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Abstract

These are a series of color slides and exercises for providing key elements of an Introduction to
Benefit/Cost and Project Analysis. There are five parts or sections. Part 1 provides an Introduction to
Compounding and Discounting. Part 2 outlines a method for determining project worth. Part 3 deals
with the choice of the discount rate. Annuity factor calculations are outlined in part 4. Part 5 discusses
the calculation of Benefit/Cost ratios, Net Project Worth and the Internal Rate of Return.
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Part 1
Introduction to

Compounding and
Discounting




When investing money today, we expect a
return on our investment.

Having $1 today is worth more than $1

available some time in the future.




Why do we prefer money today
to money tomorrow?

Money today has earning power.

A specific amount of money today

is equivalent to a larger sum
in the future.

A larger sum compensates for:
inflation,

foregone present consumption, and
risk.




If you invest money in a project,
you are foregoing the opportunity
to use your money until it is recovered.

1. Inflation makes the money repaid in the
future have less worth.

2. Foregoing present consumption denies you
the possibility to buy goods and services

presently or invest in an alternative investment.
3. There is some risk that the money will

not be recovered.




When investing your money, you
expect to be compensated for your

willingness to wait until the money is

recovered.
The amount paid in compensation is called

( _ InteresD




An investrnent of $100 Url.J/
at an interest rate of 10 %
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The Compounding Formula is:

cash today / time
| Interest rate

cash tomorrow

Cash Today Cash Tomorrow




If the Arnount of Cash
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Cash Today Cash after 2 Years




If the Amount of Cash
is '5 100 (}(_‘"a ]J))
After 3 3 year

= 4

Cash Today Cash after 3 I'years




Surm in the Future:

Present Value X
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Cash Today Cash after 3 years




Present Value




EXAMPLE OF DISCOUNTING

Suppose we are considering an investment
of $1000 that will return $600 after 1

year, and $750 after 2 years. Is the return

adequate to justify the investment?

In order to reduce future sums of money

to present values, we must use discounting.




To discount we will first have to choose
a discount rate. The discount rate has to

be such that it represents the return we

could obtain by using the $1000 in an

alternative investment, as we will learn
later. If we were to buy stocks, for example,

we could earn an 8% return.




Using 8% as the discount rate, we can
discount the $750 occurring after 2 years
and the $600 occurring after 1 year to
decide how much these future sums of
money are worth to us today. If they

are worth more than $1000, it is agood

iInvestment.




Discounting, we obtain:

$750 after 2 years
$600 after 1 year

The future sums of money are worth
more then $1000 today!



Discounting allows us to:




In compounding, we used the

In discounting, we will use the discounting

rate.

The relationship between
and discount rates will be explained in

the next lesson. You will learn how the

discount rate is determined.




DISCOUNTING FORMULA:
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7 (1)

Present Value

Future Value
o

r is the discount rate.

Present Value




Present Value

Future Value

$133.10"

(1 +.10)°

2 discounting Torrnula.
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Future Value




Discount Factor is

1
(1+r)

te r, tirme & (in years)
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Present Value uture Value




Discount Factor is

]

Present Value X Future Vaﬁe




Discount Factor is

o

Present Value Future Vafae




Discounting:

The determination of present values
of future amounts of money.

o
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Y (future value) = $110, r= .10

Time period = 1 year
X (present value) =

1 _ _
$110 (1+_10)-$110x(.909) = ¢100




Increase the future value to $500.
Y (future value) = $500, r = .10
Time period = 1 year
X (present value) =

1 =¢500x(.909) = $454.50
(1+.10)




Increase the discount rate to 18%.

Y (future value) = $500, r = .18
Time period = 1 year

X (present value) =

$500 1 =$500 x (.847) = 423.50
(1+.18)




Decrease the discount rate to 3%.

Y (future value) = $500, r = .03
Time period = 1 year

X (present value) =

$500 — 1 =$500 X (.970) = $485.00
(1+.03)




You should note that:




The higher the discount rate,
the lower the present value.

The lower the discount rate,
the higher the present value.




EXAMPLE:

We will calculate now the

present value of $500 occurring
at different future dates, at a
discount rate of 10%.




Y (future value) = $500
r=.10
Varying lengths of time

t=2,....50

1
$500 (14 10)"




= 500(.826) =$413.00

2500 (1+.10)

=
$500 (1+.10)°

t=3
$500 (1+.10)0 o00(-385) =$192.50

t=10
$500 (14 q0°" °°0148) =$74.00
t=20 '

$500 -
t=30  (1+.10)*= 500(.057) =$28.50

= 500(.751) =$375.50




$500 = 500(.022) = $11.00
t=40 (1+.10)*

$500 = 500(.008) = $4.00

(=50 (1+.10)




Exercise

Cornoplziz ine rollowing taolz.
0




Rateof  Endof Compounding Discount

Interest Year
(Discount)

Factor , Factor,
(1+.20) 1/(1+.20)

20 %

20 % 2

20 % 3

1.2 ?

1.44 ?

Can you complete
this table?




Rate of End of Compounding Discount
Interest  Year Factor Factor ,
(Discount) (1+.20)" 1/(1+.20)

20 % 1.2 8333

20 % 2 1.44 6944

3 5787




rill in the Following tanle
using a ‘1 7% discount rate

Rateof Endof Compounding Discount
Interest Year Factor, Factor
(Discount) (1+.17) 11(1+.17)

17%

17%

17%




Fill in the following table
using an 8 % discount rate.

Rateof Endof Compounding Discount
Interest Year Factor, Factor |,
(Discount) (1+.08) 1/(1+.08)

8%

8%

8%




In this lesson, we learned how to
compound present values and discount
future values.

Once we determine the discount rate

to be used, we can discount.

The next lesson deals with how

to determine the discount rate to
be used.




Project Worth




The

decision to invest
depends on




the magnitude of the:

1. benefit / cost ratio

2. net present value

3. internal rate of return




Discounting the incremental costs

and benefits allows us to calculate

the benefit/cost ratio and the net

present value. Either measure will

guide us on whether to invest in

a certain project.




Discounted Incremental Benefits (DIB)
and

Discounted Incremental Costs (DIC)

for the Project under Consideration




To form a Benefit/Cost Ratio:

Discounted Incremental Benefits (DIB)

Discounted Incremental Costs (DIC)




To form a Benefit/Cost Ratio:

Discounted Incremental Benefits (DIB)

Discounted Incremental Costs (DIC)




Form a Benefit/Cost Ratio:

DIB Benefit

DIC Cost




Form a Benefit/Cost Ratio:

DIB Benefit

= Ratio
DIC Cost




Invest When

DIB Benefit _
— Ratio
DIC Cost

Exceeds (>) 1
(benefits exceed costs)




Benefit /Cost Ratio S 1
— means that:

~—Discounted Incremental Benefits
——

.
—, are larger than
g, e

Discounted Incremental Costs

=




. > 1

DIB/DIC > 1

Benefits /¢ sts > 1




DIB > DIC

Benefits > Costs




 —t
- == =NPV

\e,
N —

Discounted Discounted

Incremental = Incremental
Benefits Costs

DIB - DIC =

Net Present Value (NPV)




Benefits Exceed Costs
Invest When

Net Present Value (NPV)
> (




1. DIB/DIC >1

BI C Rati O > 1 E__ __—:.a-'jf.jj;ﬁf.ﬁf.'.ﬁﬁﬁ.i_'.ji'.f.ji.f_‘::.«

2. NPV > 0
DIB - DIC > 0




Ranking of alternative investment

opportunities




If we are trying to rank alternative

investment opportunities to see in
which we should invest first, we

can use the NPV and the IRR.




Both rules show that:

Discounted Incremental Benefits

must Exceed
Discounted Incremental Costs

Their theoretical base is:




Best Economic Policy:
Maximize Rate of Growth

in Net Income

alll

——




It means that we try to obtain a

Change in Income

that maximizes net returns
from the investment




or




Ranking Projects
Using NPV




Use Criterion
NPV >0




Projects can be ranked based

on the size of NPV,

only if they are:

"Mutually Exclusive"




Examples of "mutually exclusive"

projects:

1. Projects that are similar

in size and technology
at different locations

Example:

Decide to locate an investment
In region A or B.




Examples of "mutually exclusive”
projects:

2. Projects with similar goals

but different sizes
e or_technologies




Ranking Projects
using the IRR

(Internal Rate of Return)




The IRR is based

on the concept of
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NPV =0

DIB = DIC

F ) Benefits = Costs




Internal Rate of Return (IRR):

the discount rate at which




the highest rate of interest

we could afford to pay to
obtain all the resources
necessary for the project
and still break even.







If the IRR is greater than
the Discount Rate used for
the analysis, the project

is more profitable than the
average available investment

opportunity in the economy.

Therefore, Invest!




The IRR tells us what, if we

were to borrow for all our

costs, would be the highest

- = & 4 o
s & B B e TR W W
5 - a1 'Y af &l =
I ) et B el g
‘ - lha Vgl Nl Y T

pay and still break even.




The IRR represents profitability
and can help us compare projects

with different goals, sizes,
and technological structures.




The IRR represents profitability

and can help us compare projects

with different goals, investment

size, and technological structures.

Thus, the IRR is a tool
for comparing and ranking projects

(except "Mutually Exclusive” projects)




For example, we have the following 4
project results all calculated with

a 12% discount rate:

Year 1 2 3 4 5 86
cash 10,000 800 1,000 20,000 20,000

flow NPV =16,479 IRR =233
prolnect A

cas 1,000 800 1,500 1,500

How NPV=1765 IRR=95

project B

cash .20,000 10,000 10,000 10,000 10,000 10,000

oroject ¢ NPV =14,328

cash 19,000 9,500 9,500 9,500 9,500 10,000

;',?gﬁect b NPV=13,865 IRR=41




Choose between projects

A, B, C,D.

Then choose between the

“mutually exclusive” C and D.




For example, we have the following four
project results all calculated with

a 12% discount rate:

Year 1 p 3 4 5
cash 10,000 800 1,000 20,000 20,000

flow NPV = 16,479
projectA

cash 1,000 800 1,500 1,500

flow NPV = 1,765
projectB

cash 20,000 10,000 10,000 10,000 10,000 10,000

flow NPV = 14,328
project C

cash 19,000 9,500 9,500 9,500 9,500 10,000

flow

project D NPV = 13,865




CT ANSWER:

BetweenA, B, C, D, we choose B.

Between C and D (mutually exclusive),
we choose C.




In this lesson, we learned about:

1. Determining incremental benefits and costs

(cash flow).
2. Estimating the economic life of

an investment project.
3. Using the NPV, B/C, and the IRR

to decide in which investment
project opportunity to invest.




In the following lessons, you will learn to

1. Calculate net present value.

2. Determine the benefit/cost ratio.
3. Estimate the internal rate of return.

o




Part 3

The Choice of the
Discount Rate

T
g =
|
—
—




RN Trle REASONING

IN CrIOOSING A

DISCOUNT RATE.




For public investments, the discount rate is given
by the planning agency of a country to ensure that

all projects are evaluated in the same way.

Private businesses have to determine
their own discount rate.




For public investments, the discount rate is given
by the planning agency of a country to ensure that

all projects are evaluated in the same way.

Private businesses have to determine their own
discount rate.

._rJ O W th f“-_;--;z scount rate ]g rerin J nec ] )




In this lesson, we will develop the rationale
for setting the discount rate
at a particular level.

8%? 10%2

s%?f N 12% 7
._.;ﬁ{f}@

' =
I.'/f’Ja

_\h“_fii;jjﬁ’}“‘- |

Discount
Rate ﬁ:

A




Discounting

reduces future values

to present values




The Discount Rate:




The Discount Rate:

e The rate of return that

would produce a particular

future value

when a certain amount of

money is presently invested.




The Discount Rate:

® The rate of return that

would produce a particular
Future value

when a certain amount of
money is presently invested

® The rate of return forgone

by investing in the project




The discount rate represents an
average rate of return and

is the average net profit

rate in the economy.




The discount rate is the

to use funds for the mvestment
(i.e., interest rate for borrowed

funds) or the returns received for

delaying the use of funds (i.e.,
opportunity cost for owned funds)




Principle of Efficiency:

The discount rate should equal
the market rate of interest




In the real world, there is no
single market rate of interest.

Furthermore, interest rates fluctuate
over time.




Market rates of interest reflect
1. The overall profitability of the economy.

2. Transactions costs in the financial sector.
This is why borrowers pay higher rates than

savers receive.

3. Anticipated inflation according to the duration

of the deposit or the length of the loan.

4. Lender risk because the lender believes the
borrower might not be able to repay the loan.




Real Discount Rate:
discount rate adjusted to
eliminate the effects
of inflation

Since inflation rates are normally positive,
real discount rates are normally
lower than discount rates that have not

been adjusted for the effects of inflation.




Real Discount Rate:
discount rate adjusted to
eliminate the effects
of inflation

Since inflation rates are normally positive,
real discount rates are normally
lower than discount rates that have not
been adjusted for the effects of inflation.

: ? What is the anticipated inflation rate?
]




By using a real discount rate,

all costs and benefits are estimated
in real terms (net of inflation).




The choice of the appropriate discount rate

is always the subject of debate

0




rOR A PRIVATE BUSINESS :

EXAMPLE

IF I WERE NOT TO INVEST IN Trle PROPOSED

INVESTMENT PROJECT

OPPORTUNITY, 1 COULD EARN 7% AFTER TAXES

ST INVESTING TrlE MIONEY IN
DEMAND DEPOSITS, BONDS, STOCKS, =ic.




In appraising the investment,

| will use a 7% discount rate.

This is the opportunity cost

of my funds.




In many countries, there is a
planning commission

that decides on the discount rate
to be used for all public investments.




In many countries, there is a
planning commission

that decides on the discount rate
to be used for all public investments.

Private investors must choose
a discount rate.




Remember that discount rates

reflect
1. Profitability

2. Transactions costs

3. Anticipated inflation

4. Lenders' risk




In calculating Net Present Value ,
the higher the discount rate that is used,

the lower the Net Present Value
for an investment project.

0




The higher the discount rate,
the fewer the projects meeting the
Net Present VValue > 0 criterion




The higher the discount rate,
the fewer the projects having an internal rate

of return higher than the discount rate.




The higher the discount rate,
the fewer the projects having an internal rate

of return higher than the discount rate.

With high discount rates, proposed projects

which generate large benefits early in the
project life will rank higher than

projects which generate most of their benefits
late in the project life.




Lower discount rates will mean that
more projects will meet

the investment criteria.
If the agreed-upon discount rate is lower than the

market rate of interest, the project is an
inefficient undertaking.
A discount rate lower than the market rate

of interest can be used by the public sector.

This is because the public sector can raise

at least a portion of the needed capital

coercively. This is done by raising taxes
or through control of the money supply.




Thus, the public sector is partially shielded
from market forces.

By choosing an artificially low discount rate,
the government may reduce the wealth
of the society.

Others have argued that discount rates should

approximate market rates of interest only for
projects with relatively short lives.

They suggest that government projects should
have discount rates below the market

rate of interest.




In financial analyses, the discount rate is
approximated by choosing the market rate of
interest at which the enterprise is able to borrow
money.

This rate may differ from the rate used in

"economic analysis,” as you will see in the

set of lessons dealing with the appraisal
of public investments.




Sometimes, the discount rate is chosen on the

basis of the borrowing rate the country must pay
in order to finance the project.

Therefore, it is international financial events that
influence the selection of projects,rather than

the contribution of projects to national income.




If public and private investments are comparable,
then discount rates should also be comparable.

It may be justified to undertake an inefficient
public sector investment if significant benefits
occur late in the project life.

However, the inefficiency of such an investment
should be recognized.




IN THIS LESSON, YOU LEARNED THE

APPROPRIATE CONSIDERATIONS IN

CHOOSING A DISCOUNT RATE.




IN TrlE NEXT LESSON, YOU WILL
TO USE TrlE DISCOUNT FACTORS
CORRESPONDING TO A GIVEN DISCOUNT
RATE. FURTHERMORE, YOU WILL L

OF ANNUITY FACTORS ~

LCULATIONS




Part 4

Discount Factors
and Annuity Factors




In this lesson, you will

learn how to discount benefits

and costs over the life of a project.
Discounting is done using

a table of

Discount Factors




Take a look at the discount tables

found in the Introduction.

Find the table of discount factors that
correspond to a discount rate of 12%.
listed for the different years.

You may use a hand calculator or spreadsheet.

Verify the discount factors used In this lesson.

O




Discount Table for a

50-year Project

Year
1

12% Discount factor
1/(1+.12) 1

2
1/(1+.12)

3
1/(1+.12) Calculate to
.”(1,,_12)4 3 decimal
Places

1/(1+.12) °

1/(14.12) °

. 20
1/(1+.12)




Discount Table for a
50-year Project

12% Discount factor
11(1+.12)" = .892
1(1+.12)2 = .797
1(1+.12)° = 711
1/(1+.12)* 635
J(ERVI 567

1/(1+.12) " 321

) 50
1/(1+.12)




To calculate the present value of future money
multiply future costs and benefits
by the discount factor

for every year of the project
1990-1994

Cost x Discount Factor = Present Value
Benefit x Discount Factor = Present Value




Assume a 5-year project with the following costs...

Cost x Discount Factor = Present Value







On the table find the discount factors

corresponding to a discount rate of 12%
for years 1-5.

Multiply the discount factor by costs
for each project year.




Cost Discount Factor

100 .892

110 A7

120 J11

130 635

140 .967




The result is the

present value of costs...

Costs x discount factor = present value of costs




Present Value
Year Cost Discount Factor of Cost

1 $100 .892 $ 89.20

2 110 797 87.67

130 635 82.55

140 .967 79.38

Cost x Discount Factor = Present Value of Cost




We can also calculate the present value of benefits

Assume that the project has the following benefits
over its 5-year life.




Year Benefits




Multiply the discount factor corresponding

to a discount rate of 12% to obtain

the present value of benefits.




Year Benefits Discount Factor

.892

A7

J11

635

.967




Calculate the present value

of benefits by multiplying

benefits x the discount factor at 12 %




_ Present Value
Year Benefits Discount Factor of Benefits

.892

A7

J11

635

.967

Benefits x Discount Factor =
Present Value of Benefits




The technique of finding the present
value of the costs and benefits is called

Discounting.




The term

Discounted

means future costs and benefits
for which present values
have been obtained
Costs x discount factor = discounted costs

Benefits x discount factor = discounted benefits




The net present value (NPV) is

the difference between the present

value of benefits and the




PresentValue PresentValue Net Present
Year of Benefits of Costs Value

$ 89.20 $ 44.60
87.67 39.85

85.32 35.55

82.55 31.75

79.38 28.35
Over 5-year project life .

424.12 '+ 180.10







At a discount rate of 10%

tne discount ractors for years 1-5

e,




10 % Present Worth
Year Discount Factor of Annuity Factor

—
909

.826

791

.683

.621




Now we will calculate

annuity factors

based on the discount factors:




10 % Present Worth
Year Discount Factor of Annuity Factor

1 909 —

. .826 B —

3 751 P —

.683 |—m——r>




-The annuity factor for year 1 is the
same as the discount factor for year 1.

-The annuity factor for year 2 is the
sum of the discount factors for years

1 and 2.

-The annuity factor for year 3 is the

sum of the discount factors for years
1, 2, and 3.

and so on ...




10 % Present Worth
Year Discount Factor of Annuity Factor *

1 .909 ——— 909

2 .826 el ] 7 36

% 751 ——— 2 487

683 | r——ep  3.169

621 ey 3. 190

* Errors due to rounding




Verify the value of annuity factors at 10%

by adding the discount factors.




is the sum of all discount factors up to the
year in question.

Annuity factors are used when the value of costs
or benefits is the same In consecutive years




Now calculate the annuity factors corresponding

to a discount rate of 12%.

Verify that the values correspond with

the ones presented here




Year 12% Disc. Factor 12% Annuity Factor
1/(1+.12)" = .892 .892

1/(1+.12)2=.797 .892+.797=1.690
1/(1+.12)3=.711 .892+.797+.711=2.401

1/(1+.12)* = .635 .892+.797+.711+.635=3.037

1/(1+.12)° = .567 .892+.797+.711
: +.635+.567=3.604

1/(1+.12)"° = .321

1/(1+.12)°= .003

50-year project




I_." [ = i.."'-l"
AN EXercise

Calculation:  Use discount factors
corresponding to a 10% discount rate

for a 5-year project

with yearly costs of $100, and
yearly benefits of $200.

Determine:

1. Present (discounted) values
each year and

2. The sum of present values.




10% Disc.

Disc.

Costs Benefits

Disc.
Benefits

909

.826

751

.683

.621

$200

200

200

? 200

200




10% Disc. Disc. Disc.
Factor Costs Benefits Benefits

909  $90.90 $200

.826 82.60 200

751 75.10 200

.683 68.30 200

.621 62.10 200




10% Disc. Disc. Disc.
Factor Costs Benefits Benefits

909  $90.90 $200 $181.80

.826 82.60 200 165.20

751 75.10 200 150.20

.683 68.30 200 136.60

.621 62.10 200 124.20




10% Disc. Disc. Disc.
Factor Costs Benefits Benefits

909  $90.90 $200 $181.80

.826 82.60 200 165.20

751 75.10 200 150.20

.683 68.30 200 136.60

.621 62.10 200 124.20

$379.00
758.00 - 379.00 = $379.00




Net Present Value




Now take the annuity factor for year 5 of 3.790
Multiply by the value of benefits and costs
each year

3.79x 100 = $379
3.79 x 200 = $758 total discounted benefits

Values are the same as those calculated
with discount factors




What rollows is

(benefits minus costs).
Find the net present value (NPV) or

(NPW) net present worth, as it is
sometimes called.




inel the Net Present Worth using annuity factors
at a 10 % discount rate.




Year
Benefits

$ 5,000
5,000 $5,000x1.735 = $8,675

L
2
3 6,000
4 6,000 $6,000 x (3.790-1.735)

S ©,000 = $12,330 /
Total $8,675+$12,330 = $21005

Find the Net Present Worth using annuity factors
at a 10 % discount rate.




EXERCISE

Calculate the NPV of the following

Net benefits, using annuities, at a
Discount rate of 11%.




YEAR

Iy

500
3500
300
3500
300




-
F

NEFITS
<100
=100
=[O0
200 3 66 1 200 =
290 3, . .29 X 2350 =
200
500
200
500
300
500
200
300
300 9,99 -5.99Y= 3.29 «




Summary

* Discounting refers to finding the present value
of future costs and benefits

* Present values are obtained by rmultiplying

discount factors or annuity factors
Dy costs and beneflits over

the life of the project.




Ininis l2sson, you lzarnzd now to
calculaiz, using discoun: raciors, the
Net Present Value or an invasirnzni.

fou lzarnzd to usez annuliy faciors

whearn ine cosis and/or bzneriis (or nei

2fIis) rarnaln consiant in consaeLily
yaars,
Tnis snori-cut will savea tirne wnen
cdoing calculations oy nancl,
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Part 5

Calculating the Net Present
Value, Benefit/Cost Ratio,

and Internal Rate of Return.
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In this lesson, we will learn how to calculate
the Net Present Value, the Benefit/Cost (BC)

Ratio, and the Internal Rate of Return (IRR).




NPV, B/C and IRR are the key
criteria for deciding whether to

iInvest in a proposed investment

project or for ranking alternative

investment opportunities based

on their profitability.




Calculation of Net Present Worth

or "Net Present Value”
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Net Present Worth (Net Present Value)

The difference between discounted incremental
benefits and discounted incremental costs.

This difference is also known as

Discounted Cash Flow

Z4

Let us do the
calculations with

an example.




Example:
A small factory for canning vegetables has the

following costs and benefits, projected over the

next three years:

YEAR 1 2 3 (10009%)
COSTS 80 90 100

BENEFITS 100 110 120

Purchasing additional machinery, will expand its

operations. Costs and benefits with the investment

are expected to be:

YEAR 1 2 3 (1000%)
COSTS 230 170 120

BENEFITS 150 210 270




Determine incremental benefits and costs.

Benefits
Year With Without Incremental

1 $150 $100 $50
2 $210 $110 $100

3 $270 $120 $150

Costs
Year With Without Incremental

L $230 $80 $150
y. $170 $90 $80

3 $120  $100 $20




Subtract incremental costs from

incremental benefits for each year
to determine cash flow.

Incremental Incremental Cash
Benefits Costs Flow

$50 $ 150
$100 $80

$150 $20




Subtract incremental costs from

incremental benefits for each year
to determine cash flow.

Incremental Incremental Cash
Benefits Costs Flow

$50 $150 -$100
$100 $80 $20

$150 $20 $130




Choose discount rate
(in this example, 10%)
and multiply cash flows by the
corresponding discount factor.

Cash _ Discount _  Discounted
Year FlowX Factor = Cash Flow

L -$100
2 $20

$130




Choose discount rate
(in this example, 10%)
and multiply cash flows by the
corresponding discount factor.

Cash _ Discount _ Discounted
Year FlowX Factor ~ Cash Flow

L -$100 .909
2 $20 826

$130 751




Choose discount rate
(in this example, 10%)
and multiply cash flows by the
corresponding discount factor.

Cash . Discount = Discounted
Year Flow” Factor -~ Cash Flow

L - $100 909 - $90.90
2 $20  .826 $16.52

$130 751 $97.63

Net Present Value = $97.63 + 16.52 -90.90 = $23.25
The NPV is pasitive (NPV 23 25)
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ACCEPT INVESTMENT IF

NPV IS POSITIVE.




Steps in Calculating

the Benefit/Cost Ratio
g




In this lesson, we will
discuss the six necessary steps

for determining the
Benefit/Cost Ratio
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B/C Ratio




1. Determine incremental benefits and costs

2. Choose the Discount Rate

3. Multiply incremental benefits and costs
by the discount factors

4. Add discounted benefits over the life
of the project

5. Add discounted costs over the life
of the project

6. Divide discounted benefits by discounted costs




1. Determine incremental benefits and coslts.

2. Choose the Discount Rate

3. Multiply incremental benefits and costs
by the discount factors.

4. Add discounted benefits over the life
of the project.

5. Add discounted costs over the life
of the project.

6. Divide discounted benefits by discounted costs.




1. Determine incremental benefits and costs

To determine incremental benefits and costs,
we need to determine the present costs and

benefits of the enterprise, without the

Investment project.




1. Determine incremental benefits and costs

To determine incremental benefits and costs,
we heed to determine the present costs and
benefits of the enterprise, without the

investment project.

Next, we need to determine the costs and
benefits of the enterprise, as if the investment
had been implemented (with the project).




1. Determine incremental benefits and cosis

To determine incremental benefits and costs,

we nheed to determine the present costs and
benefits of the enterprise, without the

Investment project.

Next, we need to determine the costs and
benefits of the enterprise, as if the investment
had been implemented (with the project).

The difference in benefits and costs "with" the

project and the "without" the project are the
incremental benefits and costs.




The costs and benefits associated with
the investment project for each year of the

project life might be obtained from a
variety of sources.




The costs and benefits associated with
the investment project for each year of the

project life can be obtained from a
variety of sources.

For example, by studying other industries with

similar projects, and then adjusting for
particular characteristics of our project,

estimates of cost and benefits can be obtained.




The costs and benefits associated with
the investment project for each year of the

project life can be obtained from a
variety of sources.

For example, by studying other industries with
similar projects, and then adjusting for
particular characteristics of our project,

estimates of costs and benefits can be obtained.

Estimates can also be obtained by studying
budgets from experiment stations, the extension
service, or from other technical experts.




Example:
A small factory for canning vegetables has the

following costs and benefits, projected over the

next three years:

YEAR 1 2 3 (10009%)
COSTS 80 90 100

BENEFITS 100 110 120

Purchasing additional machinery, will expand its

operations. Costs and benefits with the investment

are expected to be:

YEAR 1 2 3 (1000%)
COSTS 230 170 120

BENEFITS 150 210 270




Benefits

Year With Without Incremental
( $150 $100 $50

2 $210 $110 $100

3 $270 $120 $150

Costs

Year With Without Incremental
1 $230 $80 $150
2 $170 $90 $80

$120 $100 $20




1. Determine incremental benefits and costs

2. Choose the Discount Rate

3. Multiply incremental benefits and costs
by the discount factors

4. Add discounted benefits over the life
of the project

5. Add discounted costs over the life
of the project

6. Divide discounted benefits by discounted costs




2. Choose the Discount Rate.

10 percent




1. Determine incremental benefits and costs

2. Choose the Discount Rate

3. Multiply incremental benefits and cosits
by the discount factors

4. Add discounted benefits over the life
of the project

5. Add discounted costs over the life
of the project

6. Divide discounted benefits by discounted costs




Determine incremental benefits and costs.

Benefits
Year With Without Incremental

1 $150 $100 $50
2 $210 $110 $100

3 $270 $120 $150

Costs
Year With Without Incremental

L $230 $80 $150
2 $170 $90 $80

3 $120  $100 $20




Incremental Discount Discounted
Year Benefits Factor Incremental Benefits

1 $50 909 $45.45
y. 100 .826 82.60

3 150 751 112.65

Incremental Discount Discounted
Year Costs Factor Incremental Costs

1 $150 909 $136.35
2 80 .826 66.08

3 20 751 15.02




1. Determine incremental benefits and costs

2. Choose the Discount Rate

3. Multiply incremental benefits and costs
by the discount factors

4. Add discounted benefits over the life
of the project

5. Add discounted costs over the life
of the project

6. Divide discounted benefits by discounted costs




4. Add discounted incremental benefits over the life
of the project.

Discounted Discounted
Year |ncremental Benefits Incremental Costs

L $ 45.45 $ 136.35

2 82.60 66.08
112.65 15.02




4. Add discounted incremental benefits over the life
of the project.

Discounted Discounted
Year Incremental Benefits Incremental Costs

L $ 45.45 $ 136.35
2 82.60 66.08

K 112.65 15.02

Total $240.70




1. Determine incremental benefits and costs

2. Choose the Discount Rate

3. Multiply incremental benefits and costs
by the discount factors

4. Add discounted benefits over the life
of the project

5. Add discounted costs over the life
of the project

6. Divide discounted benefits by discounted costs




5. Add discounted incremental costs over the life
of the project.

Discounted Discounted
Year Incremental Benefits Incremental Costs

L $ 45.45 $ 136.35
2 82.60 66.08

K 112.65 15.02

Total $240.70




5. Add discounted incremental costs over the life
of the project.

Discounted Discounted
Year Incremental Benefits Incremental Costs

L $ 45.45 $ 136.35
2 82.60 66.08

K 112.65 15.02

Total $240.70 $217.45




1. Determine incremental benefits and costs

2. Choose the Discount Rate

3. Multiply incremental benefits and costs
by the discount factors

4. Add discounted benefits over the life
of the project

5. Add discounted costs over the life
of the project

6. Divide discounted benefits by discounted cosis




6. Divide discounted incremental benefits by
discounted incremental costs.

Discounted Discounted
Year Incremental Benefits Incremental Costs

L $ 45.45 $ 136.35
2 82.60 66.08

K 112.65 15.02

Total  $240.70 = | $217.45 |




6. Divide discounted incremental benefits by
discounted incremental costs

Discounted Discounted
Year Incremental Benefits Incremental Costs

L $ 45.45 $ 136.35
2 82.60 66.08

K 112.65 15.02

Total $240.70 . \$217.45 | 1.11

The Benefit/Cost Ratio
T




Decision criteria:

B/C <1 (Reject project)




Decision criteria:
B/C >1 (Accept project)




Calculating the

Internal Rate of Return
s




To calculate the Internal Rate of Return, we
need to calculate the net present value at
varying discount rates, until the net

present value at some discount rate
equals zero.

e
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To calculate the Internal Rate of Return, we
need to calculate the net present value at
varying discount rates, until the net

present value at some discount rate
equals zero.

The discount rate at which the net present value

Is zero is called the Internal Rate of Return.

e
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NPV is 0




It is difficult to find this exact discount rate.
Therefore, we first attempt to find a discount

rate for which the net present value is a small
positive number, and then, to find a discount

rate for which it is a small negative number.

—
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IRR =
Discount rate —7
at which

NPV is 0
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It is difficult to find this exact discount rate.

Therefore, we first attempt to find a discount
rate for which the net present value is a small
positive number, and then, to find a discount
rate for which it is a small negative number.

We then Interpolate to find the exact

Internal Rate of Retu n.

v P ) 5 ) )
= (1 f f
IRR = ,

Discount rate
at which

NPVis 0

i
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Calculation of Net Present Value at 10%
Discount Rate.

Incremental Discount Discounted
Benefits Factor Incremental Benefits

$ 50 .909 $45.45
100 .826 82.60

150 751 112.65

Incremental Discount Discounted
Costs Factor Incremental Costs

$150 .909 $136.35
80 .826 66.08

Year

90 751 15.02




Net Present Value at 10% Discount Rate.

Discounted Discounted
Year Incremental Benefits Incremental Costs

L $45.45 $ 136.35
2 82.60 66.08

3 112.65 15.02

Total = $240.70 l —  $217.45

NPV = 23.25




Net Present Value at
other Discount Rates:

Same Procedure, using different discount factors




You will now calculate the

Net Present Value

for the following discount rates:




Net Present Value (N.P.V.) at other Discount Rates:

Discount
Rate N.P.V.

5

10
15
20
25
30




Net Present Value (N.P.V.) at other Discount Rates:

Discount
Rate N.P.V.

5 $ 35.20

10 23.25
15 13.64

20 5.79
25 - 0.64

30 - 5.92




On the following diagram we wiill

plot the net present values associated

with each discount rate.




Net Present Value at
Various Discount Rates

15 20

Discount Rate




Net Present Value (N.P.V.) at other Discount Rates:

Discount
Rate N.P.V.

5 $ 35.20

10 23.25
15 13.64

20 5.79
25 -0.64

30 - 5.92




Net Present Value at
Various Discount Rates

Internal Rate of Return =
Discount rate where NPV

=0

15 20

Discount Rate




Net Present Value at
Various Discount Rates

Internal Rate of Return =
Discount rate where NPV

=0

Occurs at a discount i:ét‘e--...u__ ‘/
of "slightly less" than 25 % l

15 20

Discount Rate




Net Present Value at
Various Discount Rates

40
35
30
25
20

Internal Rate of Return =
. Discount rate where NPV

15

10

° Occurs at adiscountrate /

0 of "slightly less" than 25 %
-5 The exact value is determined
10 by interpoiation
0 ) 10 15 20

Discount Rate




Now, we will learn to interpolate between

the two discount rates--the one with the

positive N.P.V. and the one with the
negative N.P.V.

This procedure determines the

Internal Rate of Return.




Find the two discount rates
on either side of the N.P.V. = 0.

Discount
Rate

5
10
15
20
25
30




we will use simple

tions to solve.




The distance between 5.79 and 0

Is what proportion of the distance
between 5.79 and -.647?

Discount
Rate

5
10
15
20
25
30




The distance between -0.64 and 5.79 =
0.64+ 5.79=6.43

Discount
Rate

5
10
15
20
25
30




The distance between -0.64 and 5.79 is

0.64 + 5.79 = 6.43
The ratio 5.79/6.43 = 0.90

Discount
Rate N.P.V.

5 $ 35.20

10 23.25
15 13.64

20 5.79
25 -0.64

30 - 5.92







The distance between 20 and 25 is 5.

Discount
Rate

5
10
15
20
25
30




The distance between 20 and 25 is 5.
90x5=4.5

Discount
Rate

5
10
15
20
25
30




Based on the proportion of 0.90, the

discount rate corresponding to a zero
net present value, lies 90% of the

distance 5 :
09x5 =45

This means that the discount rate

corresponding to a zero net present
value is the discount rate of 20 4.5

20+ 4.5 =245




The distance between 20 and 25 is 5.
0,90 x5=45
The internal rate of return is 20 + 4.5 = 24.5.

Discount
Rate N.P.V.

5 $35.20

10 23.25
13.64

9.79
0.00 «

-0.64
-5.92




5.79/6.43 = 0.90

0.90 x 5.00 = 4.50
20 + 4.50 = 24.50

24.50 = IRR




Net Present Value at
Various Discount Rates

Internal Rate of Return =
Discount rate where NPV

> Occurs at a discount rate

0 of "slightly less" than 25 %
> The exact value is determined
410 py interpoiation
0 5] 10 15 20

Discount Rate




The smaller the difference between the
discount rate giving us a negative net
present value and the discount rate giving

us a positive net present value, the more
accurate our interpolation and the more
precise the

Internal Rate of Return

7]




If the cash flow

does not have a

negative number,
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