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EVALUACIÓN DE 
PROYECTOS 



CASO: IM&C 

•  Plan de marketing de introducir nuevo fertilizante. 
•  Inversión de $10 MM en infraestructura y 

equipamiento. 
•  Se estima valor de venta de la maquinaria al 7mo 

año de $1,949 MM (valor residual) 



PROYECCIONES DEL PROYECTO 

Brealey−Meyers: 
Principles of Corporate 
Finance, Seventh Edition

I. Value 6. Making Investment 
Decisions with the Net 
Present Value Rule

© The McGraw−Hill 
Companies, 2003

million and others thought that it was as high as £104 million. Although these val-
uations used different cash-flow projections, a significant part of the difference in
views seemed to reflect confusion about real and nominal discount rates.2
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2In some cases it is unclear what procedure was used. At least one expert seems to have discounted
nominal cash flows at a real rate. For a review of the Bula Mines controversy see E. Dimson and P. R.
Marsh, Cases in Corporate Finance (London: Wiley International, 1987).
3Sorry.

6.2 EXAMPLE—IM&C’S FERTILIZER PROJECT

As the newly appointed financial manager of International Mulch and Compost
Company (IM&C), you are about to analyze a proposal for marketing guano as a gar-
den fertilizer. (IM&C’s planned advertising campaign features a rustic gentleman
who steps out of a vegetable patch singing, “All my troubles have guano way.”)3

You are given the forecasts shown in Table 6.1. The project requires an invest-
ment of $10 million in plant and machinery (line 1). This machinery can be dis-
mantled and sold for net proceeds estimated at $1.949 million in year 7 (line 1, col-
umn 7). This amount is your forecast of the plant’s salvage value.

Period

0 1 2 3 4 5 6 7

1. Capital investment 10,000 !1,949*
2. Accumulated 

depreciation 1,583 3,167 4,750 6,333 7,917 9,500 0
3. Year-end book value 10,000 8,417 6,833 5,250 3,667 2,083 500 0
4. Working capital 550 1,289 3,261 4,890 3,583 2,002 0
5. Total book value 

(3"4) 10,000 8,967 8,122 8,511 8,557 5,666 2,502 0
6. Sales 523 12,887 32,610 48,901 35,834 19,717
7. Cost of goods sold† 837 7,729 19,552 29,345 21,492 11,830
8. Other costs‡ 4,000 2,200 1,210 1,331 1,464 1,611 1,772
9. Depreciation 1,583 1,583 1,583 1,583 1,583 1,583

10. Pretax profit 
(6 ! 7 ! 8 ! 9) !4,000 !4,097 2,365 10,144 16,509 11,148 4,532 1,449§

11. Tax at 35% !1,400 !1,434 828 3,550 5,778 3,902 1,586 507
12. Profit after tax 

(10 ! 11) !2,600 !2,663 1,537 6,594 10,731 7,246 2,946 942

TA B L E  6 . 1

IM&C’s guano project—projections ($ thousands) reflecting inflation.

*Salvage value.
†We have departed from the usual income-statement format by not including depreciation in cost of goods sold. Instead, we break out
depreciation separately (see line 9).
‡Start-up costs in years 0 and 1, and general and administrative costs in years 1 to 6.
§The difference between the salvage value and the ending book value of $500 is a taxable profit.
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Whoever prepared Table 6.1 depreciated the capital investment over six years to
an arbitrary salvage value of $500,000, which is less than your forecast of salvage
value. Straight-line depreciation was assumed. Under this method annual depreciation
equals a constant proportion of the initial investment less salvage value ($9.5 mil-
lion). If we call the depreciable life T, then the straight-line depreciation in year t is

Depreciation in year t ! 1/T " depreciable amount ! 1/6 " 9.5 ! $1.583 million

Lines 6 through 12 in Table 6.1 show a simplified income statement for the guano
project.4 This will be our starting point for estimating cash flow. In preparing this
table IM&C’s managers recognized the effect of inflation on prices and costs. Not all
cash flows are equally affected by inflation. For example, wages generally rise faster
than the inflation rate. So labor costs per ton of guano will rise in real terms unless
technological advances allow more efficient use of labor. On the other hand, inflation
has no effect on the tax savings provided by the depreciation deduction, since the In-
ternal Revenue Service allows you to depreciate only the original cost of the equip-
ment, regardless of what happens to prices after the investment is made.

Table 6.2 derives cash-flow forecasts from the investment and income data given
in Table 6.1. Cash flow from operations is defined as sales less cost of goods sold,
other costs, and taxes. The remaining cash flows include the changes in working
capital, the initial capital investment, and the recovery of your estimated salvage
value. If, as you expect, the salvage value turns out higher than the depreciated
value of the machinery, you will have to pay tax on the difference. So you must also
include this figure in your cash-flow forecast.
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Period

0 1 2 3 4 5 6 7

1. Sales 523 12,887 32,610 48,901 35,834 19,717
2. Cost of goods sold 837 7,729 19,552 29,345 21,492 11,830
3. Other costs 4,000 2,200 1,210 1,331 1,464 1,611 1,772
4. Tax on operations #1,400 #1,434 828 3,550 5,778 3,902 1,586
5. Cash flow from opera-

tions (1 # 2 # 3 # 4) #2,600 #1,080 3,120 8,177 12,314 8,829 4,529
6. Change in working 

capital #550 #739 #1,972 #1,629 1,307 1,581 2,002
7. Capital investment 

and disposal #10,000 1,442*
8. Net cash flow 

(5 $ 6 $ 7) #12,600 #1,630 2,381 6,205 10,685 10,136 6,110 3,444
9. Present value at 20% #12,600 #1,358 1,654 3,591 5,153 4,074 2,046 961

Net present value ! $3,519 (sum of 9)

TA B L E  6 . 2

IM&C’s guano project—cash-flow analysis ($ thousands).

*Salvage value of $1,949 less tax of $507 on the difference between salvage value and ending book value.

4We have departed from the usual income-statement format by separating depreciation from costs of
goods sold.



ALGUNAS CONSIDERACIONES 

•  Separar las decisiones de inversión y de 
financiamiento. 
•  Capital de trabajo: inversión en el corto plazo. 
•  Inventario 
•  Cuentas por cobrar 
•  Cuentas por pagar 
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Whoever prepared Table 6.1 depreciated the capital investment over six years to
an arbitrary salvage value of $500,000, which is less than your forecast of salvage
value. Straight-line depreciation was assumed. Under this method annual depreciation
equals a constant proportion of the initial investment less salvage value ($9.5 mil-
lion). If we call the depreciable life T, then the straight-line depreciation in year t is

Depreciation in year t ! 1/T " depreciable amount ! 1/6 " 9.5 ! $1.583 million

Lines 6 through 12 in Table 6.1 show a simplified income statement for the guano
project.4 This will be our starting point for estimating cash flow. In preparing this
table IM&C’s managers recognized the effect of inflation on prices and costs. Not all
cash flows are equally affected by inflation. For example, wages generally rise faster
than the inflation rate. So labor costs per ton of guano will rise in real terms unless
technological advances allow more efficient use of labor. On the other hand, inflation
has no effect on the tax savings provided by the depreciation deduction, since the In-
ternal Revenue Service allows you to depreciate only the original cost of the equip-
ment, regardless of what happens to prices after the investment is made.

Table 6.2 derives cash-flow forecasts from the investment and income data given
in Table 6.1. Cash flow from operations is defined as sales less cost of goods sold,
other costs, and taxes. The remaining cash flows include the changes in working
capital, the initial capital investment, and the recovery of your estimated salvage
value. If, as you expect, the salvage value turns out higher than the depreciated
value of the machinery, you will have to pay tax on the difference. So you must also
include this figure in your cash-flow forecast.
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Period

0 1 2 3 4 5 6 7

1. Sales 523 12,887 32,610 48,901 35,834 19,717
2. Cost of goods sold 837 7,729 19,552 29,345 21,492 11,830
3. Other costs 4,000 2,200 1,210 1,331 1,464 1,611 1,772
4. Tax on operations #1,400 #1,434 828 3,550 5,778 3,902 1,586
5. Cash flow from opera-

tions (1 # 2 # 3 # 4) #2,600 #1,080 3,120 8,177 12,314 8,829 4,529
6. Change in working 

capital #550 #739 #1,972 #1,629 1,307 1,581 2,002
7. Capital investment 

and disposal #10,000 1,442*
8. Net cash flow 

(5 $ 6 $ 7) #12,600 #1,630 2,381 6,205 10,685 10,136 6,110 3,444
9. Present value at 20% #12,600 #1,358 1,654 3,591 5,153 4,074 2,046 961

Net present value ! $3,519 (sum of 9)

TA B L E  6 . 2

IM&C’s guano project—cash-flow analysis ($ thousands).

*Salvage value of $1,949 less tax of $507 on the difference between salvage value and ending book value.

4We have departed from the usual income-statement format by separating depreciation from costs of
goods sold.



AUMENTO EN EL CAPITAL DE TRABAJO 

•  Aumento de ventas, pero aumenta periodos de 
pago. => aumento cuentas por cobrar. 
•  Nuevo fertilizante necesita periodo de tratamiento. 

=> aumento de inventario. 
•  Retraso en el pago de materiales y servicios 

utilizados. =>aumento cuentas por pagar. 



CAPITAL DE TRABAJO 

¿Cómo evitar preocuparse de cambios en el capital 
de trabajo? 
•  Reemplazando ventas por pagos recibidos, elimina 

cuentas por cobrar. 
•  Reemplazando costos por pagos realizados en 

sueldos, materiales, etc. Elimina cuentas por pagar 
e inventario. 



DEPRECIACIÓN 

•  Representa el desgaste de los activos en el tiempo. 
•  Permite disminuir la cantidad de impuestos a pagar. 
•  Puede ser lineal o acelerada. 
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(MACRS). Table 6.4 summarizes the tax depreciation schedules. Note that there are
six schedules, one for each recovery period class. Most industrial equipment falls
into the five- and seven-year classes. To keep things simple, we will assume that all
the guano project’s investment goes into five-year assets. Thus, IM&C can write off
20 percent of its depreciable investment in year 1, as soon as the assets are placed
in service, then 32 percent of depreciable investment in year 2, and so on. Here are
the tax shields for the guano project:
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Tax Depreciation Schedules by Recovery-Period Class

Year(s) 3-Year 5-Year 7-Year 10-Year 15-Year 20-Year

1 33.33 20.00 14.29 10.00 5.00 3.75
2 44.45 32.00 24.49 18.00 9.50 7.22
3 14.81 19.20 17.49 14.40 8.55 6.68
4 7.41 11.52 12.49 11.52 7.70 6.18
5 11.52 8.93 9.22 6.93 5.71
6 5.76 8.93 7.37 6.23 5.28
7 8.93 6.55 5.90 4.89
8 4.45 6.55 5.90 4.52
9 6.55 5.90 4.46

10 6.55 5.90 4.46
11 3.29 5.90 4.46
12 5.90 4.46
13 5.90 4.46
14 5.90 4.46
15 5.90 4.46
16 2.99 4.46

17–20 4.46
21 2.25

TA B L E  6 . 4

Tax depreciation allowed under
the modified accelerated cost
recovery system (MACRS)
(figures in percent of
depreciable investment).

Notes:
1. Tax depreciation is lower in the

first year because assets are
assumed to be in service for only
six months.

2. Real property is depreciated
straight-line over 27.5 years for
residential property and 31.5
years for nonresidential property.

Year

1 2 3 4 5 6

Tax depreciation (MACRS 
percentage ! depreciable 
investment) 2,000 3,200 1,920 1,152 1,152 576

Tax shield (tax depreciation ! tax 
rate, T " .35) 700 1,120 672 403 403 202

The present value of these tax shields is $2,174,000, about $331,000 higher than un-
der the straight-line method.

Table 6.5 recalculates the guano project’s impact on IM&C’s future tax bills, and
Table 6.6 shows revised after-tax cash flows and present value. This time we have
incorporated realistic assumptions about taxes as well as inflation. We of course ar-
rive at a higher NPV than in Table 6.2, because that table ignored the additional
present value of accelerated depreciation.

There is one possible additional problem lurking in the woodwork behind Table
6.5: It is the alternative minimum tax, which can limit or defer the tax shields of ac-
celerated depreciation or other tax preference items. Because the alternative mini-



DEPRECIACIÓN ACELERADA 

•  VPN del escudo tributario es $2.174.000 en la 
depreciación acelerada. 
•  VPN del escudo tributario es $1.842.000 en la 

depreciación lineal. 
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(MACRS). Table 6.4 summarizes the tax depreciation schedules. Note that there are
six schedules, one for each recovery period class. Most industrial equipment falls
into the five- and seven-year classes. To keep things simple, we will assume that all
the guano project’s investment goes into five-year assets. Thus, IM&C can write off
20 percent of its depreciable investment in year 1, as soon as the assets are placed
in service, then 32 percent of depreciable investment in year 2, and so on. Here are
the tax shields for the guano project:
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Tax Depreciation Schedules by Recovery-Period Class

Year(s) 3-Year 5-Year 7-Year 10-Year 15-Year 20-Year

1 33.33 20.00 14.29 10.00 5.00 3.75
2 44.45 32.00 24.49 18.00 9.50 7.22
3 14.81 19.20 17.49 14.40 8.55 6.68
4 7.41 11.52 12.49 11.52 7.70 6.18
5 11.52 8.93 9.22 6.93 5.71
6 5.76 8.93 7.37 6.23 5.28
7 8.93 6.55 5.90 4.89
8 4.45 6.55 5.90 4.52
9 6.55 5.90 4.46

10 6.55 5.90 4.46
11 3.29 5.90 4.46
12 5.90 4.46
13 5.90 4.46
14 5.90 4.46
15 5.90 4.46
16 2.99 4.46

17–20 4.46
21 2.25

TA B L E  6 . 4

Tax depreciation allowed under
the modified accelerated cost
recovery system (MACRS)
(figures in percent of
depreciable investment).

Notes:
1. Tax depreciation is lower in the

first year because assets are
assumed to be in service for only
six months.

2. Real property is depreciated
straight-line over 27.5 years for
residential property and 31.5
years for nonresidential property.

Year

1 2 3 4 5 6

Tax depreciation (MACRS 
percentage ! depreciable 
investment) 2,000 3,200 1,920 1,152 1,152 576

Tax shield (tax depreciation ! tax 
rate, T " .35) 700 1,120 672 403 403 202

The present value of these tax shields is $2,174,000, about $331,000 higher than un-
der the straight-line method.

Table 6.5 recalculates the guano project’s impact on IM&C’s future tax bills, and
Table 6.6 shows revised after-tax cash flows and present value. This time we have
incorporated realistic assumptions about taxes as well as inflation. We of course ar-
rive at a higher NPV than in Table 6.2, because that table ignored the additional
present value of accelerated depreciation.

There is one possible additional problem lurking in the woodwork behind Table
6.5: It is the alternative minimum tax, which can limit or defer the tax shields of ac-
celerated depreciation or other tax preference items. Because the alternative mini-
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mum tax can be a motive for leasing, we discuss it in Chapter 26, rather than here.
But make a mental note not to sign off on a capital budgeting analysis without
checking whether your company is subject to the alternative minimum tax.

A Final Comment on Taxes
All large U.S. corporations keep two separate sets of books, one for stockholders and
one for the Internal Revenue Service. It is common to use straight-line depreciation on
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Period

0 1 2 3 4 5 6 7

1. Sales* 523 12,887 32,610 48,901 35,834 19,717
2. Cost of goods sold* 837 7,729 19,552 29,345 21,492 11,830
3. Other costs* 4,000 2,200 1,210 1,331 1,464 1,611 1,772
4. Tax depreciation 2,000 3,200 1,920 1,152 1,152 576
5. Pretax profit !4,000 !4,514 748 9,807 16,940 11,579 5,539 1,949†

(1 ! 2 ! 3 ! 4)
6. Taxes at 35%‡ !1,400 !1,580 262 3,432 5,929 4,053 1,939 682

TA B L E  6 . 5

Tax payments on IM&C’s guano project ($ thousands).

*From Table 6.1.
†Salvage value is zero, for tax purposes, after all tax depreciation has been taken. Thus, IM&C will have to pay tax on the full salvage
value of $1,949.
‡A negative tax payment means a cash inflow, assuming IM&C can use the tax loss on its guano project to shield income from other
projects.

Period

0 1 2 3 4 5 6 7

1. Sales* 523 12,887 32,610 48,901 35,834 19,717
2. Cost of goods sold* 837 7,729 19,552 29,345 21,492 11,830
3. Other costs* 4,000 2,200 1,210 1,331 1,464 1,611 1,772
4. Tax† !1,400 !1,580 262 3,432 5,929 4,053 1,939 682
5. Cash flow from operations 

(1 ! 2 ! 3 ! 4) !2,600 !934 3,686 8,295 12,163 8,678 4,176 !682
6. Change in working capital !550 !739 !1,972 !1,629 1,307 1,581 2,002
7. Capital investment 

and disposal !10,000 1,949*
8. Net cash flow (5 " 6 " 7) !12,600 !1,484 2,947 6,323 10,534 9,985 5,757 3,269
9. Present value at 20% !12,600 !1,237 2,047 3,659 5,080 4,013 1,928 912

Net present value # "3,802 (sum of 9)

TA B L E  6 . 6

IM&C’s guano project—revised cash-flow analysis ($ thousands).

*From Table 6.1.
†From Table 6.5.
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mum tax can be a motive for leasing, we discuss it in Chapter 26, rather than here.
But make a mental note not to sign off on a capital budgeting analysis without
checking whether your company is subject to the alternative minimum tax.

A Final Comment on Taxes
All large U.S. corporations keep two separate sets of books, one for stockholders and
one for the Internal Revenue Service. It is common to use straight-line depreciation on
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Period

0 1 2 3 4 5 6 7

1. Sales* 523 12,887 32,610 48,901 35,834 19,717
2. Cost of goods sold* 837 7,729 19,552 29,345 21,492 11,830
3. Other costs* 4,000 2,200 1,210 1,331 1,464 1,611 1,772
4. Tax depreciation 2,000 3,200 1,920 1,152 1,152 576
5. Pretax profit !4,000 !4,514 748 9,807 16,940 11,579 5,539 1,949†

(1 ! 2 ! 3 ! 4)
6. Taxes at 35%‡ !1,400 !1,580 262 3,432 5,929 4,053 1,939 682

TA B L E  6 . 5

Tax payments on IM&C’s guano project ($ thousands).

*From Table 6.1.
†Salvage value is zero, for tax purposes, after all tax depreciation has been taken. Thus, IM&C will have to pay tax on the full salvage
value of $1,949.
‡A negative tax payment means a cash inflow, assuming IM&C can use the tax loss on its guano project to shield income from other
projects.

Period

0 1 2 3 4 5 6 7

1. Sales* 523 12,887 32,610 48,901 35,834 19,717
2. Cost of goods sold* 837 7,729 19,552 29,345 21,492 11,830
3. Other costs* 4,000 2,200 1,210 1,331 1,464 1,611 1,772
4. Tax† !1,400 !1,580 262 3,432 5,929 4,053 1,939 682
5. Cash flow from operations 

(1 ! 2 ! 3 ! 4) !2,600 !934 3,686 8,295 12,163 8,678 4,176 !682
6. Change in working capital !550 !739 !1,972 !1,629 1,307 1,581 2,002
7. Capital investment 

and disposal !10,000 1,949*
8. Net cash flow (5 " 6 " 7) !12,600 !1,484 2,947 6,323 10,534 9,985 5,757 3,269
9. Present value at 20% !12,600 !1,237 2,047 3,659 5,080 4,013 1,928 912

Net present value # "3,802 (sum of 9)

TA B L E  6 . 6

IM&C’s guano project—revised cash-flow analysis ($ thousands).

*From Table 6.1.
†From Table 6.5.



CASO: CARB 

•  Inversión para generar combustibles RFG. 
•  Supongamos que la inversión necesaria son $400 

MM. 
•  ¿Cuánto deberá cobrar extra en el precio de la 

bencina para pagar la inversión en 25 años? 
•  Datos extra:  
•  Producción anual de 900 MM de litros de bencina. 
•  No hay costos extra por la inversión. 



COMPARAR INVERSIONES A DISTINTOS 
PLAZOS 

•  Dos máquinas (A y B). 
•  Misma capacidad y producen lo mismo. 
•  Máquina A cuesta $15 M y dura 3 años; además 

cuesta $5 M anuales su utilización. 
•  Máquina B cuesta $10 M y dura 2 años; y cuesta 

anualmente $6 M. 
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production of RFG will be 900 million gallons per year. Assume for simplicity that
the new equipment does not change raw-material and operating costs.

How much additional revenue would the refinery have to receive each year, for
25 years, to cover the $400 million investment? The answer is simple: Just find the
25-year annuity with a present value equal to $400 million.

PV of annuity ! annuity payment " 25-year annuity factor

At a 7 percent cost of capital, the 25-year annuity factor is 11.65.

$400 million ! annuity payment " 11.65
Annuity payment ! $34.3 million per year10

This amounts to 3.8 cents per gallon:

These annuities are called equivalent annual costs. Equivalent annual cost is
the annual cash flow sufficient to recover a capital investment, including the cost
of capital for that investment, over the investment’s economic life.

Equivalent annual costs are handy—and sometimes essential—tools of finance.
Here is a further example.

Choosing between Long- and Short-Lived Equipment
Suppose the firm is forced to choose between two machines, A and B. The two ma-
chines are designed differently but have identical capacity and do exactly the same
job. Machine A costs $15,000 and will last three years. It costs $5,000 per year to run.
Machine B is an economy model costing only $10,000, but it will last only two years
and costs $6,000 per year to run. These are real cash flows: The costs are forecasted
in dollars of constant purchasing power.

Because the two machines produce exactly the same product, the only way to
choose between them is on the basis of cost. Suppose we compute the present value
of cost:

$34.3 million
900 million gallons

! $.038 per gallon
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10For simplicity we have ignored taxes. Taxes would enter this calculation in two ways. First, the $400
million investment would generate depreciation tax shields. The easiest way to handle these tax shields
is to calculate their PV and subtract it from the initial outlay. For example, if the PV of depreciation tax
shields is $83 million, equivalent annual cost would be calculated on an after-tax investment base of
$400 # 83 ! $317 million. Second, our cents-per-gallon calculation is after-tax. To actually earn 3.8 cents
after tax, the refiner would have to charge the customer more. If the tax rate is 35 percent, the required
extra pretax charge is:

Pretax charge " (1 # .35) ! $.038
Pretax charge ! $.0585

Costs ($ thousands)

Machine C0 C1 C2 C3 PV at 6% ($ thousands)

A $15 $5 $5 $5 28.37
B $10 $6 $6 21.00

Should we take machine B, the one with the lower present value of costs? Not
necessarily, because B will have to be replaced a year earlier than A. In other



¿CÓMO COMPARAMOS AMBAS 
MÁQUINAS? 
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words, the timing of a future investment decision is contingent on today’s
choice of A or B.

So, a machine with total PV(costs) of $21,000 spread over three years (0, 1, and
2) is not necessarily better than a competing machine with PV(costs) of $28,370
spread over four years (0 through 3). We have to convert total PV(costs) to a cost
per year, that is, to an equivalent annual cost. For machine A, the annual cost turns
out to be 10.61, or $10,610 per year:
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Costs ($ thousands)

Machine C0 C1 C2 C3 PV at 6% ($ thousands)

Machine A !15 !5 !5 !5 28.37
Equivalent annual cost !10.61 !10.61 !10.61 28.37

We calculated the equivalent annual cost by finding the three-year annuity with
the same present value as A’s lifetime costs.

PV of annuity " PV of A’s costs " 28.37
" annuity payment # three-year annuity factor

The annuity factor is 2.673 for three years and a 6 percent real cost of capital, so

A similar calculation for machine B gives:

Annuity payment "
28.37
2.673

" 10.61

Costs ($ thousands)

C0 C1 C2 PV at 6% ($ thousands)

Machine B !10 !6 !6 21.00
Equivalent annual cost !11.45 !11.45 21.00

Machine A is better, because its equivalent annual cost is less ($10,610 versus
$11,450 for machine B).

You can think of the equivalent annual cost of machine A or B as an annual rental
charge. Suppose the financial manager is asked to rent machine A to the plant man-
ager actually in charge of production. There will be three equal rental payments
starting in year 1. The three payments must recover both the original cost of ma-
chine A in year 0 and the cost of running it in years 1 to 3. Therefore the financial
manager has to make sure that the rental payments are worth $28,370, the total
PV(costs) of machine A. You can see that the financial manager would calculate a
fair rental payment equal to machine A’s equivalent annual cost.

Our rule for choosing between plant and equipment with different economic
lines is, therefore, to select the asset with the lowest fair rental charge, that is, the
lowest equivalent annual cost.

Equivalent Annual Cost and Inflation The equivalent annual costs we just calcu-
lated are real annuities based on forecasted real costs and a 6 percent real discount
rate. We could, of course, restate the annuities in nominal terms. Suppose the ex-
pected inflation rate is 5 percent; we multiply the first cash flow of the annuity by
1.05, the second by (1.05)2 " 1.105, and so on.
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words, the timing of a future investment decision is contingent on today’s
choice of A or B.

So, a machine with total PV(costs) of $21,000 spread over three years (0, 1, and
2) is not necessarily better than a competing machine with PV(costs) of $28,370
spread over four years (0 through 3). We have to convert total PV(costs) to a cost
per year, that is, to an equivalent annual cost. For machine A, the annual cost turns
out to be 10.61, or $10,610 per year:
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Costs ($ thousands)

Machine C0 C1 C2 C3 PV at 6% ($ thousands)

Machine A !15 !5 !5 !5 28.37
Equivalent annual cost !10.61 !10.61 !10.61 28.37

We calculated the equivalent annual cost by finding the three-year annuity with
the same present value as A’s lifetime costs.

PV of annuity " PV of A’s costs " 28.37
" annuity payment # three-year annuity factor

The annuity factor is 2.673 for three years and a 6 percent real cost of capital, so

A similar calculation for machine B gives:

Annuity payment "
28.37
2.673

" 10.61

Costs ($ thousands)

C0 C1 C2 PV at 6% ($ thousands)

Machine B !10 !6 !6 21.00
Equivalent annual cost !11.45 !11.45 21.00

Machine A is better, because its equivalent annual cost is less ($10,610 versus
$11,450 for machine B).

You can think of the equivalent annual cost of machine A or B as an annual rental
charge. Suppose the financial manager is asked to rent machine A to the plant man-
ager actually in charge of production. There will be three equal rental payments
starting in year 1. The three payments must recover both the original cost of ma-
chine A in year 0 and the cost of running it in years 1 to 3. Therefore the financial
manager has to make sure that the rental payments are worth $28,370, the total
PV(costs) of machine A. You can see that the financial manager would calculate a
fair rental payment equal to machine A’s equivalent annual cost.

Our rule for choosing between plant and equipment with different economic
lines is, therefore, to select the asset with the lowest fair rental charge, that is, the
lowest equivalent annual cost.

Equivalent Annual Cost and Inflation The equivalent annual costs we just calcu-
lated are real annuities based on forecasted real costs and a 6 percent real discount
rate. We could, of course, restate the annuities in nominal terms. Suppose the ex-
pected inflation rate is 5 percent; we multiply the first cash flow of the annuity by
1.05, the second by (1.05)2 " 1.105, and so on.



EN TÉRMINOS NOMINALES 
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C0 C1 C2 C3

A Real annuity 10.61 10.61 10.61
Nominal cash flow 11.14 11.70 12.28

B Real annuity 11.45 11.45
Nominal cash flow 12.02 12.62

Note that B is still inferior to A. Of course the present values of the nominal and
real cash flows are identical. Just remember to discount the real annuity at the real
rate and the equivalent nominal cash flows at the consistent nominal rate.11

When you use equivalent annual costs simply for comparison of costs per pe-
riod, as we did for machines A and B, we strongly recommend doing the calcula-
tions in real terms.12 But if you actually rent out the machine to the plant manager,
or anyone else, be careful to specify that the rental payments be “indexed” to in-
flation. If inflation runs on at 5 percent per year and rental payments do not in-
crease proportionally, then the real value of the rental payments must decline and
will not cover the full cost of buying and operating the machine.

Equivalent Annual Cost and Technological Change So far we have the following
simple rule: Two or more streams of cash outflows with different lengths or time
patterns can be compared by converting their present values to equivalent annual
costs. Just remember to do the calculations in real terms.

Now any rule this simple cannot be completely general. For example, when we
evaluated machine A versus machine B, we implicitly assumed that their fair rental
charges would continue at $10,610 versus $11,450. This will be so only if the real
costs of buying and operating the machines stay the same.

Suppose that this is not the case. Suppose that thanks to technological improve-
ments new machines each year cost 20 percent less in real terms to buy and oper-
ate. In this case future owners of brand-new, lower-cost machines will be able to
cut their rental cost by 20 percent, and owners of old machines will be forced to
match this reduction. Thus, we now need to ask: If the real level of rents declines
by 20 percent a year, how much will it cost to rent each machine?

If the rent for year 1 is rent1, rent for year 2 is rent2 ! .8 " rent1. Rent3 is .8 "
rent2, or .64 " rent1. The owner of each machine must set the rents sufficiently high
to recover the present value of the costs. In the case of machine A,

rent1 ! 12.94, or $12,940

 !
rent1

1.06
#

.81rent1 211.06 2 2 #
.641rent1 211.06 2 3 ! 28.37

 PV of renting machine A !
rent1

1.06
#

rent211.06 2 2 #
rent311.06 2 3 ! 28.37

11The nominal discount rate is
rnominal ! (1 # rreal)(1 # inflation rate) $ 1

! (1.06)(1.05) $ 1 ! .113, or 11.3%
Discounting the nominal annuities at this rate gives the same present values as discounting the real an-
nuities at 6 percent.
12Do not calculate equivalent annual costs as level nominal annuities. This procedure can give incorrect
rankings of true equivalent annual costs at high inflation rates. See Challenge Question 2 at the end of
this chapter for an example.

Considerando inflación de 5% 



CAMBIÓS TECNOLÓGICOS 

•  Mismas dos máquinas. 
•  Mismo valor presente A: $28,37 M y B:$21 M. 
•  Costo anual disminuye 20% anualmente por 

obsolescencia de tecnología. 
•  ¿Cuál es el valor de la anualidad que paga dicho 

valor presente? 

A $12.940  

B $12.690 



¿CUÁNDO REEMPLAZAR UNA 
MÁQUINA? 

•  Evaluar en que momento reemplazar una 
máquina. 
•  Es más rentable ahora o en los próximos años. 
•  ¿Cambios en la producción o sólo reemplazar 

maquinas viejas? 



¿CUÁNDO REEMPLAZAR UNA 
MÁQUINA? 

•  Maquina vieja que producirá un ingreso de $4 M el 
año que viene y $4 M el siguiente. 
•  Se puede reemplazar ahora por una nueva por $15 

M, y producirá ingresos de $8 M por los siguientes 
tres años. 
•  ¿Reemplazo ahora o el próximo año? 
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and for machine B,

The merits of the two machines are now reversed. Once we recognize that tech-
nology is expected to reduce the real costs of new machines, then it pays to buy the
shorter-lived machine B rather than become locked into an aging technology with
machine A in year 3.

You can imagine other complications. Perhaps machine C will arrive in year 1
with an even lower equivalent annual cost. You would then need to consider scrap-
ping or selling machine B at year 1 (more on this decision below). The financial
manager could not choose between machines A and B in year 0 without taking a
detailed look at what each machine could be replaced with.

Our point is a general one: Comparing equivalent annual costs should never be a
mechanical exercise; always think about the assumptions that are implicit in the
comparison. Finally, remember why equivalent annual costs are necessary in the first
place. The reason is that A and B will be replaced at different future dates. The choice
between them therefore affects future investment decisions. If subsequent decisions
are not affected by the initial choice (for example, because neither machine will be re-
placed) then we do not need to take future decisions into account.13

Equivalent Annual Cost and Taxes We have not mentioned taxes. But you surely
realized that machine A and B’s lifetime costs should be calculated after-tax, rec-
ognizing that operating costs are tax-deductible and that capital investment gen-
erates depreciation tax shields.

Deciding When to Replace an Existing Machine
The previous example took the life of each machine as fixed. In practice the point at
which equipment is replaced reflects economic considerations rather than total phys-
ical collapse. We must decide when to replace. The machine will rarely decide for us.

Here is a common problem. You are operating an elderly machine that is ex-
pected to produce a net cash inflow of $4,000 in the coming year and $4,000 next
year. After that it will give up the ghost. You can replace it now with a new ma-
chine, which costs $15,000 but is much more efficient and will provide a cash in-
flow of $8,000 a year for three years. You want to know whether you should replace
your equipment now or wait a year.

We can calculate the NPV of the new machine and also its equivalent annual cash
flow, that is, the three-year annuity that has the same net present value:

rent1 ! 12.69, or $12,690

rent1

1.06
"

.81rent1 211.06 2 2 ! 21.00
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13However, if neither machine will be replaced, then we have to consider the extra revenue generated
by machine A in its third year, when it will be operating but B will not.

Cash Flows ($ thousands)

C0 C1 C2 C3 NPV at 6% ($ thousands)

New machine #15 "8 "8 "8 6.38
Equivalent annual 

cash flow "2.387 "2.387 "2.387 6.38



MÁS CONSIDERACIONES 

•  Valor residual de hoy es $8 M. 
•  Valor residual del próximo año es $7 M. 
•  ¿Cambia nuestra decisión? 



TIEMPOS ÓPTIMOS DE INVERSIÓN 

•  Bajo supuestos de certidumbre es muy simple. 
•  Se compara el VPN de la inversión. 
•  Ej: Forestal debe decidir cuando cortar los árboles. 
•  El precio de la madera aumenta con los años 

como se muestra a continuación. 
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oil or natural gas, and so on. These mutually exclusive options are simple exam-
ples of project interactions.

All of the examples in the last section involved project interactions. Think back
to the first example, the choice between machine A, with a three-year life, and
machine B, with a two-year life. A and B interact because they are mutually ex-
clusive, and also because the choice of A or B ripples forward to affect future ma-
chine purchases.

Project interactions can arise in countless ways. The literature of operations
research and industrial engineering sometimes addresses cases of extreme com-
plexity and difficulty. We will be content with two more simple but important
examples.

Case 1: Optimal Timing of Investment
The fact that a project has a positive NPV does not mean that it is best undertaken
now. It might be even more valuable if undertaken in the future. Similarly, a proj-
ect with a currently negative NPV might become a valuable opportunity if we wait
a bit. Thus any project has two mutually exclusive alternatives: Do it now, or wait
and invest later.

The question of optimal timing of investment is not difficult under conditions
of certainty. We first examine alternative dates (t) for making the investment and
calculate its net future value as of each date. Then, in order to find which of the al-
ternatives would add most to the firm’s current value, we must work out

For example, suppose you own a large tract of inaccessible timber. In order to
harvest it, you have to invest a substantial amount in access roads and other facil-
ities. The longer you wait, the higher the investment required. On the other hand,
lumber prices will rise as you wait, and the trees will keep growing, although at a
gradually decreasing rate.

Let us suppose that the net present value of the harvest at different future dates
is as follows:

Net future value as of date t11 ! r 2 t
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Year of Harvest

0 1 2 3 4 5

Net future value ($ thousands) 50 64.4 77.5 89.4 100 109.4
Change in value from 

previous year (%) !28.8 !20.3 !15.4 !11.9 !9.4

As you can see, the longer you defer cutting the timber, the more money you will
make. However, your concern is with the date that maximizes the net present value
of your investment, that is, its contribution to the value of your firm today. You
therefore need to discount the net future value of the harvest back to the present.
Suppose the appropriate discount rate is 10 percent. Then if you harvest the tim-
ber in year 1, it has a net present value of $58,500:

NPV if harvested in year 1 "
64.4
1.10

" 58.5, or $58,500



TIEMPOS ÓPTIMOS DE INVERSIÓN 

•  VPN de cada precio futuro. 
•  Tasa de descuento del 10%. 
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The net present value (at t ! 0) for other harvest dates is as follows:

138 PART I Value

Year of Harvest

0 1 2 3 4 5

Net present value ($ thousands) 50 58.5 64.0 67.2 68.3 67.9

The optimal point to harvest the timber is year 4 because this is the point that
maximizes NPV.

Notice that before year 4 the net future value of the timber increases by more
than 10 percent a year: The gain in value is greater than the cost of the capital that
is tied up in the project. After year 4 the gain in value is still positive but less than
the cost of capital. You maximize the net present value of your investment if you
harvest your timber as soon as the rate of increase in value drops below the cost of
capital.15

The problem of optimal timing of investment under uncertainty is, of course,
much more complicated. An opportunity not taken at t ! 0 might be either more
or less attractive at t ! 1; there is rarely any way of knowing for sure. Perhaps it is
better to strike while the iron is hot even if there is a chance it will become hotter.
On the other hand, if you wait a bit you might obtain more information and avoid
a bad mistake.16

Case 2: Fluctuating Load Factors
Although a $10 million warehouse may have a positive net present value, it should
be built only if it has a higher NPV than a $9 million alternative. In other words,
the NPV of the $1 million marginal investment required to buy the more expensive
warehouse must be positive.

One case in which this is easily forgotten is when equipment is needed to
meet fluctuating demand. Consider the following problem: A widget manufac-
turer operates two machines, each of which has a capacity of 1,000 units a year.
They have an indefinite life and no salvage value, and so the only costs are the
operating expenses of $2 per widget. Widget manufacture, as everyone knows,
is a seasonal business, and widgets are perishable. During the fall and winter,
when demand is high, each machine produces at capacity. During the spring
and summer, each machine works at 50 percent of capacity. If the discount rate
is 10 percent and the machines are kept indefinitely, the present value of the
costs is $30,000:

15Our timber-cutting example conveys the right idea about investment timing, but it misses an impor-
tant practical point: The sooner you cut the first crop of trees, the sooner the second crop can start grow-
ing. Thus, the value of the second crop depends on when you cut the first. This more complex and re-
alistic problem might be solved in one of two ways:

1. Find the cutting dates that maximize the present value of a series of harvests, taking account of
the different growth rates of young and old trees.

2. Repeat our calculations, counting the future market value of cut-over land as part of the pay-
off to the first harvest. The value of cut-over land includes the present value of all subsequent
harvests.

The second solution is far simpler if you can figure out what cut-over land will be worth.
16We return to optimal investment timing under uncertainty in Chapters 10 and 22.

•  Mejor años es el 4. 
•  Pero… 



DEMANDA VARIABLE 

•  Una empresa de comodities tiene dos máquinas 
productoras. 
•  Su capacidad de producción es 1.000 unidades 

por año c/u. 
•  Sólo hay costo de producción que es $2 por 

unidad. 
•  Durante otoño e invierno, las máquinas producen a 

toda su capacidad. 
•  Durante primavera y verano solo a su 50%. 



DEMANDA VARIABLE 

•  Se considera nueva maquinaria. 
•  Misma capacidad. 
•  Costo $6000 c/u y costo de producción $1 por 

unidad. 
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The company is considering whether to replace these machines with newer
equipment. The new machines have a similar capacity, and so two would still be
needed to meet peak demand. Each new machine costs $6,000 and lasts indefi-
nitely. Operating expenses are only $1 per unit. On this basis the company calcu-
lates that the present value of the costs of two new machines would be $27,000:

Two Old Machines

Annual output per machine 750 units
Operating cost per machine 2 ! 750 " $1,500
PV operating cost per machine 1,500/.10 " $15,000
PV operating cost of two machines 2 ! 15,000 " $30,000

Two New Machines

Annual output per machine 750 units
Capital cost per machine $6,000
Operating cost per machine 1 ! 750 " $750
PV total cost per machine 6,000 # 750/.10 " $13,500
PV total cost of two machines 2 ! 13,500 " $27,000

Therefore, it scraps both old machines and buys two new ones.
The company was quite right in thinking that two new machines are better than

two old ones, but unfortunately it forgot to investigate a third alternative: to re-
place just one of the old machines. Since the new machine has low operating costs,
it would pay to operate it at capacity all year. The remaining old machine could
then be kept simply to meet peak demand. The present value of the costs under this
strategy is $26,000:

One Old Machine One New Machine

Annual output per machine 500 units 1,000 units
Capital cost per machine 0 $6,000
Operating cost per machine 2 ! 500 " $1,000 1 ! 1,000 " $1,000
PV total cost per machine 1,000/.10 " $10,000 6,000 # 1,000/.10 " $16,000
PV total cost of both machines $26,000

Replacing one machine saves $4,000; replacing two machines saves only $3,000.
The net present value of the marginal investment in the second machine is $$1,000.

SUMMARYBy now present value calculations should be a matter of routine. However, fore-
casting cash flows will never be routine. It will always be a skilled, hazardous oc-
cupation. Mistakes can be minimized by following three rules:

1. Concentrate on cash flows after taxes. Be wary of accounting data masquerad-
ing as cash-flow data.

2. Always judge investments on an incremental basis. Tirelessly track down all
cash-flow consequences of your decision.

3. Treat inflation consistently. Discount nominal cash-flow forecasts at nominal
rates and real forecasts at real rates.
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Considerando tasa de descuento de 10% 



DEMANDA VARIABLE 

•  Mejor opción que la anterior ($30.000). 
•  Pero… 
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The company is considering whether to replace these machines with newer
equipment. The new machines have a similar capacity, and so two would still be
needed to meet peak demand. Each new machine costs $6,000 and lasts indefi-
nitely. Operating expenses are only $1 per unit. On this basis the company calcu-
lates that the present value of the costs of two new machines would be $27,000:

Two Old Machines

Annual output per machine 750 units
Operating cost per machine 2 ! 750 " $1,500
PV operating cost per machine 1,500/.10 " $15,000
PV operating cost of two machines 2 ! 15,000 " $30,000

Two New Machines

Annual output per machine 750 units
Capital cost per machine $6,000
Operating cost per machine 1 ! 750 " $750
PV total cost per machine 6,000 # 750/.10 " $13,500
PV total cost of two machines 2 ! 13,500 " $27,000

Therefore, it scraps both old machines and buys two new ones.
The company was quite right in thinking that two new machines are better than

two old ones, but unfortunately it forgot to investigate a third alternative: to re-
place just one of the old machines. Since the new machine has low operating costs,
it would pay to operate it at capacity all year. The remaining old machine could
then be kept simply to meet peak demand. The present value of the costs under this
strategy is $26,000:

One Old Machine One New Machine

Annual output per machine 500 units 1,000 units
Capital cost per machine 0 $6,000
Operating cost per machine 2 ! 500 " $1,000 1 ! 1,000 " $1,000
PV total cost per machine 1,000/.10 " $10,000 6,000 # 1,000/.10 " $16,000
PV total cost of both machines $26,000

Replacing one machine saves $4,000; replacing two machines saves only $3,000.
The net present value of the marginal investment in the second machine is $$1,000.

SUMMARYBy now present value calculations should be a matter of routine. However, fore-
casting cash flows will never be routine. It will always be a skilled, hazardous oc-
cupation. Mistakes can be minimized by following three rules:

1. Concentrate on cash flows after taxes. Be wary of accounting data masquerad-
ing as cash-flow data.

2. Always judge investments on an incremental basis. Tirelessly track down all
cash-flow consequences of your decision.

3. Treat inflation consistently. Discount nominal cash-flow forecasts at nominal
rates and real forecasts at real rates.
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DEMANDA VARIABLE 

•  Comprar una máquina nueva. 
•  Utilizar máquina vieja para suplir peak de 

demanda. 
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The company is considering whether to replace these machines with newer
equipment. The new machines have a similar capacity, and so two would still be
needed to meet peak demand. Each new machine costs $6,000 and lasts indefi-
nitely. Operating expenses are only $1 per unit. On this basis the company calcu-
lates that the present value of the costs of two new machines would be $27,000:

Two Old Machines

Annual output per machine 750 units
Operating cost per machine 2 ! 750 " $1,500
PV operating cost per machine 1,500/.10 " $15,000
PV operating cost of two machines 2 ! 15,000 " $30,000

Two New Machines

Annual output per machine 750 units
Capital cost per machine $6,000
Operating cost per machine 1 ! 750 " $750
PV total cost per machine 6,000 # 750/.10 " $13,500
PV total cost of two machines 2 ! 13,500 " $27,000

Therefore, it scraps both old machines and buys two new ones.
The company was quite right in thinking that two new machines are better than

two old ones, but unfortunately it forgot to investigate a third alternative: to re-
place just one of the old machines. Since the new machine has low operating costs,
it would pay to operate it at capacity all year. The remaining old machine could
then be kept simply to meet peak demand. The present value of the costs under this
strategy is $26,000:

One Old Machine One New Machine

Annual output per machine 500 units 1,000 units
Capital cost per machine 0 $6,000
Operating cost per machine 2 ! 500 " $1,000 1 ! 1,000 " $1,000
PV total cost per machine 1,000/.10 " $10,000 6,000 # 1,000/.10 " $16,000
PV total cost of both machines $26,000

Replacing one machine saves $4,000; replacing two machines saves only $3,000.
The net present value of the marginal investment in the second machine is $$1,000.

SUMMARYBy now present value calculations should be a matter of routine. However, fore-
casting cash flows will never be routine. It will always be a skilled, hazardous oc-
cupation. Mistakes can be minimized by following three rules:

1. Concentrate on cash flows after taxes. Be wary of accounting data masquerad-
ing as cash-flow data.

2. Always judge investments on an incremental basis. Tirelessly track down all
cash-flow consequences of your decision.

3. Treat inflation consistently. Discount nominal cash-flow forecasts at nominal
rates and real forecasts at real rates.
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