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NOTE ON CAPITAL BUDGETING Capital budgeting is the process of determining which investments a firm should undertake. Examples of investments include buying a new piece of equipment, increasing advertising expenditure, increasing research and investment expenditures, or acquiring another firm. The first step in capital budgeting is to determine the timing and amount of all cash flows. This includes the cash outflows in the initial investment stage as well as the cash inflows when the investment begins to pay off. The timing and amount of cash inflows are typically predictions of unknown future outcomes. The next step is to apply an investment decision rule. I will examine four investment decision rules in this note: payback period, book rate of return, net present value, and internal rate of return. Finance professionals generally agree that net present value is the theoretically correct investment decision rule, with internal rate of return following closely behind. Some organizations continue to use payback period and book rate of return because of their simplicity. Time Value of Money (Present Value) Before I begin I will briefly introduce the concept of present value. The idea underlying present value is that $1 dollar today is worth more than $1 one year from now. Why? Suppose the interest rate is 5%. If I invest $1 today, I will have $1.05 one year from now. So I would rather have $1 today than $1 a year from now. Usually, however, one poses the question the other way around in present value. We ask not “How much will $1 invested today at 5% be in one year?”, but rather “How much must we invest today at 5% to yield $1 in one year?” It is an interest computation in reverse. If you understand how to compute interest, you have the conceptual foundation necessary to understand present value. Suppose Mary has the right to receive $100 one year from now. How much does Joe have to pay Mary today to induce her to give the future $100 to him? It will certainly be less than $100 because Mary can invest the sum and earn interest. The exact sum depends on the interest rate. If the interest rate is 5%, then Joe has to pay Mary $95.24. How did I compute $95.24? Well, Mary can invest the $95.24 at 5%. After one year, she will have $95.24 x .05 = $4.76 in interest, adding up to $95.24 + 4.76 = $100. So, Mary is indifferent between having $95.24 today and having $100 one year from now. Another way of saying this is that the present value of a $100 payment one year from now discounted at 5% is $95.24. Mathematical Aside: Let C be the future cash payment, r be the interest rate, and PV be the present value. PV must satisfy the following equation: PV x (1 + r) = C. In other words, if we invest PV at the interest rate, we will have PV x (1 + r) dollars after one year. This must be equal to the future cash flow C to make us indifferent. We can now solve for PV: PV = C/(1+r). You can plug the numbers from the previous example into this formula to verify that the present value is $95.24. Now, let’s look at a slightly more complicated example. Suppose Mary has the right to receive $100 one year from now and $100 two years from now. What is the present value if the interest rate is 5%? To answer this question, let’s first calculate how many dollars Mary will have at the end of two years. After one year, she will receive the first $100 and invest it at 5%. At the end of the second year she will have $105, to which she will add the second $100 for a total of $205. How many dollars does Joe have to invest today at 5% to have $205
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after two years? The answer is $185.94. After one year, the $185.94 earns $185.94 x .05 = $9.30 in interest and is worth $185.94 + $9.30 = $195.24. In the second year it earns $195.24 x .05 = $9.76 in interest and is worth $195.24 + $9.76 = $205. Mathematical Aside: Let C1 be the first cash flow and C2 be the second cash flow. Therefore, PV x (1 + r)2 = C1 x (1 + r) + C2. On the left hand side of the equal sign I have simply stated that Joe invests PV dollars and lets it sit for two years earning r% interest. On the right hand side I have stated that Mary will invest the first payment of C1 dollars at (1 + r) and add that to the C2 she receives at the end of the second year. We can divide through by (1+r)2 to get the basic present valuation equation: PV = C1/(1+r) + C2/(1+r)2 If we have n cash flows, the formula is PV = C1/(1+r) + C2/(1+r)2 + C3/(1+r)3 + … + Cn-1/(1+r)n-1 +Cn/(1+r)n If n is large, (1+r)n+1 is also large. The cash flows at the end, therefore, do not add very much to the present value. Another expression for present value is the sum of the discounted cash flows. Future cash flows are discounted because $1 in the future is worth less than $1 today. That means that cash flows occurring far in the future have low present value. Another important property of present value is that as the interest rate increases, the present value of a stream of cash flows decreases. The higher the interest rate is, the more these future cash flows are discounted. A final kind of backwards interest calculation is the internal rate of return, or IRR. For IRR, we ask the question, “What is the interest rate that makes me indifferent between $100 today and $105 one year from now?” If there is only one future cash flow, the internal rate of return is easy to calculate. Mathematical Aside: Let X0 be the cash amount today and C1 be the cash amount in the future. The IRR solves the following equation: X0 x (1 + IRR) = C1 Rearranging, we get IRR = (C1/X0) - 1 If there are multiple cash flows the computation is more difficult. In general, the easiest way to compute present values, net present values, and internal rates of return is to use the corresponding functions in Excel. Please see the Appendix for details. Payback Period To illustrate the capital budgeting methods, I will use the following running example. A firm has a choice between two investments. The cash flows are as follows



Project A Project B



I0 -250 -250



C1 100 150



C2 50 50



C3 50 50



C4 50 50



C5 100 25



C6 100 120



In other words, Project A requires a capital outlay of 250 in the 0th year, and then generates cash flows of 100 in the 1st year, 50 in the 2nd through 4th years, then again 100 in the 5th and 6th years. I designate the investment as I0, a cash outflow. The firm’s discount rate is 10% and its hurdle rate for investment is 15%. © October 2007, Michael Smith. Please do not reproduce or circulate without permission.
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Formally, the payback period is the number of periods before the firm recoups its initial investment. For Project A, the payback period is 4 years. After four years, the firm will have received 100 + 50 + 50 + 50 = 250, the size of the initial investment. For Project B, the payback period is 3 years (150 + 50 + 50 = 250). By the payback period criterion, the firm would select Project B. Payback period has the obvious flaw that any cash flows subsequent to the payback point are irrelevant. It is not, therefore, a rigorous way to choose among investment problems. Because it is easy to calculate and conceptualize, some firms still use it. Book Rate of Return Book rate of return is the rate of return on the initial investment, ignoring the time value of money. It is computed by adding up the cash flows and dividing by the initial investment. The total cash flows for Project A are 450 for a return of (450-250)/250 = 80%. The book rate of return for Project B is (445-195)/250 = 78%. By the book rate of return criterion, the firm would select Project A. The book rate of return has the flaw that the timing of cash flows is irrelevant. Suppose there are two projects with the same total cash flows of 1,000. For the first project, all 1,000 arrives in the 1st period. For the second project, all 1,000 arrives arrive in the 5th period. The book rate of return is the same for both because the total cash flow is the same. The first project is obviously superior because the firm can invest the 1,000 received in the 1stperiod and let it accumulate interest for 4 years. By the time the second investment pays 1,000 in the 5th year, the first firm will have more cash because of the accumulated interest. Book rate of return is not a valid measure to rank projects. Some organizations, however, continue to use it because of its ease of calculation. Net Present Value (NPV) Net present value is closely related to present value. To compute net present value, one computes the present value of the cash inflows and subtracts the initial-period investment. An important factor in present value is the choice of interest rate, also known as the discount rate. Selection of an appropriate discount rate involves considerable judgment. The discount rate should be related to the firm’s cost of capital (the rate it has to pay investors to induce them to make an investment in the firm). It is also related to the riskiness of the project under consideration. Riskier projects require higher discount rates. The present value of the cash inflows under the assumed discount rate of 10% for Project A is 315.90, meaning that the net present value is 315.90 – 250 = 65.90. The present value of the cash inflows in Project B is 325.15, implying that the net present value 325.15 – 250 = 75.15. This is higher than Project A’s net present value even though total cash flows are higher with Project A. Because the Project B cash flows arrive earlier, they are discounted less. By the net present value criterion, the company would select Project B. Net present value is widely accepted as the mathematically correct way to choose among projects. In fact, if the firm has no resource constraints, it should make all investments that have an NPV > 0. Its main drawback is that judgment is required in choosing the discount rate. Internal Rate of Return (IRR) The internal rate of return is the interest rate on the initial cash outflow (I0) required to yield the stream of cash inflows (C1, etc.). If the IRR exceeds the hurdle rate, the firm should make the investment. The hurdle rate is the firm’s threshold rate for undertaking investment. Firms typically set this higher than the cost of capital. © October 2007, Michael Smith. Please do not reproduce or circulate without permission.



3



Boston University Executive Program The Mini MBA for In-house Counsel Professor Michael Smith



The IRR for Project A is 19.2%. That is, investing 250 at 19.2% for the duration of the project is equivalent to the cash inflows from the project. The IRR for project B is 22.4%. By the IRR criterion, the firm would select Project B. IRR and NPV often yield the same preferences over investments, but not always. IRR fails to consider the scale of investment, for example. A small investment with a high IRR may have a lower NPV than a high investment with a low IRR. (Informally, investing $100 at 2% yields $2 whereas investing $1 at 100% yields only $1.) Also, investments with complicated cash flow patterns sometimes yield multiple IRRs. For these reasons, financial professionals recommend that firms use NPV, not IRR, to evaluate investments. Still, many firms use IRR. Tips on Using NPV The most difficult part of capital budgeting exercise is determining the timing and amount of future cash flows. I list a few common pitfalls: •



Consider only cash flows. In particular, do not confuse accounting profits and losses with cash inflows and cash outflows. Financial statements serve purposes that are not necessarily consistent with investment project selection.



•



Ignore sunk costs. A project’s sunk cost is the amount of the investment that has already been made. This investment is irreversible, and therefore irrelevant to any subsequent investment decision.



•



Include opportunity costs. Resources often have alternative uses. Choosing one use precludes any alternative use. For example, consider a landowner considering whether to build and operate a golf course on property she already owns outright. If she builds, she cannot sell the land. In computing the NPV for the golf course investment, then, she must properly account for the foregone cash inflow from the sale of the land.



•



Consider only cash flows incremental to the project under consideration, not those that would occur anyway. In particular, beware of allocated overhead costs. These are fixed costs that would be incurred regardless of executing the project in question. One should include only incremental cash flows in net present value analyses. Though an accountant may assign overhead costs to a project, they do not represent incremental cash flows and should be ignored.



•



Be comprehensive in the enumeration of cash flows. One should anticipate all incidental effects of an investment, such as effects on working capital, effects on other aspects of the company’s operations, and the effects of subsequent events triggered by the investment.



© October 2007, Michael Smith. Please do not reproduce or circulate without permission.
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Appendix: Computing NPVs and IRRs Many pocket calculators now have built-in functions for computing net present values and internal rates of return. Please consult the instructions if you have such a calculator. I compute net present value and internal rates of return on Excel spreadsheets using Excel’s built-in functions. First I input the cash outflows and cash inflows in a row or column. To compute NPV, I use the =NPV() function. The =NPV() function has three inputs: the discount rate, the initial investment, and the (range of ) subsequent cash flow(s). To compute IRR, I use the =IRR() function, which has two inputs: the range of cash flows and a guess about what the internal rate of return is.1 Example: suppose the discount rate is 10% and the cash flows are :



Cash flow



Year 0 -150



Year 1 50



Year 2 60



Year 3 80



Year 4 40



Year 5 20



Year 6 10



First, type -150 into cell A1, 50 into cell A2, 60 into cell A3, etc. To compute the NPV, go to any unused cell in the spreadsheet and type: =NPV(.10,Al,A2..A7) The .10 is the decimal form of the discount rate of 10%, the A1 is the cell address of the investment of -150, and the A2..A7 are the addresses of the subsequent cash flows. Excel understands A2..A7 as all the cells in the range A2 to A7. The answer should be $45.94. To compute the IRR, go to any unused cell in the spreadsheet and type: =IRR(A1..A7,0.15) The A1..A7 is the range of the cash flows, including the initial investment, and the 0.15 is the guess about the IRR.2 The answer should be 23.3%.



1



The explanation for the need to input a guess is highly technical. Essentially, Excel finds the IRR by trial-and-error, but needs a sensible place to start or it will never converge to a solution. Try .10 or .20 as guesses. 2 Try different values here to convince yourself that the solution is not sensitive to the starting guess as long as it is sensible. © October 2007, Michael Smith. Please do not reproduce or circulate without permission.
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