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fs home energy conservation a good investment? Although often asked,
this question is usually very difficult to answer. Admittedly,
energy prices have been rising fasti however, to save energy involves
various kinds of investments. Which ones are worthwhile? This
factsheet will offer two approaches to economic analysis - "paybackn
and "life cycle costing"r that can help simplify this decision making
Process.

Payback analysis' by far the simpler approach, is discussed first and
may be all thaÈ is needed to evaluaÈe certain investments. Life
cycle costingr â rrìore comprehensive analysis too1, is subsequently
introduced and two methods of evaluation are examineci in greatei
detail - the Present Worth (Pvü) meÈhod and Internal Rate of Return
(IRR) method. Discussion is also provided on the types of benefits
and costs associated with energy conservation investments and how
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 fuÈure
benefits and costs are unkno!{nr a high elenent of guesswork is
inherent in the evaluation process. It is important to acknowledge
this uncertainÈy and interpret results accordingly. The economic
methods discussed below can serve a useful purpose, if care is taken
to use only the best available data. Small differences among
competing investments, howeverr are probably not criti.cal and
examination of non-quantifiable factors may be more significant.
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PÀYBACK ÀIIÀLYSIS

Payback analysis is perhaps the most widely used technique forcomparing energy conservation invest¡nents. Ít refers to tÈe timerequired for energy savings to recover or npayback" the initial-invest¡nent. Payback is an important _consideiaiion primarily ¡9;investors seeking a rapid turnover of investment fuïds or ii theinvestnent has a highry uncertain 1Ífe expectancy. nsimple payback'is defined as Èhe initial cost of an investnent ãiviae¿ Èv iis-first
{eaf savings. For example, an investment of $100 that- saves $20
9uring the first year would have a simpre payback of 5 years($100/$ZO per year = 5 years). Since only iniiiäf cost and 

.first
yea! 9n9rgy savings are evaluatedr simple payback analy,sis is mostuseful for comparing investments that ñave-fãw annual Èenefits andcosts other Èhan. _ele.rgy savings to consider. rn actuaLity, thepayback Period will be somewhat less than that calculated- sincesimple payback analysis also neglects the affect of future increasesin energy rates.

C nvestments according to simpl:e paybacki general idea of wnãt energy s-aüingsm iÈial cost. Typically, low coðti ¡h rapid payback-Èimes and high cosri ks. Howeüeir shorter payback -p"riods
d the most economi.cafff profitable
investment since benefits or costs occurring after Èhe p-ayËack periodare not evaluated. _R_anking investments by true economl.c eff iciency,reqyirin-g the use of life cycle costing me-thods, would probably yieÍ¿a slightly different order since the useful life of the investñent isevaluated. lfhen one recognizes the IimitaÈions of payback analysis¡a list of energy conservation projects by payback peiiåa can serrle asa useful reference for prioritizing investments. Estimated paybacksfor typicar home energy improvement s are provided in Table l.
An example of how simpJ._e payback rnay be used would be the comparisonof attic and wal1 insulationr both having similar useful Iiües andvirtually no annuar benefits and costs other than energy savings toconsider. A comparison is useful in this hypotheÈical ðãse sinõe itis assumed the homeowner is able to afford on-ly one investme,nt or theother. If the attic insulation costs S5OO anã saves $100 the firstye?rr its p-ayback is 5 years. If the waIl insulation costs g1,OO0
and saves $125 the first year, its payback is 8 years. rt may thenbe concluded that the attic insulaLion is a -¡etter invesLment.Although yearly savings are less ($1OO vs: $125), the percentagenreturn' on the investment is greater (LOO/500 = 2bt u". iZs/IOOO'=12.5t). _Payback analysis can also be used to determine the optimum1eve1 of insulation for greatest savings. For ex...r-ìole, a ïi.gherlevel of attic insutation costing ç7ZO mãy save $120 rhe first yàai
.for a 6 year payback. For the ñignest ieturn, then, it woulã bebeEter to invest only at the $500 level. Such prioritizíng is not
lea1t to suggest that wall insulatLon or higher levels of attic insu-lation is not a good investment. Payback rierely ranks investments
based on initial savings so that limited funds rniy be invested in themost economical projects first. If affordable it may be most econ-omical to invest in numerous types of energy conservation options.
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II{I,IEDIATE PATBÀCK 3 NO COST ACIIONS

Lower space heating thermostat (at night and whenever house
unoccupied)
Lower water heat
Install shower
utilities)
Install gaskets
free or low-cost

free or

LESS TE.AN 2 YEARS PÀBACK

Automatic setback thermosÈat (minimum 8 hour setback of 10'F)Do-it-yourself weatherstripping
Do-it-yourself caulking
Do-it-yourself storrn windows
glaz ing )
Sheetmetal fireplace cover
Oil furnace annual tune-up
IIoÈ water tank and hot water pipe

(<fl/fE', e.g. flexible vinyl

er thermostat to 120"F
flow restrictor (often

behind electric outlet
from utilities)

low-cost from

plates (oftenand switch

insul at i on

2 5 YE,ARS PABACK

Attic insulation to R-30
Underfloor insulaÈion to R-I9 (over unheated spaces)
Furnace duct or boiler pipe insuÌation in unheãted spacesDo-it-yourself storm windows (<Ç3/ftz, e.9. rigid aciylic glazing)Do-it-yourself insulated window covers (Minimum n-¡ ana < $S/t¿r¡-'Low cost fireplace modifications (e.g. flue top damper,
inexpensive glass doors)
Passive solar design in new construction
SoIar heating of pools

GRE.ATBR TEÀN 5 YE.ARS PÀY-BACK

Insulated window covers (Mininurn R-3 and >g5rlf t 2)

_C_oinle5cial1y installed storm windows or insulated glass
Ì{a11 insulation
Replace conventional oi1 burner with flame retention burnerFireplace inserts and woodstoves
Solar or wood domestic water heating
Energy efficient appJ.iances (especially refrigerators, freezers
A,/cts)

and

SIMPLE PAYBAçK is assumed for the above caLculations and refers tothe initial cost of the investment divided by the first yearrs energysavings. For discussion of payback's uses and limitãtions as á;r
economÍc criteria, see the appropriate section in the text.

Table 1. Energy Conservation Investment priorities
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An example of the limitations of payback analysis would be the
comParison of an oi1 furnace annual tune-up with an automatic setbackthermostat. The annual tune-up may cost $70 and save $70 the firstye?r for a one yeqr payback. Likewise the thermostat may cost $100and save $50 the first year for a 2 year payback. Àccordi-ng to thesefigures then, the tune-up offers greater éavings. tfhile this is truefor the first year only, the economics change considerably duringlater years. Note that the benefiÈs of a tune-up last õnly onãyear and that the benefits of the thermostat may last more Èhãn 15years. Thus, the thermostat will pay for itself many times over
compared to the tune-up due to its significantly longer- useful life.This fact is not accounted for by simple payback analysis and pointsto the need for an analysis technique that is able Co consider allbenefits and costs over the usefur life of an investment.

LIFE CYCIE COSTIIIG

The discount rate usedr exprê.^od as a percentage, is selecteC to re-flect the investor's time preference for mofle!r which may correspondto a wide range_ of investment opportunities. While one investor mayrequire only a 5t return, anoÈhei-*ay demand a 10t return on invest-ment funds. Whatever the rate selected, it should take intoconsideration the fact that energy savings nincomen is not taxable asis income from many other investments. Also it is necessary Èodistj.nguish between nnominaln and'rea1" discount rates. l¡ominalrates include Ehe effect of inflaÈion whereas real rates do not.

In response to this need, life cycle cost,ing is a way of evaluating
investments based on all associaÈed benefits and cbsts occurrinithroughout the useful life of the investnent. This includes initiaÍcosts plus the benefits and costs of olrnership. Due to this addedcomplexity¡ life cycle costing methods are nore difficult to use thanpayback analysis although their applicability is nuch greater. Unlikethg speculative investor interested in rapid paybJck and resalevalue, the homeo$tner is generally more concerñeã with long-term
economic efficiency based on overall ownership costs. Life-cyc1ecosting nethods provide this evaluaticn tool
Discountinq

The central aspect of all life cycle costing methods is a term knownas "discountingn. Discounting refers to converting benefit,s or costs
thaÈ accrue at different points in time to a time equivalent basis.Discounting is necessary to account for the inflationary nature of
m.oney' investment risk and the amount of interest that may Oe earnedas a result. For example, a do11ar earned next year is worth Lessthan a do1lar earned this year. To account for this differencefuture dollars must be discounted by the anticipated inflation ratebefore being compared to present earnings. usuãIly, cash flows are
converted to equivalent present values. They may also be convertedto eqr:ivalent future values at sone future yeár or to equivalent
annual values based on the useful life of the iìvestment. For use indiscounting formulasr prêsent values are abbreviated as npn, futurevalues as "F" and annual values as nAn.
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As 3n _ex-ampIe, suppose one has the opportunity to earn I2t on atypical f inancial investment with taxabl-e earningi. I^Ihat equivalentdiscount rate could be used to evaluate an "i"rgy conservationinvestment? Assuming a 25t tax bracket, actuar earìings from thetypical investment are 252 less t ot 9t. Thus one cou.Ld use a 9tnominal discount raÈe. It is more common however to use realdiscount rates so Èhat future cash flows need not include inflation.If inflation is forecasted to average 5t over the life of theinvestment, th9 approximate real discouñt rate to use would be 4t, orthe after tax interest rate (9t) minus the inflation rate (5t). ttor"precisely, the rate would be 3.8t, or (1.09lI.05 1) 100t.

Present [.Iorth Method

The Present friorth (Pw) nethod, also referred to as the Net present
Val-ue (NPV) method, uses discounting to convert cash flows associateclwith an investment over its useful life to an equivalent pr".-ã"ivalue for comparison with other investment alternatives. The greaterthe net -present rvorth, the more profitable the investment. Toconvert future amounts (F) to presenÈ amounts (p), it is necessary to
\lo" the sPecific "P/P" disCount factor for Lhe tj,me period'anddiscount rate under consideration. To convert annual- amounts (A) topresent amounts (p), the appropriate "p/È" discount factor isrequired. Expressed mathematicaffy:

/P)
/a)

and

where F and A are known and p/î and p/A depend on the assumeddiscount rate and investment 1ife. Disco-unt factors may bemathematically calcuLated, but typically are taken from stan'clardtables such as appear at the back of tiris Êactsheet (Tables 4À 4H).As commonly occursr when comparing a conservation investment to thebase line case of investing nothingr nêt benefits of the projectf
9..9. .energy saviDgsr may simply be compared to the initiat- coÁt oithe investment. A preseñt woittl in exce-ss of the initial cost wouldthen indicate a profitable investment. The p!{ method is specificallyuseful for determining the optimum investment amount when variouêlevels of related conservatfon measures are being considered. 

".;:RI9 vs. R30 attic insulation. Ilowever, pW cannot easity'raíninvestments as with the internaL rate of return methodn discussed inthe next section.

Þ = 1D

P= (P
F
A ,

To demonstrate use of t
problem h'iir ue useful. ;åit::existing oil burner be Theimprovement in seasonal a costof S600. Is this_a good eatingbill of $500, ¿ 15 year rate?Note that the discount rate is normally selected based on theinvestorts individual preference but for present purposes has beenchosen arbitrarily. Assuming no rate increases, the -energy savingseqcl¡_Y9ar, in real or constant dollars (excluding intratiói) is fÍtof S500 t QE S55. If a nominal discount rate weie used, the energysavings each year would have to be escalated to remain consistent.
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Referring to Table 4F, the P,/e factor
a time period n = 15 years is 8.559.
annual savings,

for a discount rate i =
Then the present worth

p = (P/A) A (8.559) $55 = $471

and compared to the initial investmenÈ of $600 results in a negativenet present worth ($471 $600 = -S129) and is not economfcallyjustified on this basis. Possible situations that would improve thãpresent worth of this investment would be a higher present fuel bj.ll,
an extended useful life (n>l5 years), a reduced discount rate (i<8t)
or a Possible reduction in the initial investment. Other factors that
were not accounted for may also affect the overall economics, such aslower maintenance costs or fuel prices escalating faster than the the
average inflation rate.

Accordingly' this problem might be modified. suppose the annual
heaÈing bill is $700' and it is estimated that fuefþrices escalareat a reaL rate (above inflation) of 2t per year. fn this case theoverall time period and discount rate remain as before but the annualbenefit is IIt of $700 or ç77. Furthermore, this ç77 is escalatedeach year at a rate of 22.
Rather than calculating the
benef it each year and
multiplying each number by
the appropriate P/E factor
and summing lhe resulting
present worth amounts, a
simpler method is possible.
For a present benefit (or
cost) that is assumed to es-
calate at a fixed rate
throughout the time period, a
"P/¡*" discount factor is
used that accounts for such

35

changes. These factors are ro r0
also given in standard tables
for various discount and es-
calation rates (Tables 5A
5H). Escalation rates, also
expressed as a percent, are
abbreviated as nen.
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Referr ing to Table
and e = 2t is 9.787.
this case,

5F, for i = 8t, the e/6* factor for n
Thus the present worth of the annual

= 15 years
savings in

P = Q/¡*) A = (9.787) ç77 = $754

and compared to the initial investnent of $600 results in a posiÈive
let present worth (S754 $600 = +$154) and is therefore a good
investment earning better than 8t higher than the rate of inflation.This problem also denonstrates how the overall economics of certain
investments may_ be significantly altered by relativeJ-y smalI changesin one's initial assumpÈions.

.I

I



InternaL Rate of Return Method

As demonstrated above the Pw method calculates the economic worth ofan investment based on a preselected discount rate. The actual "rateof return" of the investment is not known except that it may falI
above or below the assumed discount rate. Rate õf return is dèfined
as the interest rate, expressed as a percentage, for which discounted
life time costs and savings are equal and is a measure of economicefficiency. The Internal Rate of Return (IRR) method, also referredto as the Return on Investment (ROI) r or Rate of Return (ROR) methodis used to determine t.he actual rate of return on an investment by astructured process of Èrial and error. It is particularly useful iorevaluating conservation projects of different useful- 1ivès competingfor the same budget where the optimal size of each projeit haéalready been determined.

This method also relies on discounting life cycle costs and another
sample problem will serve to demonstrate its use. Suppose that most
1ow cost, short payback conservation projects havè- already beenundertaken, and consequently attic insul_ation is being consideled inaddition to the flame-retention burner mentioned in the previoussection. The insulation is estimated to cost SB00 with annual fuel
savings of 10t. Useful life is assumed to be greater than 30 years.
Using the IRR method the rate of return of eath investment can becalculated and compared.

To begin the trial and error method, a discount rate near the
expected rate of return is selected and net present worth calculated
as above. A positive present worth indicates a discount rate that istoo small and a negative value one that is too large. Successiverates are selected until a net present worth of zero is bracketed bytwo rates. AÈ this point the actual rate of return corresponding tó
3.net present worth of zero must be estimated by a process knowñ asninterPoLationn. Interpolation starts by calculating a fractionalamount. The fraction is obtained by dividing the positive netpresent worth by the sum of both positive and negative values (no
T+l9s signs used). The next step is to multiply this fraction by thedifference in the two rates. Final1y, this amount is added tõ the
smalLer rate.

Assuming a constant annual benefit of 10t of $500,discount rate of 6t is chosen first. With A = $50,
30 years, and referring to lable 4E,

or $50, a real
i.=6trandn=

P (P/A) r = (L3.77) $50 $689

for a net present worth of $689negative, a smaller discount rate
referring to TabIe 4C,

$800 = -$1L1. Since
is needed. Choosing

LL.: - : -LIIl-Þ I-5

4t, and

P (P/^) A (r7.2e ) $s0 $85s

for a net present worth of S865 - SB00 =positj.ve, the actual rate of reLurn must fall
+65. Since this is
somewhere between 4t
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6t. To interpolate this rate,

the nfractional amountn = 65/(65+111) = 0.37,
the nrate differencen = 6t 4t = 21,

the internal rate of return is Èhus,

4r + (0.37) 2r

flame retention burner may be evaluated in the same
$55, i = 6tr and n = 15 yeari (Tab1e 4E),

P= (P/A) [= (9.7I) S55=$534

a net Present worth of $534 $600 = -$66. Choosing

viay. With

48 (Tab1e

P = (P/A) [ = (11.12) S55 = $612

for a_ net present worth of $612 S600 = +$12. By interpolaÈing, t,heactual rate of return is calculated as above,

4t + lL2/(I2 + 66)l (6r - 4r) = 4.3r.
Although the insulation yields a higher rat,e of return, it, must stillmeet the investor's minimum acceptable rate of return. If the
minimum acceptable rate is 5t, neither investment is justifiable andother alternatives shouÌd be investigated. Likewise, if the minimum
acceptable rate is 4\, both investments could be made provided thatfunds are available.

To su¡nmarize this analysis, the insulation investment costs slightly
more and offers slightly lower annual savings than the new burnei yeÈ
it h.as a higher rate of return due to its relaÈive longevity.
Another ïtay of explaining this is that in order for the buiner Èocontinue providing energy savings for as long as the insulation, a
replacement burner would be required after 15 years thus reducing its
economic appeal. It should be noted that since these partiCular
investnents have such closely comparable rates of returä (4.3t vs.4.7\ above inflation) a more thorough Iook may provide informationthat would easily influence one's decision if á cnoice must be made.For ex,ample' if the oiI burner is going to need replacement inseveral years anlvra]zr then the incrernental- cost of a f1ãme-retentionburner over a conventional burner could be used for evaluation
purPoses rather than its fuIl cost. It is tikely that the burner
investment wourd prove preferabre under these circuhstances.

DETERI,IINII¡G BENEFITS ÀND COSTS

As shown in Table I' hornebuilt storm windows have a payback of 2 - 5

Ygars compared to commercially installed unÍts with a payback of 5 -20 years. Does this fact make the homebuilt windows a better
investment? It is i¡portant to remember that payback and life cyclecost comparisons of energy conservation invêstments are onlf as
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useful as the accuracy of the values assigned to benefits and costs.
Purthermore, not all benefits and costs may even be quantifiable and
able to be included in the economic anaJ-ysis. If the conmerciaJ.ly
instalLed storm windovts are nore nattractive" to the buyer, how is
this benefit evaluated? This section will attenpt to introduce the
many kinds of benefits and costs generally associated with energy
conservation and how they may be affected by various economic
factors.

fnvescor Perspective

From the perspective of the investorr euantifiable or ndirectn
benefits and costs are most simply the net energy savings and iniÈial
outlay, respectively. In addition, other benefits or costs
associated wiÈh operation, maintenance, repair and repl-acement should
be considered for most major investments. Non-quantifiable, ornindirect" benefiÈs and costs generally rel-ate to comfort,
appearance, and feelings of independence, security or prestige. The
storm window question used above is a good example of how indirect
benefits may overrule economic concerns. Although homebuilt storms
will save as much energy as commercial uniÈs, appearance or other
operable features of the more expensive designs may outweigh this
cost advantage. The effect on resale value of a residence may also
be an important criteria for selecting energy conservation
investments.

Reqional Perspective

The Northwest Power Planning Council nolr recognizes
the preferred alternative for meeting increasing
demands, due Èo its signifi-
cant cost advantage. The
direct benefit of conserva-
tion to the region then is
lower energy prices for all
users as higher cost power is
subsequently avoided. Indir-
ect benefits of conservation
to the region primarily
include improvemenÈs in
environmental quality from
reduced use of thermal gener-
ation, and stimulation of
numerous loca1 economies in-
volved in the energy conser-
vation and home improvement
markets. Possible indirect
costs of certain conservation
actions relate to building
aesthetics which may
negatively affect some
individuals or communi.ties.

conservation as
electric power

PERCENI
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Factors Àffectinq Benefits and Costs

Of many economic factors affecting benefits and costs used in life
cycle costing techniques' the most obvious perhaps are the discount
rate and time period of evaluation. As observed in the sections
describing these techniques a higher discount rate and shorter
economic life adversely affect Èhe present worth of an investment
while a 1o$ter discount rate and longer life wiLl show improvement.
The selection of a discount rate is normally guided by the leveL of
return on alternative investmenÈ opportunities or the cost of
borrowing rnoney. Iligher discount rates may be suitable f or high risk
Projects or to account for the fact that conservation investmenÈs are
generally less nliquid" (easily cashed out) than other investments.
Risk may be treated in other htaysr 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
estimates that inflate over time be consistent (real or nomina]) wj.th
the discount rate chosen.

The selection of a time period of evaluation is based either on the
useful life of the investment or on the specific time perspective of
the investor. nUseful' life refers to the time period dur ing which
the conservation investment is able to provide energy savings.
"Economicn life, often used inÈerchangeably, actually refers to the
time period that the investment remains the least costly means of
providing a particular conservation saving. In practice, useful life
is easier to predict and Ís more often used. If t.he investor's
ínterest in a conservation application is limited to the planned time
of occupancy or, as wiÈh a speculative builder, to the time period
between initial properÈy development and resaler the time period of
eval-uation may be much shorter than the investmentrs useful 1ife. In
such cases, long t,erm conservation benefits Èo society are usually
foregone, as mãny nevr homes and buitdings are sti11 built with
insufficient regard for energy conservation.

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 reduce the initial cost
of a conservation investment signif icantly. Cash grants are
available from various utilities for residential solar hot '¡raterheating systems. A trial two year market incentive program initiated
by BPA in 1985 offers rebates of $200 or $500 for 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
and alternative energy investments (due to expire after 1985).
Property tax exemptions and liberal depreciatiu- allowances for
conservation investments also serve to reduce annual Eax obligations.
Low interest loans and Ioan buydowns, sometimes available from
lending institutions, utilities or public assistance programs, result
in reduced borrowing costs. Energy conservation investments that are
uneconomical without financial incentives may become cost effective
if subsidies are included in the economic evaluation.
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Salvage value is the value of a capital asset renaining either at theend of the study period, or at the end of its useful, life. rt ^uy b"determined by estimating resale value of the asset, net the cosi ofremoval, whenever the asset ceases to be evaluated or used. If anexisting investment is being compared to a new one that would replacãit, the current s_alvage (or- resaie) value of the existing invesËment
may be subtracted from the first cost of the new alternatlve. A homeor building utilizing energy conservation investments at time ofresale wilL only provide salvage benefits to the selIer if theremaining energy savings contained in the investnent can be reflectedin a higher resale price, or if the conservation devices can berenoved and sold or used in another application. Since thesepossibiliÈies are uncertain, it is often difficult to estimatesalvage value with a high 1evel of reliability. The importance ofsalvage value pertains particularly to short evaluation þeriods andto assets with a long usefuL life. In most cases when the useful_life of an asset is exhausted, salvage vaJ.ues will be minimal.
The uncertainty relating to estimating salvage values applies to mostcash flows that occur in Èhe future. Since economic évaluations ofenergy conservation investments are only as accurate as the valuesused in formulating the analysisr particular attention should begiven to rnaking valid assumptions and realistic estimates.Analytical Èechniques for evaluating uncertainty that may be appliedin complex economic studies include sensitiüity and þro¡a¡ilityanalysis. Sensitivity analysis tests the responsiïeness -of 

economiä
measurements to key factors such as discount rate, time horizons orfuel price escalation. Probability analysis determines benefits orcosts based on their expecÈed chance of occurrence. These techniques
9re not 9enera11y necessary for making home energy conservaCioninvestment decisions.
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NEG . 0-5 5- 10 to- 15 t5_20 20_30 3o_4ü %

MOOEL CONSERU8TION STRNORNOS (MCS)
CONSUMER TCONOM ICS . INTERNRL RffTI OF BETUBN

5(,

4(1

3()

20

to

o



-12-

PROBLEII *1 - SOLÂR TIÀTER EEÀÎING

present cost of electricity - $0.0aSlkwh
escalate at 2l/yr in real terms)

Àssume that a homeowner will need to replace an aging conventionalwater heater soon and wouLd like to compare a nee/ éfficient electricheater with an active solar water heating system. The homeosrner'ssituation is as foLlows:

o present hot waÈer use:- 80 gal/day (heated from 50F

( for ecasted

to 130F)

Èoa

solar availability - with roof mounted collectors,
location is favorable (as determined by solar site
survey)

Electric heating description;

o iniÈial cost - $300 (installed)

. expected useful life - 12 years

. overall efficiency - 0.90 (including standby losses)

o first year operating cost (electricity) - 9285/yr,
calcuJ.ated as f ollows:

80

a

a1 365 da r8. 4 - 50F" ) 0. 0.15 kwh )
(3413 Btu kwh 0. 90

replacenent,/repair costs - new
$300 (present value)

heater in 13Èh year e

a maintenance costs - drain/fIush
hr/Yr@$10,/hr=$30/yr

tank once per year, 3

Solar heating description:

initial cost - $4500 (installed); federal tax credit
40t($4500) = $1800; utility rebate - $300

net initial cost $2400

expected useful life - 25 years (collectorsr piping)

overall efficiency - c.esigned to meet 60t of hot water
needs on an annuaf basis (with backup heating provided
by single electric element); circulating pump consumes
approximately 400 kwh,/yr or 68 of total demand for net
electric displacement of 54t

first year operating cost (electricity) - with 54t
savings, 0.46 ($285) = $I3I/yr

a

o

a

a

O

a
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replacemenL/tepair costs - new storage tank in
G $500 (present value); new pump and controls
16th years G $200 each (present value)

I3th year
in 8th and

. maintenance requirements - drain/f.Iush tank once per
year, 3 hr/yr; inspect, cIean, maintain collectors onceper year, 3 hr/yr G $10/hr = $60/yr

To compare these two alternatives, Èhe homeowner has decided to usethe Pf-l method to determine whether the incremental expense of thesolar system is economically justified by its annual savings. Anevaluation of incremental values is necessary since only thè solarunit saves energy while the electric unit serves as a base case.
Since the noney spent on the solar system might also be invested inother Iong-term securities earning I0t interest (after tax), a 4treal discount rate is selected assuming a 6t Iong-Eerm averageinflation rate. The time period of evaluation selectêd is 25 year!,
the estimated useful life of the solar collectors. Both electric andsolar storage tanks wiIl require replacement halfway through thisperiod (during the I3th year). After 25 years, it fs assumed alI
components of both systems will require replacement and therefore nosalvage 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 present worth is determined by summing theindividual equivalent present values of each casñ flow únderconsideration. Since the net present worth that results is positive,
the solar water heating system may be considered a good investment
based on the economic parameters selected, earning better than a 4treal rate of return or 10t including inflation. In cases where the
economic returns are marginally satisfactory, indirect benefits of
each investmenÈ could be examined as wel1.

Although fairly typical values were selected, it is important torealize that the above problem represents a hypothetical- situation
and_is only intended to demonstrate use of the analytical. methodsemployed. Wide variety in Èhe types of alternative-water heating
systems, in the actual conditions of use and in the selection of
economic analysis factors plays a critical role in determining which
investment will be nost econonic in any particular situation" For
examPIe, so little as removal of the utility rebate in the above case
would result in a negative net present worth.

PROBLEI{ *2 - ¡{OOD SPACE EEÀTrì¡G

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

o heating requirements of house 8700 kwh/season (based on
1500 ft built to 1980 code standards)

1 ike
The

o present cost of electricity S0.03S,zkwh (f orecasted to



Initial, Cost

Ànnual Àmounts (À)
Operating Costs (escalating)
Maintenance Costs

$ 3oo $ 2400 $ -2100

El ect r ic
Heat ing

Cash Flows

Solar
Heating

t3I
60

200
200
s00

fncremental
VaL ue

I54
-30

-20 0
-200
-200

Present
llorth Factor*

1.00

t9.6r
15.62

0.73r
0.601
0.534

EquivaJ.ent
Present VaIue

$ -2roo

3 020
-469

-t46
-t20
-t0 7

I

à'
I

Future Àmounts (Fì
Replacement/repa i r
Replacement/repa ir
RepJ. acernent,/repa i r

costs
costs
costs

285
30

B)
r3)
t6)

0
0

300

(yr
(yr
(yr

*

Net Present I'torth

To locate the appropriate Present ú,Jorth Factors:
Converting from annual amounts, the p/¡* factor for
Table 5C and the P/A factor for i=4t and n=25 years
future amounts, the P/F factors for i=4t and n=8, 13

$zs

i=4t, n=25 years and e=2t is found in
is found in Table 4C. Converting from
and 16 years are a.Iso found in Table 4C.

Table 2. Suntmary of Cash Flows and Present Worth Calcul-ations
Solar l{ater Heating Problem ilI.
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escalate at 3\/yr in real terms)

present cost of wood - $10O,/cord (forecasted to rise at
the general inflation rate)

Electric heating description:

a initiaL cost of system $1200 ( installed)

a

. expected useful Life

. overall efficiency -

. first year operating
(=8700 kwh x $0.035/

replacement,/repair
15th year e $1200

maintenance costs

15 years

1.00
cost (electricity)

kwh )

$3 o 5,/yr

systen replaced ino

o

a

costs -
( pr esent

none

enti r e
value)

salvage value of
life remaining)

replacement system (yr 20) $8oo (2/3

IVood heating description:

initial cost of woodstove
$1100 ( installed)

(including chimney and hearth)

expected useful life - 20 years

overall efficiency - 0.50

initial cosÈ of baseboard backup

expected useful life - 15 years

overaJ.l efficiency - 1.00

S200 ( installed)

first year operating cost (wood) - $220/yr (to meet 80t
total heating requirements = 2.2 cords)

a

o

o

o

a

a

a

a

a

o

replacement/repair costs - woodstove, $20/yr (miscella-
neous repair); electric units replaced in 15th year e
$200 (present value)

first year operating cost
meet 20t of total heating

maintenance costs
ea = $100,/yr

salvage value of replacement
life remaining)

(electricity)
requi r ements )

$6I/yr (to

2 woodstove cleanings per year e $50

o heaters (yr 20) $133 (2/3
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Assuming the owner/builder seeks an after tax return of 10t interest
and predicts long-term inflation will average 5t, a real rate ofreturn of 5t is desirable. The Pw method is again useful todetermine if bhe wood heating system satisfies this investment
criteria. As in the last problem, TabIe 3 sumrnarizes present worthcalculations based on the incremental cash flows. Since the netpresent worth that results is negative, wood heating may be
consÍdered a Poor investment based on the economic parameters
selected, earning less than a 5t return. Investments in homes that
incorporate conservation measures may be evaluated in another wâ!r
however. Since most of the cost is financed, the IRR of the
investment nay be based on Èhe down payment. rn this case, home
appreciation is the main concern.

4s previously mentioned, the intent of Èhese problems is nerely to
demonstrate the use of life cycle costing techniques. The numeious
individuaL and subjective factors that are inherent to the problem's
solution make iÈ impossible to generalize concerning Ehe outcome of
similar economic studies.

It is interesting to note how much information is provided by
equivalent Present value data given in Table 3. For instance the
cost of wood is nuch less than electricity over the 20 year timeperiod (52741 vs. $401I) yet maintenance of the woodstove ($1246)
almost exactry offsets Èhose savings. Àrso, a sright economic
advantage results from the increased useful life of the woodsÈove
eqqal to t,he difference in replacementr Iess salvâ9êr costs ($ 8I -
$25I = $230).

One factor not accounÈed for in this economic analysis is the time
consuming and often laborious act of building and tending fires in
the woodstove. Including this indirect cost in the evaluation will
make it nore difficult to justify wood heaÈing. On the other hand,
the overall benefits of wood heat could be improved if the wood is
self-harvested or dornestic water heating vrere included. In the final
analysis, Èhe economics of wood heating, as w ith many otheralternative energy systems, highly depends on how much one values his
or her time.

suünÀRY

More useful than simple payback analysis, life cycle costing methods
offer the opportunity to evaluate energy conservation investments
based on overall economic efficiency. PW and IRR calculations
account for both total ownership benefits and costs as weIl as the
time value of money. Since economic evaluations rely on numeroussubjective assumptions and the prediction of future benefits and
costsr results are highJ-y individualized. Non-quantifiable¡ or
indirectr êconomic factors may also highly- influence theattractiveness of a particular invest¡nent. For these reasons,differences in returns of 1-2t among most energy conservation
investments, competing against each other or a fixed minimum rate of
return, are probably not significant.



InitiaL Cost

AnnuaI Àmounts (À)
Operating Costs - electric
( escalat ing )
Operating Costs - wood
Replacement/repair costs
llaintenance costs

$ 1200 $ 1300 $ -100

305 6l 244

Electr ic
Heat ing

Cash FLows

Wood
Heating

220
20

t00

Incremental
VaL ue

-220
-20

-100

L000
-667

Present
úVor th Factor *

1.00

16.44

12.46
12.46
12.46

0.48t
0.377

Equivalent
Present Value

$ -roo

40Ir

-27 4L
-249

-L246

4Bt
-2s 1

$ -gs

0
0
0

J Future Àmounts (F)
ì Replacement,/repa i r

Salvage value (yr
costs

201
200

-1.3 3

(yr fs) 1200
-800

*

Net Present !ùorth

To locate the appropriate present lVorth Factors:
Converting from annual amounts, the p/¡* factor forTable 5D and the p/A factor for i=5t and n=20 years
future amounts, the p/f factors for i=5t and n=15 a

i=5t, n=20 years and e=3t is found in
is found in Table 4D. Converting from

nd 20 years are also found in Table 4D.

Table 3. Suntnrary of Cash FÌows and Present Worth Cal-cuLations
hlood Heating problem #2.
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Both the Pl,¡ and IRR nethods are similar in that they involve
converting future cash flows to an equivalent tine basisr typically
present values. They differ in that Èhe PW method compares the
profitabiliÈy of investments to a fixed rate of reÈurn, the assumed
discount rate, while the rRR rnethod solves for the actual rate of
return by finding the discount rate that corresponds to a net present
worth of zero. Due to this differencer êâch method offers distinct
benefiÈs.

Present !{orth:

. determines the optimum level of related (non-mutual1y
excLusive) conservation investnents

. determines if minimum acceptable rate of return is met

. simpler to compare investments of equal useful lives
InÈernal Rate of ReÈurn:

o able to rank mutually exclusive investments competing for
funds

. determines actual rate of return

. easier to compare investments of variable useful lives

V{hi1e each method has Íts advocates, it is best to understand both
and how they are interrelated. Either method will serve the investor
with a practical approach to making sound economic decisions. Their
reliability depends entirely on the accuracy of one's estinates and
assumptions. For further readingr a list of reference texts and
publications is included.

This factsheet was written by Jack Brautigam. Artwork was provided
by Rudi Fyles and t'like Nelson.
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a

SUGGESTED REJADING

a

llarsha11, Ilarold E. and Rueggr Rosalie T. Simplified Enerqv
Desiqn Economics National Bureau of Standards Special
Publication 544, U.S. Government Printing Office.
!{ashingtonr D.C. 1980.

rnformative overview of various rife cycle costing methods,
with sample probrems relating specifically to conservation and
solar investments in buildings.

Marshall, Harold E. and Ruegg¡ Rosarie T. Enerqv conservation
in Buildinqs: An Economics Guidebook for Invest¡nent
Decisions. National- Bureau of standards Handbook r32, u.s.
Government Printing Office. Washington, D.C. 1980.

A more comprehensive and complex treatment of economics than
the above publication,' detailed illustration and numerous
sample problems are used throughout.

o Grant, Eugene L. and Ireson, W

Enqineerinq Economv, 5th Edition.
York, NY 1970.

Grant. Principles of
The Ronald Press Co., New

An in-depth textbook review
needed for making decisions
retirement of capital goods.

of the principles and techniques
concerning the acquisition and

o'How to Cash In on Energy
fnc. Harrisonville, NH.
with corrections (p. 6).

Buysn. Solar Àge. Solar Vision
December 1984 and February 1985

a

Terse but detailed summary of economic methods and formulas
appropriate to investments in conservatÍon and renewable
energy - including worksheets.

nLife CycIe Cost Analysis versus Payback for Evaluating
Project Alternativesn. Heatinq pipinq'Air Conditioninq.
Reinhold Publishing Division of Penton,/IpC. Stamford, CT.
September 1984.

Review of advantages of life cycle costing over payback for
choosing among energy conservation investment alteinãtives.

a "Rate of Return Analysis in the Evaluation
Alternativesn. Ileatinq /Pipinq '" ir Conditioninq.
Publishing Division of Penton/IPC. Stamford, CT
1983.

of Project
Re inhol d
September

Comparison of Rate of
costing methods.

Return and Present hiorth life cycle
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TABLE 4C

4% Discount Factors
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5oA Discount

4D
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I .71t7
I .8009

4.80to
5.t(4t2
7 . Ít67
I . 6464

t0.5t9ó

Prccnl
Worlh
Iruclor
P/F

SluLlng
Fu¡¡l
Frclq
AlF

| . o(xt 00
0.490 20
0.120 t5
o.215 49
0. t84 ól

0.tr07ó
0. t26 ót
0. r08 Jl
0.094 49
0.0E1 29

0.074 I 5
0.06ó 55
0.0ó0 l4
0.054 ó7
0 . o,r9 94

o.oill 52
o. (nl8 2ó
0. rx)6 ,55

0. (x)5 2l
0. o04 20

0 . rx)l 19
o.002 7J
0.002 2l
(|.00t 8l
o.00t 48

Crpl|ll
Rccovcry

Fuclu
AtP

| .0.t0 00
0.Jt020
0.tó0t5
o.2'ts 49
o.224 6l

Compoud
A¡¡ou¡l
Frclrr
FIA

J .000
2 .040
f .122
4.246
5-4tó

Pre¡l
Worlh
J'¡clc
PlA

I 9. 791
20.720
2t .482
22 . )09
22.62t

('onr¡routrd
A¡¡ror¡¡l
l-Ncl.)r
F/P

2 . 78ó0
2.925t
1.07r5
t .225t
3 .38ó4

l'rcscnl
ìY¡rrlh
l¡¡rclor
P/F

0. 1589
0.l4lE
0 . 1256
0.l t0t
0.2e51

0 . 2?04
0. 2099
o.1999
1¡ . ¡ tXlrl

o.lEtl

SinLlng
lìur¡¡l

J-relrr
At t'

I . (X)0 (Xl

0..tE7 8(r
!.f t'l ?t
0.212 0t
o.18097

(l.o(¡2 t9
0.o(ll 70
0.00t 12
0.001 01
0.000 E0

0 . 0r)0 ól
0. (x)0 49
{J . 000 l8

(-rpllrl
Recovcry
Fuclor
A/P

0. t20 19
0. il2 81
0. t06 46
0. lOt 02
0 .0eó l4

(lompound
A¡rr¡¡ur¡l
J'lrlo¡
FlA

¡ . rxxr
2.050
l. t5l
4.3t0
5.5?6

14.207
15.9t7
t7 .7 tt
t9. J99
7t .519

Jt. il1
54 . 669
58 . 401
62.J23
6ú 419

800
7lt0
t.r 8
7tl
J 8,1

Præcoi
ì'Vqlh
lìrcar
P/A¡

to
t5

100

n

I
2
3
{
5

I
2
3
4
5

tt
2t
2!
l4
75

26
t7
28
29
30

3t
3¡
33
34
l5

ó5
70
75
80
E5

90
95
00

0.9ót5
o.9246
0.8E90
0.8J48
0-82l9

0.962 I
I .886 t
2.775 t
l.ólo I
4.45t 5

t,7ó0 rt
9.3EJ tt
9.986 tt
t0.561 ta
il,lrE t5

ll.ó52 tó
r 2. tó6 t7
12.659 lt
ll. ll¡l It
t]^J90 70

¡t
7l
¡3
ta
It

2t .825
21. ó98
25.645
27.67)
29 .778

44
47
49
52
5ó

0500
I 025
I 57ó
2155
276J

0.9524
0.9070
0.8618
0.t1227
o - 78:15

I .050 (x)

0. 517 80
0.1ó72t
0.282 0l
0.21097

0.952
t.859
2.721
t.546
4.t29

I
7
l
{
5

a
7
E

I
t0

| .2ó53
r.lt59
I . l6E6
t.42tJ
| .41t02

901
599
307

0. t9076
0.tó6ót
0. l4E 51
o. t't4 49
0. t21 29

a
7
t
I

¡0

140 I
407 I
4115
55tl
62 89

o.7467
0.?t07
0 . 67('8
o. ôl{6
0.ót]9

0. t47 02
0. t22 82
0. t04 72
o.09r) 69
0.079 50

0. t97 02
$. t72 82
0.154 ?2
0 . t.t0 ó9
0.129 50

ó.802
8. t42
9. t¡9

I I .O27
t2 .578

J .076
5 .786
6..161
7.t08
7 .122

a
7
I
9

¡0
0. ?02ó
0. ó75ó

0.?
o.1
0.7

0
o
0
0
0

ll
3¡
3J
3¡
l5
.t0
.t5

50
55
ó0

ó5
70
75
E0

85

fl
fl
3t
3{
35

1a
1S
50
55
óa

a5
70
7S
3l
¡5

5.242 a
6.002 7
6.7t1 ¡
1 .4)5 )
t.lll ta

ó.611
7.898
9.214

t0.581
1 2 .006

l] .4E6
I J .02ó
ró.ó27
I 8.292
20 - 024

ó496
6246
ó006
5't15
5J5l

tJ.981 7a
r ó.3t0 27
I ó.661 2¿
I 6.9E4 2)
17.292 !a

9ó9
248
ót8
081
646

t12
084
9óE
966
OEJ

il
l2
IJ
t{
¡5

0. t l4 lJ
0. t06 J5
0. t00 t4
0.094 ó7
0 .0E9 94

il
t2
ll
t{
t5

T lol
7959
885 6
9800
0789

0
0
0
0
0

5f.t7
5J68
5:ì01
505 I

48t0

0 .070 19
0.062 8l
0. 05ó 46
(). r), I 02
0.01ó l4

il
tl
It
t{
t5

JOó
8ól
I9¡l
899
I80

E

E

9
9
0

15.59t 3t
15.801 3r
t6.()01 3J
t6. r9t 3{
t6.114 35

a0
{5
50
55
ó0

t9.16l ó5
19.l,ll 70
19.485 75
t9.59ó t0
¡9.ó84 85

90
95

100

2t . ó57
25.8,t0
28. t32
l0 . Jl9
lt.0ó6

70.76t
7 \ .299
8U.064
E5 .0ó7
90. t20

456.798
588.529
7 56 .654
91 t .229

r 245 .087

7 r).Ín
I 98lo

I I 4ô74

tó
t7
It
l9
20

| .87t0
t .9419
2.02J8
2. 1068
2.t9il

0.5119
t¡.5 I 14
Íi.49t6
tt.4746
o.4564

0.0.r5 t2
0.042 20
0.0tE 99
0.01ó r4
0.011 58

0.085 E2
0. (182 20
0.078 99
0.r,7ó l4
0.071 5t

ló
t7
It
l9
20

2 . t829
2.2920
2.40(|6
2 .5210
2 _ 6J1l

0.4581
0.41ól
o.4t55
o . 1957
0. J7ó9

0 . 0.t2 27
0.0r8 70
fr.ol5 55
0 .011 75
0.0lr) 24

0 .092 27
o.088 70
0.0115 t5
(r. r)tt2 75
0.0E0 24

lo.8l8
tt.274
I I .690
12.085
t2 .462

tó
l7
It
l9
20

2 . 27Et
2 . 1ó99
2 .4647
7 ,56tt
2 . ó658

o.0l| 2E
0.u29 20
0.027 3t
0.o25 J9
0 .02.1 0t

0.07 I 2t
0 .0ô9 20
0.0ó? I I
0.06J J9
0.0ó4 0l

lt.
34.
16.
19.
4t.

I 4 .029
r 1 .451
r4 .857
t5 ,247
l5 -622

7t
72
ll
2l
2S

0. o¿8 00
0 .025 97
0.()24 t4
0.1 22 47
0.o2095

0 . tlTE lr0
0.r)75 97
0.074 l4
0.07 t 47
0.070 95

15 .1 t9
18 . 505
4 I .410
44.502
41 .777

t 2.82 ¡

tl.tó]
tt.4E9
l] .799
14.094

2.7725
2 .8814
2.9987
3. I tE?
I .24)4

0.3ó07
0 . 346E
0.31tJ
0.1207
o.3081

t .o22 57
0.021 24
0.02001
0.ot8 88
0.0r7 83

0.062 J7
0.06t 24
0.0ó00t
0.058 8E
0-057 tl

26
27
78
29
lo

I .5557
t.7tl5
I .910t
4. il61
.l .1219

0.?Et2
0.2678
0,2J5 t

o. 2429
() . 2l l:¡

0.0t9 5ó
0.0rE 29
0.0t7 t2
0.ot60J
0.{)t5 05

0. r)ó9 5ó
b. 068 ?9
0.067 12

0. r)6ó 0J
0.0ó5 05

14.i75
l'r . ó11
t4.8e8
lJ.l.ll
t5.172

0.41t8
o.4221'
0 .4057
0.1901
o .J'l5t

0.2081
0. t7t2
0.1407
o. ilJ7
0 .095 I

ll
72
7t
2l
2S

tó
27
It
79
l0

lTlt
5(,E I
6484
7911
946t

o.2965
o.285 I

0.274t
o.2616
0_25t4

I6 Eó
t5 95
l5 to
14 lt
l]J8

0 .05ó 8ó
0.055 9J
0.0Jt t0
0.0J4 I I
0.05t 58

59 . l2E
62.701
óó.2r0
ó9. 85ù
7 I .652

0. r)

0.o
0.o
0.0
of)

t7.5EE
l'ì.8't4
tE. t48
t8.4ll
t8.6ó5

4.5:t80
4.1619
5.0{l]2
5 .2511
5.-5lrl)

0.r)14 ll
0.0n 28
o.0l] {9
r).0t I 76
0.('l I07

0.06.t I l
r¡.0ól 28
0,0ó2 .t9
0. t)Á I 7ó
0.061 07

95
t2l
tJ2
l9¡
2f7

r)26
o29
667
lJ9
991

0. I Pr)
(l . ilrl
0.08?2
() . (|tr8 l
0.0Jtt

o. r)o8 18
() . r){)6 2(,
().001 7E

o.(x)l 67
o (x)2 8l

r) .ll58 l8
r).016 26
0. r)5.t 78
0. ()5t ó7
0.05? El

t20
t -t9
209
212
l5l

17. tJ9
t1 .171
rE.256
18.óll
18.919

40
45
50
55
ó0

0.050 52
0.0^t8 2ó
0.046 .5J

0. o{J 2l
0 - o.t4 20

t-r. ó156
18.ó792

12.'1987
t5.J7ró
t8.9.t51
2 r .05(Xr
2E . ()4t6

0.0781
0. ()ó42

0 .0518
0 . 04:14
0.01J7

294
ló4
448
5Jr
616

96tr
290
6I
245
090

?l . rJl99
I0.4164
tE.8J17
4'.56t4
6) .2544

o.04t9
0. ol?9
0. (t258
0.0201
0.0158

0.052 l9
0. r)t I 70
0.05 I 12
0.0,t I 0l
0 0J0 80

21.o17
2l . l9J
2l ,680
2l ,9tJ
24. t09

0. o4l t9
0.o.t2 7J
0.0{2 23
0.o4t rìl
o. ll4 I 48

0
0
0

I 594. ó07
2 010, ó9{
2 6t0.025

34. I t9l
4t.5lt4
-J0 . 5049

0 . 0291
0. 024 I
0.0leE

0.00t 2l
0.000 99
0.(x)0 8t

04t 21
0{0 99
010 8l

827 .9E
I 0t2. ?8J
I 2l'l ,674

24.267
24.398
24.50J

90
95

t00

80 . 7104
t{}l .0157
lll.J0ll

0.01?4
0.0r¡97
t) - 0{r76

0.050 ól
0.05(l 49
0.050 l8

t9 ,7 52
19.80ó
t9.84t



TABLE 4E

6 lo Discount Factors
TABLE

8% Discount
4F

Factors

I

('orrr¡rourril
Arrrr¡r¡nl
F'¡ck¡r
F/P

| .0600
t. t216
| . t9r0
I .2625
I . ll82

{ l8_t
503 6
5r,t8
6895
7 90tt

2.54f)4
2. ó918
2.E54)
1.025ó
I .2fJ7 I

lDrescnl
Worlh
F¡clo¡
,'/ t-

Slnllug
]'und

l¡rc lor
Al þ'

I .0(x) 00
0. 485 44
0.1t4 il
0.228 59
0. r77 40

0.025 r)0
0. o2:r 05
0.02 I 28
0.0t9ó8
o.0t8 2l

lu. ot I 79
0.01I rx)
0.0I127
0.009 60
0 . (x)8 97

0.00t l9
0.001 0l
o.000 77
fr. (xn 57
0. (xx) 4l

0. (xx) l2
0. ()(x) 24
0.000 l8

Crpilll
Rrcovcry
F¡clo¡
A/P

('orrrpouad
Amouol
ll¡clor

FtA

Prcc¡l
Wnlh
Frclr
PtA

Contporurd
An¡ouul
F¡clor
FlP

Preserrl
W¡rrlh
lì¡clor
P/F

SloLlng
J'und
Frtlor
A/F

t.orD00
0.4E0 77
0. tOE 0l
0.22 I 92
0. t7ù 46

0.ot2 5t
0,0il 45
0.0t0.r9
0. or)9 ô2
0 .008 El

(:rpllal
Rccovcry
F¡clor
,^tP

I .08t, (x)
0.5ó0 ?7
0. 188 0l
0.lot 92
0.250 46

0 . r)99 8l
0. 098 0l
0.096 42
0 .094 98
0.091 ó8

(ìuupoud
An¡our¡l
li¡clor
FIA

Pr*¡l
YYorlh
Frclor
P/Atr î

I
2
l
,t

5

6
7
E

9
t0

o.9414
0.8900
0.8t96
o.792t
o.741 )

o.941
t.8tl
2.6'rt
1.4óJ
4 -2t2

I .0ó0 00
o.545 44
0.174 l t
0.28E 59
o.2t7 40

LUX)
2.0ó0
l. tE.t
4.175
5.6)7

6-975
8 .194
9. E97
I .491
t. tEt

0.201 ló
0, t79 t4
0. ról 04
0. lt7 02
0. tt5 E7

0.085 00
0 .08t 05
0.08t 28
0.079 óE
0 .07E 2l

0 .07ó 90
0. (175 70
0. o74 59
0. t)71 J8
0_072 óJ

59, t Jó
ót .70ó
ó8. J2tl
7 t .640
79 . 05E

0.06t t9
0.oót ol
0.oó0 77
0.0ó0 57
0. 060 4l

0.0óo t2 3 t4t.075
0.060 24 4 209. t04
0.060 t8 5ó38.1óE

I
I
3
tl
5

a
7
I
)

ta

tl
It
t3
ll
l5

ta
l7
tt
It
7a

t
2
¡
a
5

I
2
3
I
5

0800
t 6ó.t
2597
1605
469t

1.4259
I .7000
I .99ó0
4 .1r 57
4.661O

90 t 0t8.9tJt
95 t49r.120_5

t00 2 I99.76t1

o.9259
o.85?l
0.791E
0.7tJ0
o - 680ó

r). t987
0. t8l9
0. 1703
o.1577
0. t4ó0

0.0(|to
0 . 0007
0,0005

I . (Xj0

2 .080
I .2.16
4.506
5-8ó7

o.926
L 781
2 .577
t.l¡2
I .991

4.62t
5.206
5.111
6.217
ó.710

0 . 7050
o. óó5 I

0. ô274
0.59t9
0.55rì't

0. l4l 3ó
0.I19t{
0. t0t 04
0. o87 02
0.07J 87

4.9t7
5.J82
ó.21O
ó.802
7.tó0

a
7
t
9

t0

| . 5869
|.7tl8
I .8509
I .9990
2. 1589

0. ó102
0.58r5
0. 5.r01
0.5002
0 .4ó12

o. t3ó 12
0.11207
0.O9'l Ol
0.oEo 0E
0.0ó9 0l

o .2t6 12
0. 192 07
0. t7.t 0l
0. tó0 08
0. t49 0l

7.tró
I .921

t0. ó]7
t2.488
t,t . 487

il
t2
l]
t{
t5

| . E98l
2.att22
2. tJ29
2.2609
2.J966

0.52ó8
0.4970
0.4688
0.442i
o.4l7l

0.06ó 79
0.0t9 28
0 .0J2 9ó
0.047 J8
0 .042 96

o.t7679
0.1t928
0. il2 96
0. t07 58
0. 102 9a;

t4,9'12
tó.870
l8 . 8tr2
2r.0r5
2J.276

lt
ll
ll
t4
t5

2.lltó
2.5¡82
2 .7 t96
2.9172
f . t7)2

0.4289
0.t97t
0.t6't7
0. 3405
0.lt5l

0.060 08
0. 052 ?0
0 .046 52
o .0.r I l0
0.01ó 8l

0
0
0
0
o

140 0E

D2 70
t26 s2
l2l t(l
lló81

tó. ó45
t8.971
21.495
24.2t5
27 . t52

7 .1t9
7.516
7 .904
E.244
E. J59

tl
It
tl
t1
t5

tó
t7
It
l9
20

o. t9ló
o.f7t4
0,:t501
o. Jlr)5
0.11t8

0.018 95
0.0t_5 44
u.012 36
0.029 62
ft.027 t8

0.o98 95
o.095 44
o. l)92 36
o.oE9 62
0.0E7 ¡8

to. t06
to.477
l0,t2t
il.t5t
I I .470

0.29t9
0.2701
0 . 2502
0.21t7
0.2t45

0.lr29E
0. t09 ó1
0. toó 70
0. tol tl
o.lot E5

r0. t24
11.750
37.450
4t .446
4s .762

E,EJI
9 .122
9.t72
9.604
9.tlE

t6
t7
It
t9
20

8E7
J64
t5l
295
7t2

7
t
I
9
9

a
7
¡
)
0

I I .lJO Jt
I I .415 3l
r I .5t4 3l
ll.J87 f¡
I I .6J5 35

488
492
494

tt
22
23
24
t5

26
27
la
29
30

ll
32
31
3.t
35

{0
.15

50
55
ó0

ó5
70
7S

t0
t5

90
95

t00

I . t99ó
3 . 60t5
1.8t97
4 .0.tE9
4,2919

0.29.t2
1l .2't1 5
o.2ót8
0.2470
0.2110

19.993
4J.t92
46,996
50.8t6
54 . 8ót

5.01t8
5 .4tó5
5.E7t5
ó.:r.il2
6 . 848J

o.ot9 83
0.0t801
0.0r6 42
0.0t4 98
0.0l] ó8

50.421
5s .457
60 . 891
66.765
73 . t06

10.0t7
l0 . 201
t0.37t
to.529
t0.6?J

J.l
l7

0.000
0.o(xr
{) .000
(). 0l)o
0.000

tó
l7
It
¡9
20

lt
22,
2t
24
25

26
77
IE
29
f,0

3t
t2
3l
3't
l5
40
rl5

50
55
ó0

ó5
70
7S
t0
t5

2l
,t
7t
t1
ts
,a
77
,a
t9
30

fl
32
33
ta
3t

aa
as
50
55
l0
a5
70
75
¡0
t5

t0
t5

t00

ló.509
tó. J,t9

o.ol2 98
o .029 ól
0.02ó 70
0.02.t r l
r¡.02 t 85

o.o08 ll
(.) . 0(r7 .t5

0.(¡0ó 85
0. (f)6 ì()
o . (x)J Et)

25.67t
2E.2tl
10.906
ll . 7ó0
t6 . 786

I I .764
t2.u2
t2.303
l2.JJo
t2.781

tr.oo1
tt .2u
I 3 .406
tt.59t
tl.7óJ

tJ.929
t4.084
t4 .210
l4.lót
r4.498

r J .04ó
lJ.4J6
t5.762
I 5 .991
ló. rót

7l
2t
2!
z1
7S

26
17
2ð
t,
!o

t0
45
50
55
ó0

at
7e
7S

t0
ts

4.5494
4 ,8221
5.ttt7
5.4t84
5.741J

r,.2t9E
[,2074
0. t9J6
0. t84ó
0.t74 I

0.0t ó 90
(¡.0t5 70
0.0t4 59
0.ol] 58
0.0t265

7 . t9ó1
7.98Et
8.ó!71
9.ìr7l

to.0ó27

0. t r52
0 . t252
0. t¡59
0. ltlTl
o 099.r

0.092 Jt
0.091 l5
0. (¡90 {9
0 . t)89 ó¿
0.ot8tl

79
8't
9J

I r)l
¡rl

954
lJt
ll9
9óó
281

r0. E r0
t0.9rt
il.0Jt
r r . tJE
I I .2J8

6.0881
ó.4Jl,t
6 . 840ó
7.25tO
7.68ól

0. ló41
0. t550
0. t4ó2
0. l]79
0. ßot

0.07t 79
0.07 1 00
o.o1í.| 27
0.069 ó0
0 . r)ó8 97

\r.¡t677
tt.7t7t
t2.ó760
n.690t
l-t.7E5_t

o. r)920
0 . o852
0.0789
0 . 07.ì0
0 . t)67(i

0.088 I I
0.087.t5
0.()86 85
0.0tr6 l0
r).oE5 80

tzJ.J46
l]4 .2 t4
145.9J¡
t s8 .62'I
112 . tt7

t0.2E57
t 3 . ?ó.¡ó
I tt . 42r)2
2.t . 6.501
32.9811

lt . rx)6 4ó
0.00,t 7t)
0. rxD 44
0 . rx¡2 J4
r).001 ti8

o. oóó 4ó
0.064 70
0 . ()61 44
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TABLE 4G

1OoÂ Discount Factors

TABLE 4H

12% Discount Factors
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TABLE 5A
*

2o/o P I A Discount Factors
TABLE 5B

*3% PIA Discount Factors
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TABLE 5C
*

4Vo Pl A Discount Factors
TABLE 5D

*
5% Pt A Discount Factors
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22. I48

23 .370

2{.605

25.8st

27 . ì.09

28.379

29.662

10.957

32 .26 4

33.584

14.9t6

e-6t

t.0t9

2-058

3.¡I7

{ .196

5.296

6.{t7
7 ,560

8.72t

9.9It

tt.t2t
12.15{

13.61l

l{.892

t6.198

l7 .528

18.885

20.267

2r.676

23.112

24 -51 6

26.068

27 .558

29.t18

30.717

72.327

13.968

15.64I

37.345

19.083

40.854

e.ll
0.962

t.887

2.777

3.633

4 .457

5.249

6.0t1

6.7 44

7.ttg

8.L27

8.779

9 . ¡10?

l0 . 010

10.591

ll.l,l9
11.686

12.203

l2 .700

13.t78

t3.638

14.080

14.506

l,r.9t5

t5.309

Is.688

t6.052

l6 .402

16.739

t7.06.¡

17.37s

e-2t

0.97t

1.9t5

2.832

3.722

{ -587

5.{28

6.211

7 .O37

7.800

8.556

9.283

9.989

I0.675

lI.3{l
t1..989

I2.618

LJ.229

11.822

ì4.399

14.9s9

15.501

t6.03t

l6 . 5,15

r7.0{3

t7.528

r7.998

18.,¡56

r8.900

t9.l3t

t9.750

e- ll

0.98t

1.9{3

2 .887

3.8t1

{.72L

5.612

6 .487

7.3{,¡

8.t85

9.0I0

9.819

t0.613

II-t92
t2. t56

I2.905

13.6{1.

l.{.362

I5.069

15.763

16.{4{

l7. ttt
t7 .7 66

t8..109

I9.039

r9.658

20.264

20.859

2L.443

22.015

22.57'l

e-4 t
0.990

1.972

2.9,Íl

3.906

{.859

5.803

6-738

7.665

8.582

9.{9I
I0.39I

11.282

I2.t65

t3.0{0

r3.906

l{.764

I5.6t4

Ì6.¡56

L7.290

t8.lt6
18.934

L9.744

20.5.t6

2t.34r

22 . r2S

22 - 908

23.680

24 .445

25.20t

25.953

e- 5l

1.000

2.000

3.000

4.000

5 .000

6 .0(}1)

7 .000

8.000

9 .000

10.000

tt .000

12.000

l3 .000

I4,000

I5 .000

r6 .000

t7 ,000

t8.000

19,000

20.000

21.000

22 .000

2t.000

2{.000

25.000

26.000

27.000

28.000

29.000

10.000

e= 6l

I.010

2.029

3 .057

{ .09ó

5.145

6.203

7.272

8.l5 t

9.{40

I0.539

I1..649

t2.7 69

13.900

15.042

t6.I95

I7 ,359

I8.534

19.720

20 .9t7

22 . L26

23.146

24.578

25.82I

27.077

28.l,l4

29.624

10.915

32.2t9

31.536

t{.865
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TABLE 5E
*6% PIA Discount Factors

TABLE 5F
*8% PIA Discount Factors

,1

I

z

3

4

6

7

I
9

ì.0

II

t2

l3

l4

t5

l6

L7

l8

l9

20

2L

22

23

24

25

26

27

28

29

l0

e-lt
0.953

1.86t

2.726

3.550

4.335

5.084

5.797

6.476

7.124

7.740

8.328

8.888

9 .422

9.930

t0.{14

10.876

t1.ll6
lI.7l5
I2.t34

12.5t5

t2.877

t1.223

11.552

t3.865

14.I64

I4.¡49

14.720

14.979

t5.225

15.460

e- 2l

0.952

1.888

2.179

3 -637

4.{62

5.256

6.0t9

6.755

7 .462

8.l,tl

8.798

9.r28

I0.034

l0.5t8

tt.t80
It.720

t2.240

12 .7 40

13.222

t3.685

l{.t31

14.560

ì{.971

15.370

L5 .7 52

t6.120

I6.47{

16.8I5

17.t4l

I7..t58

e-3t

0.972

1.9t6

2.833

3.725

{.591

5.433

6.251

7 .0{6

7.818

8.568

9.298

10.006

10.695

I1.36¡l

t2-014

12.645

ll.2s9

13.8s6

l{.435

I{.998

15.5.r6

16.07?

16.594

17.096

ì.? .584

18.058

18.519

t 8.96ó

t9.401

t9.82,r

e-4t

0.98I

I.94,t

2.888

3.8t5

4.724

5.6I6

6.{9I

7.350

I .192

9.0I9

9.830

10.625

I1.406

t 2.172

L2 -924

ì.r.66t

l{ .384

15.09,1

15.790

16. {73

I7.l{{

t7.80I

18.{,17

19.080

19.70t

20.lt0
20.908

2L .495

22 .07 0

22 .635

e- 5l

0 .991

L -972

2.944

3.907

{ .860

5.805

6.741

?.668

8.586

9.¿96

l0 .397

1t.289

I2. I7 3

I3.049

t3.9I6

I{ -7lo

1s.627

I6.470

t7 .105

18.I32

I8.9s2

19.764

20 .56 I

21.164

22 . I5t
22.935

23 .7 09

21.r76

25.236

25-988

e=6 I
1.000

2.000

1.000

{ .000

5.000

6 .000

7 .000

8.000

9.000

10.000

rr.000

12 .000

13.000

l4 .000

15.000

16.000

l7 .000

t8.000

19.000

20.000

21.000

22.000

23.000

2 4 .000

25 .000

26.000

27 .000

28.000

29.000

10.000

e-It
0.935

t.8t0

2.628

3.393

{.108

t.777

5. ¿02

5.987

6.53{

7.0{6

7 .525

7 .9'r2

8.391

9.782

9,148

9.490

9.8I0

t0.r10

t0.190

t0.65t

t0.896

tl.I25

It.3l9
rt.539

tI.-t27

11.902

t2.066

12.2t9

L2 . J62

t2.{96

e-2t

0.94{

t.836

2.679

1.47 4

1.226

4.936

5 .606

6.239

6.837

7.{0t

7.935

8.¿38

8.9I{

9.163

9.787

I0 .1 88

I0.566

t0.92{

It.2óì.

1t.580

lt.88t

t2.t66

l2.tl4

12.688

I2.928

ll.l54

ll.167

t1.569

13.760

11.940

e- 31

0.95{

1.863

2.73L

3.558

4.3{7

5.099

5.817

6.50I

7. t5{

7 .777

8.370

8.937

9.416

9.99t

t0. {83

ì.0.95t

tt.398
lt-82{
L2 -230

l2-6t8

t2.987

I3.140

13.676

ì3.996

l{.302

14.59{

I.t.872

t5.tl7

I5.190

15.63t

e-41

0.963

1.890

2.783

3.643

{ . 171.

5.269

6.036

6.776

7 . ,188

8. I73

8-83¿

9.,169

10.082

10.671.

ì.1.239

t1..786

t2.312

t2.819

13.307

I3.777

t4.230

14.666

l5 .086

I5..t90

15.879

I6.251

16.615

I6.963

17.297

17.620

e-5t

o.972

t.9t7

2.836

3.730

4.598

5.{{3

6.264

7 .062

7.838

8.593

9.326

I0.039

t0.733

It.407

12.062

12 .699

t3.3r9

13.92t

14.507

15.076

I5.629

16.t67

I6.69t

t7.t99

t7.69{

t8.174

t8.642

l9 .096

t9.518

I9.967

e-6 t
0.981

I . 9,15

2.890

3.818

4.729

5.623

6 -500

7.361

8.207

9.036

9.850

I0.649

11.434

12.203

12.959

13.700

t¡l .t28

15.142

t5.8,13

t6.532

L7.207

I7 .870

18.520

19.t59

t9.786

20.40r

21.004

21..597

22.tl8

22.7 49
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TABLE 5G
t

l0olo PIA Discount Factors
TABLE 5H

*12% PtA Discount Factors
n
t

2

3

I

6

7

I
9

IO

tl

T2

t3

l.l

t5

t6

t7

I8

t9

20

2t

22

23

24

25

26

27

28

29

l0

e=ll
0.918

t.76]

2-535

3.246

3.899

4.{98

5.048

5.5s3

6.017

5. {.13

6.83{

7.r93

7 .521

1 .825

8.t0:
8.358

8.593

8.808

9.005

9.t87

9.353

9.506

9-641

9.776

9.894

10.001

10.r02

t0.t94

10.278

t0.355

e-2S

0.927

t.787

2.58{

t.32r

{.009

{.6{5

5.234

5.78t

6.288

6.758

7.t9{

7 .598

'l .972

8. t20

8.642

8.9,t1

9.218

9.475

9.7r1

9.934

t0.t39

10.129

t0.505

I0.668

t0.8I9

r0.960

r1..090

tt.2ìt

It.l2l
lI.{26

e- 31

0.936

I.8t 3

2 .634

3. ¡¡03

4.t23

4.797

5.r28

6.019

6.572

7 .090

7 .575

8.030

8.{55

8.853

9.226

9.576

9.903

l0 - 209

10.,r96

10.764

tI.0t5

t.t.25t

lt.47t
t1.678

lI.87t

I 2.052

L2.22L

12 . 180

t2.528

t2.667

e-4t

0.945

1.839

2.684

3.{83

4.239

4.9s3

5.628

6.267

6.871

7. ¿4t

7.98t

8.{9t
8.973

9.429

9 ,860

I0.268

I0.653

rt . 018

It.362

11.688

tt.996

t2.287

12 -562

L2.822

11.069

ì1.10Ì

t3.52t

11.729

t3.926

l4.tt2

e-5t

0.955

I.866

2.735

3. s66

{.358

5. l15

5.837

6.526

7. I8{
7.8I2

8.41r

8.983

9.530

1.0 .05t

10.5,r9

I1.024

tt.477

rl.9l0

12 .323

t2-718

t3.094

t3.4s4

I3.797

14.12{

t{.437

14.735

t5.020

15.291

t5.55t

t5 -799

e-6 t
0.964

I.892

2.787

3.6¡19

{ . ,180

5.28r

6.053

6.796

7.513

8.203

8.868

9.5t0

t0.r27

l0 .723

tt.297

ll.8{9

L2.382

12.896

13.r90

13.867

14.126

t4.769

t5.t96

t5.507

16.001

t6.384

16 .7 52

17.107

17..t48

t7.778

e-Il

0.902

t.7I5

2.448

3. lI0

3.706

4.244

r.729

5. r66

5.56r

5.916

6.23'I

6.526

6.187

1 .022

7.234

7 .426

7.598

7.754

7.894

8.020

8.t3{

8.231

8.130

8.,t1{

8.,t89

8.557

8.6r9

8.61 4

8.724

8.769

e- 2l

0.91t

1.7{0

2.495

3.r83

3.8r0

{.380

4 .900

5.373

5 .804

6.t97

6-554

6.880

7.I76

7.{{6

7 .692

7.9t6

8.t20

8.306

8.{75

I .629

8.769

8.897

9.0t1

9.rt9
9.2t6

9.104

9.184

9.456

9.521

9.581

e- 3l

0 .920

I.765

2.543

3.258

3.9Ió

4.s2t

5.07 8

5.589

6.060

6-492

6.890

7 .255

7.593

7 .902

8.187

8-449

8.689

8.9II

9.rt{

9,302

9.474

9.632

9.775

9.9I2

10 . 015

10.t48

L0 .252

l0.l{8
I0.¡16

I0.5I7

e=41

0.929

I.79I

2.59I

3.335

{.025

4 .666

5.262

5.8t{
6.328

6.804

7.217

7.658

8.039

8.394

8.723

9.025

9.3ì2

9.575

9.820

10.0{7

t0.258

10. {54

r0.636

10.805

10.96I

lt.t07

tt.242

tì.368

ll..r84

Iì.593

e= 5l

0.938

1.8I6

2.640

1.4t3

{.t37
{.816

5.452

6.049

6 .609

7.t33

7 .625

8.086

8-518

8.923

9 .303

9.659

9.993

I0.306

10.599

10.874

ll.tl2

lt.l7,t
1t.600

tl..8ll
I2.0t2

12.t99

12 .37 4

12 . 518

t2 .692

t2.836

e-6 t
0.9,t6

I.8,t2

2.690

3.,192

4.252

¡l .970

5 .650

6.294

6.903

7.{80

8.026

8.542

9.03t

9.494

9.93t

I0.346

I0.738

lt.l.09

Il.{61.

tt.793

r2.t08

t2.405

I2 .6 87

t2.954

tl ,207

13.445

L3 .67 2

13.886

l.t .0 88

14.280
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