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Payback analysis, by far the simpler approach is needed to
evaluate certain investments. Life cycle sis tool, is
subsequently introduced and two methods of etail -- the
Present Worth (PV) method and Internal Rate of lso provided
on the types of benefits and costs associated with energy conservation investments and h'ow they
are affected by certain economic factors.

Life cycle economic evaluations, as will be discovered, depend upon numerous estimates and
assumptions. To the extent that most future benefits anå costs are tnknown, a high element of
guesswork is inherent in the evaluation process. It is important to acknowleáge tÑs uncertainty
and interpret results accordingly. The economic methods discussed below cãn serve a useful
Purpose, if care is taken to use.only the best available data. Small differences among competing
investments, however, are probably not critical and examination of non-quantifiable faclors niay bõ
more significant.
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PAYBACK ANALYSF

Paybáck analysis is perhaps the most widely used techniçe for comparing energy conservation
investments. It refers tô the time required for energy savings to recover oi "paybãckn the initial

primar ng a rapid turnover
ly unce ì,simple payback"
ded by . For example, an

,,I.L'äJ;,'."11:::å:l#'.ffi ä:1'å:'""1":i:å:
simple payback analysis is most usef ul for comparing investments that hãve f ew- annual benefits
and costs other than energy savings to consider. In actuality, the payback period will be somewhat
less than that calculated since simple payback analysis also neglects the afiect of future increases
in eneriy tates.

Compariñg enerty conservation investments according to simple payback is often desirable to give
a general idea of what energy savings might be in relation to initial cost. Typically, low cost
inveStments are associated with rapid payback times and high cost investments with longer
paybacks. However, shorter payback periods do not necessarily indicate the most economicaily
profitable investment since benefits or costs occurring after the payback period are not evaluated.
Ranking investlnents by true economic efficiency, requiring the use of life cycle costing methods,
would probably yield a slightly different order since the useful life of the investment is evaluated.
When one recotnizes the limitations of payback analysis, a list of energy conservation projects by
payback period can serve as a useful reference for prioritizing investments. Estimated paybacks
for typical home enerty improvements are provided in Table l.

An example of how simple payback may be used would be the comparison of attic and wall
insulation, both hàving similar useful lives and virtually no annual benefits and costs other than
energy savings to consider. A comparison is useful in this hypothetical case since its is assumed
the homeôwner is able to afford only one investment or the other. If the attic insulation costs $500
1nd saves $tOO tne first year, its payback is 5 years. If the wall insulation costs $lrOOO 

"nd 
t"u"t

StZ¡ tfre first year, its payback is'8 years. It may then be concluded that the attic insulation is a
better investment. Alllou.gn yearly savings are less (S100 vs. Sl25), the percentagerrreturn'on the
investmentis greater (100/500 = 20 percent versus 12511000 = 12.5 percent). Payóack analysis can

ne insulation for greatest savings. For example, a
lati ve $tZO the first year for a 6 year payback. Forit st only at the $500 level. fuch prioritizing is not
all els of attic insulation is not a good investment,

the most economicat p."Ë'.',, rirst. rr arrordabre,l,".TTi"'i:1ru'#iïî.t"ît" ri""åiìiîîå:1tJ:
types of energy conservation options.

An example of the limitations of payback analysis would be the comparison of an oil furnace annual
tune.uP with an automatic setback thermostat. The annual tune-up cost $70 and save SZO the first
year for a one year payback. Likewise, the thermostat may cost Sl00 and save $¡O tne first year
for a 2 year payback. According to these figures then, the tune-up offers greater savlngs. Vhile
tils is true for the f irst year onlyo the economics change considerably duringlater years.. Note that
the benefits of a tunÈup last only one year and that the benefits of the thõrmostãt may last more
than l5 years. Thus, the thermostat will pay for itself many times over compared to ihe tune-up
due to its significantly longer usef ul life. This fact is not accounted for by simple payback analysis
and points to the need for an analysis techniçe that is able to consider all benefiis and cost6 over
the useful life of an investment,
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Table l. Energ¡l Cor¡seryation lnvestment priorities

Irstall shower flow restrictor (often free
or low-cost from utilities).

Install gaskets behind electric outlet and
switch plates (often f ree or low-cost
from utilities).

LESS THAN 2 YEARS PAYBACK

Automatic setback thermostat (minimum
8 hour setback of lOoF).

Do-it-yourself weatherstripping.

Do-it-yourself caulking.

Do-it-yourself storm windows (.St /tiZ,
e.g., flexible vinyl glazing).

Sheetmetal fireplace cover.

Oil furnace annual tune-up.

Hot water tank and hot water pipe
insulation.

TVO TO FTVE YEARS PAYBACK

Attic insulation to R-30.

Underfloor insulation to R-19 (over
unheated spaces).

Furnace duct or boiler pipe insulation in
unheated spaces.

Do-it-yourself storm windows (. $l/ttZ,
e.9., rigid acrylic glazing).

Deit-yourself insulated window covers
(minimum R-3 and <S¡/tt4.

Low cost fireplace modifications (e.g., flue
top damper, inexpensive glass doors).

Passive solar design in new construction.

Solar heating of pools.

GREATER THAN FIYE YEARS
PAYBACK

Insulated wlndow covers (minimum R-3 and
>5s/ttzl'

Commercially installed storm windows or
glass.

Wall insulation.

IMMEDIATE PAYBACK:
NO COST ACTIONS

Lower space heating thermostat (at night
and whenever house unoccupied).

Lower water heater thermostat to l20oF.

Replace conventional oil burner with flame
retention burner.

Fireplace inserts and woodstoves.

Solar or wood domestic water heating.

Energy efficient appliances (especially
ref rigerators, freezers, and A/Cts).

Simple Pavback is assumed for the above calculations and refers to the initial cost of the
investment divided by the first year's energy savings. For discussion of payback's uses and
limitations as an economic criteria, see the appropriatJsection in the text.
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LIFE CYCLE COSTING

In response to this need, life cycle co d on alt
assoçiôted benefits ¿nd costs occurring th i.ncludesinitial cests pl.us the benefits and costs fe cycle
cos'ting n¡ethods are more difficult to use than pa is muchgreater. Unlike the speculative investor inte lue, the
homeowner is generally more concerned with long-term economic efficiency base.d on overall
ownership costs. Lif,e cycle costing methods providJthis evaluation tool.

Discqunting

The central aspect of all life cycle costing methods is a term known as 'rdiscounting.'r Discountingrefers to converting benefits or costs that accrue at different points in tirne to a t"ime equivalenibasis. Discounting is necessary to account for the inflationary nature of money, investlnent risk
and the amount of interest that may be earned as a result. For example, a dollar earned next year
is worth less than a dollar earned this year. To account for this diffäreÁce, future dollars rnust be
discounted by the anticiPated inflation rate before being compared to present earnings. Usually,
cash f lows are converted to equivalent present values. tney may also'b. .o,n"..ted ó equivatreÀt
future values at some future year or to equivalent annual valuei based on the useful life of the
investment. For use. in disco-unting formulas, present values are abbreviated as npr,r future values
3s trFrrr and annual values as 'rA.rl

d, expressed as a perce ect the investsr's tirne
which may correspond to nt opportunities. Whileire only a 5 percent ret a lO'percent return on
atever the rate selected ideratisn the fact that

snergy savings I'incomert is not taxable as is income from many other investments. Also it islecessary to distinguish between frnominal" and 'rreal'r discount rátes. Nominal rates include the:ffect of inflation whereas real rates do not.

{s an example, suPPose one has the opportunity to earn 12 percent on a typical financial
nvestment with taxable earnings. what equivalent discount rate could be used-io evaluate anon inves a 25 percent tax bracket, thet.are 25 percent. Thus one could inalls more to use real discount rates owsinflation recasted to average 5 per thenvestment, the approximate real discount rate to use would Ue 

-+ perèent, or the after tax ¡nterest'ate-(9 percent)minus the inflation rate (5 percent). More precisely, the rate would be 3.g percent,
>r (1.09/1.04 - l) lO0 percent.

)resent Worth Method

l'he Present Worth (PW) method, also referred to as the Net present Value (NpV) method., uses
fiscounting to convert cash flows associated with an investment over its useful life to ant the net
)

! -PresentJ riod and
(P), ther ressed mathematically:

P/F) F and
P/F) A,

P=(
P=(
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where F and A are known and p/F and p/A dependlife. Discount factors may be mathematically calc
tables such as appear at the back of this fact sheet
comparing a conservation investment to the base lin
project I €.9.r energy savings, may simply be compa
Present worth in excess of the initial cost would then indicate a profitable investment. The pw
method is determining the optimum investmänt amount when various levelsof related s are being consiàeredr ê.8.r R-19 veisus R-30 attic insulation.However, investmenti as with tne inieinal rate ãf return metnol, aìscussedin the next section.

, the following sample problem will be useful.
g oil burner be replaced with a flame-retention

imated to.be ll percent at a cost of $600. Is
ng bill ot $:00, a 15 year useful life and an gt rate is normally selected based on the investorrsindividual preference but for present purposes has been chosen arbitra eincreases, the enerçy^savings each year, in real or constant dollars (e Ipercent of $500, or $:0. If a"nominal'discount rate were used, the ãneigy dhave to be escalated to remain consistent.

Referringto-Table4FrtheP/AfactorforadiscountrateS=8percentandatimeperiodn=15
years is 8.559. Then the present worth of the annual savings,

p = (p/A) A = (8. jj9) Sjj = S4zl

7L-
'i'ä
ent.

so affect the overall economics, such as lower
han the averate inflation rate.

Acc.ordingly, this problem might be
mo{1ti9O. Suppose the annual heaiing billis $700, and it is estimated that fuel
prices escalate at a real rate (above infla-
tion) of 2 percent per year. In this case,
the overall time period and discount rate
remain as before but the annual benefit is
I I pelc_ent of SZOO or $lt. Furthermore,
this S77 is escalated each year at a rate
of 2 prercent. Rather than calculating the
benefit ,each year and multiplying each
number by the appropriate p/R facior and
summing the resulting present worth
amounts, a simpler method is possible.
For a present benefit (or cost) that is
assumed to escalate at a fixed rate
throughout the time period, a ilp/A*r'
discount factor is used that accounts for
such changes. These factors are also
given in standard tables for various
discount and escalation rates (Tables 5A _
5H). Escalation rates, also expressed as a
percent, are abbreviated as re.rl
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Rele_rring to Table 5F, for i.= E percent, the p/A* factor for n = 15 years and e = 2 percent is9.7E7. Thus the present worth of the annual savings in this case, -- ¿ -

p = (p7¡*¡ A = (9.z&l) 577 = 57 j4

and comoared to the initial investment of s6oo results in a positive net present worth (szr -
59oo - *$t r+) and is therefore a good investment earning better than g percent higher than the rateof inflation. This problem also demonstrates how the overall economics of certain ihvestmentsmay be significantly altered by relatively small changes in oners initial assumptions.

Internal Rate of Return Method

As demonstrated above, the Pw method calculates the economic worth of an investment based on apreselccted discount rate. The actual'rrate of returnrr of the investment is not known except thatit may fall above or below the assumed discount rate. Rate of return is defined above or below ttre
assumed discount rate. Rate of return is defined as the inter
for wNch discounted life time costs and savings are equal and
The Internal Rate of Return (IRR) method, alå referred to as
Rate of Return (RoR) method is used to determine the actual rate of return on an investment by astructured Process of trial and error.. It.is particularly useful for evaluating conservation projectsof different useful lives.competing for the ðame budgét where the opiimat s"ize or e.cn f.oject hasalready been determined.

costs and another sample problem will serve to
hort payback conservation projects have already
n is being considered in addiúon to the flame_n. The insulation is estimated to cost $aOO witfr

IRR mcthod, the rate or return or each investmen,i#i:t it3åfJ;::î.1frL'r3J."*'' usins the

To begin the trial and error method, a discount rate near the expected rate of return is selectedand net Present worth calculated as above. A positive present worth indicates a discount rate thatis too small and negative value one that is töo large.' Successive rates are selected until a netpresent worth of zero is bracketed by two ratesl At this point, the actual rate of return
must be estimated by a process known as
a fractional amount. The fiaction is obtained

m of both positive and negative values (no minus
ion by the difference in the two rates. Finally,

Assuming a constant annual benefit of lO percent of S5oo, or $50, a real discount rate of 6 percentis chosenfirst. Vith A = S5O, i = 6percent,and n = 30y"a.r,anAíeterringtoTable 4E,
p = (p/A) A = (13.7t) Sjo = 5689for a net Present worth of $ssr - $goo = -Slll. since'this i; netative, a smaller discount rate isneeded. Choosing 4 percent, and referring to Table 4C,

P = (P/A) A = (tt.z9) S5o = 5865for a net Present worth of Ss65 - S80o = +$65. sin< e this is positive, the actual rate of return mustfall somewhere between 4 percent and 6 percent. To interpolate tNs rate,
the rrfractional amount,, = 651ß5 + lll) = 0.37,
therrratedifferencerr = 6percent - 4percent = 2percent
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and the internal rate of return is thus,

4 percent + (0.77) 2 percent = 4.7 percent.

The flame retention burner may be evaluated in the same way. with A = $55, i = 6 percent, and n =l5 years (Table 4E),

P = (P/A) A = (9.71) g:r = grl+
for a net present worth of si34 - $eoo = -s66. choosing 4 percent (Table 4c),

P = (P/A) A = (ll.l2) Sr5 = 5612for a net present worth of 5612 - Sgoo = +Sl 2. By interpolating, the actual rate of return iscalculated as above,

4 percent + (121lJ2 + 66)) (6 percent - 4 percent) = 4.3 percent.

Although the insulation yields_a Ngher rate of return, it must still meet the investorfs minimumacceptable rate of return. If the minimum 
".c"pt.Lle rate is l-p"."unt, neither ¡nvestment isjustifiable and other alternatives should be investigåt9a, Likewise, if inã rini.u. 

".."ft"ut" ."tuis 4 percent' both investments could be made p.o rid"d that f unds are available.

To summarize this analysis, the insulation invest
annual savings than the new bu
Another way of explaining this
for as long as the insulation, a
its economic appeal. It should
comparable rates of re versus 4
may provide informatio ly influel
example, if the oil bu need a replacement in several years anyway, then theincremental cost of a burner ouä. . conventional burner could be used forevaluation purposes rather than its full cost. It is likely that the bu;nãr investment would provepref erable under these circumstances.

DETERUINING BENEFITS AND COSTS

As shown in Table l, homebuilt storm windows have a payback of two to five years compared tocommercially installed units with a payback of five to twenty years. Does t6s fact make thehomebuilt windows a better investment? It is imo
cost comparisons of energy conservation in
values assigned to benefits and costs. F
quantifiable and able to be included in the econo
windows are more ttattractiver to the buyer,
attempt to introduce the many kinds of 

-ben

conservation and how they may be affected by var

Investor Perspective

From the investor,
the n and initial oassoci n, maintenan
major quantifiable,
appearance, and feelings of independence, sec
above is a good example of how indirect ben
homebuilt storms will save as much energy asfeatures of the more expensive designs may out
value of a residence may also bè an impor
investments.
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Recional Persæctive

The Northwest Power Planning Council now
recognizes conservation as the preferred
alternative for meetint increasing electric power
demands, due to its significant cost advantage.
The direct benefit of conservation to the region
then is lower enerty prices for all users E¡s Ngher
cost power is subsequently avoided. Indirect
benefits of conservation to the region primarily
include improvements in environmental çality
from reduced use of thermal generation, and
stimulation of numerous local economies involved
in the enerty conservation and home improvement
markets. Possible indirect costs of certain
conservation actions relate to building aesthetics
which may negatively affect some individuals or
communities. PERCENT OF INCOÍì/G SPENT Ott EtGRcY
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Factors Aff ectins Benef its and Costs

Of many economic factors affecting benefits and costs used in life cycle costing techniçes, the
most obvious perhaps are the discount rate and time period of evaluation. Aiobserveb in th.
sections describing these techniçes a higher discount rate and shorter economic life adversely
affect the present worth of an investment while a lower discount rate and longer life will show
improvement. The selection of a discount rate is normally guided by the lõvel of return on
alternative investment opportunities or the cost of borrowing moñey. Higher discount rates may be
suitable for high risk projects or to account for the fact that conõervation investments are
generally less "liquid" (easily cashed out) than other investments. Risk may be treated in other
ways' such as basing benefit and cost estimates on probabilities of occurrence or incorporating
contingency cash flows. It is important that fuel escalation rates and cash flow estimaies thai
inflate over time be consistent (real or nominal) witn the discount rate chosen.

The selection of a time period of evaluation is based either on the useful life of the investment or
f the investor. "Useful" life refers to the time period during
is able to provide enerty savings. 'rEconomic'r life, often used
the time period that the investment remains the least costly

means of providint a Particular conservation saving. In practice, usef ul life is easier to predict anã
is more often used. If the investor's interest in a conservation application is limited to ihe planned
time of occupancy or' as with a speculative building, to the time period between initial property
development and resale, the time period of eval.¡ation may be much shorter than the inveitment,s
useful life. In such cases, long terrn conservation benefits to society are usually foregone, as rnany
new homes and buildings are still built with insuff icient regard for energy conservatioñ.

Other important factors affecting benefits and costs are financial incentives and salvage values.
Financial incentives offered by a variety of government and private sources may reduc.-tn. initial
cost of a conservation investment siSnificantly. Cash grants are available from various utilities for
residential solar hot water heatinq_systems. A trial iwo year market incentive protram initiated
by BPA in 1985 offers rebates of $200 or S¡OO fcr residential installations of either-solar or heat
PumP water heaters in selected counties and Public Utility Districts throughout the region. Tax
incentives include a federal program of tax credits for conservation añ¿ alternatiüe er-ìergy
investments (due to expire aftei l9S5). Property tax exemptions and liberal depreciatiõn
allowances for conservation investments also serve to reduce annual tax obligations. Low interest
loans and loan buydowns, sometimes available from lending institutions, utilities, or public
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assistance Programs, result in reduced. borrowing cost. Energy conservation investments that areuneconomical without financial incentives may -become cost ãf fective if subsidies 
"." iÃ.iu¿ed inthe economic evaluation.

salvage value is the. y?lue of a capital.asset remaining either atthe end of its useful life. It may be determined by e"st¡mati hecost of removal, whenever the asset ceases to be ðvaluated
being compared to a new one that would replace it, the cur ;:existing investment may be subtracted from the first cost of the new alternative. A home orbuilding utilizing ener8y conservation investments at time of resale will only provide salvagebenefits to the seller if the remaining energy savings contained in the investment can be reflectedin a higher resale price, or if the coniervatlon deviães can be removed and sold or used in anotherlities are uncertain, it is often difficult to estimate salvaße value

The importance of salvage value pertains particularly io shortwith a long useful life. In most cases, when the usefuí life of an
s will be minimal.

lues applies to most cash flows that occur in the

Sensitivity analysis tests the responsiveness of ec
discount rate, time horizons or fuel price escalati<
costs based on their expected chance of occurrence. These techniçes are not generally necessaryfor making home energy conservation investment decisions.

PERGENT OF RESIDENTIRL GUSTONERS I n uñsH.

NEG. 0-5 5- lO lo- 15 t5-20 20-30 30_40 %

M00rr coNstRuRTt0N STRNoRßoS (MCS)
CONSUMER TCONÍIMICS - INTERNRT ßRTT OF RETURN

PROBLEM #I _ SOLAR VATER HEATING
Assume that a homeowner will need to-replace an aging conventional water heater soon and wouldlike to compare a new efficient electric ñeater witË an active solar water heating system. Thehomeownerrs situation is as follows:
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o Present hot water use -- 80 gal/day (heated from 50F to l30F)
ó Present cost of electricity -- S0.045/kWh (forecasted to escalate at 2 percentl¡rear in

real terms)
o Solar availability -- with roof mounted collectors, location is favorable (as deterrnined by

solar site survey)

Ê,lect ¡ic hcating description:

o Initial cost -- 53OO (instaile¿)
ô Expected useful life -- l2 years
o Overall efficiency -- O.90 (including standby losses)
o First year oPeratint cost (electricity) -- $2S5lyear, calculated as follows:

04t3 Btu/kwhX0.e0)
o Replacement/repair costs -- new heater in l3th year @ $aOO (present value)
o Maintenance costs -- drain/flush tank once per year, 3 hr/yr @ StO/nr = SlOlyr

Solar heating description:

o Initial cost -- 54,¡00 (installed); federal tax credit -- 40 percent (54,500) = $lr8OO¡ utility
rebate -- Sroo

o Net irritial cost -- $2,+OO
o Expected useful life -- 25 years (collectors, piping)
ó Overall efficiency -- designed to meet 60 percent of hot water needs on an annual basis(with baclrup heating provlded by single eiectric element); circulating pump consumes

approximately 400 kWh/yr or 6 percent of total demand for net electric äispiacement of
.54 percent.

o First year operatint cost (electricity) -- with 54 percent savings, 0.46 (528j) = Sl Sllyro Replacement/repair costs -- new storage tank in l3th year @ $¡OO (piesent value)í n"ru
PumP and controls in 8th and l6th years G S2OO each (present value)ó Maintenance reçirements -- drain/flush tank once per year, 3 hrlyri inspect, clean,
maintain collectors once per year, 3 hr/yr @ $lO/hr = SgO/yr

To compare these two alternatives, the homeowner has decided to use the PW method to
determine whether the incremental expense of the solar system is economically justified by its
annual sa.vi.ngs. An evaluation of incremental values is necessary since only the iolar unit saves
energy while the electric unit serves money spent
might also be..invested in other long- percent inte
Percent real discount rate is selected term ayerate
time period of evaluation selected is seful life oI
Both electric and solar storage tanks will require replacement halfway through this period (during
the l3th year). . After 25 years, it is assume¿ itl components oi Uotn lyst..t will requirõ
replacement and therefore no salvage values are included.

A summary of cash flows for both electric and solar heating systems, plus incremental values and
present worth calculations are given in Table 2. Note that net presènt worth is determined by
summing the individual equivalent present values of each cash flow under consideration. Since the

e solar water heating system rnay be considered a good
ers selected, earning better than a 4 percent real rate
In cases where the economic returns are rnanginally

tment could be examined as well.
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Table 2. S.¡mmary of Cash Flows and present
Yorth Calculatior¡s - Solar Vater

Heating problem lt
Cash Flows

Initial Cost
Annual Amounts (A)

lncremental
Value

Present
Worth Factor*

Equivalent
Present Value

Operating Costs
(escalating)

Maintenance Costs

Future Amounts (F)

Replacement/repair
costs (yr 8)

Replacement/repair
costs (yr l3)

Replacement/repair
costs (yr l6)

Net Present Worth

Replacement/repair
costs (yr l5)

Salvage value (yr 201
Net Present Worth

285
30

l3l
60

200

200

500

$-2, too

154
-30

-200

-200

-200

1.00

19.61
15.62

5-2, too

0.73t

0.601

0.534

31020
-469

- t46

-t20

0

0

300

*To locate the appropriate Present Worth Factors:
Ço¡.ve1t1ng flom Tlyal amounts, the P/4* factor for i = 4g6, n = 25 years and e = 2% is found inTable 5c and the P/A factor for i =. a! 

-a¡d 
n,= 25 years is found in îable 4C. converting fromfuture amounts, the P/F factors for i = 4% and n = g; l3 and te yeaü arã atso found in Table 4C.

Table 3. Sr¡mmary of Cash Flows and keser¡t
Vorth Calculations -- yood Vater

Heatiry Problem 12

Cash Flows

S -too

Incremental
Value

Present
Worth Factor*

Equivalent
Present Value

Initial Cost
Annual Amounts (A)

Operating Costs - Elect.
(escalating)

Operating Costs - Wood
Replacement/repai r costs
Maintenance costs

Future Amounts (F)

10 5
0
0
0

6l
220

20
100

200
-t33

S -too

244
-220
-20

- 100

1 ,000
-667

I .00

16.44
t2.46
t2.46
t2.46

4,011
-2,741

-249
- t246

11200
-800

0. 4El
0.377

*To locate the appropriate present Worth Factors:
Ço¡.veltlnSfloTa¡luafamounts,theP/4*factorfori=5g6,n=20yearsande=3%isfoundinTable 5D and the P/A factor for i =.5%_1d n = ZO yè"., is found in îable 4D. Converting fromfuture amounts, the P/F factors for i = 5% and n = 15 and 20 years 

".u "iro 
found in Table 4D.
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is important to realize that the above problem
intended to demonstrate use of the analytical
alternative water heating systems, in the actual
nomic analysis factors plays a critical role in
mic in any particular situation. For example, solittle as removal of the utility rebate in the above case would result in a negative net present

worth.

PROBLEII #2 - VOOD SPACE FIEATING

Assume that an owner/builder is designing ? new home and would like to compare electric space
heating with a woodstove installation. The design conditions are as follows:

o Heating requirements of house -- 8200 kVh/season (based on lj00 ft built to l9g0 code
standards)

o Present cost of electricity -- $O.Of:/kWh (forecasted to escalate at 3 percent/year in
real terms)

o Present cost of wood -- SlOO/corO (forecasted to rise at the general inflation rate)

Electric heating description:

o Initial cost of system -- $t,ZOO (instalted)
o Expected useful life -- l5 years
o Overall efficiency -- 1.00
o First year operating cost (electricity) - $305lyr Cgzoo kwh x So.o¡¡ltwn)o Replacement/repair costs - entire syst€m replaced in lith y".i 6 Si,ZoOip..runt value)o Maintenance costs -- none
o Salvage value of replacement system (yr 20) - SEOO (2ß lrif.e remaining)

Wood heating description:

o Initial cost of woodstove (including chimney and hearth) - SllO0 (installed)
o Expected useful life -- 20 years
o Overall efficiency -- O. .5O

o Initial cost of baseboard backup -- 5200 (installed)
o Expected useful life -- 15 years
o Overall efficiency -- 1.00
o First year ope_rating cost (wood) $ZzOlVr (to meet gO percent total heating

requirements = 2.2 cords)
o First year operating cost (electricity) -- Sgl/yr (to meet 20 percent of total heating

requirements)
o Replacement/repair costs --. woodstove, $20/yr (miscellaneous repair); electric unlts

replaced in lith year @ $ZOO (present value)
o Maintenance costs -- 2 woodstove cleanings per year @ $lo ea = $too/yro Salvage value of replacement heaters (yr 20) -- Sl?3 Qþ life remaining)

return of l0 percent
return of 5 percent

;ili:i:"ì:Ti:ï:i:*:
i nvest m ent based ón t he eco nom ic p". u..t"?l-3JiJi;.ä,"".t;. ltïJ
Investments in homes t¡"J incorporate conservation measures miy be evaluated in another way,however. Since most of the cost is financed, the IRR of the invesiment may be based on the down
payment. In this case, home appreciation is the main concern.

I ¿



As previously mentioned, the intent of these problems is merely to demonstrate the use of lifecyclg costing techniques. The numerous individr al and subiective factors that are inherent to theproblemrs solution make it impossible to generalize conceining the outcome of similar economicstudies.

It is interesting to note how much information is
Table 3. For instance, the cost of wood is much(52,741 versus S4,Ol l) yet maintenance of the
savin-gs. Also, a slight economic advantage re
equal to the difference in replacement, le'ss sa

me consuming and often laborious
his indirect cost in the evaluation
hand, the overall benefits of wood
c water heating were included. In
other alternative enerty systems,

SUMMARY

More useful than simple payback analysis, life cycle costing methods offer the opportunity toevaluate ener8y conservation investmeñts 
'based 

on overall ãconomic efficiency. pw and IRRcalc ,p benefits and costs as well as the time value ofmon
futu
fact
differences in returns o-f I to 2 percent among
against each other or a fixed minimum rate of r-e

Both the PW and IRR methods are similar in t
equivalent time basis, typically present values.
profitability of investments to à fixed rate of
method solves for the actual rate of return by
present worth of zero. Due to this difference,

Present Worth:

o Determines the optimum level of related (non-mutually exclusive) conservationinvestments
o Determines if minimum acceptable rate of return is meto simpler to compare investmehts of egual useful lives

Internal Rate of Return:

o Able to rank mutuaily exclusive investments competing for fundso Deterrnines actual rate of returno Easier to compare investments of variable usef ul lives

understand both and how they are interrelated.
roach to making sound economicf one's estimates- and assumptions.
included.
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wr¡tten by Jack ßrautigarn. lllustrations by Rudi Fyles and Mike Nelson.
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Electr ic
Eeating

Cash Flows

SoLar
Eeating

fncremental
Val-ue

Present
ttorth Factor*

Equivalent
Present Value

fnitial Cost $ 300 S 2400 S -2100

(yr
(yr
(yr

Ànnual Èaounts (À)
Operating Costs (escalating)
llaintenance Costs

Future Amounts (F)
Replacenent/repair costs
Replacement,/repair costs
Replacenent,/repair costs

Net Present l{orth

Table 2.

r To locate the appropriate present Worth FaConverting from annual arnounts, the p/¡* t
Table 5C and the p/À factor for i=4$ and nfuture amounts, the P,/F factors for i=4t a

ctors:
actor for i=4t, n=25 years and e=2t is found in
=25 years is found in Table 4C. Converting fromnd n=8, 13 and 16 yeara are also found in iabLe 4C.

8)
13)
16)

285
30

0
0

300

131
60

200
200
s00

154
-30

-200
-200
-200

1.00

19.61
15.62

$ -2r00

3 020
-469

-14 6
-120
-107

$78

0.731
0.601
0.53¡l

summary of cash Flows and present l{orth carculations -Solar Water Eeating problen 11.



Electr ic
Beating

Cash Flows

Itood
Eeating

Incremental
Value

Present
florth Factort

Equivalent
Present Value

Initial CosÈ

An.nual Amounts (À)
Operating Co6ts - electric
(escalating)
Operating Costs - wood
Replacement/repair costs
ltaíntenance costs

ä Future Anounts (Fl
Replacement/repair costs (yr 15)
Salvage value (yr 201

NeÈ Present Worth

$ 1200 $ 1300 $ -r00

305 6l 244

0
0
0

220
20

r00

200
-133

-220
-20

-100

1000
-667

1.00

16. {{
12.46
12.46
12. t6

0. {81
0.377

$ -r00

l0tl
-27 lL

-249
-L246

t81
-251

1200
-800

$ -9s

* To locaÈ,e the appropriate Present llorth Factors:
Converting from annual amounts, the P/¡* factor for i=5t, n=20 years and e=31 is found inTable 5D and the P/A factor for i=5t and n=?0 years is found in Table lD. Converting fromfuture amounts, the p/f facÈors for i=5t and n=15 and 20 years are also found in Table 4D.

TabLe 3. Sumnary of Cash Flous and Present lrlorth Calculations -
Ilood Eeating Problem 12.



TABLE 4A

2% Discount Factors
TABLE

3% Discount
4B

Factors
Cotopoond

Aooo¡l
Frctor
F/P

hcrcnt
Woít
P¡ctor
P/F

0.9E0¡l
0.9612
o.9471
0.923E
0.9057

0. tu3
0.7tr5
o,77)O
o.7s79
o.7430

o.72t4
o.7142
0 .7002
0.6t6¡l
0 .6730

o. 659t
0 .646t
0 .6342
o.62t7
0, ó{xr5

.530ó

.5202

.5 100

.5000

o.4s29
0, ¡1102

o.t7t,
0. 336J
o.30aE

o.2761
0.2500
o,2265
0.205t
0. rrJt
0.tóE3
o . t524
0. llto

llblil¡:
Po¡d
Frclc
AIF

r .000 00
0.495 05
0.3267s
o.212 62
o.192 16

0. t5t 53
0.13451
0, n6 5t
0. t02 52
0.(x)t 33

0.0r2 tt
0 . O7¡l 56
0.0ót 12
0.062 60
0.057 t3

0.053 65
0.u9 97
0.046 70
0 .0¿f3 7E
0.ut t6

o .03t 7t
0.036 63
0.03a 67
0.032 t7
0.03t 22

0.023 6()
0.022 6t
0.02r 69
0 ,020 t2
0.020 ü)

0.oo7 63
0 .006 67
0.00J t6
0.005 t6
0.üx56

Clpltrl
Rccovcry
Frc{c
AIP

I .020 00
o.5r505
o.31675
0.262 62
o.212 t6

0. t7t 53
0. r54 í
0. t36 5t
o.t22 52
0. il1 33

0. r02 rt
0.0!l¡l 56
0.ort t2
0.0t2 60
0.077 t3

Coapotnd
Anool
Prctd
FIA

LH
Waù
Frclc
PIA

o.9t0
t.942
2, tEa
3.t08
1.71t

9.7t7
t0. t75
ll.34t
t2. 106
t2.u9

20. t2t
20.707
2t.2tt
2t.t11
22.t96

22,9tì
2t.ß
23 .9t9
21.1y)
2a.wÐ

tt.a2a
lt . t7s
t1.761

t6.t97
t7 .499
,t.677
t9.7a5
ß.?tt

Compmrd
Amo@l
Frctor
FIP

hcacl¡f
Worth
F¡clor
P/F

Frc{c
AIF

Ceplbt
Rccorcry
F¡ctr
AlP

o,s22 6t
0.353 53
0. 269 0l
0.2t I 3J

0. I t/t ó0
0. t60 5t
o.142 16
0. l2E ¿13

0.1t723

o. t0t 0t
0.t0046
o.094 03
0.08t 5l
0.0t1 77

0.079ót
0 .075 95
o .o727 t
0.069 t¡
o.067 22

o.wt7
0 .062 75
0.060tt
0 .059 05
0.057 a3

0 .055 9a
0.0J4 5ó
0 ,0J3 29
0.052 il
0.05r 02

0.050 00
0. (X9 0t
o.(Xt ¡6
o.u7 32
0.(X6 5,1

0. O¡ll 2ó
o .040 79
0.ott t7
0.037 35
0.03ó t3

0.035 I5
0.014 3¡l
0 .0t3 67
0.ol:l il
0.012 ót

0. 012 26
o,03l 93
0.0r I 65

Coo¡cd
A.rot
Frclq
FIA

lh¡c¡
Wc'Ê
Frla
PIA

0.97t
L 9tl
2.t29
t.7t7
a,sEO

sHç
Fuod

tr t tt

2
3

a
5

I
2
3
a
5

t .0200
I .0404
I.06r2
I .0E24
l . t041

l.mo I
2
3
a
5

I
2
3
a
3

t.0300
I .0ó09
t,0927
| .125s
I . 1593

I . lt42
I .4258
I .4685
t.5t26
I ,55E0

| .60¿17
l. 652E
1.7024
t.7535
I . t06l

L E603
t.9t6l
| .9736
2.O32E
2 .093t

2.1566
2.2:¿ß
2.2t79
2.1566
2.427t

2.5001
2.575t
2.652t
2.7tt9
2.Elt9
t.2620
3 .7Er6
4,1t39
J .0t2¡
5 . E9t6

6. ttoo
7 ,9t7E
9 , t7E9

to.ó409
t2.3357

t4.3005
t6.57t2
t9.2tt6

0.9709
o.9426
0.9151
0.8rr5
o.t626

I .üþ 00
o.492 6l
o.32t 53
0. 239 03
0. ttE 35

0, l5¡l 60
0. t-10 5l
o.ll2 46
0.(DE 43
0. ot7 23

0. o7t 0E
0 .070 46
0.064 03
0 ,05t 53
0 .05:t 77

0.(X9 ót
0.045 95
0.o427t
0.039 tl
o.o17 22

0, Ol¡l t7
0. 032 7t
0.030 il
0.029 05
o.o27 lt

.o23 29

.o22 lt

.ozt 02

0.020 00
o.o19 05
0.0tt t6
0.0t 7 3z
0.016 54

0.0t3 26
0.0 l0 79
0.oot t7
0.007 35
o.æ6 t3
0.005 t5
0.üX 3.1
0.003 67
0.ool I I
0.æ2 65

¡.mo
2 .010
3,09t
.l.lta
5.309

r2,tot
l1 .192
l-f .6lt
t 7 .086
It.5e9

20 . t57
2t.?62
23 .1t4
25 . tt7
26.t70

It.55l
40. 7 IO
12.9tt
45.2t9
47.575

J0. (þ3
52.501
5J . O7t
57 .1tO
@.162

7S.40t
92,720

t 12 .797
t36.O72
t6l.o53

l94.tt3
230. 59¡l
272,6tt
32t .36t
377 -t57

43.ta9
stg.272
607.ztt

030 00 I
2
3
a
5

020
0ó0
122
2U

t94t
2299
266E
304t
3439

t,óot a
6.172 1
7 .t2S I
t.162 )
t.9t3 la

tt
It
It
la
t5

17.0t I 2t
t7.65t ,,
tt.292 2:t
rt.gta a
t9.52t 

'3

20.mo
20. 389
20.766

42.t79
44.227
16.1t2
4t .0t4
19.vr1

51t2t176
Et45
9222
9ffi7
9999

13.5?t ra
11.292 t7
t..992 ll
rJ.67t 1'
16.35t ta

0.073 65
0 .0,69 97
0 .06ó 70
o.063 ?t
o.06¡ l6

lJ\¡

a
I
t
)

l0

1t
t2
r3
ta
t5

1.1262
t . t4E7
L t7l7
l. r95l
t.2r90

0. t8E0
0. E706
0. 1535
0. E36t
0. t203

I .2434
| ,26t2
1.2936
I.3t95
I .!159

| , 372t
1.4û2
t.42t2
I . ¡156t
I ,4t59

I .5t57
r.J4@
t.s769
I .60t¡l
I .64{)6

t .6714
I .70ó9
l.74to
1.775t
t.Eil4

2.20t0
2.4t79
2.6916
2 .97 t7
3 .2tt0
,.6225
3 .999ó
4.415t
1,t751
t.3t29

5.91tt
6 .5617
7 .2446

0. 05t 7t
0.056 6t
0. OJ¡l 67
o .o52 t7
o.ost 22

6.30t
7 .1t1
t.5t3
9.755

t0. 9J0

12.169
tt.at2
l¡l .6t0
t5.97a
t7 ,291

It.639
20,0¡2
2t.4t2
22.t11
21.297

25.7t3
27 .299
2E. t¡15
to..22
32 . OtO

û.42
7t.e9t
4a.579
9t. tt7

I ta .0t2

tlt,t26
ta9.97t

a
7
t
)

l0
tt
l2
It
la
t5

ló
17
It
t)
20

2t
22
23
2a
23

26
27'2t
2)
3a

3l
32
3t
3¡a

35

a
a5
5a
53
ata

a5
7a
73
ta
t5

)a
)s

t0o

0. E375
0.Et3r
o,7t94
o.7664
o.7441

o.7224
0.70t4
0.6Eto
0.66r I
0. 641 9

0,62t2
0. ó050
0. 587,1
0.5703
o.5s37

o.46t7
0 .4502
o.4371
o.424t
0.4t20

0.4000
0.3EE3
0. 3770
0.3óó0
0.155¡t

0. 3066
o.2u1
o.22t1
0. t96t
0. t697

o,tlu
0.t26t
0. toE9
0.0940
0.ott I
0.0699
o. 0603
0.0520

6
7

t
t0
l¡

s.117 a
6.2t0 7
7.020 t
7.7t6 )
t.530 la

¡l6t
662
r92
159
1U

ló
t7
It
l)
2a

n
lt
ll
la
r3

ta
l7
tt
It
2a

tl
,,
2!
2a
23

ú
t7
ta
t){
tl
32
3t
L
t5
..
a5
50
35
aa

at
7a
7t
!a
IJ
,a
)g

taa

9.251
9.95a

t0. ó1J
l t .29ó
I r .9lt
t2,561
¡3. 16ó
t 3 .7_r4
t4.t24
t1,t77

15,¡llt
l5,937
t6.ua
ló.91ó
17.¡lll
t7 .t77
tt.127
It.7ó4
r9. ttt
t9.ófi)

2t.lt¿
2t.at7
2t.lts
24.5t9
25.7tO
26.77a
27 .676

2a,a't
29.t2t
29.702
lo.20t
30.ó3t

2l
22
2t
A
23

2a
.27
2t
2)
3a

3l
32
33v
3S

,O
a5
5a
3S
a
ó3
7a
73
æ
t5

,
,5

laa

0,5t75
0.52t9
0.5067
0.49 r 9
o.4776

28,676
10.517
32 .4St
34,426
16. a59

0
0
0
0
0

0
0
0
0
0

0.029 70
o.ú28 29
0.0269í)
0.025 7t
0.02¡l 65

5976
5659
574¡.
563 I
5s2t

0.0t6 56
0.0t3 9l
0.0il t2
0.0101¡t
0.00t 77

0.ø9 70
0.üt 29
0.u6 99
0 .04J 7E
o.üt 65

0.o24 05
0.023 60
o.o2t 20

o.u3 60
0.ü2 ó¡
0.04t 69
0.(X0 12
0.(X0(x)

0 .036 56
o.0t3 9t
0.03r t2
o.030 ra
o .o2t 17

o.o27 6t
o.026 61
0.025 tó
0.025 ¡6
o.o21 56

2a
27
n
,t
ta

tt
tt
!3
ta
t5
a
as
t.
35
0
6
?a
7S
L
¡s

27.ts'
29.axt

t3.671
15.t4
37 .05 r

tt.792
().56t

0
o
o
0
0

o25 94
o24 56

t70.792
tgt .772
219.tl1

o.ú226
0.00t 93
0.00t 65

247.157 at.5t7 
'27t .ú5 .2 .3t0 )3

ll2.2t2 ¡33.09t lI
0.üx 05
0.003 ó()
0.æ3 20

3r.(x)2
3 l .321
3t.t99



TABLE

4% Discount
4C

Factors
TABLE 4D

596 Discount Factors

n

Cmpod
A¡oret
F¡ctd
F/P

hra.rt
Wo,rll
Fr<lor
P/F

0.6¿96
o.6246
0.6006
o .5775
0 . 5553

0.5319
0.5r34
0 . ¿1916

o.4746
0 .4564

Úh¡
Frd

FæúÇ
AIP

0. rJ076
0. t26 6t
o. tot 53
0.094 49
0.0t3 29

0 .07¿l I J
0.066 J5
0.0óo t4
0.054 ó7
0 .049 94

0 ,045 t2g,u2 20
0.03t 99
0.03ó r¡l
0.033 5t

o.o22 57
o,o2t 24
0 .020 0¡
0.ort tE
0. ol7 E3

CrtH
letovctT

?¡caú
Att

r.ilo(n
0. 530 20
o. 360 35
o.2tt 19
o.221 6t

0. t9076
0. 166 6t
0 . 1¡lt 53
0. l]a 49
0.tzt29
0. t l¡l I5
0. t0ó Jt
0.100 t4
0. (x)4 67
0 .0t9 94

0.0t5 t2
0.0t2 20
0.07t 99
0.07ú l¡l
0 ,073 5t

0,07t 2t
0. 069 20
0.0ó7 3 t
0. oót ,9
0,06¡t 0l

0.062 57
0.0ól 2t
0 .060 0t
0 .oJt t6
o.057 t3

0.056 16
0.055 95
0.0JJ r0
0 . 05¡l 3l
0.053 5E

0.050 52
0 .04t 26
0.046 55
0 .04t 23
0.ß420
0.ul 39
o.0/.275
o ,o42 23
0.0¡ll 8l
0.04t 4t

Cqcl
A¡-
Pdt
FIA

6.631
7.t9t
9.2t4

t0.5r3
t2.ür
r3.at6
rJ.02ó
16,627
lt.292
20 .02a

2t ,t25
2t.69t
25.U5
21.671
29.77t

il.96t
14.2at
36 .61 r
39 .0t3
4t.u6

tr¡¡a
Wort
Frfc
PIA

J.2a2
6 .002
6.733
7 .lt'
t,ilt
t.7óo
9 .3t5
9 .916

r0.56t
il. ilt
tl .652
12. t66
r2.659
¡3. ¡34
r3.J90

tt .9r3
r 6. 330
t6.663
16.96a
l7 .292

19.79t
20.720
2t.4t2
22.1O9
22.62'

2t.u7
23.395
23.680
23,9t5
21.t0g

Conpor¡n¿
ADord
Frctr
FIP

0500
l02J
t576
2155
z76t

fìcscnl
Worù
Fñto?
PIF

.E277

.7r15

.7462

.7t07
, ó7fit
.64Jó
.6ß9
5x47
JJTTS

_f 
't0_ì

505 I
4t l0

0. 3589
0.34tt
0.32_f 6
0.3tol
0.2e51

fü.f
Fúra
Fxtc
AIF

t.ffnoo
0. ¿lt7 t0
o.317 2t
0.212 0t
0. tt097

0.t4702
o.t22t2
0 . l0¿l 72
0.090 69
0.079 50

o ,o42 27
o .OlE 70
0 . ol5 5-f
0 .032 75
0.010 2.1

0.002 t9
0.001 70
0 .001 32
0.001 03
0.0{Ð t0

Crtbl
Rccovert
Prtc
AIP

¡ .050 00
0.537 tO
0.3ó7 2 I
0.282 0l
0.210 97

0, 197 02
o.t7282
o .151 72
o. r40 69
0. t29 50

0. 120 _t9

0. t t2 tl
0. 106 .16

0. t0r 02
0 .096 l¡l

o.o92 27
0.ort 70
0, ot5 JJ
0.or2 75
0 , Oto 2¡l

0 .07t oo
0 .075 e7
O.O7¡l l¡l
o,ot2 47
0 .070 95

0. 069 56
b. o6E 29
0.067 ¡2
0 .066 05
0.065 0J

Ccfea
Arcl
Frfd
FIA

]r:pt
W-r¡
F-tc
PIAt

a
7
t
)

¡0

ll
t¡
ll
la
l5
ra
t7
It
It
2a

¡l,,
t3
A
23

,a
27
,l
,)
3a

o,9!2
1.t59
2,721
I .54ó
a.129

¡
I
2
3
a
5

t.(x00
r.0t16
1.1219
I . ltl99
| ,2167

1.2659
l.3lJ9
I . l6t6
1.4213
I .4802

| .5395
| .6010
t.665t
| .7t17
I . E009

J ,9479
2.O25t
2. to6t
2.lgtt
2.27tt
2.t699
2.16,t7
2.563t
2.665t

0 .9615
o.vÌ.46
0. tt90
0. t54t
0. t2t9

r.(m00
0 .4m 20
0.320 35
0. 235 a9
0.lE46l

(m
u0
122
24
lt6

¡
2
3
I
J

962
tt6
77t
630
at2

I
2
3
a
5

I,
t
a
5

0.
l.
2.
3.
1.

0
o
0
0
o

0
0
0
o
0

0
0
0
0
0

c-(24
9070

r.(m
2 .0!O
l. t5l
a.3lo
5. -f 26

6. t02
t . ¡.t2
9. 549
t .027
2.t7t

t4.207
t5 .9tl
l7 .7 tt
19.59e
21.519

t5 .7 t9
3t.505
4l .,1-10
41.5O2
47 ,727

t20.t(n
I _r9 , 7tn
209.34t
272.7 It
153 .5E¿l

J .076
5.7t6
ó . ¡l6l
7. lOt
7 .722

ro. ttt
tt.271
I t.óeo
t2.ott
t2..62

r2.t2r
ll.163
I 1..t9
I 3 .79f)
la,09.

lJ.J93
r5.t03
t 6 .003
t6. l9t
t6 .t7 1

t7 . t59
t7.771
rE.256
tE.6t3
rr.9r9
19. t6l
r9.l4l
l9 , ¡ltJ
19.596
l9 , óE¡t

t
2
t
a
5

a
7
!
,

ta

r6tt

a
7
t
)

la
ll
l2
13
la
r3

3.371t
3 .50il
3.61E4
3 .794J
3.9461

4.80t0
5.E412
7 . to67
t.6464

10.5196

0.016 E6
0.0t5 95
0.0t5 t0
0,01¡l 3l
0.0t3 5t

| .3401
1.407t
L1715
I.55rl
I . 61t9

I.7t0l
| .1959
I . EE56
| .9E(X)
2.O789

2. t829
2.2920
2 .4066
2.5210
2.6J13

4.5t80
4,?649
5 . OOt2
5 .253t
5.5t60

7 .0400
E.9t_50

ll,4674
14.635rt
lE.6792

to E0.71ß
95 l0l .0357

loa l3t.50rl

0.064 13
0 .063 2E
O ,062 ¡19

0.061 76
o.(,6t 07

7301

7901
7 599

1026
67 56

0
0
0
0
o

5
7
t
)

la
It
l2
l3
la
t3

0 .0?0 39
0 . r)ó2 tl
0 .05ó 46
0. r,5 I 02
0.04tr 14

il
l¡
TJ
la
t5

l(b
t6l
r9a
t99
Ito

t
t
9
9
(l

ta
l7
rt
l)
2C

¡ .8730 la
17
It
It
20

7t
22
2t
2a
25

,6
21
2t
29
t0

3l
t2
33
3a
3S

¡|o
a5
50
55
ao

as
70
7S
te
t5

t7.5tt 3l
t7,874 tt
rr. t4t 33
It.4il y
tt.6ó5 t5

{
at
3a
35
e
as
?a
73
ao
a5

0.45t I
0,4361
0.¿llJ5
o.3951
0.1769

21.657
25 , t40
2t.13!
to.5t9
33 .06ó

ta
It
t¡
It
la
2t
7t
tl
ta
¡3

ta
t7
,t
2)
3t

3t
l2
t3
3a
t3

a
as
st
55
(l
a3
1a
75

ta
r5

t1.t7t
ta.61t
l¡l , t9t
t5. t.l
15.372

o.02t 00
0.o25 e7
o,o21 t1
o.o22 17
0 .020 9J

æ

11.t12
.7.OU
¡19.9ót
s2.966
56.06t

59.328
62.701
66.2t0
69. tjr
7t.652

7t
22
2t
2a
2S

2a

,27
2a
2)
30

tl
32
33
3a
35

$
4S
50
55
60

65
lo
ts
t0
t5

90
95

100

0. ¡l3Et
0.4220
0 . ¡t057
o. 3901
0.175t

0.3607
0.3a66
0.3335
o.1207
0.30t3

0.olt 2t
0 .029 20
0.o27 3l
o.o25 59
0 .02¡l 0l

l¿l .029
la.¿til
ta. t57
t5 ,217
15.622

2.7t60
2.9253
3 . 0715
3 .2251
1 . 3864

.7725

. tE3¡l

.9987

.lttT

.2431

2
2
2
3
3

1 (((?

3.7t35
3.9201
4. I tól
4.32t9

0.1tr2
o,267E
0.25_51
0.2429
o.23t4

0.0t9 -16

0.0rr29
0.0t7 r2
0.0r60J
0.0t505

5t . I rt
t4.669
5E . ¿103

62.321
66.419

70.761
71.299
80 ,0úl
t5 .067
90. 320

o,2965
0.2t51
0,2711
o,2616
0,2534

0 .0t0 -12

o .008 26
0.m6 55
0 .00J 23
0.004 20

0 .003 39
o.ú275

0.001 2l
0. 000 99
0.000 Et

9t.026
l2t,o29
152.667

0.2204
0.2099
0.1999
0. l9{)4
0.ltt3
o,1420
0.ilt1
0.0872
0 .06tl
0.0J35

0.04t9
0.0329
0.025t
0.0202
0.01-rt

0.0124
0.0097
0.0076

0 . t)58 28
0.0.r.1 26
0.054 7t
0. 053 67
0.0_s2 E3

0.052 l9
0.05 I 70
0.05t 32
0 ,0_5 t 03
0-o50 80

19
76
07

2t
26
78
67
t3

.0t4 ¡3

.0t3 2t

00t
00ó
fxt4
001
002

0t2
0l¡
0il

0
0
0
0
0

0
0
0
0
0

2
5
8

0.2083
o,t712
0.t407
0. il57
0 .09t I

0.07tr
o.06/.2
0 .0528
0,0Á34
0 .0357

l9t .159
217 .991

291,96t79E7

o.w223
0.001 tt
0.00t 48

5716 ts.2m
¿l¡lt . 631

'St 
.245

676.090

23 . t399
30.4:ó4
3E . tl:7
49.5611
6l ,2544

456,79t
_rtt . J29
7t6.651
971 .229

I 245 .Ot7

9453
2l ,0500
2E,M'6

9.752 )a
9. t0ó t5
9. tét taa

0.050 63
0.050 49
0 .050 3E

21.267 ta
21.t9t )3
24.505 taa

827 .9t3
I Ot2.7t5
t217.621

I 594. óO?

20/O.694
2 6t0.025

34. r 193
4t .5n4
_r0. 5049

0.0293
0 .0241
0.0r9E

0.041 2l
0.040 99
0.040 El

0.000 63
0.0fÐ 49
0.ff)O3t



TABLE 4E

6% Discount Factors
TABLE 4F

8% Discount Factors
Compound

Amount
F¡ctor
F/P

Prcscnt
\torth
F¡ctor
P/F

0. 9434
0. E900
0.8196
o.792t
o.7471

0. 7050
0.665 I

o.6274
0 . 5919
0.55E¿l

0.52ót
0.4970
0 .46EE
o.4423
o .4t73

SlnH4
Fo¡d

Frctot
AlF

Cepltel
Rccovcty
F¡cla
A/P

0.203 36
o .179 t1
0. t6t 04
0, t47 02
0. D5 t7

Co¡¡por¡d
Arod
Prtc
F/A

[ìc¡cú
Walù
Frta
PlA

Cornpound
Auo¡d
F¡ctr

F/P

l .0E00
t . t664
I .2597
I .3605
1.4693

I .5t69
r.7¡3t
I . t_(09
l .9990
2. t -589

hc¡cnt
Itorlb
Frctor
P/F

0.6102
0,5835
0 . _5403

0.5002
0 .4632

0.42E9
0.397r
o..1677
0.340-f
0,315?

0.29t9
o.2703
0. 2_f 02
o,2317
o.2t15

0. r9E7
0. lE39
0. t703
o,1577
0 . l¿160

0. ß52
o.1252
0,I t59
0. t073
0 .099¿l

0 .0920
0 .0t.f 2
0 .0789
0.07-ìo
0 .0676

o. o0t0
0.0007
0.m05

SlrU¡¡
Food
Frcta
A/F

1 ,000 00
o.4EO77
0.308 03
o.22t 92
0.170 46

0. t36 32
0. il2 07
0. o94 0t
0.080 0t
0. 069 0l
0 .060 0t
0.052 70
0,046 -52
0.04t 30
0.016 81

0.012 9E
0 .029 6l
0.026 70
0.024 r3
o.02t t5

0,ol2 5 t
0.0t I 4t
0.0t0 49
0. 009 62
0 ,008 E3

0 .003 t6
0.002 J9
o.00¡ 74
0.00t tt
0. mo t0

0.mO J¡l
0.000 37
0.mo2J
o.(Xn t7
0.000 r2

0. mo 0t
0.m0 05
0.æo 04

Cepltrl
Rccovcry
Frclc
A/P

I .0t0 00
0.560 77
0. 3E8 0l
0.10r 92
0.2J0 46

o.216 12
o.t9207
o,'174 0t
0.tóo0t
0. t4903

0. 140 0E
0.132 70
0.126 -52
0.12¡ t0
0. t t6 tl

0 .099 tl
o.09t 03
0.096 ¡12

0.094 9t
0.$r3 ót

0,o92 5¡
O.O9l ¡lJ
0.09O ¡19

0,0t9 62
o .08t t3

0.ott I I
0,0t7 45
0. ot6 t5
0.0E6 l0
0 .0t5 80

0 .0E3 t6
o.ot2 59
O.Otl 7¡l
0.oEt tt
0.0E0 80

o,otO5a
0. 0E0 17
0. 060 25
o,oEo t 7
o.or0 t2

0. or0 0t
0. o80 0t
0 .0r0 04

Cooporl
A¡loût
Frcla
FIA

7 .tt6
t.92:t

lo.617
t 2 ,4tt
t4.487

t6.ó4J
1t.977
2t ,495
24.2t5
27 . t52

10 . 12¡t
31.750
37.450
11.116
a5 .762

79 .951
t7.t't
9J.339

l03 .966
lr3.2El

Ì¡cd
Wat¡
Fælc
PIAt¡ n

il
t2
l3
la
l5
t6
17
tt
t9
20

t
I
2
3
a
5

I .0600
| . t236
t. t9t0
1.2625
I .33E2

l.4tt5
| .5036
I . 593E
I .6E95
| .790E

| .89t3
2.0122
2 . t329
2.2609
2.1966

2.5404
2,692t
2,t54'
t.0256
t.2071

3.3996
3 .6035
3 ,8t97
4,O4t9
4.29t9

4 .5194
4,8223
5.llt7
J,4tt4
5 .7135

r,m000
0,4t5 44
0.314 I I
0 .22E 59
o.t77 40

0. r43 3ó
0. il9 t4
0, Iot 04
0.0t7 02
0,075 t7

0.025 00
0.02t 05
0.02t 2E
0.0t9 66
o,ott 23

0.0r690
0.015 70
0 . 01¡t J9
0.0r3 5t
0.0r265

0.0t I 79
0,0t I 00
0.0t0 27
0.(x)9 60
0 .00t 97

0.006 a6
0.üx 70
0 ,0O3 ¡l¡l
0.002 5¿1

0,mt tt
0.00t 39
0.00r 0l
0. m0 77
0.(mo 57
0, (no 43

0.mo32
o.mo 24
0.mo tt

t.000
2.060
3. rt4
1.375
s,637

6.975
t.39¡
9,t97

ll.¿l9l
13. ril
t4,972
16.t70
rt.tr2
2t.0tJ
2t.276

25.673
2t.ztt
30.906
33 .760
36 . 7t6

39.993
11 .t92
46.y)6
J0.tt6
5¡l . t6t
J9.t-16
63,76
6t.52r
73,UO
79 .oJt

0.9259
0. t573
0.791E
0. 73J0
0.6806

0 .926
I .7tl
2 ,577
1.3t2
3.993

1,62t
5.2(b
s.747
6,217
6.7r0

7. t!9
7.5t6
7.go¡t
t.211
t. 5-r9

I O. OI7
I0.201
to. 37 I
r0.529
I O. ó7t

il .1t0
r I .a:15
r L5ra
il.Jt7
I I .655

n.92t
l2.tot
t2.ztt
t2.tt9
t2.t77

12.116
t2.4t
t2.4t
12.a74
t2.1t2
t2.att
t2.192
t2.a9.

9lt
E33
671
165
2t2

I ,(b0 00
o.545 41
0.374 lt
0.2tt J9
0,237 40

7.tt7 ll
t.:tt4 12
t.tJ3 13
9.295 la
9.712 13

tj.oaó a
t5.456 as
t5.762 !Ð
t5.991 ts
t6. 16¡ a

at
7a
ls
ta
t5

16.2t9
t6. lt5

16.579 ta
t6.ú0t )5
¡6.6tr laa

79
5E2

o
802
160

0
I
2
t
4

a
5
6
6
7

un
0t0
246
506
t67

t
9
9
9
9

t0
t0
to
il
lt

I
2
3
4
5

I
2
3
a
5

6
7
t
)

l0

I
2
3
a
3

a
7
a
)

la

6
7
t
9

l0

lt
l2
t3
la
l5

0
0
0
0
0

t26 79
I t9 2t
tt2 96
t07 5t

2.3tr6
2.5ttz
2.7 196
2.9172
3.1722

ó
7
t
t

la

tl
tl
tJ
ta
t3

0.066 79
0.0J9 2t
0.052 96
0.047 5t
0 .042 96

0.01t 95
0, 035 ¡14

0.012 36
o.029 62
0.027 tr(o

02 96

tó
t7
l¡
tt
20

0.3936
0 .t7 t1
o. 3503
o. 3l0J
0.3ilt
o.2912
o.2775
0.2ótE
o.2170
0. 2330

0. ró43
0. t550
o . t462
o. r379
0. t30¡

o.0972
o.0727
0.0543
o.u0,6
o.0303

0.0227
o.0t 69
0.0 t26
0. oo95
o.(n7t

o. oo53
0.0039
0.(n29

0,09t e5
0.095 44
o .092 :t6
0.0t9 ó2
0.0t7 rt
0 .0t5 00
0 .otl 05
0.0tt 2t
0.079 6t
0.07t 2l
0.076 q)
0.075 70
o.o71 59
0 .073 Jt
0.072 ó5

0.07r 79
0,07t 00
o.î70 27
0.0ó9 60
0.0,ót 97

0.0ú6 .6
0.0úr 70
0.063,14
0.062 54
0.06r rt
0.0ót 39
0.oót 03
o .060 77
0,060 J7
0.060 ¡13

0.ffio 32
o.fto 24
0.0,óo tt

t0. a2l
ss.157
60.893
66.765
73. t06

0.00r I I
0 .007 45
0.00ó 85
0. (n6 lo
0 .005 E0

la
l7
It
rt
2a

,t
22
2t
A
23

2a
27
2a
2)
3t
ll
t2
33
L
t5

10,6
177
t2r
¡5r
170

1 .1259
I 7000
3 .9960
4.3157
¿l .6ó10

o. n2 9t
o. t09 6l
0, t06 70
0. to4 tl
o. tot E5

ló
t7
tt
tt
za

.t5t

.)22

.372

.Hy

.ilt
2t
22
23
2a
23

26
27
2t
29
30

tt
32
3J
3a
35

$
a5
50
55
6
a5
70
,s
EO

t5

tc
)3

leo

,l
2'
2J
1l
23

l0.tr0 ta
r0.9lt ,7
I r .ott 2,
lr.l't 2)
I I .2Jt :Ð

2074
1956
I t46
t74l

11.761
12.u2
t2.30t
¡2 .550
t2.7tt
t3.(x)t
lt.2n
ll . ¿t06

13.59t
tt.765
13.929
ta.Ot¡l
t4.230
t¿l .36t
la. ¡f9t

2t
22
2t
2a
23

26
27

'2t
2'
J'
3l
t2
33
3a
35

$
as
50
55
aa

a5
7a
7S
t0
t5

ta
)5

taa

t2t.t16
tl4.2ta
t45.951
15t.627
172,1t7

5 . 0l3E
J.43óJ
5.t7t5
6.1412
6. t4t5

0.019 83
0.01t 03
o.ot6 12
0.ot49E
0.0r3 6t

2¡9t0
o
0
0
0

6.oEEt
6.45t4
ó. E406
7 .25tO
7.6t6t

to.2t57
t3 .7616
lt.4202
24.650i
32.9t77

14 . t150
59.O759
79.0569

r05.7960
l4t,57t9
ttg.4u5
25t.546f
339 . 302 I

t54.762
212.7a1
290. lló
391.t72
slt.t2t

7.196/
7 .9tt I
t.6!7t
9.t173

10.0627

l0 . trl77
tt.1l7t
12.6760
ß .690¡
¡4.7E53

2l ,7215
tl .9204
46.90t6
6t.9139

t0r .2571

tat.779t
2tt.6tu
32t,204s
17t .9s4t
693.1565

I 0tt.9rJl
I 197 .t205
2 t99.76tt

0 . o4ó0
0.01r3
0.02¡3
0.0r45
0.0099

0.0067
0.fix6
0.003 I

0 .002 t
0. 00t 4

259.O57
3E6.506
s7t.770
t4t.92t

I 25t .2t3
I E17 .246
2720.OtO
4 m2.557
5 tt6.9rJ
t 655.706

t..602
q). t90
91 .31t

l(X.lt¡t
il t ,.t5

tt
3l
3t
3a
l5
l,
a3
3a
33
I
a3
7a
73
¡a
a3

n
t3

taa

7t9.otl
967 .932

I 300. 9a9
t716.ffi
2 t12.9t2

3 t4t.o75
1 2ú) . toa
5 6lt.36t

t6.1t6
I6.J(D
t6.519

12723.9t9
Ir 70t . J07
27 4t1.St6



TABLE 4G

1O% Discount Factors

TABLE 4H

12% Discount Factors
Ce+ca
Ar-
frta
FIP

Èrd
Wú¡
Trcld
P/F

0. J64_r

0,51-12
0.4tl6J
o.4241
0. 3E55

o,2t76
0. t97t
0.1799
0. t635
0 . 1¡lt6

hr
P-a
lxta
AlF

I .mo 00
o .476 t9
0.302 I I
o,2t5 47
0. r6l t0

0.¡296t
0. 105 4t
0.0t7 44
0.071 óa
0 .062 75

0.ß0 7t
0.015 75
0.01 l 47

0.0r5 62
0.014 0l
0.0t2 57
0.0il 30
0.0r0 t7

005 50
004 97

0.000 02
0.000 0l
0. üJo 0¡

C¡rild
IcccrrrT
Fæla
AIP

L 100 00
0.576 19

O. ¿102 I ¡
0.115 47
0.263 t0

o.t27 t2
o.124 66
0. l21 93
0. r 19 55
0. il7 4ó

0.tt562
0, l l.f 0l
0.11257
0. ilt30
0.110 17

Cc¡orl
A¡d
Prtc
FIA

lìc¡c¡a
lYortl
F.clc
P/A

Ccpond
Arotú
Prta

FIP

I . t200
I .254.
I .40,f9
t .5715
I .7623

I .9738
2.2tO7
2.1760
2.771r
3. l05t

3 .47t5
3 . E960
4. 3635
a.tt7t
5.47!6

6. l3(X
ó. t6ó0
7.69(n
t.6t2E
9,6461

t0.E03E
t2.1003
t3.5523
r5. l7E6
t7 .0001

19.040t
21.J219
23 .8839
26.7499
29,9599

33.55s1
t7 .58t7
42.Ogt5
41 . t425
52.7996

tnst
Wq(l
Frclc
P/F

o.t929
o.7972
0.7ilt
0.6355
o.5674

0. 5066
o.452t
0. a039
0.3606
0.3220

la{-
AtF

1224

0.004 14

CrLl
¡rrwf
Fætr

r.12000
0.591 70
0.aró 3t
o.rze 2l
o.277 1l

0. lót ,12

0.161 ,44

0.t556t
0. r50 t7
0. t46 t2

0. t43 19
0. laO ¡16

0. 137 9,f
o. r35 76
0. 133 tt
o.rt221
0.130 tl
0.t29 56
0 . l2t ¡16

o.t27 50

0.12ó65
0. l2J 90
o.125 21
0.t2466
0.124 ta

CArl
Aral
Pxla
FIA

Èd
Wúf|
Prrc
ltA
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TABLE 5A

2% PtA Discount Factors
TABLE 5B

*3% PIA Discount Factors
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6% PtA Discount Factors
TABLE 5F

*8% PIA Discount Factors
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10% PIA Discount Factors
TABLE 5H

*12% Pt A Discount Factors
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