
SFU Bus413 Fall 2011    

 

Review of Discounting (ch. 2.4) 

 

NPV Rule and Its Competitors  
(chapters 2.1-2.3, 4.2-4.5, 5.1-5.3)  

 

Introduction to Capital Budgeting 
(chapter 7) 

 
 

Lecture 2 



SFU Bus413 Fall 2011    

2 

Ch.2. The Net Present Value  

• The net present value (NPV) of an investment project 

is the MARKET VALUE of total future cash flows C less 

the current cost of the investment. 

 

 

 

 

 

• This definition will stay with us even when we introduce uncertainty of 

cash flows. 

• Note that the discount rate is time-varying in general. However, in 

corporate finance, it is frequently assumed to be constant. 

(All project cash flows)NPV PV
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Discount Rate is the Opportunity Cost of 

Capital 

• Other names for r are 

Áthe discount rate 

Áthe opportunity cost of capital. It gets this name 

because it is the return foregone by investing in a 

project, rather than in comparable investment 

alternatives having the same risk. 

 

• One of objectives of this course is to learn how to 

obtain the correct opportunity cost of capital for 

projects/firms.  
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APR and Periodic Discount Rates 

• A savings account quoted with 5% annual percentage rate (APR) can 

have annual, monthly, or, say, daily compounding. Depending on the 

compounding frequency, a $100 invested now will result in different 

amounts in your account in one year. 

 

• The APR with k compounding periods is a way of quoting 

the actual interest earned each compounding period: 

 Interest Rate per compounding period = 

 

ÁConsider a $30,000 car loan with 60 equal monthly payments, 

computed using a 6.75% APR with monthly compounding.  

• 6.75% APR with monthly compounding corresponds to a 

monthly rate of 6.75% / 12 = 0.5625%. 
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 yearper periods 

            

k

APR
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Effective Annual Rate 

• The Effective Annual Rate (EAR) 

ÁIndicates the total amount of interest that will be earned 

at the end of one year and incorporates the effect of 

compounding. 

• Also referred to as the annual percentage yield (APY) 

 

• Converting an APR to an EAR 

 (k periods per year) 

1    1   
 

   
 

k
APR

EAR
k
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APR and EAR (cont'd) 

Effective Annual Rates for a 6% APR with different 

compounding periods and the amount to which $100,000 

will grow if it is invested for one year 

Compounding 

Interval 

Effective Annual Rates  for a 6% 

APR 

Amount at the 

EOY 

Annual (1+0.06)1 – 1 = 6% $106,000 

Semiannual (1+0.06/2)2 – 1 = 6.09% $106,090 

Monthly (1+0.06/12)12 – 1 = 6.1678% $106,167.8 

Daily (1+0.06/365)365 – 1 = 6.1831% $106,183.1 

6 
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Continuous vs. Discrete Compounding 

(Discounting) 

 

This PV can be calculated using either 

 

Discrete discounting    
(t is in years, r is APR with 

   k compounding periods per year) 

or 

Continuous discounting   PV(CF) = CFt e
-rt 

        (compounding every instant, i.e. k → ∞) 

 

Which formula should be used? 
- If the interest rate given is a continuously compounded rate, then 

use the continuous discounting formula.  

- Otherwise, r is a periodic rate, then do discrete discounting. 

kt

t

k

r

CF
CFPV













1

)(
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Example. Continuous vs. Discrete 

Compounding Rates  

Let r=6% be a continuously compounded rate. What is the PV of $100 

received two years from now if the payment is made in an even stream 

throughout the two years? 
 

PV($100) = $100 e-rt = $100 e-0.06*2 = $88.69 
 

Alternatively, we can convert a continuous rate r into the effective annual 

rate reff  (or EAR) and use it in discrete discounting: 

 

 
 Here, reff = er – 1 = e0.06 – 1 = 6.18% 
 

The discrete rate of 6.18% corresponds to the continuous 

rate of 6%. 

Thus,               : the same amt as above 

 

r

eff er 1

 
69.88$

0618.01

100$
)100(

2



PV
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Ch. 4. Growing Perpetuity and Dividend 

Discount Model 

• Recall: 

• A growing perpetuity is an investment offering a 

growing stream of cash flows in perpetuity (ch. 2.3).  

• Gordon’s growth model (a special case of the Dividend 

Discount Model) assumes constant discount rate and 

dividend growth rate. 

gr
D

r
gD

r
gD

r
D

P













 ....
)1(
)1(

)1(
)1(

1 3

2

2

where P is the stock price and D is the dividend per share 

in year 1. 
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4.2 – 4.3. Dividends Versus Investment  

and Growth 

• Profitable Growth 

ÁIf a firm wants to increase its share price, should it cut 

its dividend and invest more, or should it cut investment 

and increase its dividend?  

• The answer will depend on the profitability of the  

firm’s investments. 

üNote. Cutting the firmôs dividend to increase investment will 

raise the stock price if, and only if, the new investments 

have a positive NPV. 

10 
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Dividends Versus Investment and Growth 

ÁA firm can do one of two things with its earnings:  

• It can pay them out to investors as dividends. 

• It can retain and reinvest them. 

ÁDividend Payout Ratio: the fraction of earnings paid 

as dividends each year 

 

 

ÁRetention Ratio (“plowback ratio”) 

 

EPS

D
RatePayoutDividend 

EPS

D

RatePayoutDividendRatioRetention





1

1

                       
11 
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Dividends Versus Investment  

and Growth (cont'd) 

• If the company uses all earnings not paid as dividends to 

make new investments, its earnings will grow : 

 Change in Earnings = New Investment * Return on Investment  

where 

      New Investment = Earnings * Retention Rate 

 

 

Note that  Return on Investment here is the same as Return on Equity (ROE), 

which is  EPS / Book Equity per share. 

 

12 
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Dividends Versus Investment  

and Growth (cont'd) 

• If the firm keeps its retention rate constant, then  

the growth rate in dividends will equal the growth rate  

of earnings. 

 g = Retention Rate * Return on Investment 

13 

Earnings

EarningsinChange
RateGrowthEarnings 

= Retention Rate * Return on Investment  

Next, we connect the earnings growth rate with  

the retention rate: 
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Example. Valuing Common Stocks 

 Our company forecasts to pay a 8.33 

dividend next year, which represents 

100% of its earnings. This will provide 

investors with a 15% expected return.   

Instead, we decide to plow back 40% of 

the earnings at the firmôs current 

return on equity of 25%.   

What is the value of the stock before 

and after the plowback decision?   

14 
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Example (contd.) 

 Our company forecasts to pay a $8.33 dividend next year, which 

represents 100% of its earnings.  This will provide investors with a 

15% expected return.  Instead, we decide to plow back 40% of the 

earnings at the firmôs current return on equity of 25%.  What is the 

value of the stock before and after the plowback decision?  

56.55$
15.

33.81
0 

r

D
P

No Growth With Growth 

100$
10.15.

5$

10.40.25.

'

1
0 









gr

D
P

g

15 
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Example - continued 

 If the company did not plowback some earnings, the 

stock price would be $55.56.  With the plowback, the 

price rose to $100.00.   

 

 The difference between these two numbers is called 

the Present Value of Growth Opportunities (PVGO). 

44.44$56.5500.100 PVGO

Present Value of Growth Opportunities (PVGO): Net 

present value of cash flows from the firm’s future 

investments. 
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4.4. Stock Price and PVGO 

• If a firm pays all earnings as dividends, D=EPS, it is not 

investing and not growing; D and earnings are constant. 

 

 

 

• If the firm invests and is growing, its stock price consists of 

two parts: PV of earnings without growth + PV of cash 

flows from future growth opportunities. 

 

 

17 
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4.5 Valuing a Business 

Valuing a Business or Project 

 The value of a business or Project is usually 

computed as the discounted value of FCF up to a 

valuation horizon (H); the cash flows after the 

horizon year are replaced with a single number, 

sometimes called the PVGO or the terminal value. 

 

 

 

 
Free Cash Flows ï cash available for distribution to investors after paying 

all costs and making all necessary investments. 

H

H

H

H

r

PV

r

FCF

r

FCF

r

FCF
PV
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
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



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Growing Annuity and Perpetuity: Introducing 

Valuation Horizon; Example (Ch. 2, p. 34) 

• Line 1: Start with $1 cash flow at the end of year 1, growing at rate g. 

 

Assume horizon H=3. This breaks the infinite timeline into two parts: 

Line 2: Infinite stream starting from Y4, whose PV in Y3 is PV3 = (1+g)3/(r-g), 

brought to Y0 by further discounting by (1+r)3. 

Line 3: PV of FCF’s from year 1 to the horizon year 3. 

at Year 0 

(1+g)3 

(1+g)3 
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Valuing a Business or Project (Ch.4.5) 

 The value of a business or Project is usually computed as the 

discounted value of Free Cash Flows out to a valuation horizon 

(H) plus  the present value of the terminal value PVH 

H

H

H

H

r

PV

r

FCF

r

FCF

r

FCF
PV

)1()1(
...

)1()1( 2
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









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H
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H
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r
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



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



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where PVH is the value of a perpetuity starting from year H+1, i.e.  

PVH = FCFH+1 / (r-g). 

Note, PVH  basically replaces the perpetuity with a single CF occurring at 

the end of year H. 
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Valuing a Business 

Example (p. 90) 

 Given the cash flows for the Concatenator Manufacturing Division of Growth-

Tech, calculate the PV of near term cash flows, PV (terminal value), and the 

total value of the firm. 

 Assume r=10%. 

66613132020202020(%)growth   .EPS

1.891.791.681.59.23-.20-1.39-1.15-.96-.80-FlowCash  Free

1.891.781.681.593.042.693.462.882.402.00Investment

3.783.573.363.182.812.492.071.731.441.20Earnings

51.3173.2905.2847.2643.2374.2028.1740.1400.1200.10ValueAsset 

10987654321

Year
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Valuing a Business 

Example - continued 

 Given the cash flows for Concatenator Manufacturing Division, calculate the 
PV of near term cash flows, PV (terminal value), and the total value of the 
firm. r=10%. 

 

Using a 6-year horizon, from year 7 to 8, etc., growth is g=6%. 

   
4.22$

06.10.

59.1$

1.1

1

1
PV

66
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Valuing a Business 

Example - continued 

 Given the cash flows for Concatenator Manufacturing Division, calculate the 
PV of near term cash flows, PV (horizon value), and the total value of the firm. 
r=10% and g= 6% 

 

$18.8

22.4-3.6

 value)PV(horizonPV(FCF)s)PV(busines






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Ch. 5 The NPV Decision Rule 

• Accepting or Rejecting a Project 

ÁAccept those projects with positive NPV because accepting them 
is equivalent to receiving their NPV in cash today. 

ÁReject those projects with negative NPV because accepting them 
would reduce the wealth of investors. 

 

• When making an investment decision for mutually-
excusive projects, take the alternative with the highest 
NPV.  
 

• Choosing this alternative is equivalent to receiving its NPV 
in cash today. 
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DCF Method (and NPV Rule) Summary 

1. Forecast the cash flows generated by the project  

2. Determine the appropriate opportunity cost of capital that 

reflects both the time value of money and the systematic 

risk involved in the project.  

3. Use this opportunity cost of capital to discount the future 

cash flows. 

4. Calculate NPV.  

5. Invest in the project if NPV > 0. 
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4.2. Method of Comparables (Multiples) 

• The method of comparables involves using a price multiple to value 

an asset or a firm in relation to a benchmark, such the value of another 

company, peer firms, or the industry average. 

• The price–earnings (P/E) ratio is the most common measure for the 

multiple. Others: P/Sales, P/FCF, P/EBITDA. 

• For example, you are asked to value a new wireless phone/internet 

provider firm. You take an average P/E ratio of the wireless firms in 

Canada, which is, say, equal to 10. This is the multiple. By the method 

of comparables, it should approximate the P/E ratio of the firm being 

valued. If its earnings are $2 million, an approximation for the value of 

the firm is Earnings* Multiple = $2 million * 10 = $20 million. 

• The economic rationale underlying the method of comparables is the 

law of one price—two identical assets should sell at the same price 

(assuming the market is efficient, i.e. nothing is under- or over-priced). 

• Major problems of the method: everything hinges on the correctness of 

one number; accounting practices greatly influence valuation results. 
26 
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Advantages and Disadvantages of  

DCF Method vs. Method of Multiples 

Benefits 

• fully justified as an investment rule. 

• easy to apply in practice, and (with an exception of cash flow 
forecasts) is quite objective. 

 

Costs 

• A problem with the DCF methodology is that it relies on the analyst's 
forecast of future cash flows and the risk of those cash flows. 
Valuation can vary widely depending on how these parameters are 
estimated. 

 

• DCF requires a terminal value (i.e., a growth rate) for cash flows way 
in the future. This is often paramount to assuming a multiple, and 
therefore, it is often argued that DCF analysis is simply a 
postponement of the valuation question.  
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Ch. 5.1-5.3. Competitors of the NPV Method of 

Investment Decision Making 

Profitability 

Index, 12%

Payback, 57%

IRR, 76%

NPV, 75%

Book rate of 

return, 20%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Survey Data on CFOsô Use of Investment Evaluation Techniques 

SOURCE: Graham and Harvey, ―The Theory and Practice of Finance: Evidence from 

the Field,‖ Journal of Financial Economics 61 (2001), pp. 187-243. 



SFU Bus413 Fall 2011    

29 

Book Rate of Return and Payback Rule 

Book Rate of Return - Average income divided by average book value 
over project life.  Also called accounting rate of return = book 
income/book assets. 

 

 Managers rarely use this measurement to make decisions. The 
components reflect tax and accounting figures, not market values or 
cash flows.  

 

 

Payback rule says only accept projects that ―payback‖ in the desired time 
frame. 

The payback period of a project is the number of years it takes before the 
cumulative forecasted cash flow equals the initial outlay. 

This method is flawed, primarily because it ignores cash flows in years after 
the cutoff year. 



SFU Bus413 Fall 2011    

30 

Internal Rate of Return 

Internal Rate of Return IRR is the discount rate that makes 

NPV=0. If one project, accept it if the IRR is greater than 

the opportunity cost of capital. For several projects, 

choose the one with the highest IRR. 

Example 

 You can purchase a turbo powered machine tool gadget 

for $4,000. The investment will generate $2,000 and 

$4,000 in cash flows for two years, respectively.  What is 

the IRR on this investment? 

 
0

)1(

000,4

)1(

000,2
000,4

21








IRRIRR
NPV

%08.28IRR
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IRR Rule : Pitfall 1 - Lending or Borrowing? 

The projects below have the same IRR, but we lend 
money in project A, and we borrow money in project B 
at time 0. 

364%50500,1000,1

364%50500,1000,1

%10@Project 10





B

A

NPVIRRCC
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Internal Rate of Return: Pitfall 2 - Multiple Rates 

of Return 

• Certain cash flows can generate NPV=0 at two different 
discount rates. 

 

• The following cash flow generates NPV=$3.3 million at 
both  IRR% of (-44%) and +11.6%.  

150120120600

............ 10910



CCCC

Cash Flows (millions of dollars) 
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Internal Rate of Return: Pitfall 3 - Mutually 

Exclusive Projects 

      Project choice depends on the opportunity cost of capital.  

G is better for low discount rates (<15.6), and F is better for high discount rates. 

 

Note that for discount rates to the right of the crossover point (r=15.6), both the 

IRR and NPV methods result in the same project choice. 
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Internal Rate of Return: Pitfall 4 - Term 

Structure Assumption 

• We assume that discount rates are stable during the term 
of the project. If rates vary, then we must compare the IRR 
to multiple OCCs or a fudge OCC.  

 

• The assumption about constant discount rates also implies 
that all funds are reinvested at the IRR. This is a false 
assumption because realistically, we can reinvest only at 
the opportunity cost of capital. 
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Ch. 7 starts here.  

Importance of good investment decisions 

• For many firms, announcements of increases in 
capital expenditures, R&D, and advertising are 
greeted with a negative stock price reaction. 

• Management has the ability to create/destroy 
significant amounts of value via faulty project 
selection. 
ÁExample: Oil concerns in early 1980’s (Gulf, Chevron, 

Getty, Texaco) faced a TEMPORARY surge in prices, 
profits, and internal funds. At same time: low oil forward 
prices, high real interest rates, and high exploration 
costs. Budgets for E&D increased. Low/negative 
holding returns for shareholders. 
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• Riskless project 

Á Suppose you had the opportunity to buy a t-bill which would be worth $400,000 

one year from today. 

• Interest rates on t-bills are a risk-free 7%. 

Á How much would you be willing to pay for this investment? 

$400,000 / (1.07)  =  $373,832 

PV  today: 0 1 2 

$400,000 

Capital Budgeting Example:  

Riskless vs. Risky 

Risky Project 

ÁSuppose you are offered a construction deal with similar cost and payoff. 

ÁAn important concept in finance: a risky $ is worth less than a safe $.  

ÁRisk is quantified by the cost of capital. For the risky deal, it must be higher 

than rf : r=12%. 

PV= $400,000/1.12 = $357,143  

Invest only if you need to put down less than $357,143. Compare with the t-bill’s PV. 
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Calculating Returns (refresher) Example 

 Suppose you bought 100 shares of BCE one year 

ago at $25. Over the last year, you received $20 

in dividends (= 20 cents per share ×  100 shares).  

 At the end of the year, the stock sells for $30. 

How did you do? 

 

• R = (P1 – P0 + Div) / P0 

 R = 20.8% 

• R is the total return, i.e. including dividends. 
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 The holding period return is the return that an 

investor would get when holding an investment over a 

period of n periods, when the return (including 

dividends) during period i is given as ri: 

1)1()1()1(

return period holding

21 



nrrr 3

Holding Period Return 
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0.1

10

1000

1957 1962 1967 1972 1977 1982 1987 1992 1997 2002

$42.91 

$20.69 

17.86$)1()1()1(1$ 200319581957  rrr 3

Common Stocks 

Long Bonds 

T-Bills 

The Future Value of an Investment of $1 in 

1957: Evidence from Canada 
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• Suppose there is an investment project which you know 

has the same risk as Standard and Poor’s Composite 

Index. 

• What rate should you use as the Opportunity Cost of 

Capital? 

 

 

 

• The Opportunity Cost of Capital for an investment project 

of a corporation refers to the return that an investor could 

have earned in the capital market on a security with the 

same risk as the project.  

 

How does this relate to the Cost of Capital? 
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Risk and Return 

• Determining the Opportunity Cost of Capital r 

 

• r = nominal risk-free rate of interest  

     + risk premium 
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• The Risk Premium is the additional return (over and 

above the risk-free rate) resulting from bearing risk. 

 

• One of the most significant observations of stock (and 

bond) market data is this long-run excess of security 

return over the risk-free return. 

 

• The historical risk premium was 7% for the U.S.. 

 

What is Risk Premium 
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Risk premium, % 

Country  

Stock Market Risk Premiums by Country 

(2007) 
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Measuring Risk 

Variance - Average value of squared deviations from 

mean.  A measure of volatility. 

 

Standard Deviation – Square root of the average value 

of squared deviations from mean.  A measure of 

volatility. 
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• Assume capital market returns are normally 
distributed 

• Then, the history of returns can be summarized by 
describing the  

Áaverage return over time (used to approximate 
Expected return) 

 

  

 

Áthe standard deviation of those returns  
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Are Returns Normally Distributed? 

In reality, returns exhibit both skeweness and ―fat tails‖.  

Aggregate stock market returns display negative skewness. Firm-level stock 

returns display positive skewness. 
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                                                          Average                   Standard 

          Investment                         Annual Return      Deviation (Return Volatility) 

Canadian common stocks  10.64% 16.41% 

 

Long Bonds 8.96 10.36 

 

Treasury Bills 6.80 4.11 

 

Inflation 4.29 3.63  

Canada Returns, 1957-2003  
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Portfolio Rate of Return 

Portfolio rate

of return
=

fraction of portfolio

in first asset
x

rate of return

on first asset

+
fraction of portfolio

in second asset
x

rate of return

on second asset

(
(

(
(

)
)

)
)
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Portfolio Risk 

2

2

2

2

211221

1221

211221

12212

1

2

1

ůx
ůůɟx  x          

ůxx
2Stock 

ůůɟx  x          

ůxx
ůx1Stock 

2Stock 1Stock 





The variance of a two stock portfolio is the sum of the four 

cells in the table below. 

21121221 ůůɟ)R ,(R cov 

deviation standard is ů and n,correlatio is ɟ ,covariance is  Here 11212

An excellent tutorial on cov and corr: http://www.youtube.com/watch?v=35NWFr53cgA 
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Portfolio of two assets 

)rx()r(x   Return PortfolioExpected 2211 

)ůůɟxx(2ůxůxVariance Portfolio 211221

2

2

2

2

2

1

2

1 


