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Enclosure





�
NPV, B/C, IRR, CRR, Which do I Use?


What do They Mean?





Increased availability of computer equipment is providing access to more complex analytic routines in all technical discipline areas.  Economic feasibility and investment performance indicators utilized by each discipline vary.  As more sophisticated economic decision guides become available, it is important that we understand each, in order to select and interpret the appropriate indicator for presentation to decision-makers.





The purpose of this technical note is to define several economic feasibility and investment performance indicators, interpret the calculated value of the indicator, and contrast the indicators to assist in determining which indicator is the most appropriate to employ in a given situation.  The indicators addressed are:  Net Present Value (NPV), Benefit to Cost Ratios (B/C), Internal Rate of Return on Investment (IRR), and Composite Rate of Return (CRR)�.





Definition of each indicator is given first�, followed by the economic feasibility criterion of each; and last, the use and limitations of each indicator in decision-making are discussed.





Definitions





Net Present Value is the difference between benefits and costs when compared in present value terms.  Therefore, given a discount rate, all future benefits are discounted to a single present value, all future costs are discounted to a single present value, all future costs are discounted to a single present value, and present value of costs are subtracted from present value of benefits to arrive ad NPV.





A Benefit to Cost Ratio is simply computed by dividing the present value of benefits by the present value of costs.  A B/C ratio can be computed using any common time reference of benefits and costs.  The B/C is the same for all time references.





Internal Rate of Return is the computed discount rate at which present value of benefits and present value of costs are equal and, therefore, NPV = 0.





Computation of IRR is an iterative trial and error process of solving for the discount rate which equates benefits and costs.
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Composite Rate of Return is also a computed discount rate at which present value of benefits equal present value of costs and, therefore, NPV = 0.





Computationally, CRR is solved much the same as IRR, except that intermediate benefits are considered to be earning a presented reinvestment rate.  Therefore, CRR is a composite value of the rate of earnings on intermediate benefits and a computed rate of return provided by the benefits expected at the end of the investment or evaluation period.  Definitional distinction between IRR and CRR may not be clear until an example and comparison of use of each in decision-making is considered (see below).





Feasibility Criterion





An investment is considered economically feasible if NPV is equal to or greater than zero.  Recall that both benefits and costs are discounted at a selected discounted rate; and therefore if NPV = 0, a return equal to the discount rate is expected.  Restated, the investment is expected to generate benefits which will repay investment costs plus interest at the selected discount rate.  The amount that a calculated NPV is greater than zero can be considered profit over investment and interest costs.  An NPV less than zeros means that the investment cannot be expected to return investment costs plus interest charges at the rate used in computation.





Economic feasibility is indicated when a computed B/C is equal to or greater than 1.0.  In computing a B/C ratio, both benefits and costs are evaluated at a selected discount rate; and therefore if B/C = 1.0, a return equal to the discount rate is expected.  Restated, the investment is expected to generate benefits which will repay investment costs plus interest at the selected discount rate.  The amount that a calculated B/C ratio is greater than 1.0 can be considered a rate of profit in proportion to costs.  A B/C less than 1.0 means that the investment cannot be expected to return investment costs plus interest charges at the discount rate used in computation.





IRR is the computer break-even discount rate for an investment, the criterion for economic feasibility is simply that IRR exceed the cost of capital.  The cost of capital can be either the market rate for borrowing funds, or the revenue foregone (opportunity cost) from using self-owned funds.  The amount that a calculated IRR exceeds the cost of capital can be considered the rate of profit in proportion to costs.  The amount that a calculated IRR is less than the cost of capital is the rate, in proportion to costs, that the investment can be expected to fall short of repaying investment costs plus interest.  A negative IRR means that the investment does not generate sufficient benefits to cover investment costs without considering interest charges.  Most computational forms of IRR do not permit solution when a negative rate of return is expected.
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CRR is also a computed break-even discount rate and therefore the economic feasibility criterion is that CRR exceed the cost of capital.  CRR requires identification of a reinvestment rate for intermediate revenues.  The reinvestment rate specified should not be less than the cost of capital because intermediate revenues could be used to retire debt or added to savings and thereby effectively earn the rate that is being charged for use of capital or earned by savings.





Use in Decision-Making





The two main information requirements of an investment performance indicator for decision-making are:  (1) permit determination of economic feasibility, and (2) distinguish between relative performance of alternatives.  Establishing economic feasibility is the most important need.  Choosing among feasible alternatives is of secondary importance.  Choosing among feasible alternatives is not a trivial decision.  However, if conducted among feasible alternatives, at least economically undesirable alternatives have been eliminated.





NPV provides an estimate of the absolute amount of profit, in present value terms, that an investment will generate after retiring all costs and interest expenses incurred given the discount rate used in computation.  Therefore, it the investment is expected to generate a positive NPV, we can conclude that the investment appears economically feasible given all other assumptions (inflation rate, tax rate, price increase, etc.) used in the analysis.  Furthermore, NPV estimates are useful for comparing investment options--that is, RMS-1 versus RMS-2 versus apartment buildings versus real estate, etc.--as long as the total capital amount invested and the list or investment period of each portion is very nearly the same.  If a given amount of money could be invested in a number of options, NPV of each indicates first whether an individual option is feasible; and second, by comparing the absolute amount of the NPV for each, the option with the largest positive NPV is the most attractive economically.  Problems arising in making this secondary comparison when the capital investment requirement for options vary, or when the term (how long your money is tied up; i.e., different expected life RMSs) of the investments vary.





In Table 1, the NPVs of nine equal investment life alternatives are presented for five different interest rates.  Notice that all alternatives appear feasible when evaluated using a discount rate of 10 percent or less.  Using a 12 percent discount rate, all alternatives appear infeasible.  For all alternatives NPV decreases as discount rate increases (moving horizontally in each row across the Table).  NPV will always decrease as discount rate increases as long as there is some distribution of either or both benefits and costs through time.  At a given discount rate (moving vertically in one column of the Table), the NPV of each alternative indicates the level of absolute profitability of each alternative.  The alternative with the highest NPV (all other considerations ignored) is the most desirable economically.
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The numbers in parenthesis adjacent to the NPVs are the rank order of economic desirability of alternatives for each discount rate.  For a four percent discount rate Alternative Five is economically most attractive because it yields the highest NPV, $15,075.  However, when comparing the rank order of alternatives across interest rates, notice that rank order begins to shift among alternatives between 6 and 8 percent and especially between 8 and 10 percent.  Alternative Five is the number one rank alternative at 4 percent, number six at 10 percent, while Alternative Seven is number one rank at 10 percent but only number six at 4 percent.  A caution on the importance and use of rank order at 10 percent is needed because the absolute values of the differences between NPVs are very small.  Notice that the total difference between numbers one and nine is only $73 ($276 to $203).  Rank order preference of alternatives change between discount rates because each alternative has a unique flow of benefits and costs.  That is, the timing and amount of benefits and costs differ for each alternative.  Since higher discount rates impose a greater “penalty” on values of the future, an alternative with a greater proportion of revenues expected farther into the future or costs closer to today than another alternative will experience a greater proportional reduction in NPV between 4 and 10 percent.





The absolute value of NPV is profit, in present value terms, above the rate of return to costs computed at the discount rate.  Other than expecting to realize a rate of return equal to the discount rate, the absolute level of profit does not provide all the information needed to differentiate alternatives with greatly different capital requirements or investment periods.  For example, in Table 1 at a 4 percent rate of discount, Alternative Five has the highest NPV, $15,075, and Alternative One with an NPV of $13,632 is ranked second.  Considering only the two alternatives, if Alternative Five required $100,000 in capital investment but Alternative One required only $20,000, which is the preferred alternative?  Similarly, considering the same alternatives, if Alternative Five has an investment period of 60 years and Alternative One 40 years, which alternative is preferred?  To overcome difficulties in selecting the most desirable alternative when capital requirements vary among alternatives a rate of return to capital can be calculated.  IRR and CRR are discussed below.





Calculating a B/C ratio employs the same benefit and cost values used in calculating NPV.  For B/C, the values are proportioned by dividing and for NPV values are netted out by subtraction.  Therefore, we must conclude that a B/C ratio has much the same usefulness and limitations for use as an NPV.





A B/C ratio equal to or greater than 1.0 indicates economic feasibility.  A ratio of 1.0 indicates that an investment in expected to return all costs plus interest at the discount rate used in analysis.  The amount that a calculated ratio exceeds 1.0 can be interpreted as a rate of profit in proportion to cost.
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In Table 2 B/C ratios are presented for the NPV values of the nine alternatives considered in Table 1.  Feasibility when examining B/C ratios is the same as conclusions stated for NPV analysis.  All alternatives are feasible when evaluated using a 10 percent discount rate or less and all are infeasible using 12 percent.





A B/C ratio identifies proportional return to capital.  Therefore, for a given discount rate, the alternative with the highest B/C ratio is expected to provide the greatest return to capital.  At 4 percent, Alternative Nine is the most desirable when using highest B/C ratio as the criterion for choice among alternatives.  The rank order of B/C ratios by discount rate is identified by the numbers in parentheses.  As with NPVs, the B/C ratios decrease as discount rate increases.  The rate order of B/C ratios changes among alternatives between discount rates because of the unique and relative time distribution of either or both benefits and costs of each alternative.





When the rank order of B/C ratios identified in Table 2 is compared with the rank order of NPVs in Table 1 dramatic shifts in preference occur.  Selection based on highest NPV will maximize the profitability of an opportunity.  Selection based on highest B/C will maximize the return to capital.  In general, choice based on highest B/C rather than NPV will tend to underdevelop any specific opportunity but will develop a greater number of opportunities with a given amount of capital.   While choice based on highest NPV will generate a larger amount of profit but will require a larger amount of capital to develop the same number of opportunities addressed using B/C.  Use of the highest B/C ratio criterion is of limited usefulness in choosing among alternatives when the capital requirement or investment period varies among alternatives.





To overcome limitations in use of NPV or B/C when capital requirements of alternatives vary, an IRR of each alternative can be calculated.  IRR is the computed discount rate which equates benefits and costs and therefore NPV = 0 and B/C = 1.0.  Economic feasibility is indicated when the computed IRR equals or exceeds the cost of capital.  The highest IRR alternative is expected to provide the greatest return to capital when investment lives of alternatives are equal but capital requirements vary.





Calculated IRR values for the alternatives considered in Tables 1 and 2 are presented in Table 3.  A positive IRR indicates that an investment is expected to return all capital costs plus interest earnings equal to the computed IRR.  All alternatives appear economically feasible if the cost of capital is equal to or less than 11.11 percent.  Alternative Seven has the highest calculated IRR, 11.72 percent.





IRR dies not provide information on absolute profitability.  However, the amount that a computed IRR exceeds the cost of capital can be considered a rate of profit in proportion to cost.
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The IRR rank order of preference among alternatives differs from the rank order using either NPV or B/C.  However, the rank orders are equal when compared to NPV or B/C using a 12 percent discount rate.  Since all IRRs are in the 11 percent range and close to the 12 percent discount rate used in NPV and B/C computation, equal rank order is expected by definition because at the computed IRR, NPV = o and B/C = 1.0.  From another view, since NPV decreased from positive to negative and B/C decreased from greater than 1.0 to less than 1.0 between 10 and 12 percent discount rate for all alternatives, IRR is between 10 and 12 percent.





The computational logic used in solving for IRR assumes that all revenues generated between initial investment and the end of the investment life are reinvested and earn interest at the rate of the computed IRR.  Therefore, when considering an investment opportunity which may be one of a kind, a computed IRR which is high relative to the cost of capital or other investment opportunities does not provide reasonable information for decision-making.  A relatively high IRR is meaningful when a number of similar investment opportunities exist, e.g., a number of fields available for development.  Thereby, intermediate revenues could be reinvented by developing additional opportunities (fields).  However, the geometric progression of the number of opportunities required for reinvestment indicates a very large number of opportunities are needed.





Because of reinvestment opportunity limitations, the IRR computation logic can be modified to limit the earning rate of reinvested intermediate revenues.  Calculations would, therefore, solve for a rate which is a composite of the rate of earnings on intermediate revenue and the rate of return provided by final revenue, CRR.  As noted previously, the specified reinvestment rate used in CRR computation should not be less than the cost of capital.  CRR is interpreted in a manner similar to IRR.  If the computed value of CRR is greater than the cost of capital the alternative appears to be economically feasible.  The amount of CRR exceeds the cost of capital can be considered a rate of profit in proportion to cost.





CRR at five levels of reinvestment earning rate and rank order of the same alternatives considered previously are presented in Table 4.  All alternatives appear economically feasible if the cost of capital is less than or equal to 10.42 percent.  As reinvestment earning rate increased CRR increases for all alternatives, indicating that all alternatives generate intermediate revenues.  If the only revenue generated by an alternative occurred at the end of the investment period, reinvestment earning rate would have no effect on computations and therefore CRR would equal IRR.





Rank order preference of alternatives between reinvestment earning rate shifts because each alternative has a unique amount of distribution of benefits (revenues) and costs through time.  As reinvestment rate increases, preference will tend to shift 
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towards alternatives which generate benefits with a greater proportion of intermediate to final revenues.





CRR is computed only when IRR is judged to be unreasonably high and therefore a reinvestment earning limit is imposed.  Therefore, in all meaningful uses, CRR will be less than IRR.





The rank order preference of alternatives using CRR differs from the rank using IRR except when reinvestment rate approaches IRR at 12 percent.  Preference shifts because of differences between alternatives in the relative proportion of intermediate to final revenue and the distribution of benefits (revenues) and costs through time.





The rank order preference of alternatives using CRR is exactly the same as using the highest B/C criterion in Table 2.  Imposing a reinvestment earning rate limit is effectively the same as using a discount rate in analyzing benefits and costs to derive a B/C ratio.  Therefore, when investment lives are equal but capital requirement of alternatives vary, the rank order is the same for CRR and B/C.  Rank order preference differs between CRR and the highest NPV in Table 1 for the same reasons B/C differs from NPV.  If capital requirement and investment life are equal among alternatives, the rank order preference for IRR, CRR, and NPV will be equal.





Accommodating Difference in Investment Life





The above discussion, use, and comparison of each investment performance indicator is described using an example including nine alternatives with varying capital requirements but equal investment life.  When investment life of mutually exclusive investment opportunities differs, the analytic approach must be changed in order to evaluate alternatives on a common time horizon.  Adjustment of analyses to compare alternatives on a common time horizon requires consideration of future investment opportunities.  Three choices of assumption about future investment are available:  (1) reinvest in opportunities with exactly the same characteristics as the alternative being analyzed; (2) invest in assets that earn interest, e.g., the reinvestment rate of intermediate revenues used in CRR; or, (3) make specific assumptions about other reinvestment opportunities and earnings that will become available in the future.�





To illustrate the influence of time horizon on the value of each financial performance indicator, results of analyses of two alternative investment opportunities are presented in Table 5.  Each investment opportunity requires an initial capital outlay of $1,000.  	
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Opportunity “A” has an asset life or investment period of 10 years and generates a net positive cash flow of $150 per year in each of the first 9 years, with a final return of $1,000 at the end of year ten.  Opportunity  “B” has an asset life of 20 years, generates a positive cash flow of $10 each of the first 19 years, and a final return of $1,000.





All alternatives were evaluated using a 10 percent discount rate, reinvestment rate or opportunity cost of capital.  When evaluated over asset life, the highest NPV criterion indicates that “B” is the preferred alternative because it contributes $70 (30 percent, $319/$249) more to NPV than does “A.”  However, comparing “A” to “B” using NPV analysis over asset life is incomplete because no accounting has been made of the earning power of the net returns generated by “A” from the end of year 10 until the end of year 20, when investment “B” would terminate.  If investment “A” were repeated or the net proceeds of the first investment were assumed to earn 10 percent between years 11 and 20, an additional $96 would be contributed to NPV.  Therefore, when compared over a common time horizon of 20 years, the NPV criterion indicates that “A” is the preferred alternative generating $26 (8 percent) more NPV than does “B.”





The B/C ratio of investment opportunities does not change between asset life and common denominator life analysis.  The highest B/C criterion indicates “B” is the preferred alternative.





IRR is computation of a break-even discount rate and, therefore, will not change between asset life and common denominator life analysis.  Highest IRR indicates “A” is the preferred alternative.





CRR is sensitive to reinvestment assumptions and, therefore, will change as time horizon of analysis changes.  When evaluated over asset life, CRR indicates “A” is preferred.  However, when evaluated over a common life “B” is preferred regardless of reinvestment assumption made for “A.”  As the common life used in analysis becomes larger CRR asymptotically approaches the reinvestment rate.





Common denominator life analysis of alternative “A” assuming reinvestment in an identical opportunity and using either a NPV or CRR formulation is less than adequate when cash flow is considered.  If all net proceeds generated by “A” at the end of the asset life were used to reinvest in an identical investment opportunity, more than $1,000 would be available reinvestment.  If the investment opportunity is infinitely divisible, that is, investment can be made at any dollar amount, then the second and all subsequent reinvestments during the common denominator life analysis would begin with increasingly larger capital investments.  The larger capital investment would generate a proportionately larger cash flow and final return.





The effect would be a higher NPV than calculated and displayed in Table 5.  Assuming that capital costs bear and intermediate revenues earn 10 percent interest in 10 year 	


												9





future value of net profits of “A” are $646.87.  Including the initial capital amount of $1,000, a total of $1,646.87 is available at the end of the first round of investment.  If the $1,646.87 of initial capital and accumulated profit were reinvested in an opportunity identical to “A” from years 11 through 20, the NPV value would be $407.  The reinvestment assumption is an infinitely divisible investment opportunity with proportional returns.  Proportional returns means that if a $1,000 capital investment generates a 9-year $150 annual cash flow with a final return of $1,000, then a $1,646.87 capital investment could be expected to generate a cash flow of $247.03 for 9 years with a final return of $1,646.87.  Reinvestment opportunity is limited.  Only one investment can be active at any time.  Continuous reinvestment is precluded because that is the logic of IRR.





If NPV and CRR were calculated based on cash flow reinvestment rather than intermediate profitability, $3,240.61 would be reinvested in year 11.  Annual revenues would be $486.09 and final return $3,240.61.  The NPV would be $1,425.  The CRR would be exactly the same as calculated over asset life, 12.48 percent.








Table 1


NPV of Investment Alternatives� and Rank Order by Discount Rate





Alternative					Discount Rate





�
4�
6�
8�
10�
12�
�
�
�
�
�
�
�
�
1�
$13,623 (2)�
   4,280 (2)�
   1,262 (2)�
    262 (4)�
     -78 (4)�
�
2�
  13,142 (4)�
   4,130 (4)�
   1,216 (4)�
    248 (5)�
     -82 (6)�
�
3�
  11,665 (8)�
   3,660 (8)�
   1,074 (8)�
    215 (7)�
     -79 (5)�
�
4�
  11,228 (9)�
   3,527 (9)�
   1,034 (9)�
    203 (9)�
     -82 (6)�
�
5�
  15,075 (1)�
   4,601(1)�
   1,302 (1)�
    245 (6)�
     -98 (9)�
�
6�
  12,999 (5)�
   3,969 (5)�
   1,122 (6)�
    205 (8)�
     -94 (8)�
�
7�
  12,144 (6)�
   3,841 (6)�
   1,164 (5)�
    276 (1)�
     -26 (1)�
�
8�
  11,703 (7)�
   3,706 (7)�
   1,122 (6)�
    264 (3)�
     -29 (2)�
�
9�
  13,517 (3)�
   4,169 (3)�
   1,220 (3)�
    272 (2)�
     -39 (3)�
�
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Table 2


B/C of Investment Alternatives and Rank Order by Discount Rate





Alternative					Discount Rate





�
4�
6�
8�
10�
12�
�
�
�
�
�
�
�
�
1�
  36.41 (9)�
   13.76 (9)�
    5.09 (6)�
    1.90 (4)�
    0.72 (4)�
�
2�
  41.44 (7)�
   14.32 (7)�
    5.09 (6)�
    1.86 (5)�
    0.71 (5)�
�
3�
  36.89 (8)�
   13.80 (8)�
    5.02 (9)�
    1.83 (7)�
    0.69 (6)�
�
4�
  43.37 (6)�
   14.54 (6)�
    5.03 (8)�
    1.80 (9)�
    0.67 (7)�
�
5�
  47.38 (4)�
   15.84 (5)�
    5.38 (4)�
    1.85 (6)�
    0.65 (8)�
�
6�
  50.05 (3)�
   16.24 (4)�
    5.37 (5)�
    1.81 (8)�
    0.62 (9)�
�
7�
  45.16 (5)�
   17.28 (3)�
    6.35 (2)�
    2.33 (2)�
    0.87 (1)�
�
8�
  55.43 (2)�
   18.61 (2)�
    6.44 (2)�
    2.30 (3)�
    0.85 (2)�
�
9�
  63.87 (1)�
   20.81 (1)�
    6.91 (1)�
    2.34 (1)�
    0.81 (3)�
�


















Table 3


IRR of Investment Alternatives and Rank Order








	Alternative	IRR (%)





	1	11.32 (4)


	2	11.27 (5)


	3	11.23 (6)


	4	11.18 (7)


	5	11.17 (8)


	6	11.11 (9)


	7	11.72 (1)


	8	11.67 (2)


	9	11.59 (3)
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Table 4


CRR of Investment Alternatives and Rank Order by Reinvestment Earning Rate





Alternative					Discount Rate





�
4�
6�
8�
10�
12�
�
�
�
�
�
�
�
�
1�
10.42 (9)�
10.73 (9)�
10.97 (6)�
11.18 (4)�
11.40 (4)�
�
2�
10.66 (7)�
10.81 (7)�
10.97 (6)�
11.15 (5)�
11.35 (5)�
�
3�
10.45 (8)�
10.74 (8)�
10.94 (9)�
11.12 (7)�
11.30 (6)�
�
4�
10.74 (6)�
10.84 (6)�
10.95 (8)�
11.08 (9)�
11.25 (7)�
�
5�
10.91 (4)�
10.99 (5)�
11.07 (4)�
11.14 (6)�
11.20 (8)�
�
6�
11.01 (3)�
11.04 (4)�
11.07 (4)�
11.10 (8)�
11.12 (9)�
�
7�
10.82 (5)�
11.16 (3)�
11.38 (3)�
11.56 (2)�
11.75 (1)�
�
8�
11.20 (2)�
11.29 (2)�
11.40 (2)�
11.54 (3)�
11.70 (2)�
�
9�
11.46 (1)�
11.50 (1)�
11.54 (1)�
11.57 (1)�
11.60 (3)�
�















Table 5


Comparison of Two Investment Alternatives with Equal Capital


Investment Requirements but Varying Returns and Expected Asset


Life when Evaluated using a 10-Percent Discount Rate,


Reinvestment Rate, or Opportunity Cost of Capital








�
A�
B�
�
�
�
�
�
Capital Investment�
             1000�
            1000�
�
Asset Life in Years (t)�
                 10�
                20�
�
Annal Return (t-1 yrs)�
               150�
              140�
�
Final Return�
             1000�
            1000�
�
NPV Asset Life�
               249�
              319�
�
NPV Common Life = 20�
               345�
              319�
�
B/C�
                   1.25�
                  1.32�
�
IRR�
                 14.23�
                13.84�
�
CRR Asset Life�
                 12.48�
                11.54�
�
CRR Reinvest Same Opportunity�
                 11.30�
                11.54�
�
CRR Reinvest 10 %�
                 11.23�
                11.54�
�
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The computational form of IRR is an iterative approximating formular.  Use the refrence or operating manual of the calculator, computer program, or other device being used as a guide.  As a cautio
