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Introduction – Financial Decision Making

Syncrude performs economic analysis on potential projects before deciding where to invest capital.   All projects and their associated options are analysed and the projects that maximize Syncrude’s value are chosen.

Likewise, we are all faced with financial decisions through the course of our lives.  You decide whether to buy or rent a house, buy or lease a vehicle, invest savings or leave it in a savings account.  However, often  these decisions are made without a complete understanding of their long term financial impact.  

Numerical analysis of alternatives is aimed at choosing the option that maximizes value.  This requires a solid understanding of the financial foundation on which this analysis is built to ensure the best decision is made.  This package should provide you with the material to understand these fundamentals of finance as well as a basic guide to the decision making process and frequently applied decision making criteria.

Time Value of Money

Future Value

The time value of money refers to the fact that a dollar today is worth more than a dollar received at some time in the future.  This is because you can invest that dollar at some rate of interest over the specified future time period.    

For example: if interest is paid annually at a rate of 5%, then $1 will earn $0.05 ($1 * 0.05) over one year.  So one dollar today is worth $1.05 one year from now.  

Compound vs. Simple interest 

The $0.05 earned above is simple interest on the dollar invested.  That is the 5% made on the initial dollar invested every year for the duration of the investment.  

For example the simple interest earned in two years would be $0.05 per year for a total of $0.10 over two years.  Your final total only accounting for simple interest would be $1.10.

But, in addition to the interest made on the principal (the initial $1 invested) interest is also earned on accumulated profit (interest already earned).  

For example accumulated interest means that at the end of the second year you have $1.1025.  You earn $0.05 ($1 * 0.05) in the first year and $0.0525 ($1.05 * 0.05) the second year:

	Yr 1:  $1*(1+0.05) = $1.05
	OR
	$1*(1+0.05)2 = $1.1025

	Yr 2:  $1.05*(1+0.05) =  $1.1025
	
	


This additional $0.0025 earned over the two-year period is a result of compounding.  The compound interest you earn grows every year as the interest payment is calculated from a larger base.  Illustration 1.1 shows this concept.
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In summary future value is calculated as:

FV = C * (1+r)t 

where: FV = the future value

C = initial $ investment or cash flow

r = interest rate earned







t =  # of compounding periods 

Present Value

If we know that $1 today is worth more than one dollar in the future then we can also infer that $1 in the future is worth less than $1 to us today.    Bringing a future value back to a present value is often called discounting, and is calculated using a discount rate.  This is often the same as the interest rate used above to calculate what you “earn” on an investment (or what you would be paying on debt). The same logic applies to present value as did to future value, but in the reverse.   

Single and Multiple Period 

The formula given above for future value was FV = C*(1+r)t.  However, the C or initial investment is really equal to today’s value or the present value of the investment (PV).  So the formula can be written FV = PV*(1+r)t.   By rearranging the formula, present value of a future cash flow received t periods from today can be calculated by:

PV = FV / (1+r)t
This gives you what the future cash flow is worth to you today.  

Example 1 – (one period):  Suppose you need $5000 to pay a child’s university tuition in one year.  If you can make 7% on your money, you have to invest $4672.90 today.

	FV = $5000
	PV = $5000 / (1+0.07)^1

     = $4672.90

	r = 7%
	

	t=1
	


Example 2 – (more than one period):  Suppose instead you’ve decided to start saving for your child’s education earlier.  Your child is just 5 years old and you figure he/she will be attending university at 18, so you have 13 years.  You figure you will need about $60,000 at the beginning of year 13.  You would have to invest $24,897.87today.

	FV = $60000
	PV = $60000 / (1+0.07)^13

      = $24,897.87

	r = 7%
	

	t=13
	


As we can see present value is a function of future value, number of compounding periods and the rate of return.   The present value / future value formula can also be used to solve for another unknowns given you know the value of three of the 4 variables – present value (PV), future value (FV), the number of compounding periods (t) and the rate of interest (r).  

Example 3 –(finding the rate):  Suppose you have $1500 to invest today.  What rate do you have to invest at to have $1725 in one year?

	FV = $1725
	$1500 = $1725/ (1+r)^1

   (1+r) = $1725 / $1500

         r = 0.15 = 15%

	PV = $1500
	

	t=1
	


NOTE:  In many cases interest is compounded more than one time per year.  Bank accounts that pay interest monthly or daily, mortgages, credit card debt, etc. are just a few examples.  For more detail see Appendix A1.   

Time Value Properties

1. It is important to recognize that what rate you use has a large impact on the time value of money (as in illustration 1.2).   In fact, of all factors that affect your return, the interest rate you get has the biggest impact.  As you can see, the future value of $100 invested at 20% ($619) is more than double an investment at 10% ($259) in 10 years.  
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That is, if the interest rate is doubled, due to compounding, the future value will more than double.  

The same applies to the present value in the reverse, as shown in Illustration 1.3.   The higher the discount rate used, the lower the present value of that future cash flow.  
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For example, in Illustration 1.4 the present value of $100 received in five years is $62.09 if the appropriate interest rate is 10% and $40.19 if the rate is 20%.

2. The amount of time the investment is left to accumulate interest has a big impact on the time value of money.  Regarding future value, if the time is doubled, the interest earned will more than double due to compounding.

For example FV:  If I invest $50 at 5% for 2 years I will have $55.125.  If instead I invest for 4 years I will end up with $60.775 ($50*(1+0.05)^4).  The interest earned in 4 years ($10.775) is more than double the interest earned in 2 years ($5.125).  

The present value of a future cash flow decreases with time.  In other words cash in early years is always worth more than cash received in later years unless r=0%.  At high rates of interest, cash received in later years is worth relatively little.  

For example PV:  $100 received in 5 years is worth $56.74 today if the appropriate discount rate is 12%. However, $100 received in 10 years is worth $31.86.  If the appropriate rate is 25%, $100 received in 10 years is only worth $10.74 today.   

3. If the initial investment is multiplied by a number the future value will also be multiplied by that number.

For example FV:  If I invest $50 at 5% in 2 years I will have $55.125 ($50*(1+0.05)^2).  If I multiply my investment by 2 and invest $100 instead, in two years I will have $110.25 ($100*(1+0.05)^2 OR 55.125*2).

2*C(1+r)t = 2*FV

For example PV: If I expect to receive $100 in two years and the appropriate interest rate is 5% the present value is $90.70.  If my expectations drop to $50 to be received in 2 years the present value of that future cash flow is now $45.35 – this is exactly half of $90.70.  

PV/2 = (FV/2)/(1+r)t
Time Value of Multiple Cash Flows

Often you are faced with a financial decision that involves considering a series of future cash flows ie they are received over a number or periods.     This is analyzed in a slightly different way, but uses the same principles we developed earlier.   It is important to remember that only “free cash flows” are used to calculate present value.  In other words cash after taxes, royalties, applicable expenses etc.  

Present Value of multiple cash flows

Most often you when dealing with multiple cash flows you will be calculating the present value.  This is done in  a similar manner as the future value of cash flow streams; either by discounting back one period at a time or by finding the sum of the the present value of each individual cash flow.   Calculating the PV of each individual future cash flow is the best place to start for the purposes of building up to  more complex cash flow streams, so this is the method that will be discussed from here forward.  That is:

         [image: image8.emf]NPV Profiles

Project 1 vs. Project 2

$(20.00)

$(10.00)

$-

$10.00

$20.00

$30.00

$40.00

$50.00

$60.00

$70.00

$80.00

0% 5% 10% 15% 20% 25% 30%

Project 1

Project 2

CF1
        CF2
        CF3

Discount rate = r





CF1/(1+r)




CF2/(1+r)^2



   +     CF3/(1+r)^3



Present Value of CF stream

In other words the present value of a stream of cash flows is:

PV = Σ(CFt/(1+r)^t)

Σ = “sum of”
Example:  An investment in new capital is expected to generate free cash flows of $1500 per year for the next 3 years.  What is the present value of these cash flows if the appropriate discount rate is 10%?





      $1500
      $1500
     $1500


PV = CF1/(1+r)^1 + CF2/(1+r)^2 + CF3/(1+r)^3


PV = 1500/(1.10) + 1500/(1.10^2) + 1500/(1.1^3)


PV = $3730.28

See appendix A2 for examples calculating the future value of multiple cash flows.

Perpetuities vs. Annuities

A stream of cash flows falls in one of two separate categories:  

1. A perpetuity, which is a specific cash flow received every period forever.  

E.g.  dividends received on preferred stock.

2. An annuity, which is a specific cash flow provided for X number of years, 

E.g. a payment made on a loan or cash flow generated for a specified number of years due to a capital investment

Perpetuities

Some cash flow streams can be assumed to be received forever.   If you invest X dollars today (PV) and the return is r every year, you receive PV*r every year as a cash flow.  Therefore:

CF = PV*r





So

PV = CF/r

For example:  If an investment offers a perpetual cash flow of $100 every year and you require a 10% return, what is the most you’ll pay?

	CF = $100
	PV = $100/0.1 = $1000

	r = 10%
	


Annuities

For the most part a present value can be calculated using the present value formula explained above combined with a perpetuity calculation.  Calculating annuities using a unique annuity formula is possible but is a little more complicated (see Appendix A3 for details).

Net Present Value and Other Investment Criteria

Net Present Value (NPV)

Net present value is the difference between the present value of all future cash flows (also known as the market value of an investment/project) and its associated costs (or its initial investment).  Future cash flows should be discounted back at the firm’s cost of capital.  NPV is a measure of how much value is added to the company by undertaking a particular project.  For this reason, the investment decision related to net present value is to go ahead if NPV > 0 (the project is adding value) and reject the project if NPV < 0 (the project provides a return of less than the firm’s cost of capital and so results in a loss of value).  


Example 1 (net present value):

It is the beginning of 2003 and you have the opportunity to invest in a new technology that will make your operations more efficient.  The cost is $3.2million dollars today.  You estimate efficiencies will generate free cash flows of $300,000 starting in 2005 through to 2007, in 2008 you it will jump to $350,000, and from 2009 forward you estimate free cash flows will level off at $410,000.   The cost of capital is 10%.  Should you invest in the new equipment?

$ Invest?
$300,000   
 $300,000   
   $300,000
     $350,000   
   $410,000

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Yr0
	Yr1
	Yr2
	Yr3
	Yr4
	Yr5
	Yr6

	2003
	2004
	2005
	2006
	2007
	2008
	2009



Net Present Value = $3,441,332.25 - $3,200,000.00



        =
$241,332.25
You would invest in the new equipment.  

NOTE:

Be aware that the net present value calculation is subject to risk as it is based on ESTIMATES of future cash flows.  The more uncertainty in these estimates, the more uncertainty in the investment decision based on net present value.  For this reason it is often a good idea to do some sensitivity analysis and/or scenario analysis before making a final decision.   That is, determine likely values of key variables and test what range of value your net present value could potentially take.

Return on Investment (ROI)

Return on investment (also known as internal rate of return) is the discount rate that makes the net present value of an investment or project zero.  It is often used in conjunction with NPV in financial decision making due to its attempt at summarizing the proposed project in terms of one internally generated return.  This return is based solely on cash flow estimates, not relying on rates offered elsewhere.   The decision rule is to proceed with the project if the return on the investment (ROI or internal rate) is higher than the firm’s declared hurdle rate.

ROI can be calculated by trial and error to solve for an NPV of zero, by setting up a spreadsheet (e.g. Excel) to do the calculation, or by using a financial calculator.  

To illustrate the association between ROI and NPV consider the following example:

Example 2 (ROI vs. NPV):  A potential project requires an initial outlay of $100,000 but generates free cash flows of $30,000 a year for 5 years.   The firm has a cost of capital of 10% but has specified that it will only consider projects with a return on investment of 25% or over.


Illustration 2.1 is the NPV profile of this project:

Although the project’s NPV at the firm’s cost of capital of 10% is greater than 0, the return on the investment is less than the firm’s hurdle rate of 25%.  If ROI were the guiding decision factor the project would be rejected.  As you can see, return on investment is not always a reliable indication of a project’s value and can differ from the decision made using NPV analysis.

NOTE:  If you are evaluating a project with unconventional cash flows (year one is not the only year with negative cash flows) or two or more mutually exclusive projects (by undertaking one it is impossible to do the other(s)) see Appendix A5 for things to watch for.  

When evaluating a project the Syncrude economic model also looks at the project’s payback and profitability index.    Here are the basics of how these measures are calculated and what they tell you.
Payback Rule 

Payback is the amount of time it takes for accumulated cash flows to equal or surpass your initial investment.  The investment decision is set at some specific number of years and if the payback is less than that the project would go ahead, otherwise  the project would be rejected.  

Example (payback):  Suppose a project costs $250 and the projected cash flows look like this – 





$75

$100

$250


The payback is 2.3 years.  You get $75 in the first year, plus $100 in the second year = $175, so you have $75 left to recover.  Since you make $250 in the third year, it takes 0.3 of the third year to make $75 (75/250)

It is important to remember that the Payback rule ignores risk, the time value of money and all cash flows beyond the cutoff point.  For this reason the payback rule is seldom used as a sole decision making tool.

Profitability Index (PI)

Also know as the benefit to cost ratio, the profitability index is the present value of all the future cash flows divided by the initial cost.  

PI = PV of future cash flows
Initial Investment

It’s really a measure of present value per dollar of investment, in which case the investment decision would likely be:

	Invest if PI > 1
	· If PI>1 this means the present value of the future cash flows is greater than the initial investment, thus NPV is also greater than zero – the project is adding value.



	DO NOT invest if PI<1
	· If PI<1 the present value of the future cash flows is less than the initial investment, thus NPV is less than zero – the project is NOT adding value.




Appendix

A1: Time Value with More than one Compounding Period per Year

You may also have to find present or future value given that the number of compounding periods per year is more than one (i.e. interest is paid monthly, quarterly…).   In this case the following formula is used:

	PV =
	FV
	Where:
	t= number of periods

	
	(1+(r/m))mt
	
	r = annnual interest rate

	FV=
	PV*((1+(r/m))mt
	
	M = number of compounding periods per year


Example – (FV monthly compounding):  The bank pays 4.5% compounded daily on its savings accounts.  If you deposit $100 today, how much will you have in five years?

	PV = $100
	FV = $100/ (1+0.045/365)^5*365

FV = $125.23

	r = 4.5%
	

	t=5
	

	M = 365
	


A2:  Future Value of multiple cash flows

You may wish to calculate the equivalent future value of a stream of cash flows.  

Example:  If you deposit $100 a year (starting today – end of year 0) for four years (four deposits of $100) at 8%/annum, what is the equivalent future value of that stream of payments?  You can calculate this in one of two ways:

I. Bring the accumulated balance forward every year:

	Yr0
	Yr1
	Yr2
	Yr3

	$100
	$108**
	
	

	
	+ $100 = $208
	$224.64**
	

	
	
	+ $100 =$324.64
	$350.61**

	
	
	
	+ $100 = $450.61

	
	
	
	

	**
	$100 *(1+0.08)
	$208*(1+0.08)
	$324.64*(1+0.08)


II. Calculate the future value of each cash flow individually then add them up:









	Yr0
	Yr1
	Yr2
	Yr3

	$100
	$100
	$100
	$100

	=100*(1+0.08)^3
	=100*(1+0.08)^2
	=100*(1+0.08)^1
	=100*(1+0.08)^0

	
	
	
	

	FV1 = $125.97
	FV2 = $116.64
	FV3 = $108
	FV4 = $100

	
	
	Sum of All:
	$450.61


A3:  Annuities

You will frequently be confronted with situations where you have multiple cash flows that are all the same amount for a specified number of years (like in the examples for multiple cash flows above).  The present value of these cash flows can be calculated as explained above, by summing up the present value of each individual cash flow.  However, this may be quite a time consuming task if cash flows go out for an extended period of time, say 50 years.   In this case it is easier to calculate the present value using the annuity formula.


Annuity present value = C *  1 – (1/(1+r)t)








r
In this formula “t” is the number of compounding periods (usually years) that the annuity is received for.

Example 1 (PV of an Annuity):   We calculated above that the present value of 3 payments of $1500 (in years 1, 2 and 3) is $3730.28 by summing the present value of each payment.  We arrive at the same answer using the annuity formula:

	C = $1500
	PV = $1500 * 1 – (1/(1.1)3) = $3730.28

                           0.10

	r = 10%
	

	t=3
	


Example w – (PV annuity with monthly compounding):  Your current mortgage rate is 8% per year compounded monthly and is fixed for the next 5 years, amortized over a 25 year term.  The amount autstanding on the loan is $100,000.  New mortgages with otherwise similar terms can be obtained for 6% per year.  The penatly for refinancing is $5000, payable at the time of the refinancing.  Should you refinance?

	CURRENT
	

	C = ? (pmt / mth)
	$100,000 = C*(1-(1/(1+(0.08/12))25*12)

                                  0.08/12

 C = $771.82



	PV = $100,000
	

	r = 8%
	

	t=25
	

	M = 12
	


	NEW
	

	C = ? (pmt / mth)
	$100,000 = C*(1-(1/(1+(0.06/12))25*12)

                                  0.06/12

 C = $644.30



	PV = $100,000
	

	r = 6%
	

	t=25
	

	M = 12
	


This means you would save (771.82 – 644.30) $127.52 per month.  Since this rate is only guaranteed for 5 years, the present value of this savings is:

	C = 127.52
	PV = $127.52*(1-(1/(1+(0.06/12))5*12)

                                  0.06/12

PV = $6596.04



	PV = ?
	

	r = 6%
	

	t=5
	

	M = 12
	


Because the present value of the savings over the next 5 years exceeds the cost of the penalty (by $1596.04!) you SHOULD refinance!

Annuities – not starting until a future date

You may come across a situation where the cash flows don’t begin until some time in the future.  For example what if you knew you wouldn’t start receiving cash flow from your investment until year three ($1500 per year for 3 years).   What is the present value of the cash flows i.e. the present value at t=0?  

First you find the present value of these cash flows at t = 2.

Our formulas are really:

	PVt-1 = FV / (1+r)t
	Keep in mind.  Originally we were calculating PV at t=0 with cash flows starting at t=1.  Now, since we are calculating cash flows starting at t=3 the PV is as at t=2!

	FVt-1 = C * (1+r)t
	




  



 $1500
   $1500
   $1500


 



CF1 = 1500/1.1^1 = 1363.64



CF2 = 1500/1.1^2 = 1239.67


        +
CF3 = 1500/1.1^3 = 1126.97



PV@ t=2
      $3730.28






OR



PV@ t=2:  $1500 * 1 – (1/(1.1)3) = $3730.28
                                                          0.10 

Second you bring that lump sum (future value at t=2), $3730.28, back to time 0.  



PV = 3730.28 / (1+ 0.10)^2



PV = $3082.88
Those three $1500 cash flows which will be received in years 3, 4 and 5 are worth $3082.88 today, at t=0.  

A4:  Net Present Value Example calculated using annuity formula

1. CF stream 1 ( ANNUITY:  
$300,000 in years 2, 3, and 4 (2005, 2006 and 2007)

	C = $300,000
	PV = $300,000*(1-(1/(1+(0.10))3)

                                  0.10

PV@1 = $746,055.60



	PV@1= ?
	

	r = 10%
	

	t=3
	


	PV@1 = $746,055.60
	PV@0  = $746,055.60/(1.10)1
PV@0 = $678,232.36

	PV@0= ?
	

	r = 10%
	

	t=1
	


2. CF stream 2 ( SINGLE CF: 
$350,000 in year 5 (2008)

	CF = $350,000
	PV@0  = $350,000/(1.10)5
PV@0 = $217,322.46

	PV@0= ?
	

	r = 10%
	

	t=5
	


3. CF stream 3 ( PERPETUITY: $410,000 in year 6 (2009) and all years after that

	C = $410,000
	PV = $410,000/0.1

PV@5 = $4,100,000



	PV@5= ?
	

	r = 10%
	


	PV@5 = $4,100,000
	PV@0  = $4,100,000/(1.10)5
PV@0 = $2,545,777.43

	PV@0= ?
	

	r = 10%
	

	t=5
	


4. PV of all cash flow streams:

= CF stream 1 + CF stream 2 + CF stream 3

= $678,232.36 + $217,322.46 + $2,545,777.43

= $3,441,332.25

5. Net Present Value:



= $3,441,332.25 - $3,200,000.00



= $241,332.25

A5:  Calculating ROI for Unconventional Cash Flows and Mutually Exclusive Projects

Unconventional Cash flows

Conventional cash flows imply that you make an initial cash outlay in return for positive cash flows over the life of the project.   However, in some cases you may expect negative cash flows later, for example the cost of reclaiming a mine site once all the oil reserves have been extracted.   Unconventional cash flows can result in more than one return resulting in an NPV=0, i.e. more than one internal rate of return.  

Example 3 (unconventional CF and ROI):  Consider a project with the following cash flows (firm’s cost of capital is 10%, hurdle rate 20%) –

	YEAR
	CASH FLOW

	0
	($252)

	1
	$1,431

	2
	($3,035)

	3
	$2,850

	4
	($1,000)


Illustration 2.2 gives the NPV profile for this project:


In this case there are 4 different returns on investment and no clear answer as to which is the “right” one to use for decision-making.  Again, NPV and ROI decision rules indicate different results.  Although all the ROI’s found are greater than the hurdle rate of 20% the NPV at the firm’s cost of capital of 10% is well below 0.  

Be aware that if working with a project with unconventional cash flows it is best to plot the projects NPV profile to assist in determining ALL possible ROIs.

Mutually Exclusive Projects

In many cases when analyzing which option adds the most value you are faced with choosing between two mutually exclusive projects.  Projects are mutually exclusive if by undertaking one it is impossible to do the other.  According to the NPV rule, the best alternative is the project that adds the most value, but do NPV and ROI decision rules necessarily arrive at the same decision?  As it turns out the project with the highest ROI may not have the highest NPV.

For example (mutually exclusive projects):  Your cost of capital s 10%, you have to make a decision between the following options.

	 
	0
	1
	2
	3
	4

	Project 1
	($100)
	$50 
	$40 
	$40 
	$30 

	Project 2
	($100)
	$20 
	$40 
	$50 
	$60 


Illustration 2.3 gives the NPV profile of each project.






The return on investment for Project 1 is 3% higher than that of Project 2, so based on ROI you would choose Project 1.  However, discounted at the cost of capital of 10%, Project 1 has an NPV of $26.4, while Project 2 has an NPV of $27.1.  According to the NPV rule Project 2 adds more value.  

Whenever you have mutually exclusive projects you should never rank them solely based on their ROIs.  A comparison of relative NPV should be used since the ultimate goal is to maximize value, not return.

Illustration 1.2 – Future Value of $100 received today





Illustration 1.1





Sum of FVs = Total FV
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Illustration 1.4
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ROI = 15.24%





NPV < 0
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NPV@10% = $13,723.60





NPV > 0





Illustration 2.3





ROI Proj 2~ 21%





ROI Proj 1~24%
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Illustration 1.3 – Present Value of $100 received in the future





300,000/(1.104) = 204,904.04





300,000/(1.103) = 225,394.44





300,000/(1.102) = 247,933.88





350,000/(1.105) = 217,322.46





PV of perpetuity@ t=5 =410,000/(0.10)


=4,100,000.00





4,100,000/(1.105) = 2,545,777.43





Total PV of CF   = $3,441,332.25
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