decisions making.
2.2

CONCEPT OF ANNUITY

The noun ‘annuity’ is derived from the Latin word ‘annus’, which means
“year”. Indeed, an annuity is a typical payment of a certain amount on an annual
(yearly) basis, even though other periodical payments are possible such as half-yearly,
quarterly and monthly etc. In simple words, an annuity is a series of payments of a
fixed amount made at regular intervals to discharge one’s obligation under a contract.
The person who receives an annuity is called an annuitant or annuity holder. The
accumulated amount under an annuity is calculated by using compound interest at a
certain rate. The payment interval in an annuity may be of one year, half-year, quarter
or monthly.
As defined by the Oxford dictionary annuity is “a fixed amount of money paid
to somebody each year, usually for the rest of their life”. Prof. J. H. Magee had defined
the annuity as “a periodic to commence at a stated or a contingent date and to be
continued to a designated person or persons for a fixed period or for the life or lives of
the persons entitled to receive payment”.
The plural of annuity is called Annuities. An annuity is also called an annuity
contract. An annuity contract is an agreement between a person and an insurance
company or any financial institution, which outline each party’s obligation in that
agreement. There are four people in an annuity contract. They are (1) the issuer of the
annuity (e.g. insurance company), (2) the owner of the annuity (who buys an annuity),
(3) the annuitant (on whose life annuity is issued) and (4) the beneficiary (who inherit
the annuity contract upon the death of annuitant). Sometimes, the owner of the annuity
and the annuitant may be the same person.
2.2.1 Characteristics of annuities
The basic characteristics of the annuities are based on two key characteristics
i.e. timing of payment and frequency of payment. Other essential characteristics of
annuities are discussed as follows for a better understanding of the concept.
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Written agreement: It is a written agreement between the issuer of the
annuity and the annuitant.
Continuous payment or receipt: In annuity payment or receipt of a certain
amount continues without break.
Equal amount: The amount payable in the annuity is always the same during
the term of the annuity.
Periodic instalment: The time gap between each instalment of the annuity
payment is known as the payment interval. Generally, the instalment payment
interval period is of one month, quarter, half-yearly and yearly.
Instalment amount due: The instalment amount in an annuity may due either
at the beginning or end of each period.
Specified period: The payments under annuity must occur within a particular
time frame that has a specified beginning date and a specified end date except
for a perpetual annuity.
Compounding of interest: An annuity uses compound interest for the
calculation of the accumulated amount at the end of each period.

2.2.2. Special fields of annuity application
An annuity is very much essential in investment decisions, where a series of
regular payments are made to fulfil certain goals in future. It has been used in many
fields to accomplish our needs. Some of the important fields of financial decisions,
where annuities are useful are as follows.









Re-payment of Loan EMI: For repayment of different loans in the small and
equal amounts every month annuity method is used to calculate the exact
amount.
Commutation of pension: If anyone is interested to commute his or her share
of pension out of their regular pension, an annuity system is applicable.
Securing a regular income: For any person interested to get regular income for
a certain period, the annuity method is applicable to calculate the exact amount
receivable in each instalment.
Sinking fund problem: A sinking fund is a fund created to accumulate an
amount through periodical contribution for the accomplishment of a certain goal
and the amount of periodical contribution is estimated by the annuity method.
Annuity Life insurance policies: In life insurance, annuity or pension plan are
very popular and required annuity methods for the calculation of different
payment options.

Annuities are very much useful in all the above fields. Without annuity, it is
difficult to estimate the regular and periodical contribution amount exactly.
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2.2.3. Important terms of Annuity
Some important terms of annuity are discussed here for a better understanding
of the chapter.






2.3

Annuitant: The person who holds an annuity or who receives the payments is
called an annuitant.
Annuity issuer: Institutions that issue annuities are called annuity issuers. i.e.
insurance Company.
Present Value: The discounted value of the future accumulated amount
received in an annuity.
Future Value: It is the future accumulated amount calculated from present cash
flows at an appropriate compounding rate.
Accumulated amount: It is the lump sum amount received after a certain
period out of the series of regular payments.
TYPES OF ANNUITY

An annuity is a very important aspect of finance. It is necessary to know different
types of annuities to make effective financial decisions. Following are the important
types of annuities used for a different purposes.
a. Ordinary Annuity
b. Annuity Due
c. Annuity certain and continuous
d. Deferred annuity
e. Perpetual annuity
f. Annuity contingent
These annuities are discussed in detail in the subsequent section as follows.
2.3.1 Ordinary Annuity
An ordinary annuity is a series of payments of an equal amount made at the end
of each consecutive period over a certain period. The payment interval under this
annuity may be yearly, quarterly, monthly etc. Under this annuity, contract payment is
due at the end of each interval but the contract is enforced immediately. Here the
payment interval and compounding frequencies are equal. The first payment is due at
the end of the first interval from the beginning of the annuity and the last payment is
on the same date of the maturity or the end of the annuity. Hence, no interest earned by
the last payment and the total interest-earning period will be several payment periods
minus one i.e. (n-1). The best example of an ordinary annuity is car loan repayment.
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Figure 2.1 Diagram representing Ordinary Annuity

This figure shows the annuity contribution as per ordinary annuity, where
payment or receipt starts after the end of each period. The total duration of the annuity
is 6 years and the payment starts after one year and continues till the 6th year.
 The formula for the calculation of the amount (Future value) of an
ordinary annuity is:

𝑨

FV = 𝒊 [(1 + i)n – 1]

Where,
FV = Accumulated amount or Future Value of annuity
A = Amount paid at each period
𝑟
i =interest rate (100)
n = number of periods
For Example, A sum of ₹ 1,000 is deposited into a recurring deposit account at the
end of each year for 10 years at the rate of 8 % per annum. Calculate the accumulated
amount or future value of the annuity at the end.
Solution: Here, A= ₹1,000, i = 0.8 or (8/100), n = 10 years.
The required accumulated amount (future value) after 10 years will be:
𝑨

FV = 𝒊 [(1 + i)n – 1]
=

𝟏𝟎𝟎𝟎
𝟎.𝟎𝟖

[(1 + 0.08)10 – 1]

= 12500[(1.08)10 – 1]
= 12500[(2.1589 – 1]
= 12500 x 1.1589
= 12500 x 1.1589
= 14,486.25
Hence, the accumulated amount of this annuity at the end of 10 years is ₹14,486.25,
which is compounded annually.
Odisha State Open University, Sambalpur

Page 28



The formula for the calculation of the present value of the ordinary
annuity is:
𝑨

PV = 𝒊 [1-(1 + i)-n]

Where,

PV = Present Value of an annuity
A = Amount paid at each period
𝑟
i =interest rate (100)
n = number of periods
For Example, A sum of ₹ 1,000 is deposited into a recurring deposit account at the
end of each year for 10 years at the rate of 8 % per annum. Calculate the present value
of the annuity.
Solution: Here, A= ₹1,000, i = 0.8 or (8/100), n = 10 years.
The required present value of the annuity will be:
𝑨

PV = 𝒊 [1-(1 + i)-n]
=

𝟏𝟎𝟎𝟎
𝟎.𝟎𝟖

[1-(1 + 0.08)-10]
𝟏

= 12500[1-(𝟏.𝟎𝟖)𝟏𝟎 ]
𝟏

= 12500[1- 𝟐.𝟏𝟓𝟖𝟗]
= 12500 x (

𝟐.𝟏𝟓𝟖𝟗−𝟏

𝟐.𝟏𝟓𝟖𝟗
𝟏.𝟏𝟓𝟖𝟗

)

= 12500 x 𝟐.𝟏𝟓𝟖𝟗

= ₹6,710 (Appr.)
Hence, the present value of the same annuity is ₹6,710.
2.3.2 Annuity Due
Annuity due is the opposite of ordinary annuity, where receipt or payment of
amount or instalment is done at the beginning of each period. Life insurance premium
and lease money paid for hiring a car is the best example of an annuity due. This
annuity also assumes that all the receipts or payments of annuities are of the same
amount and equal interval. Annuity due has a higher present value in comparison to an
ordinary annuity as the payment starts under annuity due at the beginning of each
period but an ordinary annuity payment starts at the end of each period. A diagram
representing annuity due is given in figure number 12.2. Where the annuity belongs to
6 interval period and the payment of ₹1,000 is made at the beginning of each period for
6 years.
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Figure 2.1 Diagram representing Annuity due

# The annuity continues for 6 years and initial payment is made at the beginning of
each period. Hence, the last payment will be zero and the amount received in each
period is ₹1,000.
 The formula for the calculation of the amount (Future value) of an annuity
due is:
𝑨

FV = 𝒊 (1+i)[(1 + i)n – 1
Where,
FV = Future Value of annuity or accumulated amount.
A = Amount paid at each period
𝑟
i =interest rate (100)
n = number of periods
Example of Annuity Due:
Mr X started a LIC policy for ₹ 2,000 yearly payable for 15 years. Calculate the
accumulated value of the policy at the end assuming 12% of interest under annuity due.
Solution:
Here, A= ₹2,000, n = 15 years, i = 12 % or 0.12
𝑨

FV = 𝒊 (1+i)[(1 + i)n – 1]
By substituting the values:
FV =
=
=
=

2,000
0.12
2,000
0.12
2,000
0.12

𝟐,𝟎𝟎𝟎
𝟎.𝟏𝟐

(1+0.12)[(1 + 0.12)15 – 1]

(1.12)[(1.12)15 – 1]
(1.12) (5.47 – 1)
(1.12) (4.47)
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=

2,000
0.12

(5.0064)

= 16,666.67 x 5.0064
= 83,440 (Appr.)
Alternatively, by using Log.
=

2,000
0.12

(1.12)[(1.12)15 – 1]

Let Log x = Log (1.12)15
= Log x = 15 Log 1.12
= 15 x 0.0492
= 0.7380
Or, x = A.L. 0.7380 = 5.47
=
=
=

2,000
0.12
2,000
0.12
2,000
0.12

(1.12)[5.47 – 1]
(1.12)[4.47]
(5.0064)

= 16,666.67 x 5.0064
= 83,440
Hence, the amount or future value of the annuity will be ₹ 83,440 on the maturity of
the annuity due.
The formula for the calculation of the present value of an annuity due is:
𝑨

PV = 𝒊 (1+i)[1- (1 + i)-n]
Where,
PV = Present Value of annuity
A = Amount paid at each period
𝑟
i =interest rate (100)
n = number of periods
Example of Annuity Due:
Mr X started a LIC policy for ₹ 2,000 yearly payable for 15 years. Calculate the present
value of the policy assuming 12% of interest under annuity due.
Solution:
Here, A= ₹2,000, n = 15 years, i = 12 % or 0.12
𝑨

PV = 𝒊 (1+i)[1- (1 + i)-n]
By substituting the values:
FV =
=

2,000
0.12

𝟐,𝟎𝟎𝟎
𝟎.𝟏𝟐

(1+0.12) [1- (1 + i)-n]

(1.12)[1- (1.12)-15]
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=
=
=
=
=
=

2,000
0.12
2,000
0.12
2,000

(1.12) (1-

)

4.47

(1.12) (5.47)

0.12
2,000

0.12

(1.12)15
1

(1.12) (1- 5.47)

0.12
2,000

0.12
2,000

1

4.47

(1.12) (5.47)
(1.12) (0.817)

(0.915)

= 16,666.67 x 0.915
= ₹15,250
Alternatively, by using Log.
=

2,000
0.12

1

(1.12) (1- (1.12)15 )

Let Log x = Log (1.12)15
= Log x = 15 Log 1.12
= 15 x 0.0492
= 0.7380
Or, x = A.L. 0.7380 = 5.47
=
=
=

2,000
0.12
2,000
0.12
2,000
0.12

1

(1.12) (1- 5.47)
(1.12) (0.817 )
(0.915)

= 16,666.67 x 0.915
= ₹15,250
Hence, the present value of the same annuity for 15 years will be ₹ 15,250.
Difference between Ordinary Annuity and Annuity Due
From the above discussion, it is concluded that the annuity due is just the
opposite of the ordinary annuity. The basic difference between annuity due and
ordinary annuity is related to the payment period. An ordinary annuity payment is
made at the end of each period whereas an annuity due it is at the beginning of each
period. Other differences between these annuities are discussed below.
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Ordinary Annuity
Annuity Due
1. Cash flows in ordinary annuity
1. Cash flows in annuity due occur
occur at the end of each interval
at the beginning of each interval
period.
period.
2. There is no cash flow on the first
2. There are no cash flows on the
date of the annuity period.
last date of the annuity except
3. Both present value and future value
maturity value.
of this annuity are lower than the
3. Both the present value and future
annuity due.
value of this annuity are higher
than an ordinary annuity.
4. This annuity is suitable for
4. This annuity is suitable for a Life
repayment of Housing Loans, Car
insurance policy, Lease rental
loans, coupon-bearing bonds etc.
payments etc.
5. Formula to calculate the future
5. The formula to calculate the
value of this annuity is:
future value of this annuity is FV
𝑨

FV = 𝒊 [(1 + i)n – 1]
6. Present value of ordinary annuity
𝑨

PV = 𝒊 [1-(1 + i)-n]

𝑨

= 𝒊 (1+i)[(1 + i)n – 1]
6. Present value of annuity due
𝑨

PV = 𝒊 (1+i)[1- (1 + i)-n]

Annuity due is a widely used annuity for prospective investors. It is also
important for the Life insurance customer for setting their financial goal. We can
calculate the future value and present value of annuity by using different methods such
as direct method, application of log and by referring annuity table. Annuities values
can also be calculated in an Excel spreadsheet by using different formulas (syntax).
2.3.3

Annuity Certain and Continuous

Annuity certain and continuous refers to an annuity which is payable for the
lifetime of the annuitant with a guaranteed certain number of years. In this case, the
guaranteed period (number of years) is mentioned in the annuity contract. For example,
a 12 years certain and continuous annuity is payable certainly for 12 years even after
the annuitant’s death, to his beneficiary and after 12 years payment will continue to the
annuitant till death. In case of the death of the annuitant after 12 years payment will not
continue to the beneficiary but if death occurs on the 8th year of the annuity payment
will continue to the beneficiary for the remaining four years then payment will stop.
The present value of an annuity certain can be calculated by the following
formula:
𝑨

PV = 𝒊 [1-(1 + i)-n]

Odisha State Open University, Sambalpur

Page 33

Where,
PV = Present Value of an annuity
A = Amount paid at each period
i =interest rate %
For example, Ramesh is interested to receive ₹ 30, 000 per year for 10 years. How
much money does he have to invest at present to receive this benefit assuming an 8% of
interest rate?
Solution: Here, A = amount to be received= ₹30,000
n = 10 years
i = 8% or 0.08
PV = ? (Amount to be invested at present)
𝐴

Formula, PV = [1-(1 + i)-n],
𝑖

Putting the values:
PV =
=
=
=

30000

0.08
30000
0.08
30000
0.08
30000
0.08

[1-(1 + 0.08)-10],

[1-(1.08)-10],
1

[1-(1.0810)],
1

[1-(2.1589)],
1.1589

= 3, 75,000 (2.1589)
= 3, 75,000 x 0.5368
= ₹ 2, 01,300
Hence, ₹ 2, 01,300 is to be invested at present to get an annual income of ₹ 30,000
each year for 10 years.
2.3.4 Deferred annuity
A deferred annuity is an annuity which came into force after a certain period. It
is delayed for a certain period or it came into force upon fulfilment of certain terms and
conditions. In simple, in a deferred annuity, the issuer of the annuity (i.e. Life insurance
Company) promises to pay the annuitant a regular income or a lump sum on a future
date under certain conditions. An example of such an annuity is the pension scheme of
life insurance Companies which is started after retirement. The pay-out options for the
deferred annuity are lump-sum payment and systematic withdrawal options. The lumpsum payment is made at future date with a single payment option whereas in a
systematic withdrawal plan amount is withdrawn in several periodic instalments.
Different interest rate options are also available for the deferred annuity such as fixedrate deferred annuity, variable-rate deferred annuity and indexed rate (stock market
performance) deferred annuity. This annuity is now a popular annuity for retirement
planning.
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The formula for calculation of the amount of the Future value of a deferred
annuity:
𝑨

FV = 𝒊 {

(𝟏+𝒊)𝒏 − 𝟏
(𝟏+𝒊)𝒎

𝑨

FV = 𝒊 (1+i){

} ……for a deferred annuity

(𝟏+𝒊)𝒏 − 𝟏
(𝟏+𝒊)𝒎

} ……….for deferred annuity due

Where,
FV= Future value of the deferred annuity
A = Amount paid at each period
i =interest rate %
n = number of years
m = number of expiring years
The formula for calculation of the present value of a deferred annuity:
𝑨

(𝟏+𝒊)𝒏 − 𝟏

PV = 𝒊 { (𝟏+𝒊)𝒎+𝒏 } ……for a deferred annuity
𝑨

PV = 𝒊 (1+i){

(𝟏+𝒊)𝒏 − 𝟏
(𝟏+𝒊)𝒎+𝒏

} ……….for deferred annuity due

Where,
PV= Present value of the deferred annuity
A = Amount paid at each period
i = Interest rate %
n = number of years
m = number of expiring years
For Example: At the age of 50, a person pays ₹20,000 to an insurance company for
the payment of annuities for 10 years after he attains the age of 60. Calculate the value
(regular payment amount) of the deferred annuity at the rate of 5%.
Solution: It is a case of deferred annuity. Where, PV = ₹20,000, n = 10 years, i = 5%
or 0.05, m = 10 years. A= ?
𝑨

(𝟏+𝒊)𝒏 − 𝟏

𝒊

(𝟏+𝒊)𝒎+𝒏

PV = {

}

Substituting the values.
𝑨

(𝟏+𝟎.𝟎𝟓)𝟏𝟎 − 𝟏

10000 = 𝟎.𝟎𝟓 { (𝟏+𝟎.𝟎𝟓)𝟏𝟎+𝟏𝟎 }
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(𝟏.𝟎𝟓)𝟏𝟎 − 𝟏

⇒10000 x 0.05 = 𝑨 { (𝟏.𝟎𝟓)𝟏𝟎+𝟏𝟎 }
⇒500 = 𝑨 {
⇒500 = 𝑨 {

(𝟏.𝟎𝟓)𝟏𝟎 − 𝟏
(𝟏.𝟎𝟓)𝟐𝟎
𝟏.𝟔𝟐𝟗− 𝟏
𝟐.𝟔𝟓𝟓
𝟎.𝟔𝟐𝟗

}

}

⇒500 = 𝑨 { 𝟐.𝟔𝟓𝟓 }
𝟐.𝟔𝟓𝟓

⇒A = 𝟓𝟎𝟎 x 𝟎.𝟔𝟑𝟗
⇒A =
⇒A =

𝟏𝟑𝟐𝟕.𝟓
𝟎.𝟔𝟑𝟗
𝟏𝟑𝟐𝟕.𝟓

Applying Log: the value of
(1.05)10
= AL [10 Log 1.05]
= AL [10 x 0.0212]
= AL 0.212=1.629
Again, value of (1.05)20
= AL [20 log 1.05]
= AL [20 x 0.0212]
= AL 0.424 = 2.655

𝟎.𝟔𝟑𝟗

⇒A =₹ 2,077
Hence, the deferred annuity value received after 60 years will be ₹ 2,077 per year for
10 years.
2.3.5 Perpetual annuity
Annuity perpetuity refers to the annuity, which is payable forever. In this
annuity, the stream of cash flow continues for an indefinite period. For example, the
British Government had issued perpetuity bonds known as ‘Consols’ which entitled the
bondholder to receive annual interest forever. If payments are made at the beginning of
each interval period of a perpetuity annuity is called perpetuity annuity due. Again,
when an annuity is payable forever but the first instalment is payable after the expiry of
certain years, is called deferred perpetuity annuity. It is difficult to calculate the
accumulated value of perpetuity annuity as the annuity has no end.
The formula for the calculation of the present value of a perpetual annuity payable at
the end of the period is:
PV =

𝑨
𝒊

(Where, PV = Present value, A = Amount payable in each instalment, i =
interest rate)
When perpetuity annuity is payable at the beginning of each period (i.e. perpetuity
due), the present value of that annuity is calculated with the help of the following
formula.
PV =

𝑨
𝒊

x (1+i)

(Where, PV = Present value, A = Amount payable in each instalment, i = interest rate.)
Again, the formula for the calculation of deferred perpetuity annuity, which is payable
after the expiry of a certain period, and then continues forever at the end of each period
is as follows.
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PV =

𝑨
𝒊

𝟏

x (𝟏+𝒊)𝒎

(Where, PV = Present value, A = Amount payable in each instalment, i = interest rate,
m = expiry period.)
The present value of deferred perpetuity annuity due can be calculated by using the
following formula:
PV =

𝑨
𝒊

𝟏

(1+i) x (𝟏+𝒊)𝒎

(Where, PV = Present value, A = Amount payable in each instalment, i = interest rate,
m = expiry period.)
In financial mathematics, perpetuity annuity plays a vital role in the calculation
of present value as well amount payable on each instalment. With the help of the above
formula, we can calculate different values of perpetuity annuity.

2.3.6 Annuity contingent
An annuity contingent is an annuity payable upon the happening of a certain
future event. The number of instalments payable in such annuity is not known exactly.
For example instalment of the annuity payable till the death of an annuitant, annuity for
the education of children, marriage etc. The most common example of contingent
annuity is the life insurance plan or pension plan that continues till the death of the
annuitant, which is purely an uncertain event. Hence contingent annuity may or may
not arise in future. Under this annuity, the value of n (number of years) is not given but
its value is projected with a fair degree of accuracy as per the nature of the problem.
Generally, a contingent annuity is applicable in life insurance plans
and pension plans. It is based upon the risk-sharing principle. The value of a contingent
annuity payment is a given sum for the life of an annuitant based upon the life
expectancy at the time of beginning annuity. The value of the fund is calculated in a
large group of same-age people based on a mortality table. But in fact, some will live
for a longer period and receive excess payments than they have put into the funds,
whereas, some others will not live long enough to receive all the money they have put
into their fund. This system of risk-sharing principle helps to get higher payments than
other types of investment avenues. This type of annuity has one most severe demerit
after the annuitant's death nothing left for his successors.
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2.4

LET US SUM UP

An annuity is an essential lesson for every financial planner. Both individuals
and organizations use annuities for various purposes to take appropriate financial
decisions. Understanding the concept of annuity and its model is essential to use it
properly. An annuity is a series of payments of a fixed amount made at regular intervals
to discharge one’s obligation under a contract. The person who receives an annuity is
called an annuitant or annuity holder. The accumulated amount under an annuity is
calculated by using compound interest at a certain rate. The annuity has different
payment intervals such as one year, half-year, quarter or monthly. Interest is calculated
based on payment intervals and the frequencies of compounding.
Annuities are of different types but some annuities are the basic annuities, based
upon which other annuities are calculated and estimated. Some basic types of annuities
are ordinary annuity, annuity due, annuity certain, annuity contingent, perpetual annuity
etc. We can calculate the present value, future value, amount of instalment, interest rate
etc. by using different suitable formulas as discussed earlier in this chapter. Some
annuities may be estimated exactly by using a formula and some may not be; such as
the future value of perpetuity annuity and annuity contingent. The value of a contingent
annuity is valued under the risk-sharing principle.
This chapter is helpful to the learners in many aspects of financial planning.
Learners can calculate different values of the annuity by using the given formula.
Difficult calculations in annuities may be solved by using logarithms, annuity tables,
discounting tables, Ms excel spreadsheet etc.

2.5

KEYWORDS
 Annuitant: The person who holds an annuity or who receives the payments
is called an annuitant.
 Annuity issuer: Institutions that issue annuities are called annuity issuers.
i.e. Life Insurance Corporation.
 Present Value: The discounted value of the future accumulated amount
received in an annuity.
 Future Value: It is the future accumulated amount calculated from present
cash flows at an appropriate compounding rate.
 Accumulated amount: It is the lump sum amount received after a certain
period out of the series of regular payments.
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 Ordinary annuity: An ordinary annuity is a series of payments of an
equal amount made at the end of each consecutive period over a certain
period.
 Annuity Due: If payment of amount or instalment made at the beginning of
each period is called annuity due.
 Annuity certain and continuous: Annuity certain and continuous refers to
an annuity which is payable for the lifetime of the annuitant with a
guaranteed certain number of years
 Perpetual annuity: Annuity payable forever without any break is called
perpetual Annuity.
 Annuity contingent: An annuity contingent is an annuity payable upon the
happening of a certain future event.
2.6

REVIEW QUESTIONS

Q.1. Short questions.
a) In an annuity, the number of instalments and interval periods generally remain
_______. (Same, different, fluctuating, incremental).
b) In which annuity instalments are payable at the end of each period __________.
c) In which annuity instalments are payable at the beginning of each period
__________.
d) Annuity perpetuity is payable _________.
e) Annuity certain is payable for a ________period.
Q.2. Long questions.
a) Mr A deposited ₹3,000 at the end of each period in his account for 7 years.
What will be the future value or accumulated amount of annuity at 10% interest
per annum? (A: ₹28, 461)
b) What will be the future value of an ordinary annuity payable ₹ 4,000 each
period for 15 years at 5% per annum compounded half-yearly? (Ans: ₹1,
75,610.81).
c) Calculate the future value of an annuity due of ₹ 5,000 payable for 10 years at
10 % pa compounded annually.
d) Find the accumulated amount of a deferred annuity of ₹ 500 payable for 15
years at the rate of 12% per annum, where the 1st payment is made at the end of
5 years.
(A: ₹10,570.37)
e) What is the present value of an annuity of ₹ 1,500 payable for 5 years at 6%
compound interest per annum?
f) Find the present value of an annuity due of ₹ 1,200 per year payable at the
beginning of each year for 10 years @ 5% per annum.
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Answers: 1.a. same, b. Ordinary annuity, c. Annuity due, d. forever, e. fixed/ certain
2.7

FURTHER READINGS



Elhance, R., & Elhance, D. N. (2020) Business Mathematics and Statistics,
Taxmann’s publication.
Hazarika, P. (2010), Text Book of Business Mathematics, S.Chand Publication
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UNIT 3

DIFFERENT MODELS OF ANNUITY

Structure
3.0 Learning Objectives
3.1 Introduction
3.2 Meaning of the annuity model
3.3 Types of annuity model
3.4 Let us sum up
3.5 Keywords
3.6 Review questions
3.7 Further Readings
3.0

LEARNING OBJECTIVES

After studying this unit, you will be able to:
 Understand the meaning of the Annuity models.
 Explain the characteristics of the Annuity model.
 Know different types of annuities models.
 Use of annuities model for taking financial decisions.
3.1

INTRODUCTION

Financial tools help in the monetary flow between individuals and businesses.
Some tools are basic tools used for certain financial decisions. An annuity is one of the
most important tools in the hands of a financial manager. It provides certain future cash
flows at equal time intervals. Annuities are generally created by financial institutions,
whereas life insurance companies mostly use annuities to provide regular income to
their customers. An annuity also provides an alternative source of income to the
individual because of guaranteed regular income. However, annuities are lesser liquid
than other investments, as the initially deposited lump sum amount cannot be
withdrawn without penalties.
Annuities are of different types depending upon the payment options such as
ordinary annuity, annuity due, deferred annuity, annuity certain, annuity perpetual etc.
These types of annuities have been discussed in the earlier chapter. In this chapter, we
have to discuss different models of the annuity. An annuity contract is started when an
individual known as an annuitant pays a lump sum or a series of instalments to the
issuer of an annuity (i.e. financial institution or Life Insurance Company) and in return,
the issuer of the annuity pays the accumulation amount to the annuitant in a lump sum
or a series of payment upon certain term and conditions.
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3.2

MEANING OF THE ANNUITY MODEL

A model usually describes a system using which a set of variables and a set of
equations, establish relationships between the variables. Different types of annuities
discussed earlier, are grouped into three different models such as basic models,
standard models and hybrid models. The basic model of annuity is further grouped
under a model based on accumulated value or future value and the model based on
present value. Models are presented for the ready reference of different annuities.
We have already discussed different types of annuities in the previous chapter.
But all these annuities are based on the simple basic model used to calculate either the
present value or future value of the annuity. In some annuities, it is also difficult to
calculate the future value or accumulated value such as annuity perpetual as there is no
end to that annuity. There are two basic annuities i.e. ordinary annuity and annuity due.
An ordinary annuity is an annuity, where payments or receipts are made at the end of
each period and under annuity due payments or receipts are made at the beginning of
each period. The variables in the annuity models are interval period, term of the
annuity, interest rate, EMI and types of annuities.
3.3

TYPES OF ANNUITY MODEL

A model is a system which establishes the relationship between the variables
using a set of equations. Annuity models are broadly classified into three types’ i.e.
Basic model, customized model and hybrid model. Again, the basic model is divided
into two groups a model to find out the accumulated amount and another model to find
out the future value of the different annuity. These models are discussed as follows.
A. Basic Model of Annuity
i.
Models are based on the Accumulated amount or future value.
1. Annuity certain due immediate
2. Annuity due prepaid
ii.
Models based on present value.
1. Annuity certain due immediate
2. Annuity due prepaid immediate
3. Annuity certain due deferred
4. Annuity due prepaid deferred
5. Annuity perpetual due immediate
6. Annuity perpetual prepaid immediate
7. Annuity perpetual due deferred
8. Annuity perpetual prepaid deferred
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B. Standard Annuity Model
i. Fixed annuity
ii. Variable annuity
iii. Index annuity
C. Hybrid Annuity model.
Basic models of annuities are traditional annuities available in ready format
such as annuity due, deferred, perpetual etc. Customized annuity models are adjusted as
per the individual requirement, such as pension plan, variable annuity, indexed annuity,
fixed income plan etc. and hybrid annuity is a mix of two or more annuities in a single
plan. All these annuities are discussed in detail subsequently.
3.3.1 Basic Models of Annuity
Basic models of annuities are readily available to use in different financial
problems. Starting from the EMI of car loan, house building advances, a premium of
life insurance plan, pension plan, and periodical payment of recurring deposit,
everywhere annuity plays an important role in the decision making. Basic models of
annuity are further classified into two aspects i.e. present value aspect and future value
aspects. Both types of models are discussed one by one.
1. Models based on the Accumulated amount or future value
Under this model, the future value of an annuity can be calculated by using
different models for different types of annuity. They are discussed below.


Future Value (FV) of an annuity certain due immediate:

An annuity certain due immediate or ordinary annuity is an annuity where
payment is due at the end of each period. The future value of such annuity is
ascertained by the following formula.
𝑨

FV = 𝒊 [(1 + i)n – 1]
Where, FV = Future Value, A = Amount, i =interest.
Illustration: 1 Suppose, you are interested to know the accumulated amount of ₹5,000
deposited at the end of each year for 10 years at a 12% interest rate compounded
yearly. Under this situation, the accumulated amount or future value of the annuity is
calculated by using the above formula.
Here, n=10 years, A= ₹5,000, i=12% or 0.12
Accumulated amount or future value.
FV =

5000
0.12

[(1 + 0.12)10 – 1]

=41,667 (1.1210 – 1)
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=41,667 (3.1058-1)
=41,667 x 2.1058
=₹87,742 (Approximately)
Hence, ₹5,000 deposited at the end of each year for 10 years will yield ₹87,742
at the rate of 12% per annum.
Annuity due prepaid:

Annuity due prepaid is an annuity where payment is due at the beginning of
each period. Under this model, the payment of an annuity is done at the start of each
interval period. For Example LIC policy premium, post office recurring deposits etc. To
find out the future value of such annuities we can apply the formula:
𝑨

FV = 𝒊 (1+i)[(1 + i)n – 1 ]
[Where, FV= future value, i=inertest rate, A= amount of instalment]
Illustration: 2. ₹5,000 of LIC premium paid annually at the beginning of each period
for 10 years. Compute the accumulation amount of the policy after 10 years if the
company declared a 12% bonus on the policy.
Here, n=10 years, i=12% and A= 5,000
Accumulation amount or PV:
𝑨

FV = 𝒊 (1+i)[(1 + i)n – 1]
=
=

5000
0.12
5000
0.12

(1+0.12)[(1 + 0.12)10 – 1] (putting the values)
(1.12)[(1.12)10 – 1]

=41,667 (1.12) x (3.1058-1)
=41,667 (1.12 x 2.1058)
=41,667 x 2.3585
=41,667 x 2.3585
= ₹98,272 (apprx.)
Hence, the accumulated amount of ₹5,000 payable at the beginning of each
period annually for 10 years could yield ₹1, 03,272 at the rate 0f 12% p.a. under
annuity due prepaid. The difference between annuity certain due immediate and
annuity due prepaid is ₹10,530/- (₹98,272 - ₹87,742) for the same variables of n=10
years, i=12% and A= 5,000.
It is difficult to calculate the accumulated value of some annuities such as
perpetual annuity, contingent annuity etc. as there will be no specific end to this
annuity. If an annuity is payable multiple times in a year i.e. 4 times quarterly, 12
times monthly, under this case‘t’ will be the number of times in a year annuity is
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payable is multiplied with ‘n’ and put into the place of ‘n’. Here interest per annum ‘i’
is divided by for all the models.
2. Models based on present value.
This model helps us to find out the present value of different annuities. The present
value of an annuity is the opposite of the future value. Under this concept, the present
value is estimated and adjusted based on the time value of money. Present value can be
estimated from a series of cash flows or a lump sum value. The present value of
different annuities is calculated by different models as follows.
 Present value of the annuity certain due immediate:
This annuity is also known as an ordinary annuity, where payment is made at
the end of each interval period. Under this model, one can find the present value of a
series of future payments. To compute the present value of this annuity following
method is applied.
𝑨

PV = 𝒊 [1-(1 + i)-n]
Where,
PV = Present Value of an annuity
A = Amount paid at each period
𝑟
i =interest rate (100)
n = number of periods
Illustration: 3 Mr X is ready to pay ₹7,000 per month out of his monthly salary for 5
years to a bank against a personal loan. Calculate the amount of loan the bank has
agreed to sanction at present if the rate of interest is 12% p.a. compounded monthly.
Under this problem, we have to calculate the loan amount sanctioned by the
bank. This is a case of ordinary annuity or annuity certain due immediate. Where, n = 5
x 12 = 60, i =12/12=1% p.m., A = ₹7,000.
By putting the values in the present value of the ordinary annuity model we
found.
𝐴

PV = 𝑖 [1-(1 + i)-n]
=
=
=
=

7000
0.01
7000
0.01
7000
0.01
7000
0.01

[1-(1 + 0.01)-60]
[1-(1 .01)-60]
[1-(1 .01)-60]
(1-0.5521)

= 7, 00,000 x 0.4479
= ₹3, 13,530 (Appr.)
Hence, the bank can sanction ₹3, 13,530
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by using Log.
= AL - 60 log 1.01
= AL – 60 (0.0043)
= AL – 0.258
= AL 1̅.742
=0.5521
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(appr.) as the total loan amount on behalf of Mr X.
Illustration: 4 Mahesh wants to buy a car with a bank loan of ₹5, 00,000. Bank
charged interest @ 6% p.a. Mahesh wants to repay the loan with 72 equated monthly
instalments (EMI). Find the amount of EMI.
6

Here, Present value = ₹5, 00,000, n= 72, interest rate = 12% or 0.5 % or 0.005, A = ?.
𝐴

PV = 𝑖 [1-(1 + i)-n]
𝐴

PV= 0.005 [1-(1 + 0.005)-72]
𝐴

⇒ 5,00,000 = 0.005 [1-(1 + 0.005)-72]
𝐴

⇒ 5, 00,000 = 0.005 [1-0.7039]
⇒ 5, 00,000 x 0.005 = 𝐴 (0.2961)
⇒2500 = A x 0.2961
2500

⇒A =0.2961 =8,443 (Appr.)
Hence, the EMI of a car loan Mahesh is
₹8,443.
 Annuity due prepaid immediate

Where, the value of (1 .005)-72 obtained
by using Log.
= AL - 72 log 1.005
= AL – 72 (0.0021)
= AL – 0.1525
= AL 1̅.8475
=0.7039

An annuity due prepaid immediate requires payments of instalments made at
the beginning of each period. The present value of such an annuity can be calculated
by discounting all the series of payments or receipts. The interest rate is treated under
this model as discounting rate. Examples of such annuities are rent payments,
recurring deposits at bank or post office, LIC premium paid etc. we can able to
calculate the present value of such annuity by discounting all the periodical payments
with the following formula.
𝑨

PV = 𝒊 (1+i)[1- (1 + i)-n]
Where,
PV = Present Value of annuity
A = Amount paid at each period
𝑟
i =interest rate (100)
n = number of periods
Illustration: 5 Mr John is interested to receive ₹20,000 per month for 5 years from a
life insurance company. How much money does the insurance company require at
present to pay the above amount to Mr John if the interest rate is 12% per annum
compounded monthly?
12

Solution: Given, A= ₹20,000 pm, n= 12x5= 60 month, i= 12= 1% or 0.01, PV=?
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𝑨

PV = (1+i)[1- (1 + i)-n]
PV =
=
=
=

𝒊
20000

0.01
20000
0.01
20000
0.01
20000
0.01

(1+0.01)[1- (1 + 0.01)-60] ……(Applying the values)

(1.01)[1- (1.01)-60]
(1.01)[1- 0.5521]
(1.01)(0.4479)

Applying Log, the value of (1.01)-60 calculated as:
= AL -60 log 1.01
= AL -60 (.0043)
= AL – 0.258
= AL 1̅.742
= 0.5521

= 20, 00,000 x (0.452379)
= ₹9, 04,758
Hence, Mr John is required to
pay ₹9, 04,758 at present to receive ₹20,000 per month on the 1st date for 5 years.


Annuity certain due deferred

Under this annuity, the 1st payment is deferred for a specific period then the
regular payment starts. Here the annuity period is termed ‘n’ and the deferred period is
‘m’. This annuity is generally useful for the pension plan policy of life insurance. One
can estimate the amount of future receipt (i.e. after the retirement) with a present
contribution or how much to contribute for receiving a certain amount for a certain
term after retirement. Annuity due deferred is payable at the end of each interval
period. The formula for calculation of the present value of the annuity certain due
deferred is as follows.
The formula for the present value of the deferred annuity.
𝑨

(1+𝑖)𝑛 − 1

PV = 𝒊 { (1+𝑖)𝑚+𝑛 }
Where PV= Present value of the deferred annuity
A = Amount paid at each period
i = Interest rate %
n = number of years
m = number of expiring years
Illustration: 6 Sushree is planning to receive ₹20,000 each year for 10 years after her
retirement. She will retire after 5 years. Compute the present value of the deferred
annuity due certain if the rate of interest is 8% compounded annually.
Solution: Given values, A= ₹20,000 pa, n= 10, m=5, i=8% or 0.08, PV=?
By putting the formula.
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(1+𝑖)𝑛 − 1

𝑨

PV = 𝒊 { (1+𝑖)𝑚+𝑛 }
20000

PV =

0.08

20000

=

{

0.08

{

(1+0.08)10 − 1
(1+0.08)5+10

(1.08)10 − 1
(1.08)15

}

}

Putting the values
20000

=

0.08
20000

=

0.08

{

2.158− 1
3.170
1.158

}

{ 3.170 }

= 2, 50,000 x 0.3653
=₹91,325
Hence, Sushree is required to pay
₹91,325 at present (i.e. before 5 years)
receive an annuity of Rs 20,000 per
after her retirement.
 Deferred annuity due prepaid

Let log x = (1.08)10
=10 log 1.08
=10 x 0.0334
x= AL 0.334
=2.158
Again, Let log y = (1.08)15
=15 log 1.08
= 15 x 0.0334
y=AL 0.501
= 3.170

to
year

Deferred annuity due prepaid is an annuity, where the 1 st payment is deferred
for the ‘m’ period then the regular payment continues for the ‘n’ period. This annuity
is similar to an annuity certain due deferred except only it is payable at the beginning
of each interval period. One can estimate the amount of future receipt (i.e. after the
retirement) with the present contribution, which will be receivable at the beginning of
each period. The formula for the calculation of the present value of the deferred
annuity due prepaid is as follows.
Formula:
(1+𝑖)𝑛 − 1

𝐴

PV = 𝑖 (1+i){ (1+𝑖)𝑚+𝑛 }
Illustration: 7 Considering illustration 6 find out the present value of a deferred
annuity due prepaid with the same amount and for the same period but the payment will
receive at the beginning of each period at the same discount rate.
Solution: Given values, A= ₹20,000 pa, n= 10, m=5, i=8% or 0.08, PV=?
(1+𝑖)𝑛 − 1

𝐴

PV = 𝑖 (1+i){ (1+𝑖)𝑚+𝑛 }
PV =
=

20000

20000
0.08

0.08

(1+0.08){

(1.08){

(1+0.08)10 − 1
(1+0.08)5+10

(1.08)10 − 1
(1.08)5+10

} (Putting the values)

}
Let log x = (1.08)10
=10 log 1.08
=10 x 0.0334
x= AL 0.334
=2.158
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=
=
=
=

20000

0.08
20000
0.08
20000
0.08
20000
0.08

(1.08){
(1.08){

(1.08)10 − 1
(1.08)15
2.158− 1
3.170
1.158

}

}

(1.08){ 3.170 }
(1.08) (0.3653)

Again, Let log y = (1.08)15
=15 log 1.08
= 15 x 0.0334
y=AL 0.501
= 3.170

= 2,50,000 x (1.08) (0.3653)
=₹98,631
Hence, Sushree is required to pay ₹98,631at present (i.e. before 5 years) to receive an
annuity of Rs 20,000 per year after her retirement at the beginning of the year under
deferred annuity due prepaid.
 Annuity perpetual due immediate
Under this model of annuity, the present value of a perpetual annuity can be
calculated by using different variables. A perpetual annuity refers to an annuity which
is payable forever (i.e. unlimited period). Perpetual annuity due immediate or ordinary
perpetual annuity is payable at the end of each interval period. The formula for the
calculation of perpetual annuity due immediate is as follows.
Formula:
PV =

𝑨
𝒊

(Where, PV = present value, A = amount payable or receivable each period, i= interest
rate)
Illustration: 8 A charitable trust is interested to create an endowment fund for the
award of a prize of excellence in social services each year. The prize value is ₹ 5,000
p.a. payable at the end of each year. Find the amount to be deposited at present to
generate the prize fund each year, reckoning interest at 10% per annum.
Solution: Here the values are A= ₹5,000, i= 10% or 0.1, PV=?
Formula:
PV =
=

𝑨

𝒊
𝟓𝟎𝟎𝟎
𝟎.𝟏

= ₹50,000

Thus, ₹50,000 is to be deposited at present to receive an annuity of ₹5,000 at the end of
each year forever for the award of the prize.
 Annuity perpetual prepaid immediate
The perpetuity annuity prepaid immediate offers a regular payment forever at
the beginning of each period. It is just the opposite of annuity perpetual due immediate,
where payment is made at the beginning of the interval period. This model is also
useful for establishing an endowment fund for prize distribution or pension policy etc.
Here is the formula for calculating the present value of the perpetuity annuity due
prepaid.
Odisha State Open University, Sambalpur

Page 49

Present Value =

𝑨
𝒊

x (1+i)

Illustration: 9. An endowment fund is created for the award of a prize of excellence in
education, which will be payable at the beginning of each year forever. The prize value
is ₹ 5,000 p.a. Find the present value of the annuity to be deposited now to receive the
prize value in future reckoning interest at 10% per annum.
Solution: Here, A= ₹5,000, i= 10% or 0.1
Present Value =
=

𝐴

x (1+i)

𝑖
5,000

x (1+0.1)

0.1

=₹50,000 x 1.1
=₹55,000
Thus, ₹55,000 required to be deposited at present will generate ₹5,000 each year in the
beginning forever.
 Annuity perpetual due deferred
Sometimes we are interested to know that, how much money should be kept at
present that will generate some regular payment in future forever. Again, some people
may desire to receive such an amount after the expiry of a certain period. This type of
annuity is known as annuity perpetual due differed. For example, Ramesh wants to
deposit certain at the age of 50, which may generate ₹25,000 per year forever after his
retirement (from 60 years of age). Where the 1st payment will be made after 10 years.
The present value of this annuity due prepaid deferred can be computed by using the
following formula.
PV = (1+i)-m

𝑨
𝒊

(Where, m = expired period, A= annual payment to be received, i= interest
rate.)
Illustration: 10 Lions Club is planning for an endowment fund, to receive ₹36,000
each year-end. They decided to continue this forever after the expiry of 5 years. These
receipts may be utilized to meet the day to day expenses of the organization. How much
amount is to be paid by the club to get this benefit reckoning 9% interest rate?
Solution: Here, A = ₹36,000, m= 5, i= 9% or 0.09
Putting the values:
PV = (1+i)-m
= (1+0.09)

𝐴
𝑖

-5 36000

0.09

-5 36000

= (1.09)
1

= 1.5386

0.09
x 36000

0.09
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=

36000

0.1385

= ₹2, 59,928
Hence, ₹2, 59,928 is to be deposited in the endowment fund to receive ₹36,000 each
year-end for the maintenance of day to day expense after the expiry of 5 years.
 Annuity perpetual prepaid deferred
Under this model, the amount will be received at the beginning of each interval period
and other conditions are the same as annuity perpetual due deferred. This annuity will
be continued forever after a specific period. The formula to estimate the present value
of such annuity is:
Present Value =

𝑨
𝒊

x (1+i) (1+i)-m

Illustration: 11 Calculate the present value of a deferred perpetual annuity prepaid of
₹3,000 pa commences after 5years hence at the rate of 10% compound interest. An
annuity is receivable at the beginning of the year.
Solution:
The formula for calculation of annuity perpetual prepaid deferred
PV =
PV =

𝑨

x (1+i) (1+i)-m

𝒊
3000
0.1

x (1+0.1) (1+0.1)-5

(Putting the values)

= 30,000 (1.1) (1.1)-5
= 30,000 (1.1) x

1
(1.1)5

1

= 33,000 x 1.611
=20,484

Let x=(1.1)5
or log x = 5log 1.1
= 5 x 0.0414
=0.2070
x= A.L. 0.2070 = 1.611

Hence, ₹20,484 is the present value of an annuity perpetual prepaid deferred of ₹3,000
receivable forever after 5 years.
The above-discussed annuity models are the basic models of annuities, which
are used for the calculation of the PV and FV of various annuities as per requirement.
By using the appropriate formula we can able to compute different variables under the
annuity. Necessary care should be taken to identify the nature of annuity before
selecting an appropriate model.
3.3.2 Standard Annuity Models
Standard models of annuity are the types of annuities based on the return. The
return or payment that arises out of an annuity may be fixed or variable. Annuities may
have low risk, moderate risk and high-risk categories. An annuity should be selected by
an annuitant based on his or her risk-bearing capacity. Life Insurance corporations are
issuing different types of annuities such as life annuities, pension annuities, indexed
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annuities etc. All these annuities are based on fixed or variable income annuities and
high or low-risk annuities. Standard models of annuities are further classified into 3
categories such as fixed annuity, variable annuity and indexed annuity.
i.
Fixed annuities:
A fixed annuity provides a fixed rate of income throughout the annuity period.
It is a low-risk annuity. This type of annuity offers a fixed return over the life of an
annuitant or for a certain term. Due to the fixed or guaranteed rate of return offered
under this annuity, the issuer of the annuity may earn profit or suffers loss under
different inflationary pressure. Hence, under this annuity more risk is associated with
the insurance company or issuer of the annuity and the annuitant has very low risk. The
interest rate of this annuity may be reset after a long period as per the norm. A long
period fixed annuity may not be good as it reduces the purchasing power of the
annuitant in long run due to high market inflation.
ii.
Variable annuity
A variable annuity is just the opposite of a fixed annuity. Under this annuity, the
return will be varying as per the return of the portfolio. This type of annuity often
assured a guaranteed minimum return on the investment to protect the annuitant’s
interest. It is riskier than a fixed annuity, due to market fluctuation. In advanced
economies, variable annuities provide better results and maximum people choose this
annuity for their investment. Nowadays many insurance companies issued variable
annuities under the guaranteed minimum income benefit (GMIB) option. The issuer of
an annuity or insurance company may not suffer loss in variable annuity unless the
GIBM option is not available. An overall variable annuity is a preferred choice by the
people in advanced countries like the US, Japan etc.
iii.
Indexed annuity
An indexed annuity is a annuity, which generates income at par with any market
index (i.e. nifty, Sensex etc.). This annuity is also very popular among people. It
combines the characteristics of a fixed annuity with some additional growth according
to market performance. Here, a minimum guaranteed return plus the return on the
market index premium is given to the annuitant. To issue an index annuity the issuer
requires both insurance as well a securities license.
3.3.3 Hybrid Annuity model
A single annuity which combines two or more annuities is called a hybrid
annuity, such as a variable annuity and a fixed annuity placed under a single annuity.
A hybrid annuity includes the features of either two or more annuities. Investors or
annuitants take the benefit of earnings by minimizing risk in this annuity. A hybrid
annuity offers a goal-oriented investment to protect your savings as well as to provide
a target return. Many types of customized hybrid annuities are offered by different
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financial institutions for customer-specific choices. A hybrid annuity can hedge
against inflation.
A hybrid annuity offers more specific options than basic and standard
annuities, where an annuitant chooses the best option depending upon his or her
requirement. A conservative (risk-averse) investor chooses a fixed annuity due to
being less risky, whereas an aggressive (high-risk tolerance) investor chooses a
variable as well as an indexed annuity for more income. But a rational investor always
makes a balance between risk and return by choosing a hybrid annuity. The design of a
hybrid annuity allows a part of the investor's fund to be placed in a mutual fund having
variable components and the other part kept in another fixed component mutual fund
which provided guaranteed income. Based upon the features of hybrid annuity various
advantages and disadvantages are
Merits of hybrid annuities:







A hybrid annuity can begin with an immediate or deferred annuity.
It can be started with a fixed or flexible premium.
It can hedge against inflation.
It reduces the risk to investors.
It provides high return than a standard annuity.
It is best suited for retirement savings.

Demerits of the hybrid annuity:




It is more complex due to the dual framework.
It is difficult to understand by ordinary investors.
It is more expensive (i.e. more fees) than another annuity.

The hybrid annuity model is one of the best annuities from the investor’s point
of view. It helps to generate more income than other annuities due to the duality
framework. Market inflation can be overcome by investing in a hybrid annuity.
Rational investors always choose a hybrid annuity due to minimising risk. Hence, a
hybrid annuity is one of the best choices among the retirement planner due to the triple
benefit of increasing investors' income, hedging against inflation and protecting of
guaranteed minimum income benefit. Many types of hybrid annuities can be formed
by combining different basic or standard annuities. While setting up a hybrid annuity
investors’ interests must be protected. Besides this standard annuities and basic
annuities are also popular due to their simplicity.

Odisha State Open University, Sambalpur

Page 53

3.4

LET US SUM UP

An annuity is one of the most important tools in the hands of a financial
manager to attract investors towards investment. It provides certain future cash flows at
equal time intervals. Annuities are generally created by financial institutions, whereas
life insurance companies mostly use annuities to provide regular income to their
customers. An annuity also provides an alternative source of income to the individual
because of guaranteed regular income. However, annuities are lesser liquid than other
investments, as the initially deposited lump sum amount cannot be withdrawn without
penalties.
There are many types of annuities such as ordinary annuity, annuity due,
deferred annuity, annuity certain, annuity perpetual etc. Every annuity is different in its
characteristics, which may serve a different purpose. An annuity contract started when
an individual pays a lump sum or a series of instalments to the issuer of an annuity (i.e.
financial institution or Life Insurance Company) and in return, the issuer of the annuity
pays the accumulation amount to the annuitant in a lump sum or a series of payment
upon certain term and conditions.
A model usually describes a system using which a set of variables and a set of
equations, establish relationships between the variables. Models are presented for the
ready reference of different annuities. The variables in the annuity models are interval
period, term of the annuity, interest rate, EMI and types of annuities. Different types of
annuities discussed earlier, is grouped into three different models such as basic models,
standard models and hybrid model. The basic model of annuity is further grouped under
a model based on accumulated value or future value and the model based on present
value. The standard models of annuity are the types of annuities based on the return.
The return or payment that arises out of an annuity may be fixed or variable. Standard
models of annuities are further classified into 3 categories such as fixed annuity,
variable annuity and indexed annuity.
Lastly, we have to discuss the hybrid model. A single annuity which combines
two or more annuities is called a hybrid annuity, such as a variable annuity and a fixed
annuity placed under a single annuity. A hybrid annuity combined the features of two
or more annuities. It is a high return with less risk annuity. This annuity offers a goaloriented investment to protect your savings as well as to provide a target return. Many
types of customized hybrid annuities are offered by different financial institutions for
customer-specific choices. A hybrid annuity can hedge against inflation.
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3.5

KEYWORDS

Important keywords of this chapter are as follows.








3.6

Model: A model usually describes a system using which a set of variables and a
set of equations, establish relationships between the variables.
Present Value: The discounted value of the future accumulated amount
received in an annuity.
Future Value: It is the future accumulated amount calculated from present cash
flows at an appropriate compounding rate.
Variable annuity: Under this annuity, the return on annuity will fluctuate as per
the return of the portfolio.
Fixed annuity: Fixed annuity provides a fixed rate of income throughout the
annuity period. It is a low-risk annuity.
Indexed annuity: Indexed annuity is that annuity which generates income at
par with the market index (i.e. nifty, Sensex etc.).
Hybrid annuity: A hybrid annuity combines two or more annuities in a single
annuity.
REVIEW QUESTIONS

Q.1. Short questions.
f) What is an annuity model?
g) What is the present value of an annuity?
h) Define an indexed annuity.
i) State the advantages of the hybrid annuity.
j) What are the disadvantages of the hybrid annuity?
Q.2. Long questions.
g) Discuss different models of annuity with examples.
h) Find the accumulated amount of ₹5,000 deposited at the end of each year for
15 years at a 10% interest rate compounded yearly.
i) LIC premium of ₹8,000 is paid annually at the beginning of each period for 10
years. Calculate the future value of the policy after 10 years at a 12 % bonus.
j) What is the present value of an annuity of ₹ 4,000 payable for 8 years at 10%
compound interest per annum?
k) If ₹7,000 per month will be paid for 10 years to a bank to close a personal loan
at a 10 per cent interest rate. What was the loan amount?
l) Find the amount to be deposited in an endowment fund which generates ₹3,000
at the end of each year for the distribution prizes forever, reckoning interest at
10% per annum.
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4.0

LEARNING OBJECTIVES

After studying this unit, you will be able to:
 Understand the meaning of Amortisation and Sinking fund
 Explain features of Amortisation and Sinking fund
 Calculation of the amount of Amortisation and Sinking fund
 Use of amortisation and sinking fund in real-life problem
4.1

INTRODUCTION

Financial mathematics is an integral part of the individual as well as corporate
finance. In every aspect of financial management such as loan repayment schedule,
asset valuation, investment decision etc. financial mathematics plays an important role.
Different techniques of mathematics are used in different situations to solve numerical
problems in financial decisions. Time value of money, annuities, depreciation,
amortization and sinking funds are the most important techniques required for financial
decision making. It is inevitable to charge depreciation on fixed assets to calculate the
true profit and financial position. But it is difficult to charge depreciation on intangible
assets due to no physical existence. Hence, amortization may be charged to an
intangible fixed asset to write off its value over a period.
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Debt management is also another important aspect of personal as well as
institutional finance. Repayment of a loan in easy instalments is one of the best
methods to reduce the debt burden which is known as amortisation of the loan. Under
the technique of amortization, both the principal and interest component of a loan can
be repaid in equated monthly instalments over some time to reduce the debt amount to
zero at the end of the period. Hence, understanding amortisation is very essential for
debt management.
On the other hand, if the loan amount needs to be repaid at once with an
accumulated amount of principal and interest we may take the help of a sinking fund. A
sinking fund is a type of fund created purposefully by keeping aside a certain amount of
money till the maturity of a debt or the end of an asset life for the repayment of debt or
repurchase of the asset. Hence, both amortisation and sinking fund is crucial for
financial decision making.
4.2

CONCEPT OF AMORTISATION

The word amortisation is often used in the business process either to depreciate
intangible fixed assets or to pay back the debt in equated instalments. As defined by the
Oxford Learner’s Dictionary the verb ‘amortisation’ is the “practice of paying back a
debt by making small regular payments over some time”. Again in depreciation
accounting amortisation is used for writing off intangible assets over a specific period.
Hence, the word amortisation is used in two different situations.
Firstly, amortisation is the process of repayment of debt through payment of
both principal and interest regularly over a specific period. An amortisation schedule is
prepared to spread over the debt components over the loan repayment period. For
example repayment of a car loan or house-building loan through equated monthly
instalments (EMI) over a specified time frame.
Secondly, amortisation is the process of gradually writing off an intangible
fixed asset over a specific period to reduce the asset value to zero. It applies to
intangible assets only such as goodwill, patents, copyrights, trademarks etc. Under this
method total cost of an intangible fixed asset is spread over its estimated life.
Amortisation applies to intangible assets whereas depreciation applies to tangible fixed
assets such as machinery, furniture etc.
In simple, the word amortisation is applicable in both the process of reducing
debt and depreciating an intangible fixed asset. A loan or debt is repaid in regular
equated monthly or yearly instalments, which include both principal and interest
components. Depreciating or amortising an intangible fixed asset is the process of a
gradual decrease in the cost of an intangible fixed asset over a set period. Amortisation
gradually reduces the book value of an intangible fixed asset.
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4.3

FEATURES OF AMORTISATION

Important features of amortisation are as follows:
 Amortisation is the process of writing down the values of a debt or an
intangible asset.
 An amortisation schedule is prepared to close a debt or intangible asset on
specific maturity date.
 It is used by lenders to fix loan instalments.
 Amortise amounts can be calculated by spreadsheet software.
 It reduces the book value of the debt or intangible asset to zero at the end of a
specific period.
 It is also applicable to write off capital expenses (i.e. preliminary expenses)
over a specific duration
4.4

AMORTIZATION OF LOANS

Loan amortisation is a systematic process of repayment of a debt. Under this
method, the whole amount of the loan, both principal and interest is repaid within a
specified period and should be fully paid by the maturity date. For example, a car loan
of ₹5, 00,000 may be repaid within 5 years (60 months) with equated monthly
instalment at the rate of 8% p.a. compounded monthly. In each instalment, both
principal and interest are payable, where initially more interest and less principal
amount are payable and in a later stage, more principal and less interest will be paid.
The book value of the loan decreases gradually and becomes zero by the maturity date.
In each instalment, both the principal amount and interest amount will pay as per the
amortisation schedule.
Amortization amount can be calculated by using formulas, spreadsheet
software packages, (i.e. Microsoft Excel, Google spreadsheet etc.) Calculators,
amortization applications etc. An amortization schedule can be created, which begins
with the outstanding loan balance. Periodical payment under amortisation is calculated
by the formula which constitutes both the principal and interest amount. The interest
till the 1st payment is calculated and added to the principal amount then the 1st
instalment amount is deducted. This process will continue till the loan amount
becomes zero by its maturity date.
1)

The formula for calculation of periodical payment amount under the
amortisation
𝒊𝒑

A =𝟏−(𝟏+𝒊)−𝒏
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Where A= Amount of payment per period (i.e. equated monthly instalment)
P= Principal amount (PV of the loan)
i = Interest for the period (If interest is compounded monthly annual rate should be
divided by 12.)
n= Total number of payments
It can be clear from the following illustration.
Illustration 1 Calculate the amount of equated monthly instalment if ₹50,000 is
payable in 6 monthly instalments at the rate of 9% per annum.
9%

Solution: Here, P=50,000, n= 6, i= 12 =0.0075,
Putting the formula:
𝒊𝒑

A =𝟏−(𝟏+𝒊)−𝒏
𝟎.𝟎𝟎𝟕𝟓 𝐱 𝟓𝟎,𝟎𝟎𝟎

=𝟏−(𝟏+𝟎.𝟎𝟎𝟕𝟓)−𝟔
𝟑𝟕𝟓

= 𝟏−(𝟏.𝟎𝟎𝟕𝟓)−𝟔
𝟑𝟕𝟓

=

𝟏−

𝟏
(𝟏.𝟎𝟎𝟕𝟓)𝟔

𝟑𝟕𝟓

=

𝟏−

𝟏
𝟏.𝟎𝟒𝟓𝟖𝟓

𝟑𝟕𝟓

=𝟏−𝟎.𝟗𝟓𝟔𝟏𝟔
𝟑𝟕𝟓

=𝟎.𝟎𝟒𝟑𝟖𝟒
=8,553 (appr.)
Hence, an amount of ₹ 8,553 should be paid monthly to repay the loan by the maturity
date.
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4.5

AMORTISATION SCHEDULE

An amortization schedule is a table, which shows the complete information
about periodic loan payments. This schedule consists of principal, interest, and balance
amount due after each payment until the full loan is paid off. Under this schedule, each
periodic payment amount remains the same. However, early payment comprises more
interest and less principal and the later stage comprises more principal and less interest
in the schedule. The outstanding balance gradually reduced to zero over the payment
period. This schedule helps the borrower to keep track record of the loan.
Table 14.1 Amortisation schedule prepared from the data of illustration 14.1.
Payment
Amount
of Interest paid
period
instalment
0
1st Month
₹ 8,553.45
₹ 375.00
nd
2 Month
₹ 8,553.45
₹ 313.66
rd
3 Month
₹ 8,553.45
₹ 251.86
th
4 Month
₹ 8,553.45
₹ 189.60
th
5 Month
₹ 8,553.45
₹ 126.87
th
6 Month
₹ 8,553.45
₹ 63.67
Total
₹ 51,320.70
₹ 1,320.67
*Calculated using excel spreadsheet.

Principal
repaid
-₹50,000
₹ 8,178.45
₹ 8,239.79
₹ 8,301.59
₹ 8,363.85
₹ 8,426.58
₹ 8,489.78
₹50,000

Balance due
₹50,000
₹ 42,767.25
₹ 34,213.80
₹ 25,660.35
₹ 17,106.90
₹ 8,553.45
₹ 0.00

The above amortisation schedule shows the different periods of an instalment
payment in the 1st column and the amount of instalment payable in each instalment in
the 2nd column. The interest and principal component of each instalment is shown in the
3rd and 4th column and the last column shows the balance of the loan amount due at the
end of each period. This schedule shows a clear cut picture of whole transactions
involved in the loan repayment system. An amortisation schedule can be prepared
easily with the help of an electronic spreadsheet (i.e. MS Excel etc.).
 Calculation of the amount of instalment in amortisation by M S Excel: The
syntax for the calculation of periodical equated instalment in MS excel is as
follows.
=PMT (Rate, Nper, -PV)
Where, Rate = interest rate for each payment period (i.e. monthly interest=
annual interest/12).
Nper: Total number of loan payment periods usually in months.
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-PV: Present value of the loan.



Instalment amount of loan calculated in MS Excel, where Principal amount is
₹50,000, I = 6% or 0.06/12 = 0.005 and loan period =6 month. The calculated
value of payment for each period (ie. EMI) is ₹8,479.77.

2)

The formula for calculation of the present value of loan amortisation

The present value of amortisation can be calculated from the available
information such as interest rate (i), amount of instalment (A), and several periods (n).
The formula for the calculation of the present value is as follows.
Present Value (PV) =

𝟏−(𝟏+𝒊)−𝒏
𝒊

xA

Where i= interest rate per period
A= Amount of instalment
n= number of periods
Illustration 2: Calculate the loan value, which will be repayable in 12 monthly
instalments of ₹1,000 at 12% interest per annum.
Solution:
Here, i=12% pa or 0.12/12 = 0.01, A=₹1000, n= 12, PV=?
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Present Value (PV) =
=
=
=

1−(1+0.01)−12
0.01
1−(1.01)−12
0.01
1−0.888
0.01

𝟏−(𝟏+𝒊)−𝒏
𝒊

xA

x 1000

x 1000

x 1000

Applying Log. Log x =(1.01)-12
x= AL -12 log 1.01
= AL -12(0.0043)
= AL – 0.0516
=AL 1.9484
=0.888

0.112

= 0.01 x 1000
112

= 0.01
=₹11,200 (Appr.)
Hence, ₹11,200 is the present value of the loan payable within 12 monthly instalments
of ₹1,000 @ 12% pa.


Calculations of the present value of loan amortisation in an excel
spreadsheet.

Here is the formula (syntax) for the calculation of the Present Value of loan
amortisation in an MS Excel spreadsheet.
= PV (rate, nper, pmt, [fv], [type])
Where,
Rate = rate of interest per period
nper = number of payment periods
pmt = amount of instalment paid each period
[fv] = Future value of the investment, (omitted if zero)
[type] = When payments are made, (For payment at end of the period write zero or
omitted and for the beginning of the period)
Computation of present value of loan amortisation using excel sheet.
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# Calculation of Present value from illustration 2 with help of excel spreadsheet is
shown as above. Where the present value is calculated as ₹11,255.08 in MS excel. (The
difference between the present value under manual calculation and excel calculation is
due to the rounding effect)
4.6

AMORTIZATION OF INTANGIBLE ASSETS

Amortization is also applied to the intangible fixed asset, which refers to the
process of spreading over the cost of an intangible asset throughout the estimated life of
that asset. Intangible assets are those assets which cannot be touched and seen, such as
goodwill, trademark, patent, copyright etc. The total cost of the asset is allocated to
different periods of its useful life and charged to the profit and loss account. The book
value of the asset is decreased by the amount of amortisation each year. In the balance
sheet, the book value of the asset is shown after deducting the amortised amount.
Computation of the amortisation amount of a specific asset is made in the same
manner as depreciation on tangible fixed assets. The most important methods of
amortisation of assets are a straight-line method, written down value method etc.
(discussed in detail in the depreciation unit). Among the methods, the straight-line
method is the most suitable method for amortisation. Amortisation is also essential for
every business to charge depreciation following the Generally Accepted Accounting
Principles (GAAP). Amortisation of an intangible asset is essential as it can reduce the
taxable income of the business and disclose the true earnings of the business. For
example, if the value of trademark costs ₹60,000 having a life of 5 years, then under the
straight-line method depreciation amount is charged at ₹12,000 per year (i.e.

60,000−0
5

=

12,000).
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Illustration 3: Sunshine Ltd. acquired a patent for ₹50,000 for 10 years. What will be
the amortised value of the patent after 5 years under a straight line?
Solution: Here, the Cost of the patent is ₹50,000, the Life of the patent= 10 years,
Annual amortised amount=
Rate of Amortisation=

𝐶𝑜𝑠𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑃𝑎𝑡𝑒𝑛𝑡

𝐿𝑖𝑓𝑒 𝑜𝑓 𝑃𝑎𝑡𝑒𝑛𝑡
𝐴𝑛𝑛𝑢𝑎𝑙 𝑎𝑚𝑜𝑟𝑡𝑖𝑠𝑒𝑑 𝑎𝑚𝑜𝑢𝑛𝑡
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡
st

Amortisation amount of 1 year =50,000 x
Amortisation amount of 2nd year =50,000 x
Amortisation amount of 3rd year =50,000 x
Amortisation amount of 4th year =50,000 x
Amortisation amount of 5th year =50,000 x

50,000

=

10

= 5,000.
5,000

x 100 =50,000x 100 =10%

10

= ₹5,000

100
10

= ₹5,000

100
10

= ₹5,000

100
10

= ₹5,000

100
10

= ₹5,000

100

Total amortize amount for 5 years ₹5,000 + ₹5,000 +₹5,000 +₹5,000 +₹5,000 =
₹25,000.
Amortised value of the patent after 5 years is ₹50,000 – 25,000 = ₹25,000.
Hence, the amortised value of the patent after 5 years will be ₹25,000.
4.7

DIFFERENCES BETWEEN AMORTISATION AND DEPRECIATION

Amortisation and depreciation are similar. However, some differences are there
between them. Some of the important differences between amortisation and
depreciation are as follows.
Basis
of Amortisation
difference

Depreciation

Meaning

Amortisation is the process of
spreading over the cost of
an intangible
fixed
asset
throughout the life of the asset.

Depreciation is the process of
spreading over the cost of
a tangible fixed asset throughout
the estimated life of the asset.

Asset type

It applies only to intangible fixed It applies to tangible fixed assets
assets such as goodwill, patents, such as plants, machinery,
trademarks, copyrights, licenses, building, furniture, vehicles, etc.
franchise agreements etc.

Methods

Generally, amortisation is charged Depreciation is charged on
on the Straight Line Method.
various methods as per the
suitability, such as the Straight
Line Method, Written down
value method, sum-of- years’
digits method etc.
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Life of asset

Generally, the life of intangible The life of an asset varies from
assets remains fixed, such as asset to asset. It is generally
patents, trademarks, licenses etc.
estimated by the technical
experts.

Salvage/scrap
value

There is no salvage or scrap value Physical assets have some
of an intangible asset after its salvage or scrap value after their
useful life.
useful life.

Amortisation and depreciation are essential for the allocation of asset costs throughout
the life of assets. Both these methods play an important role in the organization
depreciating the cost of the asset by charging the part of the value of the asset against
the revenue of the business to calculate true profit or loss as well as the position of the
business.
4.8

SINKING FUND

Debt is an important source of finance. It is required for many purposes such as
maintaining working capital, finance for capital expenditure, personal requirements,
purchase of business etc. Debt is very easy to acquire and very difficult to repay. The
accumulated value of a debt acquired at present will be multiplied in future due to the
compounding effect. Under these circumstances, immediate response should be taken
for the repayment of debt within the exact term of the loan/debt. A sinking fund is
meant for the redemption of a high amount long term loan on maturity.
The sinking fund is a fund created by keeping aside some amount at a stated
interval for the repayment of a loan partly or fully. For example, funds created for
repayment of the bonds, debentures, and preference shares issued by the company.
Sometimes sinking funds are also created to replace a fixed asset on the expiry of an
old one. The creation of a sinking fund is also a method of amortisation of a debt,
which has not matured yet. A sinking fund is generally created with a sinking fund
trustee under the term of the mortgage deed. Hence, it is a financial instrument that
accumulates a regular contribution to repay a loan on maturity.
It is a very important tool in the hands of an organization or person for debt
management. Under this system, a new fund is created like a special purpose saving
account, where the money is deposited at regular intervals to repay a loan with the
accumulated amount of the fund. Money in the fund can be invested in 3 ways. Such as:
 Deposit in banks.
 Investment in the bonds of other organizations.
 Investment in the bonds of the issuing organization.
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Out of these three options, investment in the own bonds of the issuing company
is the better option so far as mismanagement of the fund is concerned. It is safe to
invest in your bond sinking fund to minimize the risk.
4.9

FEATURES OF SINKING FUND

Followings are the important features of the sinking fund.
 It is similar to the amortisation of a long term loan.
 It helps to pay off loans throughout its life.
 It reduces the risk to the investor.
 It eases the debt burden of the borrower.
 A single fund can be used for the repayment of several debts.
Besides these, a sinking fund is also used to accumulate regular savings to
generate a large sum in future. It can be used for long term financial planning for the
purchase of an asset or repayment of a loan.
4.10

DIFFERENCE BETWEEN SINKING FUND & AMORTISATION

A sinking fund is an investment fund that sets aside some money at regular
intervals to meet a future investment or payment needs. On the other hand, amortization
is the periodical payment of a certain amount known as EMI to repay a debt
systematically. Other differences between these two are as follows.
Basis
of Sinking Fund
difference
Meaning
A sinking fund is a fund that sets
aside some money at regular
intervals to repay a debt in future
with the accumulated amount.
Interest
Interest is receivable in sinking.
Result

Applicability

Amortisation

Amortization is the periodical
payment of a certain amount at a
regular interval to repay a debt in
instalments.
Interest
is
payable
in
amortisation.
There will be a significant amount The closing balance is zero at the
generated from the sinking fund, to end of the amortized loan.
repay a lump sum loan amount.
It is appropriate for the repayment It is relevant to repay a loan at
of a loan in a lump sum or to regular intervals and it is also
replace an old asset.
required to depreciate the tangible
asset.
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Sinking funds and amortisation are working in opposite directions, where the
first one accumulates the regular payments to a large sum for the purchase of an asset
or repayment of a loan in a lump sum. The second one gradually reduces a loan or debt
to zero after a specific period.
4.11

COMPUTATION OF SINKING FUND

Sinking fund accu11mulates a regular deposit of the amount set aside from the
regular income to generate a large sum in future. Under this system, a periodical
contribution can be done at a regular interval at the end of each period. The formula
used to find out the future value of a sinking fund is equal to the ordinary annuity
certain.
FV =

𝑨
𝒊

{(1+i)n -1)}

Where, A= amount of regular instalment
n= number of interval period
i= compound interest rate.
FV= future value
Illustration 4: A company decided to create a sinking fund to replace assets worth ₹2,
00,000 after 5 years. Compute the amount of money put into the fund every year out of
profits reckoning 12% compound interest.
Solution: Here, n= 5 years, FV = 2, 00,000, i= 12%, A=?
FV =

𝑨
𝒊

{(1+i)n -1)}

Putting the values,
𝐴

2, 00,000 = 0.12 {(1+0.12)5 -1)}
𝐴

⇒2, 00,000 = 0.12 {(1.12)5 -1)}
𝐴

⇒2, 00,000 = 0.12 {(1.762 -1)}
𝐴

⇒2, 00,000 = 0.12 (0.762)
𝐴

⇒2, 00,000 = 0.12 (0.762)

Applying, Log (1.12)5= 5 log 1.12
= AL 5(0.0492)
=AL 0.246
=1.762

⇒24000 =A(0.762)
⇒A =

24000
0.762

=₹31,496
Hence, a sinking fund created with a deposit of ₹31,496 yearly can generate ₹2, 00,000
after 5 years to replace the asset.
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Illustration 5: Find the accumulated value of ₹10,000 deposited at the end of each year
in a sinking fund for 10 years. The interest rate is 15% per annum.
Solution: Here, A = periodical payment= ₹10,000, n= 10 years, i=15%
FV =
=
=
=
=

𝑨

𝒊
10,000
0.15
10,000
0.15
10,000
0.15
10,000
0.15

{(1+i)n -1)}
{(1+0.15)10 -1)
{(1.15)10 -1)
(4.046 -1)
(3.046)

Applying, Log (1.15)10= 10 log 1.15
= AL 10(0.0607)
=AL 0.607
=4.046

= 66,666.67 x 3.046
= ₹2, 03,367
Hence, in a sinking fund of ₹10,000 deposited at the end of each year for 10 years @
15% interest per annum can accumulate ₹2, 03,367.
A sinking fund is very much helpful in personal as well as corporate financial planning.
It is applied to estimate the amount of periodical contribution to finding out an exact
sum in future to fulfil a certain goal. A long term financial goal can be achieved easily
by creating a sinking fund. We can find the periodical contribution, accumulated
amount, interest rate and period with the sinking fund methods.
Proper care should be taken while setting up a sinking fund account. The
success of a sinking fund depends upon the economic condition of the country. A weak
economy may affect the success of sinking funds but it can be rescheduled as per the
demand of the economy to get the best result. A sinking fund is more effective when it
approaches maturity. Both individuals and businesses use this fund to reduce their
burden for repayment of debt or purchase of a valuable asset. As per requirement, the
size of the fund, regular contribution and repayment schedule may be adjusted as per
the change in the economic condition of the country.
4.12

LET US SUM UP

Amortisation is often used in the business process either to depreciate intangible fixed
assets or to pay back the debt in equated instalments. It is a practice of paying back a
debt by making small regular payments over some time. Besides this, amortisation is
also used for writing off intangible assets. Hence, the word amortisation is used in two
different situations. In the process of repayment of debt through payment of both
principal and interest regularly over a specific period. An amortisation schedule is
prepared to spread over the debt components over the loan repayment period. For
example repayment of a vehicle loan or house-building loan through equated monthly
instalments (EMI) etc.
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Amortisation applies to intangible assets only, such as goodwill, patents, copyrights,
trademarks etc. Under this method total cost of an intangible fixed asset is spread over
its estimated life. Amortisation applies to intangible assets whereas depreciation applies
to tangible fixed assets such as machinery, furniture etc. In simple, the word
amortisation is applicable in both the process of reducing debt and depreciating an
intangible fixed asset. A loan or debt is repaid in regular equated monthly or yearly
instalments, which include both principal and interest components. Depreciating or
amortising an intangible fixed asset is the process of a gradual decrease in the cost of an
intangible fixed asset over a set period. Amortisation gradually reduces the book value
of an intangible fixed asset.
On the other hand sinking fund is a fund created by keeping aside some amount
at a stated interval for the repayment of a loan partly or fully. For example, funds are
created for repayment of the bonds, debentures, and preference shares issued by the
company. Sometimes sinking funds are also created to replace a fixed asset on the
expiry of an old one. The creation of a sinking fund is also a method of amortisation of
a debt, which has not matured yet. A sinking fund is generally created with a sinking
fund trustee under the term of the mortgage deed. Hence, it is a financial instrument
that accumulates a regular contribution to repay a loan on maturity.
4.13

KEYWORDS

Following are the important keywords in the unit:







Amortisation: Amortisation is a process of either depreciating intangible fixed
assets or paying back the debt in equated instalments.
Sinking fund: A sinking fund is a fund created by keeping aside some amount
at a stated interval for the repayment of a loan partly or fully.
Bonds/debentures: It is an acknowledgement of a debt issued by a company
or Government that assured a fixed rate of interest.
Intangible assets: An asset which cannot be touched and seen is called an
intangible asset. For example patents, trademarks, copyrights, licenses etc.
Fixed asset: Assets used for more than one year is called a fixed asset. For
example building, machinery, furniture etc.
EMI: Equated Monthly Instalment.
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4.14

REVIEW QUESTIONS

Q.1. Very short questions.
k) An amortisation payment consists of both ______and ______.
l) In the series of amortisation payments, the principal component gradually
________
m) In the series of amortisation payments, the interest component gradually
________
n) Find the principal amount in a periodical payment of ₹2,500, where interest
component is ₹ 1,750 _________.
o) In an amortised loan the monthly payment remain ________.
p) Amortisation of assets applicable to ________ asset.
q) Give an example of an intangible asset.
Q.2. Short questions.
m) Define amortisation.
n) What do you mean by sinking a fund?
o) State any two features of amortisation.
p) What are the two features of the sinking fund?
Q3. Long questions.
a) Find the monthly payment amount of an amortised loan of ₹50,000 payable in
24 monthly instalments at the rate of 12% per annum.
b) What will be the future value of a monthly payment of ₹5,000 payable for 10
years at the rate of 15% per annum?
c) A patent purchased for ₹50,000 is valid for 5years. Calculate the write off
amount for 5 years under the straight-line method.
d) A debt of ₹2, 50,000 will be repaid within 30 monthly instalments at a 9% rate
per annum. What will be the monthly deposit amount under the sinking fund?
e) Asset costs ₹ 80,000 will be replaced after 10 years, for which a sinking fund is
created. Calculate the yearly deposit amount in the sinking fund to generate the
replacement value @ 15% interest rate per annum.
Answers: Q1.a) Principal and Interest, b) Increases, c) decreases, d) ₹750, e) same. f)
Intangible, g) patent, copyrights etc.
4.15
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UNIT 5:

DEPRECIATION OF ASSETS

Structure
5.0
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
5.10
5.11

Objectives
Introduction
Meaning of Depreciation
Features of Depreciation
Causes of Depreciation
Objectives of charging depreciation
Factors affecting the calculation of depreciation
Methods of charging Depreciation
Let us sum up
Keywords
Review questions
Further Readings

5.0

LEARNING OBJECTIVES

After studying this unit, you will be able to:
 Understand the meaning of Depreciation
 Explain the causes of depreciation
 Calculating the amount of depreciation
 Ascertaining the exact value of assets at a particular time
5.1

INTRODUCTION

Every business has started to earn profit by investing capital. The capital
invested in the business is again classified as permanent capital and working capital.
The permanent or fixed capital of a business plays a vital role in the development and
growth of the business in the long perspective. The amount of capital invested for the
purchase of fixed assets i.e. land, building, machinery, furniture etc. of the business is
called permanent capital. But the value, as well as the capacity of the fixed assets, is
reduced over time due to various reasons. Hence, regular valuation of fixed assets is
necessary to calculate the true profit or loss of the business.
Assets are the properties and economic resources owned by the business which
accelerate the earning capacity of the business. These are of different types such as;
fixed assets, current assets, wasting assets, fictitious assets, and intangible assets. Out of
these assets, only fixed assets are considered for charging depreciation. No depreciation
is charged on current assets. Again, depreciation charged on different types of fixed
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assets is also known by a different name, such as on intangible assets it is called
amortization, on wasting assets it is known as depletion etc.
This chapter is very essential for the learners of finance and accountancy for
effective financial planning and estimation. Understanding the concept of depreciation
is necessary for every individual as well as a business organization. According to the
Accountancy standard, it is compulsory for charging depreciation to find out a true and
fair view of the profit and loss as well as the balance sheet of the business. The income
tax department also allows the depreciation as a chargeable expense for income the tax
purpose. Hence, depreciation is assumed to be of prime importance in the field of
financial management.
5.2

MEANING OF DEPRECIATION

Assets are the economic resources owned by an individual, firm or country with
the expectation of generating future benefits. For example Land, building, cash,
goodwill etc. The life span of an asset used in the business is depending upon the nature
and purpose of the acquisition of that asset. Some assets have a shorter life, which is
fully consumed during a financial year and some assets have a longer life which
provides benefits for a long term period. An asset having longer life gradually wears
out its value during the life is known as depreciation. So, it is required to charge the
part of asset cost to the production to calculate the exact cost of each product or service.
The word depreciation is derived from the Latin word ‘depretium’. In which
‘de’ means decline and ‘premium’ means price. Therefore, depretium refers to the
decline in the value of assets. Hence, depreciation is the gradual and continuous
decrease in the value of a fixed asset due to various reasons. In other words,
‘Depreciation’ is the permanent, continuous and gradual decrease in the book value of
fixed assets due to its use, wear and tear, or any other reasons. It is a non-cash expense.
For example, if A machine is purchased for ₹ 50,000 today, having an expected
life of 10 years may depreciate by ₹10,000 (i.e.

50,000
10

) every year and the value of the

th

machine comes to zero after 10 years. The value at the end of the life of an asset is
known as scrap value or residual value. Hence, for the calculation of depreciation, we
need the cost or purchase value of an asset, the expected life of the asset and scrap
value.
Definitions
According to CIMA, London, “Depreciation is the permanent decrease in the value of
an asset due to use and/or the lapse of the time”.
‘Carter’ defines depreciation as “the permanent and gradual decrease in the value of an
asset from any cause.”
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In the words of W. Pickles, “Depreciation is the permanent and continuous diminution
in the quality, quantity or value of an asset.”
5.3

FEATURES OF DEPRECIATION

Based on the above meaning and definitions, important features of depreciation
are discussed below:
 Depreciation is a process: It is the process of decrease in the book value of
fixed assets due to their use, wears and tear or any other reasons. It is a gradual
process. It could not takes place all of a sudden.
 Non-cash expense: Depreciation is a non-cash expense as there are no cash
payments made for this expense. It is charged to the profit and loss account and
deducted from the asset value each year.
 It may be physical or functional: Depreciation occurs due to various reasons.
Physical cause refers to the deterioration of the physical value of an asset i.e.
decay, wear & tear etc. Whereas, in the functional cause, an asset is no longer
used even if it is physically fit i.e. obsolescence, inadequacy etc.
 It is charged on fixed assets: Depreciation is always charged on long-life
assets only, such as machinery, plant, furniture etc. The value of current assets
is fully exhausted within one year so there is no need to charge depreciation on
current assets.
 It is charged on the cost price of assets: Depreciation is calculated and
charged on the cost price of the asset. The cost price of the asset also includes
any direct expenses incurred to bring into asset running condition. For example:
if a machine was purchased for ₹ 30,000 and spent ₹10,000 for the installation
of the machine then the total cost of the machine is ₹40,000 (i.e. 30,000+
10,000), on which the depreciation is charged.
 It is a process of allocation of cost: Depreciation is a process of allocation of
the cost throughout the life of the asset. It is not the process of valuation of fixed
assets.
 It is an ongoing process until the end of the life of assets: The depreciation is
charged throughout the life of the asset and the value of the asset comes to zero
or equal to scrap value after its useful life.
The above-discussed points are the most important characteristics or features of
depreciation.
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5.4

CAUSES OF DEPRECIATION

There are many causes of depreciation by which an asset reduce its value. The
causes of depreciation depend upon the nature and types of assets. Important causes of
depreciation are discussed below.
 Wear and Tear: Wear and tear is nothing but deterioration in the physical
quality of an asset, which results in a decrease in the value of that asset. It
occurs due to excessive use of assets in business operations. It is a physical
cause of depreciation.
 Decay: It is the reduction in the utility of an asset due to the effect of nature,
such as rain, moisture, change in weather etc. It is also a physical cause, which
deteriorates the physical quality of an asset.
 Effluxion of time/ Passage of time/ Expiration of Legal Rights: Some
categories of assets lose their value after the term of the agreement, directing
their use in the business, which comes to an end after the expiry of the
agreement period. These are known as functional causes of depreciation.
 Obsolescence: This is a functional cause of depreciation. Obsolescence means
being “out-of-date”. Obsolescence refers to an actual asset becoming outdated
on account of the availability of a better type of asset with upgraded technology.
For example, black and white TV is replaced by colour TV even if in good
condition due to upgraded technology.
 Depletion: It is the reduction in the value of an irreplaceable fixed asset due to
extraction. For Example Coal from coal mines or Colliery, Oil from oil wells
etc. It is also a functional cause of depreciation.
 Amortisation: Amortization is the reduction in the book value of an intangible
fixed asset over some time. For Example Goodwill, patent, trademark etc.
5.5

OBJECTIVES OF CHARGING DEPRECIATION

Depreciation in accounting records arises out of conceptual, legal, and practical
business considerations. These considerations offer depreciation a particular
significance as a business expense. Some of the important objectives of charging
depreciation in business are as follows.
 To calculate true profit or loss: The amount of depreciation is charged to the
current year’s profit and loss accounts for the determination of true profit or loss
of the business. It is a chargeable expense from an accounting point of view. If
depreciation is not charged against revenue, profit may be overstated.
 To present the true and fair view of financial position: If depreciation on the
assets is not provided for, then the assets will be overvalued and the balance
sheet will not depict the correct financial position of the business.
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Replacement of asset: Charging depreciation to an asset helps in the
accumulation of amount throughout the life of the asset to replace the concerned
assets after the expiry of its useful life.
Saving in Income Tax: The amount of depreciation is a deductible expense for
the calculation of profit for income tax purposes. Hence it reduces the income
tax burden of the business.
Matching of Costs and Revenue: The rationale for the acquisition of fixed
assets in business operations is that these are used in the earning of revenue.
Therefore, depreciation is as much the cost as any other expense incurred in the
normal course of business like salary, carriage, etc.
Compliance with Law: Apart from tax regulations, certain specific legislations
indirectly compel some business organisations such as corporate enterprises to
provide depreciation on fixed assets.

Besides, these above objectives, other objectives are also there, which may vary
from organization to organization and asset to asset. Hence, we should care about
charging the exact amount of depreciation on the concerned asset by estimating the life
of the asset in advance.
5.6 FACTORS AFFECTING THE CALCULATION OF DEPRECIATION
It is essential to calculate the exact amount of depreciation on a particular asset.
Depreciation of a particular asset depends upon the nature of that asset. The amount of
depreciation varies from asset to asset. The factors responsible to estimate the
depreciation amount of an asset are discussed as follows.
 The original cost of the asset: Original cost of the asset is taken into
consideration for the calculation of depreciation of an asset. It refers to the
purchase value of the asset along with other direct expenses incurred to bring
the assets into running condition.
The original cost of asset =Purchase price + Freight + Installation cost +any
other expenses incurred before the asset is put to use for the first time. In
the case of second-hand assets, the expenses incurred on repair & overhauling
of the asset before putting it to use are also included in the original cost of that
2nd hand asset.
 The estimated useful life of the assets: The working life of an asset should be
estimated by the technical expert in terms of years or months to calculate the
amount of depreciation exactly. If the life of an asset is not estimated exactly,
the depreciation may be overcharged or undercharged. Hence, the estimation of
useful life is very important for calculating depreciation more accurately.
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Residual value or scrap value or salvage value: Residual value is the
estimated amount of realized value from the sale of the asset at the end of its
working life. It is the sales value of an asset after its useful life.
Legal provisions: Some legal provisions are there to fix the amount of
depreciation as per the law of the Country. In India provisions of the Companies
Act and Income Tax Act is applicable for the estimation of depreciation.
Repairs and renewals of assets: Every asset required repairs and renewal
during its life. If repairs and renewals are regular, that is charged against the
revenue of the year but if the amount of repair and renewal amount is
substantial it may be included in the cost of the asset to charge depreciation in
future.

Hence, the factors of depreciation are very essential for the estimation of depreciation
amount more accurately.
5.7

METHODS OF CHARGING DEPRECIATION

Several methods are available for the calculation of the amount of depreciation
of assets. All the methods are using almost similar factors for the determination of the
amount of depreciation every year. But the amount of depreciation varies from method
to method. Some of the methods of charging depreciation are as follows.






Straight Line Method (SLM)
Written Down Value Method (WDV)
Sum-of-the-Years' Digits Method
Revaluation method of charging depreciation
Depletion method of depreciation

These methods of charging depreciation are discussed in detail subsequently.
5.7.1 Straight Line Method (SLM)
Under this method, a fixed amount of depreciation is charged annually, during
the lifetime of an asset. The amount of annual depreciation is computed on the Original
Cost and it remains fixed from year to year. This method is also known as the ‘Original
Cost method’ or ‘Fixed Instalment method’. This method of depreciation is suitable for
fixed life assets. In this method, the asset value comes to zero after its useful life. The
amount of depreciation under this method is very easy to calculate.
The formula for the calculation of the annual depreciation amount.
Annual Depreciation (D) =

𝑪−𝑺
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Where, C = Cost of the asset (Purchase value + other direct expenses.
S = Scrap value/ residual value of asset after its useful life.
N = Estimated life of the asset in years
The rate of depreciation is calculated by the following formula
𝑫

R = 𝑪 x 100
Where, R = Rate of annual depreciation
D = Amount of annual depreciation
C = Cost of asset
Illustration 1. ABC & Co. purchased a machine for ₹ 60,000 as of 1st April 2022. The
machine is expected to work for 10 years and the estimated scrap value is nil. Calculate
the amount of annual depreciation and the rate of depreciation chargeable under the
straight-line method (SLM).
Solution: Here, Cost of machine (C) = ₹60,000
Estimated working life (N) = 10 years
Scrap value (S) = Nil
Annual Depreciation =

𝑪−𝑺
𝑵

By putting the values, we get:
D=

𝟔𝟎𝟎𝟎𝟎−𝟎
𝟏𝟎

=

𝟔𝟎𝟎𝟎𝟎
𝟏𝟎

= ₹6,000

Again, the rate of depreciation is calculated by using the following formula.
𝑫

R = 𝑪 x 100 (where, D=6,000, C = 60,000)
𝟔𝟎𝟎𝟎

R = 𝟔𝟎𝟎𝟎𝟎 x 100
R = 10%
Hence, the rate of annual depreciation under straight line method is 10% and the
amount of depreciation charged each year ₹6,000 for 10 years (i.e. 6,000 + 6,000 +
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6,000 + 6,000 + 6,000 + 6,000 + 6,000 + 6,000 + 6,000 + 6,000 = 60,000) and the value
of machine reduced to zero after end its working life.
Illustration 2. Bharat store-purchased furniture worth ₹80,000 on 1st October 2021.
The scrap value of this furniture is estimated as ₹5,000 after 5years of expected life.
Calculate the amount of depreciation chargeable to the profit and loss account at the
end of each financial year till 31st march 2025 under the straight-line method.
(Hint: Here the 1st year depreciation is charged for 6 months from 1st October 21 to 31st
March 2022.)
Solution:
Given, C = ₹80,000, S = ₹5,000 & N= 5 years
Putting the formula of SLM
D=
D=

𝑪−𝑺
𝑵
𝟖𝟎,𝟎𝟎𝟎−𝟓,𝟎𝟎𝟎
𝟓

= ₹15,000

Amount of depreciation to be charged for different years:
1st year ended on 31st March 2022= 15000 x

6
12

= ₹7,500 (For 6 months)

2nd year ended on 31st March 2023 = ₹15,000
3rd year ended on 31st March 2024 = ₹15,000
Hence, the amount of annual depreciation charged for 1st year is ₹7,500, 2nd year ₹
15,000 and 3rd-year ₹15,000.
5.7.2 Written Down Value Method (WDV)
This method is also known as the ‘Diminishing Balance Method’ or ‘Reducing
Instalment Method’. In this method, depreciation is charged at a fixed rate on the
reducing book value (cost – depreciation) of the asset every year. The book value of the
asset keeps on reducing from year to year and also the amount of depreciation
continues to decrease till the end of the asset’s useful life. This method is suitable for
long-life assets. It is a logical method in which the amount of depreciation is charged in
a higher amount initially as maximum loss of asset occurs in the early use. Under this
method, asset value is never reduced to zero even after its expired life. The income tax
department of India recognizes this method of charging depreciation.
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The following formula is used to calculate the rate of depreciation under the
WDV method.
𝑛

1

𝑆

r = 1- √𝐶 x 100 or r =1-(𝑆/𝐶)𝑛 x 100
Where, r = Annual rate of depreciation under WDV method.
n = Expected life of asset
S = Estimated scrap value
C = Cost of asset
For example: Calculate the rate of depreciation under the WDV method if the cost of
the asset is ₹1,00,000 with a scrap value of ₹20,000 after 5 years of its useful life.
Solution: Here, C = ₹1,00,000, S = ₹20,000 and n = 5 years
𝑛

𝑆

5

20000

Rate of annual depreciation (r) = 1- √𝐶 x 100
= 1- √100000 x 100
5

= (1- √0.2 )x 100
= (1- 0.72 ) x 100
= 0.18 x 100 = 18% (Annual rate of depreciation)
Illustration 3. A plant was purchased on 1st April 2020 for ₹80,000. Calculate the
amount of annual depreciation under the WDV method for 5 years @ 10% p.a.
Solution: Here, the given rate of depreciation is 10% and the cost of asset is ₹80,000.
Hence, the amount of depreciation for 1st year (i.e. 1st Apr. 2020 to 31st March 2021) is
10

D = 80,000 x 100 = ₹ 8,000.
Value of plant after 1st year is ₹80,000 - ₹ 8,000 = ₹72,000
10

2nd year depreciation ₹72,000 x 100 = ₹7,200.
Value of plant after 2nd year is ₹ 72,000 - ₹ 7,200 = ₹64,800
10

3rd year depreciation ₹64,800 x 100 = ₹6,480
Value of plant after 3rd year is ₹64,800 – ₹6,480 = ₹58,320
10

4th year depreciation ₹58,320 x 100 = ₹5,832
Value of plant after 4th year is ₹58,320 – ₹5,832 = ₹52,488
10

4th year depreciation ₹52,488 x 100 = ₹5,248.8
Value of plant after 5th year is ₹52,488 – ₹5,248.8 = ₹47,239.2
Hence, the value of the plant after 5years will be ₹47,239.20 after charging depreciation
under the WDV method.
Illustration 4. A computer is purchased for ₹ 25, 600 as of 1st January 2021. The
expected life of the computer is 4 years and the rate of depreciation charged on the
written down value method is 25% per annum. Calculate the amount of depreciation for
four tears.
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Solution: Given, C = ₹25,600, r = 25%
25

Amount of depreciation for 1st year is ₹ 25,600 x 100 = ₹6,400
Remaining balance after 1st year. 25,600 – 6,400 = ₹19,200
25

2nd year depreciation ₹19,200 x 100 = ₹4,800
Remaining balance after 2nd year is ₹19,200 - ₹4,800 = ₹14,400
25

3rd year depreciation ₹14,400 x 100 = ₹3,600
Remaining balance after 3rd year is ₹14,400- ₹3,600 = ₹10,800.
25

4th year depreciation ₹ 10,800 x 100 = ₹ 2,700
Remaining balance after 4th year is ₹10,800 - ₹2,700 = ₹8,100
Hence, the depreciated value of the computer is ₹8.100.00 after 4 years.
Written down Value is a very useful method of depreciation. It applies to the long-life
assets. Again, this method is also recognized by various regulators and government
agencies such as the income tax department of India.
5.7.3 Sum-of-the-Years' Digits Method (SYD)
The sum of years’ digits method is another method of charging depreciation
where the depreciation is charged in form of accelerated depreciation. The basic
assumption of this method is that the productivity of the asset decreases with time. In
this method, a fraction is computed by dividing the remaining useful life of the asset on
a particular date by the sum of the year’s digits. This fraction is applied to calculate the
depreciable cost of the asset. Under this method, higher depreciation will be charged in
the initial years of the useful life of the asset and a lower amount later on. This is
because the asset is more productive early time of its useful life and less amount in a
later stage. Hence, it provides a large tax shield during the initial period of the
economic life of the asset.
This method is suitable for the asset that loses most of its value during the
beginning of the period of its useful life. For example Computers, Vehicles etc. are
continuously upgraded to newer technology. We can calculate the sum-of-the-yearsdigit by adding the corresponding numbers of the year throughout the working life of
the assets. For Example: if the economic life of an asset is 10 years the sum of the
year’s digit is equal to 55 (i.e. 10+9+8+7+6+5+4+3+2+1=55). Alternatively, the Sum
of the years’ digit (SYD) =

𝑛(𝑛+1)
2

=

10(10+1)
2

=

110
2

= 55.

The formula for the calculation f Depreciation under the SYD method.
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Depreciation =

𝑹𝒆𝒎𝒂𝒊𝒏𝒊𝒏𝒈 𝒍𝒊𝒇𝒆 𝒐𝒇 𝒕𝒉𝒆 𝒂𝒔𝒔𝒆𝒕
𝑺𝒖𝒎 𝒐𝒇 𝒕𝒉𝒆 𝒚𝒆𝒂𝒓𝒔′ 𝑫𝒊𝒈𝒊𝒕 (𝑺𝒀𝑫)

x (Asset cost – Salvage or Scrap

value)
Some of the year's digits =

𝑛(𝑛+1)
2

, Where, n = Expected economic life of the asset.

Illustration 5. ABC Ltd. purchased a computer worth ₹ 1, 20,000. The expected life of
this computer is 6 years with ₹10,000 salvage value. Calculate the amount of
depreciation chargeable each year under the SYD method.
Solution:
Here, C = ₹ 1, 20,000, n= 6 years, S = 10,000, SYD = 6 + 5 + 4 + 3 + 2 + 1= 21
The amount of depreciation charged every year is shown in the table below. The
depreciable amount is ₹1, 10,000 (i.e. 120000-10000).
Year

Remaining to Depreciation
use full life at fraction=
the beginning Remaining
year/ SYD

Percentage

1
2
3
4
5
6
Total

6
5
4
3
2
1
21

28.57
23.81
19.05
14.29
9.52
4.76
100%

6/21 = 0.2857
5/21=0.2381
4/21= 0.1905
3/21=0.1429
2/21=0.0952
1/21=0.0476

Amount
of
Annual
depreciation
(Depreciable
Amount is ₹1,
10,000.
₹31,427
₹26,191
₹20,955
₹15,719
₹10,472
₹5,236
₹1,10,000

Book
value
of
Computer

₹88,537
₹62,382
₹41,427
₹25,708
₹15,236
₹10,000*

*Salvage value of computer after its useful life.
Hence, the amount of depreciation charged from 1st year to 6th year is ₹31,427,
₹26,191, ₹20,955, ₹15,719, ₹10,472 & ₹5,236. Here, the asset value is fully written off
at the end of the 6th year and ₹ 10,000 remaining as salvage value.
Illustration 6. A company purchased a machine that costs ₹ 80,000, the expected life
of which machine is 5 years. Calculate the yearly depreciation of the machine for 5
years under the sum-of-the-years digit method.
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Solution: Available information, Cost of machine ₹80,000, n= expected life =5years
and SYD= 5+4+3+2+1 = 15
Depreciation calculation table in SYD method:
Year

Remaining
to use full
life at the
beginning

Depreciation
fraction=
Remaining
year/ SYD

Depreciation
Percentage
(Depreciation
fraction
x
100)

1
2
3
4
5
Total

5
4
3
2
1
15

5/15=0.3333
4/15=0.2667
3/15=0.2
2/15=0.1333
1/15=0.0667

33.33
26.67
20
13.33
6.67
100%

Amount of
Annual
depreciation
(Depreciable
Amount is
₹80,000.
₹26,664
₹21,336
₹16,000
₹10,664
₹5,336
₹80,000

Book value of
Machine
after
each
year
of
depreciation
₹53,336
₹32,000
₹16,000
₹5,336
0

The amount of depreciation for each year is calculated with the SYD method, where the
value of the machine is reduced to zero at the end of the estimated economic life of the
machine.
5.7.4 Revaluation method of charging depreciation
The revaluation method is one of the simplest ways of calculating depreciation
on fixed assets. Under this method, the value of the asset is assessed at the beginning
and end of the year with an internal competent member of the entity or an external
professional valuer. The loss that arises out of the revaluation of the asset (i.e. the value
at the yearend is less than the value at the beginning) is considered as the depreciation
for the year. This method of depreciation is generally used for the calculation of
depreciation of insignificant, inexpensive and small fixed assets which are normally
accounted for as a collective unit.
The formula for calculating the amount of depreciation under the revaluation method is
as follows.
Amount of annual Depreciation Value of asset at the beginning of the year +
Additions of the asset during the year – Deductions
=
of the asset during the year – Value of asset at the
end of the Year
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Illustration 7. Ram & sons purchased some equipment worth ₹40,000 which is in use
in the business. At the end of the 1st year, the asset is revalued for ₹33,000. Calculate
the amount of depreciation for the 1st year.
Solution: The value of the equipment at the beginning of the year is ₹40,000 (Cost
price/ purchase price) and the value of that equipment at the end of the year is ₹ 33,000
(revaluation value of equipment).
Depreciation = ₹40,000 - ₹33,000 = ₹7,000
Hence, the depreciation amount is ₹7,000.
5.7.5 Depletion method of depreciation
The depletion method of depreciation is mostly used for the wasting assets
that are natural resources like oil, gas, coal, mines, quarries etc. As the name suggested,
depletion refers to the decrease in the value of the natural resource. Under this method,
the value of the asset is decreased due to the extraction of natural resources, such as
coal from coal mines, oil from oil wells etc.
Computation of depreciation under the depletion method of involved 3 steps.
Step 1: Determination of the depletion base: It comprises the cost incurred to acquire
the asset, exploration cost, development cost and any cost incurred to restore the
property to its original condition after the assets or resources have been fully depleted.
Step 2: Computation of the depletion rate per unit: The depletion rate per unit of a
natural resource or asset depends upon the total number of units expected to be
extracted. It is calculated by dividing the depletion base minus salvage value (if any) by
the number of units expected to be extracted.
Depletion rate = (Depletion base – Salvage value)/Total units expected to be
extracted
Step 3: Computation of depletion/depreciation charge: The units extracted during
the period are multiplied by the depletion rate per unit to compute the depletion or
depreciation charge for the period.
Depletion charge for the period = Units extracted during the period ×
Depletion rate
A single formula for calculation of depletion value.
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𝐷𝑒𝑝𝑙𝑒𝑡𝑖𝑜𝑛 𝑏𝑎𝑠𝑒 –𝑆𝑎𝑙𝑣𝑎𝑔𝑒 𝑣𝑎𝑙𝑢𝑒

Depletion value = 𝑇𝑜𝑡𝑎𝑙 𝑢𝑛𝑖𝑡𝑠 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑡𝑜 𝑏𝑒 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 x Units extracted during the period
Illustration 8. Nexus Company has acquired a coal mine for ₹32, 00,000 with nil
salvage value. The total coal expected to be extracted during the lease period is 40,000
tons. During the year 2020, the total extraction of coal is 8,200 tons. Calculate the
amount of depletion charged to the coal mine for the year 2020.
Solution: Here the given value of depletion base = ₹32, 00,000
Expected coal to be extracted = 40,000 tons
depletion base

Depletion rate = 𝑡𝑜𝑡𝑎𝑙 𝑢𝑛𝑖𝑡𝑠 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑡𝑜 𝑏𝑒 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑟𝑎𝑐𝑡𝑒𝑑 =

32,00,000
40000

= 80

Depletion charge for the period = Units extracted during the period
× Depletion rate
=8200 x 80 = ₹6, 56,000
Hence, the total depletion charged to the coal mines for the year
2020 is ₹6, 56,000.

5.8

LET US SUM UP

Every business needs some asset to carry on their business which can increase
their earning capacity. Assets are the economic resources or properties owned by an
individual, firm or country with the expectation of generating future benefits such as
Land, building, cash, goodwill etc. The life span of an asset being used depends upon
the nature and purpose of the acquisition of that asset. Some assets have a shorter life,
which is fully consumed during a financial year and some assets have a longer life
which provides benefits for a long term period. An asset having a longer life gradually
wears out its value during the life is known as depreciation. So, it is required to charge
the part of asset cost to the production to calculate the exact cost of each product or
service.
Depreciation is the permanent, continuous and gradual decrease in the book
value of fixed assets due to its use, wear and tear, or any other reasons. It is charged on
fixed assets only. Every business has to charge an equitable amount of depreciation on
their assets to calculate true profit or loss as well as the financial position of the
business. Again, different assets required different types of depreciation such as
depletion, amortization, obsolescence, dilapidation etc. Proper care should be taken to
select an appropriate method of depreciation as per the suitability of the asset.
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Some important methods of depreciation are the Straight Line Method (SLM),
Written down Value Method (WDV), Sum-of-the-Years' Digits Method, Revaluation
method and Depletion method. These methods are different in per their characteristics.
Some of them are common methods such as the straight-line method, written down
value method, sum-of-the-years' digits method, and revaluation method, which can
apply to a large variety of assets and some of them apply to some specific assets such as
the depletion method applies to wasting assets, amortization applicable to intangible
assets etc. We should be careful about choosing an appropriate method of depreciation
as per the properties of the assets.
5.9

KEYWORDS
Following are the important words and their meaning in this chapter.











5.10

Assets: Assets are the properties and economic resources owned by the
business or individual.
Depreciation: Depreciation is the permanent, continuous and gradual
decrease in the book value of fixed assets due to its use, wear and tear,
or any other reasons.
Obsolescence: Obsolescence means being “out-of-date”. Obsolescence
refers to an actual asset becoming outdated on account of the availability
of a better type of asset with upgraded technology.
Depletion: Depletion is the reduction in the value of an irreplaceable
fixed asset due to extraction. For Example Coal from coal mines or
Colliery, Oil from oil wells etc. It is also a functional cause of
depreciation.
Amortisation: Amortization is the reduction in the book value of an
intangible fixed asset over some time. For Example Goodwill, patent,
trademark etc.
Wear and Tear: Wear and tear is nothing but deterioration in the
physical quality of an asset, which results in a decrease in the value of
that asset.

REVIEW QUESTIONS
Q1. Short questions.
a) Depreciation is a ________expense.
b) Depreciation is charged on _________assets.
c) Depletion method of depreciation is charged on ________assets.
d) Amortisation is applicable to ________ assets.
e) Which method of depreciation is suitable for fixed life assets?
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f) Which method of depreciation is suitable for Long-life assets?
g) Why depreciation is important for the business?
Answers 1. a. non-cash, b. fixed, c. wasting, d. intangible, e. SLM, f. WDV.
Q.2. Long questions.
a) What are the causes of depreciation?
b) Discuss the features of depreciation.
c) What are the main objectives of charging depreciation?
d) Which factors are essential for the calculation of depreciation?
e) What are the different methods of computing depreciation amounts?
f) Use full life of a machine is estimated as 5 years and the cost of the
machine is ₹ 30,000. Calculate the scarp value of the machine at the end
of its life if depreciation is charged reducing the balance method to 20%
per annum.
g) Calculate the annual depreciation of an asset for 5 years at the rate of
15% per annum under the written down value method. If the asset was
purchased for ₹ 70,000.
h) A machine was purchased for ₹ 60,000. The scrap value is estimated at ₹
10,000 and the economic life of the machine is projected as 8 years.
Calculate the annual depreciation under the straight-line method.
i) A computer is purchased for ₹ 50,000 and salvage value is estimated at ₹
10,000 after 5years. Calculate the amount of depreciation for 5years
under the sum-of-years digit method.
j) Calculate the rate of depreciation under the WDV method if a plant is
purchased for ₹ 1, 05,000 and salvage value is estimated at ₹5,000 after
3 years.
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