Ch09: Capital budgeting techniques: certainty and risk
· Three issues in financial management are: (i) (net) working capital; (ii) capital budgeting, and; (ii) capital structure.

· Capital budgeting (the process of planning and managing a firm’s investments in long-term assets.

Caveats for capital budgeting decisions:

· The relevant CFs are incremental CFs, not CFs that exist regardless of whether or not a project is undertaken.

· A sunk cost has already been incurred and cannot be removed, and (should not be considered in an investment project.  E.g., consultant fees.

· Do not forget to include opportunity cost to a project.  E.g., sell an old mill to build a “upmkt” condominium.

· For multi-line producer, do not forget to include erosion (aka cannibalism or piracy) effect as part of the cost of the project.  E.g., Windows 2000 eroded Windows XP sales.

Two classes of capital budgeting techniques:

I.  Unsophisticated technique (do not consider time value of $)

1. Payback period (PB)

II.  Sophisticated techniques (do consider time value of $)

1.  Discounted payback period

2.  Net present value (NPV)

3.  Internal rate of return (IRR)

4.  Modified internal rate of return (MIRR)

5.  Profitability index (PI)

Unsophisticated technique is theoretically flawed for ignoring effects of interest.

Payback Period (PB)

Payback ( amt of time (mostly expressed in years) needed to recoup the initial cost of an investment.

Decision criterion:

Accept a project if its calculated PB < max. acceptable PB;

reject otherwise.

Maximum acceptable PB is arbitrarily determined by mgt; hence it is an unscientific benchmark.

Example:

	Yr, t
	CFt
	Cumulative CFt

	0
	-$500
	-500

	1
	100
	-400

	2
	200
	-200

	3
	500
	300


PB = 2 + (500-300)/500 = 2 + 200/500 = 2.4 yrs.

If CFs are not assumed to occur evenly within each year, i.e., CFs occur discretely, then PB=3 yrs.

If max. acceptable PB = 2 yrs, then reject the project.

If max. acceptable PB = 3 yrs, then accept the project.

Weaknesses of PB technique:

1.  Max. acceptable PB is arbitrarily determined, hence it’s unscientific.

2.  PB fails to recognize time value of $.

PB fails to recognize CFs after the payback period.

Example:

	Yr, t
	CFt (Long)
	CFt(Short)

	0
	-250
	-250

	1
	100
	100

	2
	100
	200

	3
	1000
	0

	4
	100
	0


PB(long) = 2.05 yrs; PB(short) = 1.75 yrs.

Hence, Short is preferred to Long according to the PB rule.  But, it’s apparent that we’ve unwisely ignored the 3rd and 4th yrs’ CFs for Long.

Discounted payback period
Discounted payback period rectifies the most severe shortcoming of the undiscounted payback period by using required rate of return to discount the cash inflows.

Example: Find the discounted PB for the following project with 7.5% required rate of return.

	Yr, t
	CFt

	0
	-$500

	1
	100

	2
	200

	3
	500


	Yr, t
	CFt
	Discounted CFt
	Cumulative CFt

	0
	-500
	-500
	-500

	1
	100
	93.02
	-406.98

	2
	200
	173.07
	-233.91

	3
	500
	402.48
	168.57


Discounted payback period, DPB = 2 + 233.91/402.48 = 2.58 years 

( 2 years 7 months.
Net present value (NPV)
The net present value of a project is the difference between the PV of cash inflows and the initial investment/cost.

Technically,




where: CFt = CF in year t; n = life of the project; k = discount rate, aka opportunity cost, aka cost of capital.

Alternatively and more succinctly, 




In the 2nd definition, note the lower limit starts from t=0.

When using the 2nd definition, cash inflow is coded as “+” while cash outflow is coded as “-“.  Thus, the initial investment is coded as “-“.

Decision criterion:

Accept a project if its NPV ( 0;

reject otherwise.

· Note that the NPV technique is benefit-cost analysis in its true sense where (PV of cash inflows) ( benefits whereas (initial investment)(cost.

· The NPV decision criterion can then be more intuitively visualized as:

Accept a project if its (benefits - cost) ( 0; reject otherwise.

Example:

	Year, t
	CFt

	0
	-30k

	1-7
	6k

	8
	8k


Given that k = 15%, estimate the NPV.




NPV = 27,578 - 30,000 = -$2,422

· Since NPV < 0 for the given discount rate, reject the project.

· Show students how to use electronic calculator to estimate NPV directly using specialized function keys.

· Among the numerous capital budgeting techniques, NPV technique is by far the most theoretically sound technique.

· Fin. mgrs are interested in NPV because positive NPVs add value to the firm, and the addition of value in turn maximizes owners’ wealth.  (Recall that owners’ wealth maximization is the ultimate goal of fin. mgt.)

· Try to estimate NPV given k=12%.  NPV = 30,614 - 30k = $614.

· Since NPV=-2,422 for k=15%, and NPV=614 for k=12%, the next natural question to ask is:  “At what k value will NPV=0?”

· The last question leads us directly to the internal rate of return (IRR) technique.

Internal rate of return (IRR)
The IRR is the discount rate which makes NPV=0, i.e.,




Rearranging, we have:





 EMBED Equation.2  

The re-arranged result gives rise to an alternative definition of IRR, i.e., 

IRR is the discount rate that equates the PV of cash inflows to the initial investment of a project.

Decision criterion:

Accept a project if its IRR(cost of capital;

reject otherwise.

Graphically,




Example:

	 Yr, t
	CFt

	0
	-100

	1
	60

	2
	60


Estimate the IRR for the 2-year project whose CFs are as shown above.




Let X = (1+IRR), we have




Multiply both sides by X2, we’ve:

60X + 60 = 100X2
100X2 - 60X - 60 = 0

Divide throughout by 20, we get:

5X2 -3X - 3 = 0

Solving using the quadratic formula, we’ve:

X = 1.13066 and X = -5.3066

Hence, IRR = .13066 and IRR = -6.3066 (inadmissible since interest rate cannot be negative)

So, IRR = 13.07%

Show students how to use electronic calculators to estimate IRR using the specialized functions keys.

Modified internal rate of return, MIRR

· The IRR method has 2 major shortcomings: (i) IRR assumes reinvestment rate equal to cost of capital, and (ii) IRR may have multiple values as dictated by deCartes rule of signs in algebra.

· To overcome these shortcomings, MIRR is developed.
· Compound and sum all cash outflows to the end, and call the sum the terminal value, TV.

· Discount and sum all cash inflows to the present, and call the sum the present value, PV.

· MIRR is the rate that equates TV to PV for that many years.

Example: Given the following cash flows for a project, estimate its MIRR given cost of capital to be 11%.

	t
	0
	1
	2
	3
	4
	5
	6

	CFt
	-30k
	7k
	8k
	–2k
	15k
	16k
	8k


PV = 30k + 2k/(1.11)3 = 31.46238k

TV = 7k(1.11)5 + 8k(1.11)4 + 15k(1.11)2 + 16k(1.11) + 8k = 68.18147k

 So, 31.46328k = 68.18147k/(1+mirr)6. Solving for mirr gives mirr = 13.75726%. 
Hit the IRR key, then (, enter 11% as RI (reinvestment rate), lastly (.
Since 13.7567% > 11%, we accept the project when the cost of capital is ( 11%.

Moreover, its NPV = 4.99022k, and its regular IRR = 15.87244%

Using electronic spreadsheet to estimate NPV and IRR
Example:

	Year, t
	CFt

	0
	-30k

	1-7
	6k

	8
	8k


Given that k = 15%, estimate the NPV and IRR using Excel.

Enter the data in Excel:

	
	A

	1
	-30000

	2
	6000

	3
	6000

	4
	6000

	5
	6000

	6
	6000

	7
	6000

	8
	6000

	9
	8000

	10
	=npv(15%,a2:a9)+a1 (

	11
	=irr(a1:a9) (

	12
	=mirr(a1:a9,15%,15%)


Cells A10 and A11 show the syntax to estimate NPV and IRR using Excel.

Profitability Index (PI)

Technically, PI is obtained as:




Decision criterion:

Accept a project if its PI ( 1;

reject otherwise.

· Recall that the NPV technique compares benefits with cost, and uses zero as the cutoff, i.e., when benefits>cost, NPV>0, accept the project; when benefits<cost, NPV<0, reject the project.

· The PI technique takes the ratio of benefits to cost, and uses +1 as the cutoff benchmark, i.e., when benefits>cost, PI>1, accept the project; when benefits<cost, PI<1, reject the project.

Example:

	Yr, t
	CFt

	0
	-100

	1-2
	60


Given k=10%, estimate the PI for the 2-yr project above.

PI = {[60/1.1 + 60/1.12]/100} = 104.13223/100 = 1.04

Since PI=1.04 > 1.00, accept the project.

Comparison of NPV and IRR
NPV and IRR techniques do not always give consistent rankings of projects.

Conflicting/Jarring ranking arises from differences in the magnitude and timing of CFs.






There’s no conflict in ranking for projects A and B.

Conflicts occurs in the ranking of projects C and D.

· Conflict in ranking is caused by the implicit assumption concerning the reinvestment of intermediate CFs:  NPV assumes intermediate CFs are reinvested to earn the cost of capital whereas the IRR assumes intermediate CFs are reinvested to earn a rate of return equal to IRR.

· NPV is theoretically superior to IRR.

· IRR is more popular among fin. mgrs than NPV.  However, the popularity trend may reverse when the next generation of mgrs take over in the future.

Capital Rationing
· Theoretically, firms should accept all +NPV independent projects simply because +NPV projects add value.

· In practice, most firms operate under capital rationing.

· Whenever a firm practises capital rationing, its decision rule is to select the combination of projects that maximizes the aggregate NPV subject to capital ration.

Example:  Given that capital budget/ration is $250k.

	Proj.
	Initial cost
	IRR
	PV(inflow at 10%)
	NPV

	B
	$70k
	20%
	$112k
	$42k

	C
	100k
	16
	145k
	45k

	E
	60k
	15
	79k
	19k

	A
	80k
	12
	100k
	20k

	F
	110k
	11
	126.5k 
	16.5k

	D
	40k
	8
	36k
	-4k


Combination B+C+E: I.I.= $230k; NPV=106k

Combination B+C+A: I.I. = $250k; NPV = 107k

Combination B+C+A is superior to combination B+C+E because NPVBCA =107k > 106k = NPVBCE.

Risk-adjustment Techniques
In view of the risk involved, NPV technique can be modified somehow to account for risk.  Two common modifications are:

(1) certainty equivalents (CE), and;

(2) risk-adjusted discount rate (RADR)

The original NPV criterion of accepting only +NPV projects and rejecting -NPV projects continues to hold despite the adjustments.

· The CE technique involves multiplying each CF (the numerator) in the NPV equation by a less-than-one factor and then discounting each product at the risk-free, RF, rate.

· Each less-than-one factor is called the certainty equivalent (CE) factor, and they are subjectively determined.

· The risk-adjusted discount rate (RADR) involves establishing a market-based risk-return function to estimate the discount rate.

· An example of the market risk-return function is established by using the coefficient variation (CV) as shown below:

· The RADR is then used to estimate the NPV for each project.

· Within one firm, projects can be classified into low-, medium-, and high-risk classes.  Accordingly, the appropriate RADR can then be assigned for each risk class.

· CEs are theoretically superior to RADRs.

· RADRs are more often used in practice because of the complexity of developing CEs.

NPV in $








Discount rate, k, in %
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