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Chapter 15: Making Good Decisions
(I Would Like a Raise and a Promotion!)

You must make financial decisions throughout your professional career and everyday personal life. Some of these decisions are easy. To make the best choice you need a little intuition and simple calculation. Other decisions are very challenging, confronting you with a great array of competing options, each of which is bundled with numbers projected from now until ... whenever.  If you tried just to wing it in these latter scenarios, you could make a catastrophic mistake.
	For example, let’s say you are the production manager for a company that soon needs to replace a critical machine that is nearing the end of its useful life. At your invitation, salespeople from three competing companies have paid you a visit this week. Each of them showed you an impressive replacement machine. The three machines appear to be equal in design and performance, but each carries a different price tag. Each also differs widely in operating costs such as power consumption, consumables, and labour costs. Maintenance costs follow different timetables. In all cases, you can either purchase the machines or lease them through the supplier’s leasing plan.
	These machines are not cheap. Because the one you select represents such a significant investment on your company’s part, good financing for it is an integral part of the decision. Will the money to pay for it come from a bank loan, a bond issuance, or by issuing some common shares? Perhaps the finance department can withdraw some money from your organization’s current investments. Each of these funding sources is associated with a different interest rate.
	Your company relies on you to choose the best machine at the lowest possible cost. From a strictly financial perspective, and assuming that all machines are equally productive, which of the three machines is your best choice?
	This investment decision should not be guesswork. In previous chapters you have already learned many of the fundamental financial skills required to make effective monetary decisions. In this chapter you will amalgamate and apply your existing skills in dealing with compound interest, ordinary annuities, annuities due, leases, loans, and much more. Section 15.1 introduces the concept of net present value and its application to decision making. You also see a new concept known as cash flows. Using these techniques you will work through the basic kinds of decision-making scenarios. Section 15.2 then examines other decision characteristics along with an important decision-making measure called the internal rate of return.

Outline of Chapter Topics
15.1: Net Present Value (What Is the Value of My Decision?)
15.2: Other Measures for Making Decisions (How Else Can I Do It?)


15.1: Net Present Value
(What Is the Value of My Decision?)
	
If you decide to pursue a course of action, what is the net benefit or cost of making that decision? How can you tell systematically which choice is financially superior?
Let’s say that your marketing department thinks it has stumbled onto the next hot product to hit the market. The estimated research and development costs are $10 million today with an expected $5 million revitalization cost in five years. The product hits shelves in two years. Estimated year-end profits are $4 million in the first three years and $3 million for the subsequent two years. At that time, the rapid pace of technology will end the life cycle of the new product. This last year will earn an estimated $1 million in profits. The funds needed for this project will be obtained at 12% compounded annually. Does this project make financial sense? Your co-worker argues that the decision is clear: You would spend $15 million to earn $19 million, so the project should go forward. What do you think? 
Your co-worker’s analysis summed the nominal numbers. This clearly violates the fundamental concept of time value of money. In this section, we will explore different types of investment decisions and study techniques for making optimal financial decisions.

What Is Involved in Making Monetary Business Decisions?
	
Investment decisions must consider both the type of decision being made along with the source of funding, which influences the interest rate used in financial calculations.
What Type of Decision Is Being Made? While there is no such thing as a “standard” or “normal” decision, many business decisions seem to fall into the same three categories:
1. Decision #1: Making One Choice from Multiple Options. When you face a variety of options that will solve your problem, which option is financially the best?
2. Decision #2: Deciding Whether to Pursue One Course of Action. When you face only one particular course of action, do you do it or not?
3. Decision #3: Making Multiple Choices under Constraints. If you have limited resources and many different opportunities from which you can choose more than one, how do you select which opportunities to pursue and which to let pass by?

What Monetary Source Is Being Used and What Does It Cost? The structure of many decisions follows the old adage that you have to spend money to make money. Many courses of action require an investment up front (costs) to receive the reward (profits) in the future. This means you need to tap a source of money before you can go forward with any course of action. Individuals and corporations can access many of the same monetary sources, but businesses have additional options that are not available to individuals.
· Personal Funding Sources. You have limited options for obtaining money. Typically, you can either use debt financing such as a loan from a bank or a line of credit, or you can withdraw money from an investment fund or savings account.
1. If you borrow, the financial cost of the project is the interest rate that is being charged on the borrowed funds. Therefore, if you fund the project using a loan at 8.5% compounded annually, the loan's interest rate becomes the nominal rate you should use in the required time value of money calculations.
2. If you withdraw money from an investment, the cost of this project is the interest rate you forego on those funds. For example, if you take the money out of a GIC earning 4% compounded annually, you should use the GIC's interest rate in the decision calculations.
· Business Funding Sources. Businesses have substantially more choices than individuals when obtaining financing. In addition to debt financing and current investments, businesses also can issue bonds or use equity financing, such as offering company shares. Bartering with business partners is also possible. The same principle applies, though: Whatever interest rate the funding source involves carries forward into any decision-making calculations.
	The fundamental concept of time value of money states that all money must be moved to the same date before you can compare alternatives fairly. As mentioned above, the source of funding you use determines the interest rate in these calculations. If you use multiple sources to gather the needed funds, your interest rate is a weighted average of all the debt and equity financing rates, and of course if you use a single source then the weighted average is simply the one source’s rate. The weighted interest rate is known as the cost of capital. This textbook assumes the cost of capital in calculations is compounded annually unless otherwise specified.

How to Make the Decision
	
Businesses most commonly make decisions by performing one of two methods: net present value or internal rates of return. Net present value methods are based on all of the cash flows of a decision expressed in today's dollars. This is the focus of this section. Internal rates of return methods are based on the percentage gains of an investment or the yield of the project, which is discussed in the next section.
	The net present value (NPV) method calculates the difference between all benefits and costs for any given project in today's dollars. This decision-making technique calculates the value of all future income and expense streams brought back to today (which serves as the focal date). The word net means that the technique considers the invested money, all costs or expenses, along with all rewards such as profits in its calculations. Remember these criteria for making smart NPV financial decisions:
1. If the net present value is greater than or equal to $0, the project makes financial sense since it will add value to the company or at minimum break even. It is financially logical to pursue these types of projects.
2. If the net present value is less than $0, the project does not make financial sense since it will lose money for the company. A company has no financial reason to pursue these types of projects.
	Of course, businesses often have many nonfinancial reasons for pursuing or not pursuing certain courses of action. These reasons are beyond the scope of this textbook.
	Observe how NPV relates to each of the three common types of business decision categories:
1. Decision #1: Making One Choice from Multiple Options. You should choose the project with the best NPV. In this section you will learn a technique that helps you choose between projects of identical length. Section 15.2 introduces another technique for choosing between projects of differing length. For example, you cannot simply use NPV to compare project #1, which has a four-year life, against project #2, which has a six-year life. 
2. Decision #2: Choosing Whether to Pursue One Course of Action. You should pursue the project if the NPV is positive or at a minimum zero. 
3. Decision #3: Making Multiple Choices under Constraints. You should choose the projects that maximize the total NPV.
	This table summarizes the relationship between the three decision types and the financial criteria.
	Decision Type
	Financial Criteria

	Making One Choice from Multiple Options
	Best NPV

	Pursuing One Course of Action
	NPV must be $0 or higher

	Making Multiple Choices under Constraints
	Combination of choices that efficiently maximizes total NPV
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There is no one formula for calculating the net present value. However, you can represent the NPV conceptually through Formula 15.1.
NPV is Net Present Value: The formula nets out all costs and benefits. Here is how to interpret the NPV:
1. A zero NPV means that the project repays the amounts of its investments plus the required cost of capital. In other words, it breaks even.
2. A positive NPV means that the project provides returns that exceed its investments and the cost of capital.
3. A negative NPV means that the project does not provide enough return to pay for its investments and the cost of capital.  



Formula 15.1 - Net Present Value:   
NPV = (Present Value of All Future Cash Flows) − (Initial Investment)Present Value of All Future Cash Flows is All Inflows and Outflows: Take all future cash inflows (such as profits or savings) and outflows (such as investments or costs) and bring the amounts back to today using the cost of capital.  
Initial Investment is Money Spent Today: Since most projects require advance funding, this amount represents a cash outflow today, against which you must net the present value of all future cash flows.
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Every decision is different—there is no one definable method to solve a problem. If the solution was obvious, everyone would always make smart decisions! Instead, three rules for moving money will help you choose well:
1. Rule #1: If there is no regularity to the payments, then each amount represents a single payment. You can calculate the present value of all future cash flows only through the techniques you learned in Chapter 9 for compound interest present value for single payments. Example 15.1A demonstrates this rule.
2. Rule #2: If there are regular payments continuously in the same amount, you have an annuity situation. You can calculate the present value of all future cash flows using the techniques from Chapter 11 for compound interest present value for either ordinary annuities or annuities due. Example 15.1A also demonstrates this rule.
3. Rule #3: If there are regular payments continuously but in differing amounts, then to use a formula you would have to compute the present value of compound interest single payments as per Rule #1. What distinguishes Rule #3 from Rule #1, though, is the "regularity" characteristic. Under this condition, and assuming that you have access to a financial calculator or spreadsheet, this particular situation presents a shortcut technique called cash flows. Examples 15.1B and 15.1C illustrate these cash flows, which are explained later in this section.
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When you calculate net present value, most financial forecasts of costs and benefits are best estimates. Therefore, you do not need to be precise to the penny in the final solution. Depending on the dollar amounts involved, companies may commonly round these calculations to the nearest hundred or thousand dollars. While there is no standard practice, this textbook rounds final solutions to the nearest dollar.

	Example 15.1A: Decision #1: Choosing between Options through NPV

	Saggitt Accounting Services needs to regularly update its existing computer workstations. If it leases the workstations for two years, it will make beginning-of-month payments of $1,125 with no residual value. If it purchases the workstations, it will need to pay $26,500 today and it can sell the equipment after two years for 10% of the purchase price. It will need to borrow these funds for two years at 7.75% compounded monthly. Strictly on a financial basis, which option should Saggitt Accounting pursue? How much better is that option in today's dollars?

	Plan
	Since you need to decide today, you should calculate the net present value (NPV) for each alternative. Each of these choices represents a cost, so you choose the option with the lowest NPV.

	Understand
	What You Already Know
The timeline for the purchase appears in the first timeline below. With respect to the bank loan itself, present value calculations are not necessary since the present value of all loan payments equals the original loan principal.
PVORD = $26,500, IY = 7.75%, CY = 12, 
FV = 10% × $26,500 = $2,650, Years = 2
The timeline for the lease appears in the second timeline below. Use the interest rate from the loan in this calculation since Saggitt Accounting would otherwise have to get a loan if it chose not to lease. Therefore, the loan rate represents an appropriate cost of capital.
PMT = $1,125, PY = 12, IY = 7.75%, CY = 12, 
FV = $0, Years = 2
	How You Will Get There
Purchase Timeline:
Step 1: You only need to move the revenue from the end of the second year to today. This is decision Rule #1. Therefore, apply Formulas 9.1, 9.2, and 9.3 rearranging for PV.
Step 2: Calculate NPV using Formula 15.1.
Lease Timeline:
Step 3: Take the annuity due and move it to today. This is decision Rule #2. Apply Formulas 11.1 and 11.5.
Step 4: There is no initial investment. Formula 15.1 is then NPV = PVDUE.
Step 5: Calculate the savings by choosing the better option.
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	Perform
	Step 1: i = 7.75%/12 = 0.6458%; N = 12 × 2 = 24 compounds
            $2,650 = PV(1 + 0.06458) 24                       PV = $2,650 ÷ (1 + 0.06458) 24 = $2,270.63
Step 2: NPV = $2,270.63 − $26,500.00 = −$24,229.37 or a cost of $24,229.37
Step 3: N = 12 × 2 = 24 payments

Step 4: NPV = cost of $25,098.24
Step 5: $25,098.24 − $24,229.37 = $868.87 savings

	
	Calculator Instructions
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	Present
	If Saggitt Accounting Services purchases the machine, it will cost $24,299.37 in today’s dollars. If it leases the machine, it will cost $25,098.24 in today’s dollars. The smart choice is to purchase the machine, realizing a savings of $868.87 in today’s dollars.



A Regular Stream of Cash Flows
	
A cash flow is a movement of money into or out of a particular project. Therefore, any time you incur a cost or receive a benefit on a particular project, you have a cash flow. Under the three rules for moving money, both single payments and annuities are cash flows. You can move money from a future date to a present date using the existing formulas or calculator techniques.
	The third decision rule is for the situation of continuous regular payments that are variable in amount. As indicated in the rule, to solve the problem by formula you would need to calculate compound interest present value (Rule #1) repeatedly. This procedure requires many repetitive calculations in which you calculate N and PV for each cash flow. This is quite cumbersome, since every cash flow introduces two more calculations and another present value to net out. Both the calculator and Excel template simplify this process, reducing both the effort and the chance of error.
As you work with these continuous cash flows, where to put an amount on the timeline depends on whether it is a cost or a benefit.
· Costs. Unless otherwise noted, capital costs are spent at the beginning of any time segment. Thus, if there are capital costs in year two, you can assume you incur them at the beginning of year two, which is the same as the end of year one.
· Benefits. Revenues, net profits (product sales minus product costs), or other benefits are realized at the end of any time segment. Thus, if there are net profits in year two, you can assume you realize them at the end of year two.
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Follow these steps when working with regular cash flows of varying amounts: 
Step 1: Draw a timeline illustrating all of the cash flows, cost of capital, and any initial investment. Always draw your timeline in an ordinary annuity format with all transactions occurring at the end of each time interval. Thus, any costs you incur at the beginning of a time segment are placed at the end of the prior time segment (unless noted otherwise). 
Step 2: For any particular point on the timeline at which more than one cash flow exists, net all cash flows into a single number.
Step 3: Move each cash flow to its present value. If using formulas, calculate the periodic interest rate from Formula 9.1. Follow this calculation by repeatedly applying Formulas 9.2 (Number of Compound Periods for Single Payments) and 9.3 (Compound Interest for Single Payments). Alternatively, if using technology then apply the technique discussed in the appropriate section below.
Step 4: Net the results using Formula 15.1 to arrive at the NPV.
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Using the BAII Plus Cash Flow Worksheet. The cash flow function of the calculator requires the cash flows to be regular (such as every month or every quarter or every year). The payment amounts can be the same or variable. If the regularity assumption is not met, do not use the cash flow function; instead solve the problem using Rule #1 for compound interest single payments.
	The photo illustrates the buttons used in the cash flow function of your BAII Plus calculator. Access the cash flow function by pressing CF on the keypad. Immediately clear the memory using 2nd CLR Work to delete any previously entered data. Use the ↑ and ↓ arrows to scroll through the various lines. You must strictly obey the cash flow sign convention and press Enter after keying in any data. Here are the various lines appearing in the cash flow function:
· CFo = any cash flow today
· [image: ]CXX = a particular cash flow, where XX is the cash flow number starting with 01. You must key in the cash flows in order from the first time segment to the last. You cannot skip a time segment even if it has a value of zero. Each time segment is a placeholder on the timeline.
· FXX = the frequency of a particular cash flow, where XX is the cash flow number. It is how many times in a row the corresponding cash flow amount occurs. This allows you to enter recurring amounts instead of keying them in separately. By default, the calculator sets this variable to 1.
	Once you have entered all cash flows, you must access other functions to generate the output. For net present value, press NPV on the keypad as illustrated in the photo. This window has two lines:
· I = the matching periodic interest rate for the interval of each time segment. If the timeline is drawn with yearly intervals, then this must be the annual cost of capital. If the timeline is drawn with semi-annual intervals, this needs to be the matching semi-annual periodic cost of capital.
· NPV = the net present value. Press CPT to calculate this amount. The output nets all future cash flows against any initial investment. This key executes Formula 15.1.
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The most common mistake in using the BAII Plus calculator is failing to enter the matching periodic interest rate in the NPV window. Always check the following:
1. The compounding on the cost of capital must match the interval between cash flows. If not, convert the rate to match. For example, if your intervals are semi-annual but your cost of capital is annual, you must convert the cost of capital to its equivalent semi-annually compounded rate.
2. Apply Formula 9.1, being sure to enter the periodic rate and not the nominal rate of interest.

[image: Top Secret by Mogwai] Paths To Success

Since cash flows can be inflows or outflows, it avoids confusion to write all numbers with their cash flow sign conventions onto the timeline. This helps you keep track of the different flows and minimizes the possibility of incorrectly netting out all present values.
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If a negative net present value is calculated, does that mean the project is unprofitable?
Solution:
No, it means the project cannot recover its investments and the cost of capital. If the company can sufficiently lower its cost of capital, then the net present value may in fact become positive.






	Example 15.1B: Decision #2: Pursuing a Particular Option

	Revisit the new product launch discussed in the opening scenario in this section. Recall that research and development costs are $10 million today with an expected revitalization cost of $5 million in the fifth year. The product is expected to go on sale starting in two years and is forecast to produce year-end profits of $4 million for the first three years and another $3 million per year for the subsequent two years. Its last year will earn a projected $1 million in profit. The cost of capital for this project is 12% compounded annually. From a financial perspective only, should this new product be launched?

	Plan
	You have cash flows on many different dates. In order to decide today, you should move all monies to today and calculate the net present value (NPV).

	Understand
	What You Already Know
Steps 1 and 2: The timeline for the proposed product launch appears below.
IY = 12%, CY = 1, PV = −$10M, Future cash flows are shown in the timeline. Note that the cost in the fifth year occurs at the beginning of the year, which is the same point in time as the end of the fourth year.
	How You Will Get There
Step 3: Calculate the periodic interest rate by using Formula 9.1. For each cash flow, calculate the present value using Formulas 9.2 and 9.3, rearranging for PV.
Step 4: Calculate NPV by using Formula 15.1.
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	Perform
	Step 3: i = 12%/1 = 12%
Cash Flow 1: N = 1 × 2 = 2 compounds; PV = $4,000,000 ÷ (1 + 0.12) 2 = $3,188,775.51
Cash Flow 2: N = 1 × 3 = 3 compounds; PV = $4,000,000 ÷ (1 + 0.12) 3 = $2,847,120.991
Cash Flow 3: N = 1 × 4 = 4 compounds; PV = −$1,000,000 ÷ (1 + 0.12)4 = −$635,518.0784
Cash Flow 4: N = 1 × 5 = 5 compounds; PV = $3,000,000 ÷ (1 + 0.12)5 = $1,702,280.567
Cash Flow 5: N = 1 × 6 = 6 compounds; PV = $3,000,000 ÷ (1 + 0.12) 6 = $1,519,893.364
Cash Flow 6: N = 1 × 7 = 7 compounds; PV = $1,000,000 ÷ (1 + 0.12) 7 = $452,349.2153
Step 4: NPV = ($3,188,775.51 + $2,847,120.991 − $635,518.0784 + $1,702,280.567 + $1,519,893.364 + $452,349.2153) − $10,000,000 = $9,074,901.569 − $10,000,000 = −$925,098.43 ==> −$925,098

	
	Calculator Instructions
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	Present
	If the forecasted costs and profits are reasonably accurate, then the new product should not be launched under the current financial structure since its net present value is −$925,098. This means that the profits are unable to recover the investments required along with the cost of capital.



	Example 15.1C: Decision #1: Choosing between Options with Cash Flows

	Lethbridge Community College is considering purchasing new industrial photocopier equipment and has narrowed the choices down to two comparable Xerox and Canon machines. The Xerox machine can be acquired for $81,900 today and is expected to have a life of four years with savings of $31,000 in labour and materials each year. A $10,000 maintenance package is expected to be purchased at the beginning of year three, and the machine can be sold for $16,000 after the four years. The Canon machine retails for $74,800 and is forecasted to save $26,000 in labour and materials each year. A $4,000 maintenance procedure is needed at the beginning of both years three and four. The salvage value of the machine is estimated at $11,750. The cost of capital is 11%. Which machine should be purchased, and how much money will it save over the alternative?

	Plan
	For each photocopier, you have cash flows on many different dates. In order to decide today, you should move all monies to today and calculate the net present value (NPV) for each photocopier.

	Understand
	What You Already Know
Steps 1 and 2: The timelines for each photocopier appear below (Xerox on left, Canon on right).
Xerox: IY = 11%, CY = 1, PV = −$81,900, future cash flows are shown in the timeline.
Canon: IY = 11%, CY = 1, PV = −$74,800, future cash flows are shown in the timeline.
Note that costs occurring at the beginning of the year are recorded at the end of the previous year.
	How You Will Get There
Step 3: Calculate the periodic interest rate by using Formula 9.1.For each photocopier, calculate the present value of each cash flow using Formulas 9.2 and 9.3, rearranging for PV.
Step 4: For each photocopier, calculate NPV by using Formula 15.1.
Step 5: Calculate the savings by choosing the better option.
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	Perform
	Step 3: i = 11%/1 = 11%
Xerox:
Cash Flow 1: N = 1 × 1 = 1 compounds; PV = $31,000 ÷ (1 + 0.11) 1 = $27,927.
Cash Flow 2: N = 1 × 2 = 2 compounds; PV = $21,000 ÷ (1 + 0.11)2 = $17,044.0711
Cash Flow 3: N = 1 × 3 = 3 compounds; PV = $31,000 ÷ (1 + 0.11)3 = $22,666.93282
Cash Flow 4: N = 1 × 4 = 4 compounds; PV = $47,000 ÷ (1 + 0.11)4 = $30,960.35578
Step 4: NPV = ($27,927. + $17,044.0711 + $22,666.93282 + $30,960.35578) − $81,900 
                     = $98,599.28763 − $81,900 = $ 16,699.29 ==> $16,699
Canon:
Cash Flow 1: N = 1 × 1 = 1 compounds; PV = $26,000 ÷ (1 + 0.11) 1 = $23,423.
Cash Flow 2: N = 1 × 2 = 2 compounds; PV = $22,000 ÷ (1 + 0.11)2 = $17,855.69353
Cash Flow 3: N = 1 × 3 = 3 compounds; PV = $22,000 ÷ (1 + 0.11)3 = $16,086.21039
Cash Flow 4: N = 1 × 4 = 4 compounds; PV = $37,750 ÷ (1 + 0.11) 4 = $24,867.09427
Step 4: NPV = ($23,423. + $17,855.69353 + $16,086.21039 + $24,867.09427) − $74,800 
                     = $82,232.42162 − $74,800 = $7,432.42 ==> $7,432
Step 5: Xerox has higher savings by $16,699 − $7,432 = $9,267

	
	Calculator Instructions
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	Present
	Based on the estimated costs, maintenance, and savings, the Xerox photocopier should be purchased because it results in an expected savings of $8,867 in today's dollars. The Xerox machine represents a current cash flow of $16,299, while the Canon is $7,432.



Working with Limited Resources
	
In an ideal financial world, you should always pursue any project with a positive net present value since that decision results in a financial gain. However, no one, whether an individual person or a large corporation or a government, actually has access to unlimited resources to fund all its potential projects. If such unlimited resources existed, the world's problems could be solved in a day!
	There are usually many paths in life that you can choose, each with its own merits. These paths are not necessarily mutually exclusive, so you could choose more than one. However, having limited resources means that you cannot pursue all of these paths. For example, perhaps PepsiCo has learned through market research that it could launch 15 new flavours and types of soft drinks. Each of these flavours and types requires vast production resources, labour demands, and marketing support to bring it to market. But even a company as huge as PepsiCo does not have the resources to pursue all of these opportunities. Which one or ones does it select?
	A process called hard capital rationing is used to decide. This process requires you to calculate the net present value of each possible project and then allocate your limited capital resources to the projects efficiently to maximize the combined net present value. From a financial perspective, you do not consider any projects with a negative net present value.
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The goal in choosing multiple options is to maximize the net present value. In selecting these various options, it is unfair to compare projects of different magnitudes simply by looking at their NPV. One would expect that a project requiring a $10 million investment should produce a much larger NPV than a project requiring a $10,000 investment. Instead, it is proper to examine the efficient usage of these limited resources, or to look at the "bang for your buck." This requires you to calculate the net present value ratio shown in Formula 15.2.
NPVRATIO is Net Present Value Ratio: By comparing the net present value to the initial investment required, you achieve a measure of the effectiveness of your option. For example, if you calculate a ratio of 1.55, then you learn that for every dollar invested today in the project you will see a net benefit of $1.55 expressed in today's funds. Rounding this number to two decimals is appropriate. 


Formula 15.2 - Net Present Value Ratio:   NPV is Net Present Value: The value of all current and future cash flows related to any one option for the project. This number is calculated from Formula 15.1.
CFo is Initial Cash Flow: This is the initial investment required to pursue the project. You must have access to these required funds from an available financing source today. When you select which projects to pursue, the total of all these initial cash flows for the projects chosen must be within your budgetary limitations.
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Follow these steps to perform hard capital rationing: 
Step 1: Identify the budget constraints.
Step 2: If not already known, calculate the net present value (NPV) for each of the available projects using Formula 15.1.
Step 3: Calculate the net present value ratio for each project using Formula 15.2.
Step 4: Rank the projects from the highest to lowest ratios, noting the initial cash flow required under each project.
Step 5: Starting with the project with the highest net present value ratio and progressing through the ranked list of projects, assess different combinations of projects and their total NPV such that the total initial cash flows remain within the budget constraint.
Step 6: Choose the combination that maximizes the NPV.
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This technique makes the assumption that each of the projects being considered is independent of the others. In other words, choosing one particular project or path does not prevent another project or path from being chosen.
	There are much more advanced techniques for optimizing a list of projects. These techniques include management sciences or linear programming methods. However, these techniques are beyond the scope of this textbook, which focuses simply on the basic principles behind this decision.
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When completing step 5 of the process, always select the highest NPVRATIO projects in order until you reach a point where the remaining budget becomes an issue. In other words, only at the point where the selection of the next ranked project eliminates a lower-ranked project from consideration do you need to start examining the different possible combinations. In most typical situations, the optimal combination includes all projects selected before this critical point.

	Example 15.1D: Decision #3: Working with Limited Resources

	Nygard International has identified several projects that it can pursue, as listed in the table below. The current finances of the company permit a capital budget of $1.25 million. Which projects should be undertaken?
	Project
	Initial Cash Flow
	Net Present Value

	Automate a production process
	$428,000
	$214,000

	Launch new fashion A
	$780,000
	$550,000

	Replace machinery in distribution centre
	$150,000
	$175,000

	Launch new fashion B
	$395,000
	$610,000

	Expand a retail outlet
	$145,000
	$245,000

	Revise delivery processes
	$282,000
	$420,000




	Plan
	You need to perform hard capital rationing to maximize your NPV within your limited budget. This requires you to calculate the net present value ratio (NPVRATIO) for each project.

	Understand
	What You Already Know
Step 1: The total budget available is $1.25 million.
Step 2: The net present values are provided in the table.
	How You Will Get There
Step 3: Calculate the net present value ratio for each project using Formula 15.2.
Steps 4 to 6: Rank the NPVRATIO from highest to lowest, assess the budget and combinations available, and then choose the possibility that maximizes NPV.

	Perform
	Steps 3 to 5: The NPVRATIO is shown in the table below. Projects are sorted into descending order. A few calculations listed below the table show how the NPVRATIO is calculated. Note that after you select the first project, if you were to select the second project then this would eliminate the fifth project since its initial cash flow exceeds the remaining budget ($1,250,000 − $145,000 − $395,000 = $710,000 remaining). Therefore, you always include the first project in your combinations and must explore various arrangements of the next five projects.
	
	
	
	
	Some Possible Combinations

	Project
	Initial Cash Flow
	Net Present Value
	Net Present Value Ratio
	1
	2
	3
	4
	5

	Expand a retail outlet
	$145,000
	$245,000
	(1) 1.69
	•
	•
	•
	•
	•

	Launch new fashion B
	$395,000
	$610,000
	(2) 1.54
	•
	•
	•
	
	

	Revise delivery processes
	$282,000
	$420,000
	1.49
	•
	•
	
	•
	•

	Replace machinery in distribution centre
	$150,000
	$175,000
	1.17
	•
	
	•
	•
	

	Launch new fashion A
	$780,000
	$550,000
	0.71
	
	
	
	
	•

	Automate a production process
	$428,000
	$214,000
	0.50
	
	•
	•
	•
	


(1) 
(2)
	
	Combinations

	
	1
	2
	3
	4
	5

	Total Budget
	(1) $972,000
	$1,250,000
	$1,118,000
	$1,005,000
	$1,207,000

	Total NPV
	(2) $1,450,000
	$1,489,000
	$1,244,000
	$1,054,000
	$1,215,000


(1) $145,000 + $395,000 + $282,000 + $150,000 = $972,000
(2) $245,000 + $610,000 + $420,000 + $175,000 = $1,450,000
Step 6: Combination #2 offers the highest NPV of $1,489,000.

	Present
	After the projects are ranked from highest to lowest NPV ratio, the "Expand a retail outlet" offered the highest ratio and is selected. Combination #2, consisting of "Expand a retail outlet," "Launch new fashion B," "Revise delivery processes," and "Automate a production process" offers the highest NPV of $1,489,000 and uses the full $1,250,000 capital budget.





[image: Paper and Pencil 2 by isaiah658]Section 15.1 Exercises


Mechanics
For questions 1–4, calculate the net present value and the net present value ratio.
	
	Investment (today)
	Cost of Capital (annually)
	Cash Outflows (at beginning)
	Cash Inflows (at end)

	1.
	$500,000
	13%
	Year 2: $100,000 
	Years 2–3: $500,000

	2.
	$1,000,000
	16%
	Year 3: $250,000
	Years 1–4: $400,000

	3.
	$750,000
	15%
	Years 3 & 5: $100,000
	Years 1–6: $200,000

	4.
	$300,000
	11%
	Year 2: $25,000
Year 6: $40,000
	Years 1–3: $150,000
Year 4: $125,000
Years 5–6: $75,000


For questions 5 and 6, given the capital budget indicated determine the combination of projects that should be chosen, the total net present value, and total budget spent.
	
	
	5.
	6.

	Project #1
	Initial Cash Flow
	$300,000
	$325,000

	
	NPV
	$360,000
	$357,500

	
	NPVRATIO
	1.20
	1.10

	Project #2
	Initial Cash Flow
	$150,000
	$400,000

	
	NPV
	$165,000
	$500,000

	
	NPVRATIO
	1.10
	1.25

	Project #3
	Initial Cash Flow
	$185,000
	$315,000

	
	NPV
	$240,500
	$378,000

	
	NPVRATIO
	1.30
	1.20

	Capital Budget Available
	$500,000
	$650,000



Applications
7. Citywide Courier Services projects that demand for its services will rise for a period of three years before subsiding. It can lease additional communication equipment for $1,000 at the beginning of every quarter for three years. Alternatively, it can purchase the equipment for $13,995 at 7.5% compounded quarterly. The salvage value of the equipment after three years is expected to be $4,000. Which option would you recommend? How much better is that option in today's dollars?
8. A new diamond deposit has been found in northern Alberta. Your researchers have determined that it will cost $2.5 million to purchase the land and prepare it for mining. At the beginning of both the second and third years, another $1 million investment will be required to establish the mining operations. Starting at the end of the second year, the deposit is expected to earn net profits of $3 million, which will be sustained for three years before the deposit is depleted. If the cost of capital is 16%, should your company pursue this venture? Provide calculations to support your decision.
9. Toys “R” Us has identified several projects that it can pursue, as listed in the table below. A capital budget of $500,000 has been set. Which projects should be undertaken? What total budget will be spent? What total net present value will be realized?
	Project
	Initial Cash Flow
	Net Present Value

	#1: Renovate Manitoba outlets
	$180,000
	$125,000

	#2: Renovate Alberta outlets
	$230,000
	$210,000

	#3: Renovate Maritime outlets
	$75,000
	$60,000

	#4: Renovate BC outlets
	$245,000
	$250,000


10. A company can pursue only one of two available projects, both of which require a $3 million investment today. In project A, another investment of $2 million is required at the beginning of the second year, and three years of $2.5 million in year-end profits will start in the second year. In project B, another investment of $2 million is required at the beginning of the fourth year, and four years of $1.7 million in year-end profits will start in the first year. If the cost of capital is 12%, which project should be chosen? How much better is your chosen alternative?
11. A new marketing project requires initial research and development costs of $550,000 today with further investments of $100,000 and $75,000 in the fourth and sixth year, respectively. Initially the project will lose $50,000 in its first year and then earn profits of $250,000 for the next four years followed by profits of $140,000 in the last two years. At the end of the project, its capital goods can be sold for an estimated $50,000. If the cost of capital is 9%, should the marketing project be pursued? Show calculations to support your recommendation.
12. Olfert has received three offers to purchase his used combine. Farmer A has offered him $95,000 today and $105,000 two years from now. Farmer B has offered him $50,000 today and $37,500 every six months for two years. Farmer C has offered him three annual payments of $67,500 starting today. If prevailing interest rates are 7.5% compounded annually, which offer should Olfert accept? Provide calculations to support your decision.
13. One of your company's clients has proposed a contract offering an estimated $150,000 in net profits for the next six years; however, your company would be required to invest $585,000 today to acquire the needed resources for the project. Determine whether the project should be accepted if the cost of capital is
a. 10%	b. 13%	c. 16%
Provide calculations to support your decisions.
14. A rural municipality has received various proposals from local business developers. The capital budget for the year is $4.5 million. In all projects, the city will initially develop lands that will then result in future returns. Which projects should be undertaken? What total budget will be spent? What total net present value will be realized?
	Project
	Initial Cash Flow
	Net Present Value
	Project
	Initial Cash Flow
	Net Present Value

	Project A
	$1,250,000
	$1,100,000
	Project D
	$1,850,000
	$2,010,000

	Project B
	$775,000
	$900,000
	Project E
	$495,000
	$335,000

	Project C
	$2,335,000
	$1,750,000
	Project F
	$940,000
	$1,000,000


15. Recalculate question 11 using a cost of capital of 20%. Why does the result differ from the answer to question 11?

Challenge, Critical Thinking, & Other Applications
16. A company has a $100,000 capital budget. After analyzing opportunities, management has narrowed down the choices to four projects. If the cost of capital is 14%, make your recommendation about which project(s) to pursue and provide calculations to support your choice(s).
	Project
	Investment (today)
	Cash Outflows (at beginning)
	Cash Inflows (at end)

	A
	$40,000
	Year 2: $20,000
	Years 1–4: $25,000

	B
	$26,000
	Year 3: $35,000
	Years 1–4: $25,000

	C
	$40,000
	Year 4: $15,000
	Years 1–2: $30,000; Years 3–4: $20,000

	D
	$34,000
	Years 2 & 4: $25,000
	Years 1–3: $35,000; Year 4: $15,000


17. To replace an aging production machine, Johnston Distributors is considering the purchase of a new robotic machine for $950,000. The machine is expected to have a service life of eight years and an estimated residual value of $75,000. In each of the first four years, the machine is expected to produce production efficiencies and labour savings of $250,000. In the last four years, the annual savings are expected to rise to $300,000. Hydro costs for the machine are estimated at $25,000 starting at the beginning of the second year and increasing by 5% each year thereafter. Maintenance costs are estimated at the beginning of the third, fifth, and seventh years in the amounts of $40,000, $60,000, and $80,000, respectively. If the cost of capital is 16%, determine if the new robotic machine should be purchased. Provide calculations to support your answer.

18. If the cost of capital changes, then the net present value changes as well. For illustration purposes, recalculate question 11 using costs of capital of 7.5%, 13.5%, and 17.5%.
a. Rank the three offers.
b. Determine how much better the chosen alternative is than the worst alternative.
c. Summarize your findings about the cost of capital.
19. A company can choose only one of two comparably performing machines to purchase. Expected costs and savings are identified in the table below. If the cost of capital is 14% compounded quarterly, determine which machine should be purchased and show calculations to support your decision.
	Machine
	Investment (today)
	Cash Outflows (at beginning)
	Cash Inflows (at end)

	A
	$104,000
	12 months: $10,000; 24 months: $15,000; 36 months: $20,000
	Every 6 months for 4 years: $30,000

	B
	$92,000
	18 months: $17,500; 42 months: $22,500
	Every 6 months for 4 years: $28,000


20. Through market research, a company has identified eight different market opportunities. The capital available to pursue these opportunities is $10 million. Which projects should be undertaken? What total budget will be spent? What total net present value will be realized?
	Project
	Initial Cash Flow
	Net Present Value
	Project
	Initial Cash Flow
	Net Present Value

	Project #1
	$3,000,000
	$3,500,000
	Project #5
	$1,900,000
	$2,050,000

	Project #2
	$2,500,000
	$2,850,000
	Project #6
	$2,700,000
	$2,450,000

	Project #3
	$4,000,000
	$3,750,000
	Project #7
	$3,500,000
	$3,550,000

	Project #4
	$1,500,000
	$1,437,500
	Project #8
	$1,200,000
	$1,325,000






15.2: Other Measures for Making Decisions
(How Else Can I Do It?)
	
The previous section explored the three main types of decisions and introduced various techniques for making smart investment decisions. This section revisits Decision #1 (making one choice from multiple options) and Decision #2 (pursuing one course of action) and introduces new characteristics:
· Decision #1: Examine situations where the timelines are not equal in length.
· Decision #2: Determine another profit-focused method of reaching the same decision.

Making Choices for Unequal Timelines
	
Consider the situation in which you need to buy only one of two $50,000 machines that solve the same problem. Machine #1 has savings of $20,000 per year, while machine #2 has savings of $14,000 per year. However, machine #1 has a life expectancy of four years, while machine #2 has a life expectancy of eight years. Calculating the net present value on these two machines at a 15% cost of capital reveals the NPV of machine #1 equals $7,100 while the NPV of machine #2 equals $12,823. Is this a fair comparison? Should machine #2 be selected based on its higher NPV? The answer is no. The NPV analysis does not factor in that if you chose machine #1 it must be replaced after four years and would once again have the opportunity to produce more savings over the subsequent four years, thereby offsetting the original difference in NPV.
	To fairly choose between the alternatives, you need a calculation that can equate two (or more) timelines of different lengths. This requires you to convert the net present value for each alternative into its equivalent annual cash flow. This is an annual annuity payment amount that, when present valued using the cost of capital, arrives at the same NPV as all of the original cash flows.

[image: Teacher silhouette black and white with desk and blackboard by palomaironique]The Formula

To arrive at the equivalent annual cash flow, you need to apply two formulas:
1. Formula 15.1 calculates the net present value for each alternative you are considering.
2. To convert each calculated NPV into an annual cash flow payment, convert the net present value into an annuity possessing an annual cost of capital and annual end-of-interval payments—or an ordinary simple annuity! Formula 11.4 is reprinted below to illustrate how you can adapt this formula to suit the purposes of the equivalent annual cash flow.
N is Number of Cash Flow Payments: This is the total number of annual payments in the timeline for the project being considered. Calculate it from Formula 11.1.
PMT is Equivalent Annual Cash Flow: The ordinary annuity payment amount is the equivalent annual cash flow. If you perform a present value calculation on these payment amounts using the cost of capital as the interest rate, you compute the net present value. As with NPV itself, since future numbers are imprecise, you round this number to the nearest whole number.
PVORD is Net Present Value: The NPV from Formula 15.1 represents the present value of the ordinary annuity.





Formula 11.4 - Ordinary Annuity Present Value: i is Periodic Cost of Capital: Calculated from Formula 9.1, this is the matching periodic rate for the cost of capital; conceptually it is the same as the periodic interest rate. Since the cost of capital is typically annual, the periodic rate and nominal rate are often equal to each other.

CY and PY are Compound /Payment Frequency respectively: This is the compounding on the cost of capital, which is typically annual, so CY = 1. Since you are trying to figure out the equivalent annual cash flow, you are looking for annual payments. Therefore, you always have PY = 1. If CY = 1 as usual, then a simple annuity is formed.
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Follow these steps to calculate the equivalent annual cash flow: 
Step 1: For each alternative project, draw a timeline and calculate the net present value using Formula 15.1 and the techniques discussed in Section 15.1.
Step 2: For each alternative project, calculate the periodic interest rate using Formula 9.1 and the number of annuity payments using Formula 11.1. Then solve Formula 11.4 for PMT.
Step 3: Compare the equivalent annual cash flow of each alternative and make the best decision.

[image: file important by Anonymous]Important Notes

Factoring in the unequal life expectancies of projects is important for situations in which you can choose only one out of many mutually exclusive projects. This is the basis for Decision #1. With respect to the other decisions:
· There is only one timeline to consider in Decision #2 (pursuing one course of action), so the issue of unequal life expectancies does not apply.
· In Decision #3 (making multiple choices under constraints), the net present value ratio provides an adequate means of equating different timelines. You do not need the equivalent annual cash flow.

[image: Lost in thought by hefedute]  Give It Some Thought

For each of the following decisions where alternative projects solve the same problem and only one can be chosen (a Decision #1 situation), indicate whether the decision should be made through the comparison of NPV or equivalent annual cash flows.
1. Project #1 with a seven-year life; Project #2 with a seven-year life
2. Project #1 with a five-year life; Project #2 with a seven-year life
Solutions:
1. NPV; each alternative has the same time frame.
2. Equivalent annual cash flow; each alternative has a different time frame.






	Example 15.2A: Which Machine to Purchase when Timelines Are Unequal

	Recall the earlier situation in which you can buy only one of two equal $50,000 machines. Machine #1 has savings of $20,000 per year, while machine #2 has savings of $14,000 per year. However, machine #1 has a life expectancy of four years, while machine #2 has a life expectancy of eight years. The cost of capital is 15%. Determine which machine should be purchased and the annual benefit of your choice.

	Plan
	Notice that you are in a Decision #1 situation and need to choose from these two alternatives. Also notice that the cost of capital is known but the timelines are different. You need to use the equivalent annual cash flow to make the decision.

	Understand
	What You Already Know
Step 1: The timelines for machine #1 and machine #2 appear below, respectively.
Machine #1: PV = −$50,000, IY = 15%, CY = 1, PMT = $20,000, PY = 1, 
FV = $0, Years = 4
Machine #2: PV = −$50,000, IY = 15%, CY = 1, PMT = $14,000, PY = 1, 
FV = $0, Years = 8
	How You Will Get There
Step 1 (continued): Each timeline represents an ordinary simple annuity. Calculate the net present value by applying Formulas 9.1, 11.1, 11.4, and 15.1 to each alternative.
Step 2: For each alternative, calculate the equivalent annual cash flow using Formula 11.4 (rearranging for PMT).
Step 3: Make the decision.
Step 4: Determine on an annual basis how much better your decision is by taking the equivalent annual cash flow of your chosen alternative and subtracting the equivalent annual cash flow of the other alternative.

	
	[image: ] [image: ]

	Perform
		
	Machine #1
	Machine #2

	Step 1
	i = 15%/1 = 15%; N = 1 × 4 = 4 payments

NPV = $57,099.56725 − $50,000 = $7,099.56725 ==> $7,100
	i = 15%/1 = 15%; N = 1 × 8 = 8 payments

NPV = $62,822.50111 − $50,000 = $12,822.50111 ==> $12,823

	Step 2
	

	



Step 3: The best choice is machine #2 because it has a higher equivalent annual cash flow of $2,858.
Step 4: Annual benefit = Machine #2 − Machine #1 = $2,858 − $2,487 = $371

	
	Calculator Instructions
[image: ]

	Present
	The smart decision is to purchase machine #2 because it produces the highest equivalent annual cash flow of $2,858, which represents savings of $371 more per year than machine #1.



Internal Rate of Return	

Another method of reaching a decision when choosing whether to pursue a single course of action (Decision #2) involves percentages. While the NPV calculations in Section 15.1 provide an exact monetary magnitude of the project, the common mindset in business focuses on profitability as a percentage and not a dollar amount. Thus, decisions are based on the internal rate of return for a project, or IRR for short. The IRR is the annual percentage rate of return on the investment being made such that the net present value of all cash flows in a particular project equals zero.
	To interpret the IRR, examine the NPV decision criteria and the relationship to the IRR:
1. If the net present value is greater than or equal to $0, pursue the project.
1. If the NPV is more than zero, the definition of IRR requires you to find a rate of return such that your present value becomes zero. Mathematically this means that a higher discount rate must be used to calculate your present value. In other words, the IRR is greater than the cost of capital.
2. If the NPV equals zero, by definition the cost of capital and the IRR are the same value.
2. If the net present value is less than $0, do not pursue the project. The IRR requires you to find a rate of return where the present value becomes zero. Mathematically this means that a lower discount rate must be used to calculate your present value. In other words, the IRR is less than the cost of capital.
	This table summarizes how to decide whether to pursue a single course of action using the IRR method instead of the NPV method.
	If...
	Then...
	So...
	Decision

	NPV > 0
	IRR > Cost of Capital
	It is profitable since it makes enough money to cover the costs
	Pursue the project

	NPV = 0
	IRR = Cost of Capital
	It breaks even and just pays the bills
	This is the minimum financial condition to pursue the project

	NPV < 0
	IRR < Cost of Capital
	It is unprofitable and does not make enough money to cover the costs
	Do not pursue the project
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Solving for the internal rate of return requires you to calculate the annually compounded interest rate for the project. For annuities, substituting and rearranging Formula 15.1 produces:
NPV = (Present Value of All Future Cash Flows) − (Initial Investment)
$0 =  − (Initial Investment)

The only algebraic method to solve this general formula for the periodic interest rate is through trial and error, which is time consuming and inefficient. The same algebraic problem exists if your cash flows consist of multiple lump-sum amounts at different points in time. Assume you have inflows of $15,000 and $10,000 at the end of years one and two, respectively. Taking Formula 15.1 you have:
NPV = (Present Value of All Future Cash Flows) − (Initial Investment)
$0 = ($15,000/(1 + i)1 + $10,000/(1 + i)2) − (Initial Investment)
Initial Investment = $15,000/(1 + i)1 + $10,000/(1 + i)2
It is algebraically difficult to solve this formula for the periodic interest rate. 
	Therefore, using the same process as in Section 11.6, you should let the BAII Plus calculator perform the trial and error and arrive at the solution. Note that Excel can also perform this calculation, and the formula is pre-programmed into the chapter template.

[image: cartoon cogs by tonyhewison]How It Works

Follow these steps to solve for the internal rate of return: 
Step 1: Draw a timeline to illustrate the cash flows involved in the project.
[image: ]Step 2: If using manual trial and error, set up the appropriate algebraic formula to arrive at an NPV of $0 and start the sequence of iterations to generate the solution. Alternatively, use technology such as the BAII Plus calculator by entering the cash flows and solving for the IRR.
Step 3: Compare the IRR to the cost of capital and make a decision.

[image: file important by Anonymous]Important Notes

Using the IRR Function on the BAII Plus Calculator. Use the IRR function in conjunction with the CF (cash flow) function. Once you have entered all cash flows, activate the IRR function by pressing the IRR key followed by the CPT button to perform the calculation. The output is a percentage in percent format. To exit the window, press 2nd Quit. Recall that because of the trial-and-error method required, the calculator may briefly hesitate before displaying the solution.

[image: Cartoon No Idea by j4p4n]Things To Watch Out For

When making decisions, you use the internal rate of return only to figure out if one particular path should be followed or not (which is Decision #2). The internal rate of return should not be used when making one choice from multiple options (Decision #1) or when making multiple choices under constraints (Decision #3). This rule is in place for two reasons:
1. The Cost of Capital Is Ignored. The IRR does not factor in the cost of capital in its computations. Recall that the fundamental concept of time value of money requires all money to be on the same date using an appropriate rate of interest—the cost of capital—before any decision can be made. Therefore, if you have not factored in the cost of capital, then your analysis is incomplete and choosing between different alternatives based solely on the IRR is flawed.
2. The Magnitude of the Decision Is Ignored. It can easily happen that an alternative has a high IRR but a low NPV. For example, using a cost of capital of 10% consider two alternatives. Alternative A invests $1 and one year later returns $1.50. The IRR is 50%, while the NPV is $0.36. Alternative B invests $1,000 and one year later returns $1,250. The IRR is 25%, while the NPV is $136.36. If choosing between these two options based on the IRR, you select Alternative A, resulting in a net present value that is $136 lower than for Alternative B.

[image: Lost in thought by hefedute]  Give It Some Thought

In each of the following situations, determine whether the project should be pursued or not.
1. Cost of capital = 15%; IRR = 17%
2. Cost of capital = 12%; IRR = 9%
3. Cost of capital = 14%; IRR = 14%
Solutions:
1. Pursue it; IRR > cost of capital
2. Do not pursue it; IRR < cost of capital
3. Minimum condition to pursue it; IRR = cost of capital (breaks even)







	Example 15.2B: Pursuing a Project Using the IRR Criterion

	Tim Hortons has purchased the lease on a three-year onsite concession space in the cafeteria at a local college for $750,000. The franchise is expected to earn $400,000, $500,000, and $600,000 in profits per year for the first three years, respectively.
a. What is the investment's internal rate of return?
b. If the cost of capital is 20%, did Tim Hortons make a smart financial decision?

	Plan
	You need to calculate the internal rate of return (IRR) for this project. Once calculated, you can compare it to the provided cost of capital to evaluate the decision.

	Understand
	What You Already Know
Step 1: The timeline for this project appears below.
PV = $750,000, CY = 1
C01 = $400,000, Years = 1
C02 = $500,000, Years = 2
C03 = $600,000, Years = 3
	How You Will Get There
Step 2: This project involves multiple lump-sum cash flows, so apply Formulas 9.2 and 9.3 (rearranged for PV). Substitute into the rearranged Formula 15.1. Algebraically, this must be solved through trial and error for i (note that i = IY since the compounding frequency is 1). Alternatively, use the cash flow and internal rate of return function on your calculator.
Step 3: Compare the IRR to the cost of capital to make the decision.

	
	[image: ]

	Perform
	Step 2:
Cash Flow 1: N = 1 × 1 = 1 compound; PV = $400,000 ÷ (1 + i)1
Cash Flow 2: N = 1 × 2 = 2 compounds; PV = $500,000 ÷ (1 + i)2
Cash Flow 3: N = 1 × 3 = 3 compounds; PV = $600,000 ÷ (1 + i)3
$750,000 = $400,000 ÷ (1 + i)1 + $500,000 ÷ (1 + i)2 + $600,000 ÷ (1 + i)3
Through trial and error or by using the calculator (see instructions below), the calculated solution is: IY = 40.9235%
Step 3: 40.9235% > 20% ==> smart decision

	
	Calculator Instructions
[image: ]

	Present
	Since the internal rate of return on this project is 40.9235%, which far exceeds the cost of capital of 20%, Tim Hortons made a very smart financial decision in pursuing this project.
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Mechanics
For questions 1–4, calculate the equivalent annual cash flow for each project.
	
	NPV
	Annual Cost of Capital
	Years

	1.
	$8,439
	15%
	4

	2.
	$15,783
	12%
	6

	3.
	$43,985
	14%
	8

	4.
	−$31,255
	16%
	5



For questions 5–8, calculate the internal rate of return.
	
	Cash Outflow Today
	Future Cash Outflows (at beginning)
	Future Cash Inflows (at end)

	5.
	$50,000
	Year 2: $25,000
	Years 2–4: $40,000

	6.
	$350,000
	Year 4: $100,000
	Years 1–6: $150,000

	7.
	$100,000
	Year 3: $40,000
Year 6: $25,000
	Years 1–3: $45,000
Years 4–6: $35,000

	8.
	$800,000
	Year 4: $150,000
Year 8: $125,000
	Years 1–4: $200,000
Years 5–8: $175,000



Applications
9. Sanchez is looking at purchasing a new snow blower and has found three models he thinks are equivalent. A Brute model at Walmart retails for $458 with an expected life of five years. A Sno-Tek model at Home Depot retails for $749 with an expected life of 10 years. A YardWorks model at Canadian Tire retails for $649 with an expected life of eight years. If the money to acquire the snow blower is obtained at a rate of 8% compounded annually, which snow blower should be selected? (Hint: Since these are costs, look for the lowest value.)
10. A municipality is considering purchasing a police helicopter to assist its ground patrols. A Eurocopter EC120 model is being considered for a purchase price of $1.7 million with annual operating costs expected to be $150,000 at every year-end and a salvage value of $500,000 after six years, which is its predicted life expectancy. A Eurocopter AS350 model could also be purchased for $2 million with annual operating costs expected to be $120,000 at every year-end and with a salvage value of $550,000 after seven years, which is its predicted life expectancy. If both helicopters are deemed suitable, which model should be selected at a cost of capital of 10%? Provide calculations to support your answer.
11. A project requires an investment of $225,000 today and is projected to have annual profits of $34,000 for nine years. The capital assets can be sold at the end of the ninth year for $23,500. Calculate the IRR for this project. If capital could be acquired at a cost of 12%, should the project be pursued?
12. A new diamond deposit has been found in northern Alberta. Your researchers have determined that it will cost $4.5 million to purchase the land and prepare it for mining. Starting at the end of the second year, the lode is expected to earn net profits of $3 million, which will be sustained for three years before the deposit is depleted. Calculate the IRR on the diamond mine. If the cost of capital is 21%, should the deposit be acquired?
13. Schick is considering launching only one of two new products to compete with the Gillette Fusion ProGlide Power razor. For Product A, research and development costs are estimated at $10 million. Forecasted profits are expected to be $3 million in years two to four, $1.5 million in years five to seven, and $0.5 million in years eight to ten. Alternatively, Schick can launch Product B, requiring only a $6.5 million investment and producing forecasted profits of $2.75 million in years one to two, $1 million in years three to four, and $0.35 million in years five to six. The cost of capital is estimated at 8.5% compounded semi-annually. Determine which product should be selected based on the equivalent annual cash flow.
14. The Toronto Transit Commission (TTC) is looking to purchase 75 new buses to replace some of its aging fleet. The selection has been narrowed down to two equivalent products from two different suppliers. New Flyer Industries offers a bus for $275,000 with an expected life of 15 years and an estimated residual value of $10,000. The bus requires $5,000 in maintenance at the end of every year, plus a $20,000 overhaul at the beginning of the fourth year and every three years thereafter except for the final year. Motorcoach Industries offers a bus for $250,000 with an expected life of 12 years and an estimated residual value of $13,500. The bus requires $6,000 in maintenance at the end of every year and requires a $30,000 overhaul at the beginning of the fifth, eighth, and eleventh years. The cost of capital is estimated at 11%. Which supplier should the TTC select? What total annual savings will it realize by choosing the supplier?
15. The Dragons (from CBC's Dragon's Den) are considering a venture from an Albertan entrepreneur. His proposal requires the Dragons to invest $500,000 immediately. Based on market conditions, the product is estimated to have year-end profits of $100,000, $200,000, $300,000, $200,000, and finally $100,000. The Dragons will invest only if the internal rate of return exceeds their cost of capital of 20%. Should they invest?
16. A Western Canadian producer is considering purchasing a five-year product licence from Sunkist Growers Inc. The product licence will cost $1,500,000, and the required equipment will cost $1 million. Equipment upgrades will be $100,000 at the beginning of the third and fifth years. Expected profits are $1 million in each of the first three years and $750,000 in the last two years. The producer will purchase product licences only if the IRR is greater than 25%. Should the product licence be purchased?

Challenge, Critical Thinking, & Other Applications
17. Revisit the robotic machine in question 17 of Section 15.1. What is the highest cost of capital that would still result in a decision to purchase the machine?
18. You use the equivalent annual cash flow technique to select between two options satisfying the same need but having different timelines. This technique can also be used even if the timelines are the same. Consider the following two projects, of which only one can be selected:
Project A: Immediate investment of $225,000, profits in years four to six of $160,000.
Project B: Immediate investment of $112,500, profits in years one to three of $55,000 followed by profits of $20,000 in years four to six.
a. At a cost of capital of 12%, calculate the NPV for both projects and make your recommendation.
b. Calculate the equivalent annual cash flow for both projects and make your recommendation.
c. Comment on the findings.

19. Consider the following two projects with a cost of capital of 15%. Only one can be chosen.
Project A: Immediate investment of $550,000; profits starting at $75,000 in the first year and rising by $25,000 for the next six years followed by decreasing profits of $25,000 per year in the subsequent seven years; costs of $50,000 at the beginning of years 4, 10, and 14.
Project B: Immediate investment of $800,000; profits starting at $200,000 and rising by $50,000 for the next three years followed by decreasing profits of $75,000 per year in the subsequent four years; costs of $110,000 at the beginning of the fourth and seventh years.
a. Calculate the equivalent annual cash flow for each project and recommend which project should be chosen.
b. What annual benefit will be realized over the alternative project?
20. In this section, it was stressed that the IRR should be not be used when ranking projects or choosing between projects since the analysis does not factor in the cost of capital. Consider the same two projects from question 18.
a. Calculate the IRR for both projects and make your recommendation.
b. At a cost of capital of 15%, calculate the NPV for both projects and make your recommendation.
c. At a cost of capital of 10%, calculate the NPV for both projects and make your recommendation.
d. Comment on the findings. Which method makes more sense in making the decision—NPV or IRR?



Chapter 15 Summary

Key Concepts Summary

Section 15.1: Net Present Value (What Is the Value of My Decision?) 
· The characteristics of making decisions including decision types, monetary sources, and interest rates 
· Making decisions through net present value 
· Handling calculations involving regular cash flows 
· Making multiple choices when resources are limited 
Section 15.2: Other Measures for Making Decisions (How Else Can I Do It?) 
· Choosing between projects of different lengths 
· Using internal rate of return to choose whether to pursue one course of action 

The Language of Business Mathematics
cash flow  A movement of money into or out of a particular project
cost of capital  A weighted average of all of the debt and equity financing rates used to provide needed funds for a project.
equivalent annual cash flow  An annual annuity payment amount that, when present valued using the cost of capital, arrives at the same NPV as all of the original cash flows.
hard capital rationing  A process that requires the calculation of the net present value for each possible project and then the allocation of limited capital resources to these projects efficiently to maximize the combined net present value.
internal rate of return (IRR)  The annual rate of return on the investment being made such that the net present value of all cash flows in a particular project equals zero.
net present value (NPV)  The difference in today's dollars between all benefits and costs for any given project.

The Formulas You Need to Know
	
Symbols Used
NPV = net present value
NPVRATIO = net present value ratio
CFo = initial cash flow

Formulas Introduced
[image: ]Formula 15.1 Net Present Value: NPV = (Present Value of All Future Cash Flows) − (Initial Investment) (Section 15.1)
Formula 15.2 Net Present Value Ratio:  (Section 15.1)

Technology
	
Calculator
Cash Flow Worksheet (CF) 
· Access the cash flow function by pressing CF on the keypad.
· Always clear the memory using 2nd CLR Work so that any previously entered data is deleted.
· Use the ↑ and ↓ arrows to scroll through the various lines.
· Strictly adhere to the cash flow sign convention when using this function and press Enter after keying in the data.
· To exit the window, press 2nd Quit.
The various lines are summarized below:
· CFo = any cash flow today.
· CXX = a particular cash flow, where XX is one of a series of cash flow numbers starting with 01. You must key in cash flows in order from the first time segment to the last. You cannot skip a time segment, even if it has a value of zero, because each time segment is a placeholder on the timeline.
· FXX = the frequency of a particular cash flow, where XX is the cash flow number. It is how many times in a row the corresponding cash flow amount occurs. This allows you to enter recurring amounts together instead of keying them in separately. By default, the calculator sets this variable to 1.

[image: ]Net Present Value (NPV) 
· Use this function after you have entered all cash flows.
· Press NPV on the keypad to access the function.
· Use the ↑ and ↓ arrows to scroll through the window.
· [bookmark: _GoBack]To exit the window, press 2nd Quit.
This window has two lines:
· I = the matching periodic interest rate for the interval of each time segment.
· [image: ]NPV = the net present value. Press CPT to calculate this amount.

Internal Rate of Return (IRR)
· Use this function after you have entered all cash flows.
· Press IRR on the keypad to access the function.
· Press CPT button to perform the calculation. The output is in percent format.
· To exit the window, press 2nd Quit.

[image: Paper and Pencil 2 by isaiah658]Chapter 15 Review Exercises


Applications
1. A database marketing firm can lease its computer equipment with beginning-of-quarter payments of $10,000 for three years. Alternatively, it can purchase the equipment for $131,200 on a loan at a rate of 9% compounded quarterly with an expected resale value after three years of $33,000. Which option would you recommend, and how much better in today's dollars is your chosen alternative?
2. Jeremy is thinking of starting up a candle manufacturing business. The initial outlay for equipment, moulds, and other required production equipment is $15,000. Working part time on this hobby business, Jeremy estimates that he will lose $2,000 in the first year, break even in the second year, and earn annual profits of $5,000, $10,000, and $15,000 in subsequent years. After the five years, he hopes to sell the business to an investor for $17,500. If his cost of capital is 8.25% compounded annually, should he pursue this venture? Provide net present value calculations to support your answer.
3. A company has a limited capital budget of $300,000. The following four projects are available. Which projects should be undertaken? What total budget will be spent? What total net present value will be realized?
	Project
	Initial Cash Outflow
	NPV

	A
	$120,000
	$130,000

	B
	$90,000
	$105,000

	C
	$85,000
	$94,000

	D
	$145,000
	$163,000


4. You are looking to buy a car and own it for five years. A particular make and model has caught your eye. You could purchase the vehicle brand new for $30,000 and sell the vehicle for $11,000. Regular annual maintenance on the vehicle not covered by the three-year manufacturer warranty is expected to be $200, $800, $1,500, $2,250, and $3,000. Alternatively, you could buy a two-year-old used vehicle for $23,000 and sell it after five years for $6,300. Maintenance costs are expected to be $1,500, $2,250, $3,000, $3,500, and $4,500. The cost of financing is 6.75% compounded monthly. Should you purchase the new or used vehicle? How much will you save in current dollars by picking your chosen alternative?
5. A company pursues all projects that exceed its 15% cost of capital. Project "Affinity" is available to the company with an initial investment of $655,000. Forecasted profits are expected to be $200,000 for the first three years and $160,000 for the subsequent three years. Based on the IRR, should the company pursue Project "Affinity"?
6. Coca-Cola is considering two new flavours—cherry and vanilla—for expansion of one of its product lines. Based on historical and competitive information, the cherry flavour isn't quite as popular as the vanilla flavour, but it will endure in the market longer. Both options require an investment of $2.25 million in equipment and modifications. The cherry flavour is expected to have annual profits of $750,000 for the first two years and $500,000 for five more years. The vanilla flavour is expected to initially have annual profits of $950,000 for two years, $650,000 for two years, and $250,000 in its last year. The cost of capital is 16%. How much higher is the equivalent annual cash flow from choosing the financially preferable flavour?
7. A saleswoman informs the head librarian that investing in her new automated library product is a steal at $83,000. Before purchasing, the head librarian investigates the benefits of the automated product, which is expected to have a useful life of seven years and 15% cost of capital. Each year, $24,000 in labour savings and reduced book shrinkage is projected. However, the automated products require regular maintenance of $1,000 in the first four years and $2,000 in the last three years. Electricity bills will also rise by $1,500 in the first three years and $2,100 in the last four years. Is the saleswoman correct? Should the automated system be purchased? If so, what savings in today's dollars will be realized?
8. Hershiser has been researching different methods of management leadership that are designed to increase employee motivation and performance. If he pursues a new leadership style, it will require an investment of $165,000 to take the training. A new executive assistant will be hired at a cost of $55,000 annually with expected raises of 5% each year. The techniques and tactics from the style are expected to have an impact on employees for five years before needing to be refreshed and updated with more modern techniques. Increased motivation and performance will produce net profits of $100,000 in the first year, rising by 10% in each subsequent year.
a. Calculate the net present value using a cost of capital of 10%. Should Hershiser take the management leadership course?
b. What is the maximum cost of capital that will still produce a decision to proceed with the course?
9. Mariners Inc. in Halifax has the option to purchase only one of two available offshore fishing rights. Both rights are available for purchase on a four-year contract before they have to be renewed. Fishing right #1 costs $600,000 to acquire, and $64,000 is needed in new equipment to harvest the fish in the area. For each of the first two years, $21,000 will be spent on equipment maintenance and replacement followed by $33,000 in both of the last two years. Annual profits are expected at $300,000. Fishing right #2 costs $400,000 to acquire, and $82,000 is needed in new equipment, which requires annual costs of $30,000 for each of the first two years and $41,000 for both of the last two years. Annual profits are expected to be $250,000.
a. Calculate the net present value for both projects if the cost of capital is 14%. What decision do you recommend?
b. Calculate the equivalent annual cash flow for both projects. What decision do you recommend?
10. A capital budget of $700,000 has been set. Five different capital projects are available for selection. Which projects should be undertaken? What total budget will be spent? What total net present value will be realized?
	Project
	Initial Cash Outflow
	NPV

	Project #1
	$285,000
	$305,000

	Project #2
	$240,000
	$120,000

	Project #3
	$146,000
	$135,000

	Project #4
	$211,000
	$215,000

	Project #5
	$373,000
	$375,000



Challenge, Critical Thinking, & Other Applications
11. The following projects are available, but only one can be chosen. The cost of capital in all cases is 16%.
Project A: An initial investment of $180,000 followed by profits of $30,000 in years one to four, $40,000 in years five to seven, and $50,000 in years eight to ten.
Project B: An initial investment of $335,000 followed by profits of $65,000 in years one to three, $85,000 in years four to six, and $110,000 in years seven to eight.
Project C: An initial investment of $372,000 followed by profits of $150,000 in years four to nine and a residual value of $70,000 in the ninth year.
a. Using an appropriate decision-making technique, recommend which project should be selected. How much better is the chosen alternative over the worst alternative?
b. If a new lower cost of capital equal to 11% is used, what decision do you reach?
12. Recalculate question 11 with the following modifications:
Project A: Add a residual value of $100,000 in year 10.
Project B: Add a residual value of $60,000 in year 10.
Project C: Move the residual value from the ninth year to the tenth year.
a. At a 16% cost of capital and using an appropriate decision-making technique, recommend which project should be selected. How much better is the chosen alternative over the worst alternative?
b. If a new lower cost of capital equal to 11% is used, what decision do you reach?
13. The Banff Gondola is looking to increase its operational capacity through modifications to its gondola equipment. If it invests $2.3 million it can upgrade the motors, strengthen the necessary supports, and add an additional cable car to its line. The expected life of the project is eight years before the equipment will need to be replaced. Annual increased maintenance costs are $50,000 at the end of every year for four years and then $100,000 at the end of every year during the last four years. Because of construction and down times, Banff Gondola is forecasting a loss of $415,000 in the first year. Afterwards, it projects that the equipment will result in increased profits of $850,000 per year. What is the maximum cost of capital that will result in a break-even scenario?

14. For question 13, calculate the net present value (use a cost of capital of 15%), internal rate of return, and the equivalent annual cash flow.
15. A capital budget of $1 million has been set. Eight different capital projects are available for selection. Which projects should be undertaken? What total budget will be spent? What total net present value will be realized?
	Project
	Initial Cash Flow
	NPV

	Project #1
	$295,000
	$203,000

	Project #2
	$286,000
	$301,000

	Project #3
	$391,000
	$550,000

	Project #4
	$172,000
	$226,000

	Project #5
	$403,000
	$453,000

	Project #6
	$107,000
	$135,000

	Project #7
	$212,000
	$101,000

	Project #8
	$168,500
	$168,500





Chapter 15 Case Study 
Choosing a New Supplier

The Situation
Lightning Wholesale is always looking for profitable opportunities to expand its business. This usually means adding more product lines that will increase its product mix offering to its retail clients. The retail clients appreciate the offerings, since the diversity results in increased customer satisfaction along with higher profits.
Lightning Wholesale finds itself in a position to add another product line to its mix. Four different suppliers have provided information to management. To accommodate any of these manufacturers, management knows that modifications must be made to their distribution centre in terms of the needed equipment, storage space, sorting machines, and other additional resources.

The Data
	Supplier
	Initial investment required
	Storage space required in distribution centre
	Additional labour hours required annually by the product
	Cost of the product today
	Forecasted unit sales in the first year and expected annual increase in sales
	Lightning Wholesale’s price for the product today
	Years until the product line is discontinued

	#1
	$220,000
	450
	520
	$54.00
	2,000;
10%
	$92.00
	4

	#2
	$253,000
	685
	390
	$76.00
	3,000;
8%
	$102.00
	5

	#3
	$190,000
	265
	295
	$33.00
	4,200;
5%
	$54
	3

	#4
	$280,000
	540
	440
	$48.00
	1,500;
13%
	$97
	5



Important Information
· Utility costs are estimated at $5.40 per square foot of storage space and forecasted to rise 5% each year.
· Labour costs are estimated at $14.25 per hour and forecasted to rise 3% each year.
· All suppliers will increase the cost of their product in line with inflation each year at 3% annually.
· Lightning Wholesale will increase the selling price of any product $2 annually.
· Lightning Wholesale’s cost of capital is 11%.
· The storage, labour, and product costs are incurred throughout the year.
· The profits are earned throughout the year.

Your Tasks
Based on the information provided, recommend only one supplier that Lightning Wholesale should select to add to its offerings. Perform the necessary calculations and write a brief report to the marketing manager about your decision. For simplicity in any given year, since the costs and profits are incurred throughout the year, you can net the storage, labour, and product costs against sales of the product to determine the net profit at the end of each year. When making any annual changes, be sure to round all costs and prices to two decimals as well as any units to integers.


Rule #1


Apply PV compound interest single payment formulas (Chapter 9)


Rule #2


Apply PV compound interest annuity formulas (Chapter 11)


Rule #3


Apply PV compound interest cash flow technique (Chapter 15)
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