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AESTRACT

Life cycle cost analysis has been a part of gccd
architectural design for many years. It has received
even greater attention as the energy crisis makes it
more clear that architects and owners must plan witk
greater emphasis c¢n 1life cycle cost (LCC) versus
initial ccaostruction cost. This thesis investigates
the formulas and procedures currently used and
illustrates life cycle cost analysis as applied to
building operating cost savings, maintenance ccst
savings, and <savings on replacement <cf building
components and systems. 1Included is a discussicn cf
the Eccncaic Building Perfcrmance Mcdel ncw used by
the Western Division Naval Pacilities Engineering
Command, and current federal agency efforts to apply
LCC ccncepts to building design.
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d. PURECSE CF THESIS

The purpcse of this thesis is to investigate the process
of life cycle cost (LCC) analysis as it is ncw being used by
architects and engineers in the desigm of tuildings.

E. THESIS CCNTENTS

Chapter Two preserts a general definiticn of LCC as the
summation of total building systems costs over the 1life of
the building. Wwhen adjusted for the time value cf mcney
this summaticn is wuseful as an aid tc mwmaking <cesign
decisions. 1The cost elements to be considered are discussed
and the LCC mcdel is introduced as a way of structuring an
econcmic analysis cf design alternatives.

Chapter Three reviews the methematical fcrmulas commcnly
used in econcmic aralysis and relates then tc the LCC mcdel.
Selection c¢f a discount rate and treatment cf inflaticr are
discussed fcllowed by an illustraticn c¢f the process of
discounting cash flows for LCC studies.

Chapter Fcur 1lcoks at recent experience with ICC in
weapons systems development and current effcrts to apply the
mcdel to tkuilding design.

——— - - S —— S A




The fifth and £final chapter concludes that the
usefulness c¢f LCC can be improved by judicicus develcpment
cf a data base and a ccmmon fcrmat for analysis.

The appenéices provide simple illustrations of tke LCC
Frocess as applied to cperating cost savings, mainterance
cost savings, and savings cn replacement cf components and
systeas.

|
|
|
|
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A. INTROLUCTIION AND OVERVIEW OF CHAPTER

This chagter defines life cycle cost as a summaticn of
the total costs which accrue throughout the 1life of the
Euilding, as adjusted for the time value cf money to enable
useful ccmparisons to ke made. Total costs c¢f a building
are reccgnized as being ccmpcsed of several elements in
addition to initial costs. ICC techniques are wused with
varying degrees of detail depending on the stage of building
design keing ccnsidered.

E. GENEEAL CEFINITICN OF LIFE CYCLE CCSTS

1. Summation of System Costs

The bigh cost cf constructing a builéing gets a 1lot
cf attenticn frcm owners and designers alike. At every
formal bid opening ccnducted ty the governmert, or in every
contract negctiation in the commercial area, there is
ccncern over whether the construction can ke done for the
amcunt of @&cney available. The owner , the designer, and
the ccntracter all focus their attepticn on the initial ccst
tc construct that building. But there is much more than
that to be included in the <cost of the Luilding tc its
cWner. The owner must pay the architect who designed the

10
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tuilding, and must pay the in-house planning staff for their
front-end wecrk in cocrdinating the woerk cf the architects,
the marketing consultants, the financial people, plus
significant administrative ccsts during construction.

Once the building has been occupied the owner Legins
to receive its benefits but still incurs additional ccsts.
Every year tke owner must pay for lights apnd heat, tazes,
and people tc perform the functions the building is intended
tc shelter.

The 1life <cycle cost of a building is the summation
cf all of the costs incurred for that building for all of
the years frcm planning through ultimate sale or disposal.

2. Adjustment for the Time Value cf M¥cney

Any summation of <costs for purpcses of comparing
alternatives cannot be valid unless the costs are in ccmmon
terms. Tc ke in commcn terms, the costs must be considered
with respect to the timing of cash flows. The value of a
dcilar tcday is not the same as it will ke one year from
tcday for twc basic reasons. PFirst, inflaticn will affect
the purchasing power of the dcllar, meaning it will buy 1less
gcods and services a year frcm now. Seccnd, the dcllar
received today has earning power. It can ke invested for a
real return cver a span of time. 1In life cycle costinc¢ the
principles c¢f compound interest are used tc ccmpute present
and future ccsts in a way that relates these <two costs in
common terams. The necessary formulas will be covered in
some detail in Chafpter 3.

11




3. A Degcision Making 1. .

Life cycle costing (ICC) is much mcre than @merely
the application of compound interest fcramulas. LCC is a
technique, a procedure, a set c¢cf rules, a methodology, a
systematic frocedure by which a ccoplex task is
accomplished. The technique has been develcped to allcw its
user to evaluate the results of a decisicn or tc chcose
tetween alternatives as a part of making a decision. It
does not Gfprcvide an automatic decision but it gives added
visibility tc the cost elements of an investment decisicn.

4. Increasing Sigpificance ¢

I

LSC

Life cycle costing is gaining increasing
significance to building designers and owners. The
ccntinuing effects of inflaticn on all building costs and
the even faster escalation of energy ccsts call attention to
the limitations of Etasing decisions solely on iritial
investment costs. There is a need to anticipate growth and
changes in the use of tuildings. It is beccring more widely
reccgnized that the design of a buildicg has long term
effects cn the operating cost of the building. Tradecffs
Eetween ipnitial costs and 1long term operating costs have
always been considered by informed owners kut today such
tradecffs are being given more attention and @mcre
visikility. The additional visibility frcvided by LCC

z techniques is important because with advances in techrnclcgy
the elements of <costs and their interrelationships are
getting mcre and more couplex.

RTINS, N
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C. TIHE REAL COSTS OF A BUILLING

The real ccst c¢f a building can be considered in teras
cf the initial cost, recurring costs on an annual basis and
intermittently through the 1life of the building, and
functional use costs. The total cost of cwnership includes
the sum of all costs. It can be shown that initial ccsts
are a suprisingly small portion cf total cwnership costs.

1. Ipnitial Costs

Initial cests are primarily the ccst of
ccnstruction. Other types of initial cost such as ¢esign
and other owner costs are related directly tc the
censtruction cost. Interim financing ccsts are also
incurred during constructicn, again <related directly tc
ccnstructicn costs.

The construction costs are ccamgosed cf nmany
elements. The common Lkasis cf breaking down costs has for
years been in terms of materials, trades, or subcontract
packages. The most familiar format has been the 16 division
Uniform Ccnstruction Index (UCI). A more recent trernd, of
value in the conceptual and design development phase, has
been the functional system and subsystea approach. This
method separates the Fkuildirg into its elements frem a
functional standpoint such as foundaticn system, wall
systems, roof systems, and mechanical systeams.

Thinking of a building in terms of systems helps in

understanding the interrelaticnships that <can affect the
initial <cost of construction. A heavier wall system for

13




|
'%f.“

GRINSEIS

A ——

e

€exanple may regquire a more substanial foundation system. A
mcre energy efficient roofing system may permit a sgaller
heating cr cooling <cystem. The effect of one design
decisior on cther aspects of the building can be studied in
terms of tuilding systews and the sum cf ccsts for each of
these systems will be the initial constructicn cost fc¢r the

tuilding.

2. Becurring Costs

The recurring costs for a building car be
eéssentially the same each year cr they can vary considerakly
cver time. Types cf recurring ccsts are as fcllows.

a. Cperating - Utility Costs

Cperating costs depend on hcw the buildinc has
teen designed and bhcw it is used by the cccupants. The
clipate has an obvious effect on the heating and «c¢ccling
requiremerccs. The function to te performed in the tuilding
may serve tc reduce operating costs by providing much cf the
heat required (arn auditorium) or may increase operating
ccsts (cocling a ccmputer room in a hot climate).

The interaction between functicnal systeas can
te used in the design develcrment to evaluate tradeoffs cn a
life-cycle basis. For example, the lighting system wight be
used tc provide some or the heat required in the bu: iding.

L. Maintepnance

The cost of maintenance is a serious

14
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consideration in 1life cycle ccsting. Scme materials look
gcod when new and pertfcrm their function well but regquire
extensive maintenance on a daily or weekly basis. Some
mechanical systems depend on sophisticated «ccntrol systems
which wcrk well only if continually tuned or adjusted.
Other systeams may Le mcre expensive initially but work well
fcr years with no attention.

C. beplacements

The ccmponents of various systems witkir a
tuilding do pct last forever. Some, such as foundation
systems may last as lcng as the building , tut others, such
as the rocf system, may require replacement one <Ccr more
times during the life cf the building. Mechanical systeas
need occasicnal replacement cf ccmponent parts such as pumps
ocr fans. Scme functicnal equipment may regquire replacement
with newer and more efficient mcdels. Soametimes the lLasic
use of the tuilding will change and the original mechanical
eguipment will be replaced with equipment of larger
capacities. These pcssibilities must be ccnsidered in the
life cycle ccst analysis.

d. Alterations

Alterations of a building are practically
inevitable. Even if the form perfectly fits the functicn on
the first day of occupancy, changes will ke desired soon
afterwards. The dynaaic nature of activities bLeing
performed create a necessity for alterations every year. It
is hard to =evaluate what alterations might be made tut in
scme types cf buildings there has been encugh experience
with routine alterations that a reasonakle estimate of
froktable costs and consequences can be made. In any case,
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where the need for future alteraticns can be reascnably
predicted, they shculd be included in the 1life cycle cost
analysis.

€. Functional Use Costs

Functional use costs can be considered
separately from the facility operational costs. The
function of a building might be to prcvide healtt care
services. This functicn would require doctcrs and nurses
and certain specialized equipment. Such functional uses
nust be considered by the owner when he is evaluating his
cverall investment. From the designers pcint of view cnly
changes in functional costs need be considered. If the
decision at hand is whether to use gas or electric heat, the
number of nurses to ke emplcyed is nct relevant. If a
decision on building layocut requires an additional nurses
staticn tc serve the same number of patients, the functicnal
cost of the additional nurses staticn must be included in
evaluating the alternatives.

3. Ictal Cost of Cwnership

The relative significance of initial construction
ccsts versus the total cost of ownership can be seen in an
example cf a hypothetical office building. This example has
Leen taken from the private sector sc the impact of
financing on the total cost <c¢cf ownership can be shcwn
(Bef.1]. For a federal project there is no wvisitle
financing charge but rather an imputed cpportunity ccst for
investing in the project.

The following example is based on a hypothetical
cffice building of 100,000 square feet (SF) ccnstructed at a

16
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ccst of $50/SF. Design and cther owner costs are estimated
at 108 cf ccnstructicn cost with an additicnal 10% interim
financing cost, bringing the total initial ccst to $60C,000.
For the years after initial constructicn, operatirg and
maintenance costs are estimated at $2/SF over a life cf 40
years. Cyclical renewal <costs are estimated at $2¢50,000
évery eight years. The total amcunt financed was $6,0€0,000
at 8% for 40 years for a total interest cost of $14,00(,000.
These ccsts are listed in Table 1II-i and illustrated
graphically in Figure 2-1. The time value of money is
disregarded in this example for the PUrpcse of
simplificaticn.

HYPOTHETICAL CFFICE BUILDING

Initial Eroject Development Costs:

Initial Ccnstruction % of LCC
100,000 SF at $50/SF $5,000,000 17.24
Design and other cwner costs $500,000 1.72
Interioc financing costs $500,000 .32
Subtctal Initial Costs $6,000,000 20.€8

Ccntinuirg Prcject Costs:
Operatirg and maintenance cost

$2/SF/YR for 40 years $8,000,000 2l
Cyclical renewal cost
$25C,000 every 8 years $1,000,000 3.45

Finapcircg cost
interest cost for a decreasing principal mcrtgage
of $6,000,00C at 3% for 40 years

$14,000,00¢ 48,28

Subtotal Continuing Costs $23,000,000 79.:1

Total Life Cycle Facility Cost $29,000,000 100.CO
Table II-i

17
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design

initial
construction

interim financing

ating and 1
maintenance costs

cyclical renewal
costs

interest cost\\

Figure 2-1

This example excludes the cost of land, the cuner's
functional use cost, and any salvage or disgcsal costs at
the end of 40 years of building service. The impact of
these items is highly variable but tends to further reduce
the percentage of 1life cycle cost attrikutable to iritial
ccnstructicn costs. It should be cbserved that the designer
shculd strive for minimal operating and maintenance ccsts,
since they are a significant portion of the tctal cost.

L. LIFE CYCLE COST MODEL IN DESIGN ANALYSIS

Life cycle cost modeling is one c¢f a variety of
techniques often used for performing ccst studies under the
kroader term of economic analysis. With respect to building
design, the Naval Facilities Engineering Ccamand (NAVFAC)
divides eccncmic analysis into discrete types according to
the purpcse cf the analysis [(Ref. 2 ]. The Lroadest tyre is
the Fupndamental Planning Analysis (FPA). The FEA is
directed at the facilities gflanning objective. That is,
given that a mission function is to be performed, thke FPA
seeks the optimum methcd of satisfying the requirement. The

s e T
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solution may or may not turn out to include a military
ccnstruction project and planners should ccnsciously resist
the temptaticn tc merely use the FPA to justify a decision
to build. The analysis should lead to a decision ané not
vice versa.

FPA is further divided into two types, primary and
seccndary. The primary FEA addresses itself to the Ltasic
need and ecorcmic justification for some change to present
conditicns, the justification being in terms of absclute
ccst savings. A secondary FEFA is used once a deficiency or
changed requirement fcr a facility has been identified. In
essence, given the requirement for a facility, the @wmost
eccnomic means of satisfying the —requirement must be
determined. It is reccgnized that the facility will ccst
mcney and the least-cost alternative is sought.

The seccnd broad type of economic analysis with resgect
to building design is referred to as LDesign Analysis (La).
The DA is used conce the decision has been made to build. It
is an econcmic analysis of design alternatives. The LA is
essentially the same <thing as the FPA e&xcept that DA
addresses design alternatives and FPA addresses planning
alternatives. The FPA 1is usually prepared by the Navy
activity as a part of the Facility Study (DD Form 1391C)
supporting a request for approval of a military construction
Eroject. Tke DA is usually done by the architect as a fpart
cf the prcject design documentation.

Life cycle ccsting in tuilding design as discussed in
the thesis is primarily ccncerned with the DA type of
eccnomic analysis. LcC focuses not just on the initial
economics c¢f various design alternatives but on the
implicaticns those alternatives have on lcng term ccsts.
The purpcse here will ke to explain the 1life cycle cost
mcdel as a tecanique for design eccncmic analysis.
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Applicaticn cf the wmodel will be illustrated with scme
examples taken from <recent military construction prcjects
and some examples constructed specifically to illustrate
possible afpplications. The examples will ccver compcnents
cf a building. A thcrough LCC study for a design prcject
may include detailed analysis of only one building comfponent
cr of a multitude of components depending ¢n the judgment of
the designer in a fparticular situation.
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III. LIEE CYCIE CCSTING IECHNIGUES

A. INTRCLUCTION AND OVERVIEW OF CHAPTER

This chapter reviews the lasic mathematics of ccupcund
interest and relates the ftasic concepts tc the LCC model.
Since the Department of Defense (DOD) specifies the use cf a
10% disccunt rate, the origin of that discount rate is
discussed. The treatment of normal inflaticn and
differential inflaticn now being experienced in the field of
energy is reviewed next. Then the process c¢f discounting
cash £flcws 1is illustrated using cash flcws diagrams and a
table of computations which will serve as a mcdel for
further illustrations in the appendices. The chapter
ccncludes with ccmments on peculiar problems associateé with
estimating ccsts for use in a LCC model.

E. THE TIME VALUE CF KONEY

The mathematics c¢f compound interest is the foundation
cf 1life cycle cost analysis. The subject is addressed in
detail im various texts c¢n @sanagement and engineering
econcmy. Feferences 1 and 3 have »oeen used ir the
Freparaticn of this section. This section is intended as a
trief review of those concepts, a refresher to help in the
understandirg of fcllowing secticns.
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1. Single Compound Amount Factor (SCA)

The kasic formula from which all the fcllcwing
formulas can be derived is the single compound amcunt
fcrmula. If a principal amount, P, is invested for n years
at an annual rate of interest, i, it will ke worth a future
aacunt, F, as a result of compounding.

n
F = P(1+i) (1)

n
The factor, (1+i) , is called the Single Ccmpound 2mcunt

factor (SCA) by Ref. 1 . In LCC the SCA factor is used for
frojecting ccsts forward in time from the G[fresent time ¢
the start of the analysis zero year.

present 0] 1 2 3 !
[- 1 future
P F
analysis
base F = P (SCA)
year
Figure 3-1
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2. Single Present Worth Factor (SEW)

The rroblem of simple ccmpounding can be reversed to
find out what principal, P, must be deposited now so tkat by
earning interest at an annual rate of interest, i, it wilil
increase in value to a future amcunt, F. 1The terms are the
same€ as eguation (1) Lkut instead of solving for F, we sclve
fer P.

P =F 1 (2)

n
The factor 1/(1+1i) is «called tie single present

wecrth factor (SPW). In LCC the SPW factcr is wused for
tringing costs back from scme future amcunt to a fresent
value as ¢f the base period.

0 ﬁS 10 L5 ‘,20 '25
lp
F
P = F (SPW)
Figure 3-2

3. DUpifcrp Sipking Fund Factor [(USF)

Cften it is necessary tc accumulate money to meet
scme future expense. To determine what annual amocunt,A,
gust be deposited at the end of each year for n jyears,
earning an annual interest rate of i, in crder to procuce a
future amcunt, F, the following formula would be used.

23
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n
The factor i/((1+i) =-1) is called the urifcrm

sinking fund factor (USF). In LCC applications the USF
factor 1is used fcr converting some future cash flcw tc an
equivalent uniform annual cost (EUAC). For example, if a
tuilding mnmust ke removed frcm leased premises at the end of
the lease the cash flow can ke considered as a future one
time cost <c¢r as an egquivalent series of uniform cash flcws
cver each year of the lease.

A = F(USF) F

Figure 3-3
4. Upifcrm Capital Recovery Factor (UCR)

It is often desirable tc know what annual amount, A,
can Lke earped fcr n years from a princiral investmert, P.
This can te fcund by substituting in equaticn (3) the value
given fcr F in equation (1).

A = E(SCA) (USF)
n n
A= P(I+1) si/z((1¢d) =)
n
A = Fi(1+1i) (4)
n
(1+i) -1




,4,
:

n
The factor i(1+i) is called the upifcras capital

(1+i)n-1
recovery factcr (UCR). In terms of LCC the UCR factcr is
used fcr ccnverting some present cash flow tc an egquivalent
uniform annual cash flow. The initial investment P is
mulitplied by the UCR factor to cbtain the EUAC. Conversion
of costs tc EUAC is sometimes useful in ccmparing
alternatives cf different eccnomic lives.

0 5 10 15 20 25

Figure 3-4

5. Uniform Compound Amount Factor (UCA)

—— e e m e ao—

The formula for unifcrm sinking fund (USF), equation
(3) , can ke reversed. If the annual amcunt, A, tc be
invested at the end cf each year for a years is known, the
future amcunt, F, can ke found by solving equation (i) as
fcllcwus.

Y
(USF)
F = A(1+i)n-1 (%)
3

The factcr (1+i)n~1 is called the unifcrm
i
compcund amcunt factor (UCA). In LCC this UCA factor could
te wused fcr converting a series of uniform annual costs to
an eguivalent single ccst at scme future fpcint in time.
This wculd ke be applicable in the case of a long leac time
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befcre the base pericd fcr analysis. An cwrcer might have to

Fay annual

taxes c¢n his fprcperty for a period of several

years befcre construction is complete and Lkenefits start to

accrue.

0 5 10 15 20
breet
A
- F = A (UCA)
Figure 3-5

6. Unifcrm Present Worth Factor (UPNW)

The
(4) , can ke

Fayment, A,

formula for uniform capital recovery, eqtation
similarly reversed. If the annual wurifcrm
is knocwn, the present princigal value, P, of

thcse payments can be found by solving equation (4) as

fcllows.

P = A (6)
(UCR)
n
P = A(1+i) -1
n
(1+1)

i
The factecr (1+i) -1 is called the

n
i(1+1)

unifcrm present worth factor (UPW). In LCC the UPW factor

is used fcr
eguivalent
maintenance
multiplying

ccverting a series c¢f uniforam annual costs tc an
single <cost at the present time. Annual
costs are commonly ccnverted tc present value py
the annual cost times tae UPW factor. :
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P = A( 7N)

Figure 3-6

C. SELECTICN OF DISCOUNT RATES

The ccampcund interest equations are orten explainec with
the factcr i represented as the annual rate c¢cf interest, a
financial «relationshifp between a borrower and a lender. A
mcre general interpretation cf i is the rate of return
required by the investor. There are several approackes to
determinirg the rate of return, depending cn the investcr's
cWn situaticn. It may re best in some fcrms to use the
cppecrtunity ccst of investments foregone when the capital
tudget is limited to internally generated funds. In
competitive industry the weighted average ccst of debt and
equity capital might be chosen as the mcst agpropriate rate.
A rate slightly higher than a regulated "fair rate of

return" gight be used by a public utility ccmpany. Chapter
11 of Ref. 2 ccntains a good dJiscussica c¢r choice cf a
einimum attractive rate of return.

1. Ccmmercial Discount Eates

In the ccmmercial area no real kenchmark has teen
eéstablisted fcr the discount rate to be used. Each analyst
cr firm seems tc arrive at its own agprcpriate rate tc be
used. The rates commonly used range from €% to 13% with
scme higher than that. A firm with a limited capital tudget




and several very promising investments propcsed might easily
find a cut-cif rate of return at 20% or higher.

2. [DCD's Discount Rate

Agencies of the federal government bhave faceé rmany
different arguments abcut what discount rate should ke used.
Scme engineers argued for a zero interest rate for fprcjects
financed cut cf current taxes, while others argued fcr an
interest rate egual to the rate paid on puklic borrcwing.
Still others supported an opportunity ccst aggroach. These
variad views led to diverse fpractices in federal government
agencies which were described and criticised 1in hearings
tefore the Sukcommittee on Economy in Gcvernment cf thae
Jcint Eccnomic Committee of the Congress 4ir 1968. These
disagreements have ncw been resolved with release cf the
fcllcwing documents.

a. Stockfish Faper

Ihe concept of opportunity cost ncw prevails in
the federal sector. This concept was explained in a fpager
entitled "Measuring the Ofpportunity Cost of Government
Investment", IDA Research Paper P-490, March 1969, by J. A.
Stockfish. Stockfish worked on determining an average rate
¢f return c¢n private investment capital and arrived at an
cverall weighted average composite rate ctf return of 1z% for
the years frcm 1949-1965. This nominal rate of return was
reduced for inflation Ly netting out the 1.6% average ennual
ccnsumer price increase over the pericd ccnsidered. The
conclusicn was that mcney spent for government investments

wculd divert funds from the private sectcr that could be
invested for a real rate of return of about 10.4% [Ref.2].




E. CMB Circular A-94

Eased on the Stcckfish pagper, and prescmably
many other ccnvincing arquments in favor cf the opportunity
cost aprroach, the federal gcvernment has selected a
discount rate of 10% to be used in economic evaluaticn of
investments. This rate is specified by OME Circular A-94
and by DOD Instruction 7041.3. The use of this specified
discount rate has enabled prcjects to be <c¢cmpared c¢n an
egqual kasis without the distortions inherent in each
department deriving its own rate. Interest tables based on
this rate have been published in DOD directives and used by
all servicss.

3. Ippact of Inflatio

—-—===

a. Inflation-discount Spread

Scme higher rates of return are "nominal" rates
which include toth the effects of inflaticn and the real
earning fpower of money. Wher "“nominal" rates are used
operating ccsts ror the future must first Le escalated at
the assumed inflaticn rate ard tahen discounted back tc
Fresent value using the "nominal"™ rate cf return. Some
analysts take the position that interest rates and inflation
increase and decrease in a parallel fashicn with interest
rates ccnsistently staying abocut 3% atcve the inflation
rate. In that case tne selection of any "ncasinal" rate and
a corresgonding escalation rate is considered acceptatle as
lcng as the spread between the two is kept at 3%. The 10%
discount rate wused by DOD is a "real" rate cf return where
the effects inflation have been removed. In some situaticas
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bcwever, such as energy analysis, additional inflaticr must
ke considered.

t. TCifferential Inflaticn

The 10% real rate cf return sgecified by OMB
assumes that a normal amount of inflaticn strikes all
alternatives and cash flows uniformly. Hcwever, in sonme
sgpecific cases the analyst will have firm justificaticn for
using an inflation rate in excess of the inflation rate of
the general economy. The DOD policy regarding such an
analysis is tc split the study into two phases. The first
Fhase wculd use prices in terms of constart dollars using
the standard 10% discount rate. A seccnd phase of the study
wculd consider the differential inflaticn.

Since a normal amcunt of inflaticn has already
been considered via the 10% disccunt rate, cnly differential
inflatior shculd be considered in the second phase.In cther
wcrds, if fuel costs are expectad to rise at 8% ard the
general econcmy is expected to inflate at 5%, only tte 3%
differential inflaticn rate should be wused. Fuel costs
should then be grojected to each future year (n) by

n
ccmpounding according to the fcramula F = F(1+.03)) . That
future ascunt F should then be discounted back to the tLase

n
period according to the formul: P = F/(1+.10) . The

inflaticn ané disccunting can be done in either «crder or
Ecth at once by use of interest tables constructed for that
purgose. The tables provided by Ref. 2 fcr this purgcse
have been used in this thesis.
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L. DISCCUNTING CASH FICWS - EXAMPLES

1. Cash Elow Diagrams

The relationship between cash flows in a life (ycle
ccst analysis can cften be clarified by use c¢cf a cash flow
diagraam. In these diagrams the timing of cash flcws cver
the years under consideration are represented cn a
hcrizontal time scale.

0 5 10 15 20 years

. re

Figure 3-7

The <cask flows occuring over the years are
represented Ly arrows drawn at the apprcgriate point in
time. Costs will be represented as downward arrcws and
tenefits will be represented as upward arross.

benefits
l costs Figure 3-8

The ccsts and tenefits are then 1listed in tabular
fcrm for ccmputations to convert them tc the common Lase
year for analysis. Any year can be chosen as the base year
fer analysis tut the mcst common practice is to coanvert toth
ccsts and benefits to their corresponding value as of the
present tine. The follecwing is a Ltrief example to
illustrate the format to be used in following chapters.
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Assune that an energy ccnsegvation project will cost
$10,000 today. It will need a repair or replacemert of
parts at the end of the fifth year costing $500, ané will
save $1,200 in fuel costs for the ten years cf the study.
The net fpresent value (NEV) of these cash flows can be
determined as follows, in order to determine the feasikility
cf the prcject [(Ref. 4 ].

a. Initial Investment

The first cash flow is the investment ccst of
$10,000. This cost occurs at the beginning cf the project
€sc it is already in present value terms.

0 5 l0yrs

- * e

$10,000 investment cost

Figure 3-9
E. FKRepair or Keplacement of Parts

The next cash flow we will consider is the $500
cost of replacement parts in year five. The cash flcw is
considered tc cccur at the end of the year.

9 5 10
$§500 replacement parts
Figure 3-10

The $500 future ccst must ke converted to
present value by  wultiplying by the agpropriate single
present wcrth facter (SPWP = 3500 (SPW, i=10%, n=5)
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P = $500(0.6209) =8%310
SEW was ccmputed from equaticn (1). The $500 cost can then
te considered eguivalent to a $310 cost cccurring at the
Fresent time.

C. Annual Fuel Savings

The last cash flcw is the series cf benefits due
to the fuel savings. These benefits are shown as arrows
aktove the hcrizcntal time line. Again the cash flcw is
ccnsidered tc occur at the end of each year.

$1,200/YR fuel cost savings

ARNEE AR s

Figure 3-11

The uniform future benefits must be converted to
Fresent value by multiplying by the apprcpriate Uriform
Eresent Wcrth factcr.
P = $1,200(UPW, i=10%, n=10)
P = $1,200(6.144) = 87,373

In this case it was assumed that the fuel ccsts
did not inflate any faster than the general econoay. UPwW
was computed from egquation (6).
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d. ULiscounted Net Cash Flous

Ccmputations are summarized in the following

fcrmat.

PRQOJ CosTt AMOUNT DISCCUNT DISCCUNTED

YEAR ELEMENT ONE-TIME RECURRING FACICR COST

0 initial $10,000 1.00 $1C,C00
investaent

5 regplacement 500 .621 314
parts

1-10 annual ($1,200) 6,144 (7,373)
fuel
savings

TOTAL NPV COST $2,¢37

Takle III-i

2. Liscussions

Mcst of the focus in LCC analysis is c¢cn costs. For
this reason it is more convenient to use pcsitive numkters
fcr costs and consider any benefits as negative costs.
Benefits are thus shown in Gparentheses 1in the takbular
format. In this example the sum of all the discounted ccsts
is positive indicating that the costs have exceeded the
tenefits and the project does not generate a 10% return on
the investmert.

Ccmputation of the discount factcrs from the
equations is often ccnsidered incoavenient. Traditicrally
tables of discount factors have been used tc eliminate the
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need for complex ccmputations. The use of the tables can be
explained in textbooks rather easily with approgriate
emphasis on application of the principles of cospound
interest rather than on deriving of formulas. The takles of
discount factors most commcnly used for economic analysis
within NAVFAC were published in Ref. 2.

It should be noted that there is a difference
tetween the fresent value factors given in the tables of
Ref. 2 and the factors «cttained by wusing the formulas
discussed earlier. That difference is because of a choice
tetween twc conventicns for modelling cash flow. The most
common ccnvention is the end-of-year <ccrovention. This
ccnventicn assumes that cash flows occur at the end of each
interest pericd and the period is assumed tc be one year.
This annualizing cconvention is taught in tasic accoctnting
and engineering eccnomy courses.

The second ccnvention wused is tke wunifcrm flow
conventicn [Ref. 5, App. A]. This ccnvention recocnizes
that many types of cash flow dc not occur at only one Epcint
in the year. Interest payments may occur semi-annually,
taxes wmight be paid gquarterly, utility bills might be paid
mcnthly, wages might be paid bi-weekly or weekly, and a
variety «c¢f «receipts cr disbursements might occur daily or
even more often. At the oppcsite end of the spectrum froam
the annual period is the assumption of an infinite numker of
small periods and the continucus compcunding of interest.
Continuous compounding usually requires more detailed
explanaticn in presentation of economy studies so annual
ccmpounding is more commonly used fcr reference. The
uniform flcw ccnvention is explained by Ref. 2 as the
average disccunt factor. It happens that the average cf two
ccnsecutive end-of-year factors is the same as the factor
ckttained when using continuous compounding in the uniform
flow convention [Ref. 3 and S5). Neither ccnvention matches
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perfectly tc real life cash flcw situations although there
are many arguments that the uniform flow conventicn is
closer toc reality. The most accurate result would be used
ty using a ccmbination of the twc conventions but then such
additional accuracy might be considered unnecessary. The
whole prccedure is intended as an aid tc arriving at a
raticnal crdering cf alternatives. The ranking of
alternatives will not normally be affected by which
ccnventicn is chosen. The tables provided by Ref. 2 and
BRef. S5 are based on the wuniform flow convention and
explained as an average of consecutive end-cf-year factcrs.

E. THE EFOBIEM QOF ESTIMATING COSTS

1. Initial Cost Estimates

The rrocedures involved in life cycle cost analysis
dc not single~-handedly assure greater accuracy in investment
decisions. The initial cost estimates, bcth for investment
costs and recurring operating costs are the prime
determinants of accurate analysis. The initial estimates
must be as accurate as possible and certainly all inclusive.
Cost elements oamitted from the analysis invariably lead to
greater distcrtions than errcrs in estimating those elements
that are included.

Initial investment ccsts are usually based c¢n a
ccnstructicn cost estimate plus various frcnt-end costs on
the project. The level of detail in the cost estimate
varies with the stage of design develcpment. Early in the
project the estimating parameters may be overall dollars per
square fcot of building or an average ccst per BOQ rcom.
Later in the project mcre detailed parametric estimates will
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ke develcped based on unit estimates fcr different elements
cf the building such as dollars per square fcot of exterior
walls, interior walls, roof surfaces, or dcllars per light
fixture. In the final construction estimates there will be

a detailed rtreakdcwn for each category of labor and
materials the contractor will wuse in ccanstructinc the
facility. In most <cases this will be the most accurate
estimate cf initial cost.

Tke initial estimates cf operating costs will also
ke engineered estimates. For example, detailed procedures
are used to estimate the energy use in a building. The
cwner's estimate of functional use costs fcr each of the
years under consideration will also be included. Obvicusly
it is difficult to project such estimates very far intc the
future. Even energy costs are highly variakle depending on
hcw the owner operates his business. Will an energy
ccnservaticn program always be in effect? Will the amount
cf ventilation air required stay the same? Will
manufacturing processes change demanding more 2lectrical
ccnsumpticn? The analyst must have initial estimates for
these ccst elements. They cannot be accepted as 100%
accurate in any case but any analysis must ke based on the
kest infcrmation available.

-~

2. [Freguency of Changes

Scme routine changes during the eccnomic life of a
building can be anticipated. The accuracy of these
projecticns will seriously affect the 1life cycle cost
analysis. A later example will illustrate the questicn of
relocating [partition walls. #ill changes be made every
three years cr every five years? The analyst must make scame
kind of a judgement as he develcps his study. Ideally there
wculd be histcrical precedent to guide him. Realistically
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little data has been collected on previcus experience and
analysts are on their cwn for the most [part.

Scme guidance has been published on the average life
cycles cf different items of mechanical eguipment. Some
analysts use the data cn average useful life provided in the
Energy Research and Development Administraticn (ERDA) manual
entitled, Life Cycle Ccsting Emphasizing Energy Conservation
(Fef. 6 ]. Some brief guidelines for different types of
buildings are provided in Ref. 2. What is really reeded
though is nct the overall building 1life bLut the exgected
useful 1lives of different elements of the tuilding. It is
generally recognized that if various elements of a building
are replaced as they wear out the building can enicy an
cverall useful life much beyond <that originally plenned.
The Navy's experience with "temporary" +wcoden buildings
constructed in WWII is sufficient evidence <¢f this gcint.
Some estimates of the 1life of building ccmponents can be
cbtained frcm manufacturers c¢r materials sugpliers. Scme
firms are developing their cwn estimates based on in-house
experience. The Navy seems tc have encugh experience within
the NAVFAC family but it requires much more develcpment tc
Ering it intc a form which cculd be directly used by the
analyst. Informed udgment is now the watchword for
estimating the frequency of change of individual building
elements.

3. Cgcst of Beplacements

The estimates cf costs of replacements can intrcduce
additional errors into a life cycle ccst arnalysis. Every
engineer whc has sat in on a bid opening for repair and
renovaticn wcrk is aware of the range of resgonses generated
ty the uncertainty associated with reglacements. Mcst
parametric estimating manuals are based on new construction.
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Most estimating for repair work is done by mcdifying
estimates fcr similar work in new construction. The
pcssibilities for error are compounded in this situaticn.

The amount of money tc be spent cn maintenance is
largely a ngsatter of policy and the amcunt of mcney

available. These twc items will have a significant effect
cn any life cycle cost analysis. If one firm intenés to
paint the exterior walls frequently tc maintain a sharp
appearance and another paints only as often as necessary to
Erotect the structure from further detericraton they will :
cbtain very different results from the LCC analysis. Again j
this 1is a matter requiring Jjudgment on the part cf tae é
analyst. Alternatives must be ccmpared on an egqual tLasis,
so the <same results-oriented maintenance policy must be
applied tc all alternatives and the policy anticipated must
ke reasonaply accurate.

s o Y R 1

F. EXAMELES :

Appendices A thrcugh C ccntain examples c¢f 1life cycle
cest calculations for potential cost savings relating to
cperations, maintenance, and repair c¢r replacement. A
review cf these appendices will provide guidance on use of
the techniques previously described in this chapter.
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A. INTROLUCTIION AND OVERVIEW OF CHAPTER

Most cf the application cf LCC in the federal government
has been in ccnnection with weapons systems develciment.
This chapter examines recent experience with LCC in the
militarysindustrial community, ©pointing cut some o¢f the
Erotleams with the mass of data and the variety of
applicaticns involved. Current efforts in the application
cf LCC techniques to building design are reviewed concluding
with a summary of a computer model now being used by the
Navy for evaluating design alternatives.

E. MILITARY INDUSTRIAL LCC EXPERIENCE

1. [Heapcns Systeas

Much of the picneering wcrk in the use of LCC models
has occurred in weapons systeas development. The
mathematical models generated to study the long range cost
izgplicaticns of systems design decisions have been muck more
detailed and complex than the models ncw in use for tuilding
design.
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a. ICC Models

Feference 7 presents a compilation cf five
automated LCC wmodels for small arms and combat vehicles.
This paper includes mathematical models, nomenclature lists,
derivaticns cf pertinernt relaticnships, and detailed Fcrtran
ccmputer programs to use in LCCstudies. The study used
multiple categories cf cost and 110 elements or sets of
data.

Cther detailed studies ccncentrate entirely on
the mathematical aspects of LCC modeling, examininc¢ the
treatment <c¢f parameters, time phasing, and sensitivity
analysis. An early Army study, Ref. 8, uses two types of
sensitivity analysis. The first is changing the values of
variables in the LCC equatioxé. The seccnd uses partial

- differential eguations to darive sensitivity equaticns in

terms of <each of the variables. With wmany different
organizaticns separately studyisfg the application of ICC to
weapons systems develcpment, many inconsistencies arcse.
Much of the controversy over use of LCC naturally grew from
the inconsistencies and much effort has Leen directed at
developing guidelines for more uniform agglication cf the
technigues.

E. Contractual Implications

An important gquestion in the w@inds of @many
weagons sSysteas prccurement managers has teer the
relationship of LCC prcgrams to cther procurement techriques
such as design to cost. If a weapons contractcr is
okligated tc deliver a weapons system for a specific cost,
can he select alternatives which minimize initial ccst at
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the expense cf higher cperating costs? As the techniques of
LCC have ncw been blended with "design to ccst" programs it
has becomze clear that production unit costs are only one
part of the total life cycle costs. Setting constrairts on
this one part of the total ccsts does not negate the
applicability of the entire ccncept. When LCC techniques
are to ke included in a prccurement it is generally
reccmmended that the LCC model to be used, the paragetric
definiticrs and source selection criteria shculd be included
in the development contract and preferakly in the Reguest
Fcr Propcsals. Tradeoffs between design-tc-cost and 1life
cycle cost mnpust be considered in the earliest staces of
design (Ref. 9 ].

2. 1Ibe Eceing Sumgary

The decade of the 60's saw many different wmcdels
developed for use in defense systems prcjects. The prcgrams
multiplied sc rapidly that sccn serious guestions were teing
asked in defense industry about how gccd the tecktnique
really was fcr sclving practical probleams. Some firas
seriously questioned the validity of the process for
applicaticn in an era of turbulent technolcgical
development. One firm which did a thorough study cf the
whole LCC prccess was the Boeing Company of Seattle. Eoeing
Fublished a study in 1974 which examined tke current state
of the art in life cycle costing and system effectiveness.
Ibe study contains a Libliography c¢f 160 documents
referencing LCC and evaluated 14 computer grograms which
provide a data base for varicus LCC studies [Ref. 10 ].

a. Fhiloscphy

The philosophy of the Boeing study was tc seek
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out a cost analysis technique that is simple, flexible, 1low
cost, and easily applied in various degrees of detail by
engineers throughout the early stages of design. Cnly
functional elements significantly sensitive to cost shculd
ke analyzed in detail. Standard design factcrs shculd be
applied alsewvhere. Several methods of Gproviding cost
awareness or guidance were being considered.

E. Eroblems

In their study of LCC the grcug from Eceing
interviewed many engineers and managers with direct
experience in wusing LCC models for Wweapons systeas
development studies. Personnel interviewed were generally
frocm the systems apalysis groups of Boeing, RAND
Ccrporaticn, Air PForce, Navy, and the Army. The scurces
were not quoted directly but Bceing summarized what they
felt was the cousensus of the interviews. The consensus was
that there were definite proktlems with the applicaticn of
LCC techpnigues.

(1) Specific Applications

It was found that wmost LCC models were
designed for specific rather than general agplication. The
pre-existirg models were not effectively applied to new
Frograms nor were they readily available fcr general wuse.
This cculd be a result c¢f the diverse nature of weagoans
systems. The parameters of life cycle ccst fcr a tank cr a
small arms weapons program wculd certainly be different than
those considered for a shipboard missle systenm.

(2) Lack of Valid Data

The problem cf collecting valid data was
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cne of the main reascns given for the LCC scdels nct being
applied. Much of the data available was found to be
incomplete, or at least suspect. It was reccgnized that the
data base reguired for most mcdels would be immense.The cost
cf collecting such data and transforaming it tc the feormat of

the model was prohibitive in many cases.
c. Future of ICC

Some analysts interviewed by the Boeing study
group felt that the concept orf LCC modeling had rum its
course. Most mcdels were nice fcr analys:ts tc play with but
fcr real world use they were not econcmically practical and
were in fact unreliakle. The study grougp commented that
this seemed to Le an accurate summary of the state cf the
art. At tnat time in fact tke Bceing Ccrporation had caly
cne contract (B~1 Avicnics System) that had any requiresent
tc perform LCC predictionms. That reguirement itself wvas
criented at showing the custcmer what the support ccsts
wculd be and not for performing tradeoffs for the wmcst
effective [prcduct in the design stage. The volume of work
cn LCC in recent years indicates that the c¢cncept of LCC
modeling bas pot rumn its course, in spite c¢f the opinicn of

scme individual analysts.

3. GAQ ep LCC

a. Lecisions

The Governzent Acccunting Office (GAO) has ruled
consistently that LCC is a valid procuresent techrique.
That endcrsement carries with it a series of decisicns
affecting prccedures which must be observed when conducting
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a procurement with LCC considerations. Provisions for award

to the responsikle bidder whose bid is the mcst advantageous
to the United States, "price and other factcrs considered,®
is a familiar concept to contracting officers. LCC can be
one of the factors considered in an award but only if
tidders have been informed that LCC will Lte one of the
factors used in the evaluation of bids. There must ke a
definite and concise showing with resgect to lower
maintenance and operations cost if that is to be used as a
tasis for award to other thanm the lowest bidder. The @most
crucial problem is to identify the LCC factcrs with
sufficient clarity and definiteness tc enaktle bidders to
kncw precisely how their bids will be evaluated. The ccsts
presanted im any LCC procurement must Lte certain and
ncn-speculative.

E. Ccmments tc Agencies

GAO has suggested increasing use c¢f LCC. It has
alsc suggested a switch in organizational <crientation frcam
Frocurement tc engineering organizations. GAO has asked for
a more ccntinuous effort at developing and isplementinc LCC
techniques, more application to non-competitive procurements
as well as ccmpetitive procurement, and more use of LCC at
the subccntractor level [Ref. 11].

4. Ccpstruction Industry

a. Cocllection of Data Base

The construction industry is showing a great
deal of interest in LCC techniques. The central prcblem of
adeguate data ccllecticn is still a subject c¢f much concern.
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Scme leaders cf the industry feel that collecticn and
disseminatiocn of a data base ought to be done by puklic
todies since the private sector cannot afford to dc it
' adequately on an organized Lasis. Others feel that the
I : manufacturers of ccnstructicn materials and subcompcnents
should take the 1lead in developing 1life cycle cost
experience cn their products. 4 specialty area c% 1cc

consulting has been developirg recently to serve both futlic
and private CODCELDS as they develcp more detailed
applicaticns of older disciplines of eccnomic analysis [Ref.
12 ).

E. LCC and Zerformance Specificaticns

The interface of icce with performance
specifications is an important pcint tc note. Perfcrmance
specificaticns are based on a furctional description of what
a building product is supposed to do. The specification
dces not detail how a particular building element is to
satisfy the problem, it just describes the [fproblem tc be
satisfied. If nct properly dcne a perfcrmance specification
cculd be kid low on initial cost but end ug costinc the
cwneér more in the 1long run. To be really effective,

performanca specifications must be ccmmitted tc an
evaluaticn fprocedure which includes extensive use of life
cycle costing. Increasing attention to life cycle «ccsting
should inevitably improve the quality of tuilding systeams
and materials [Ref. 13 ].

C. Materials Manufacturers

_ Tc date there appears to be no centralized
: effort ¢n the part c¢f materials manufacturers or the
ccnstructicn and design communities to develcp a data Lase

L4
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tc serve the industry. Some firms are collecting
informaticn ¢n their own products, others rely heavily on
what can be gleaned from federal research contracts and
academic rasearch. There has been some effcrt most recently
cn the part cf the American Institute cf Architects (AIA) tc
advance the use of LCC techniques. Their recently published
"Iife Cycle Costing, A Guide for Architects", explains the
tasic prccess very clearly and outlines a reccmmended format
for analysis. The architects bave done scme collakoration
with the General Services Administration in seeking a ccmmon
fcrmat for the study of functional systezs in buildings.
These effcrts in seeking a ccmmcn format cculd lead tc a
sharing c¢f cost experience data between the private and
federal sectors.

C. CTHER FELERAL AGENCY EFFCETS

Much of the develcpment in the use of LCC models in the
late 1960's and early 1970's cccurred in the Department of
Defense, working on weapons systems and shir systems. The
use of LCC mcdels on facilities oriented design work has
seen an increase in the rid-1970's in the larger federal
agencies.

1. GsSA ICC in Public Buildings

The General Services Administraticn has wcrked
extensively c¢n its UNIFORMAT cost estimating system. This
system is based upon a standard hierarchical framework of
ccst categories, elements, and iteas. Ccncurrently the
American Institute of Architects was wcrking cn its
MASTERCOST system, attempting to develop a national building
ccst data bank. Fortunately the two organizations recocnized
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the similarity of their gcals and their resulting systeas
and merged the two effcrts. The resulting hierarchical ccst
system ncw gces by the GSA name of UNIFORMATI. The UNIFOEMAT
system was described in detail in GSA's first publicaticn on
LCC, "life Cycle Costing in the Public Building Service,
Volume I" [Ref. 14 ].

GSA's second vclume under the same title is its "how
tc" manual ccncerning ICC. It includes a discussion of LCC
ccncepts and analysis considerations and a complete
descripticn ¢f how the process should be dcne for federal
office tuildings. Detailed forms and step by step
instructicns for their use are provided. The interaction
Eetween Ltuilding components 1is addressed by way of a
UNIFORMAT Cost Matrix. A designer can use ths matrix as a
belpful rewminder of what buildirg systems might be affected
by changes in any other systen. A similar wmatrix is
provided for energy interaction with individual systeams.

GSA's program for LCC is well developed frcm a
planning standpoint. It 1is less comprehersive than cther
programs which address functional related costs in more
detail. No extensive data ccllection has yet been initiated
ky Gsa.

2. HEW studies for Hospitals

The Cepartment of Health, Education, and Welfare has
ncw published a series of manuals entitled "Life Cycle
Eudgeting ané Costing, As an Aid in Decision Making" as a
part of a five year study spcnsored by the Public Health
Service and the Federal Energy Administraticn [Ref. 15 ].
The purpcse of their study is to improve the cost-decision
liking prccess associated with health facilities by
developing a costing rodel that acts in parallel with

48




D

T ————

RN s Do g

planning and design decision models. A lock at the titles
cf the &@ranuals published to date will give the reader an
appreciation for the ccmprehensive scope of their work.

Volume I Processes and Ccncepts, Dec., 1975

Volume I1I Energy Handbock, June, 1976

Volume III Data Base Reguirements,

Formats, and Sources, May, 1976
Volume IV Life Cycle Costing Procedures, June, 1976
Volume V Data Management Plan, Jan., 1977

The Data Management Plan picks uf c¢n the UNIFCEMAT
system being promoted ty GSA and AIA and then carries it cne
step further. Because of the high cost impact of functicnal
cperation-related resources cn the health care industry the
data management plan prepared by HEW proviles for collecting
functional cost data. The data Ltase required becomes umore
comprehensive and the computer programs for analysis cf the
data beccmes more complex. The next phase cf the HEW study
will be to develop the necessary life cycle costing models
and programs and test them with data ccllected in acccrdance
with their Data Management Plan.

3. EBDA LCC Applications

The Energy Research and Develcpment Administration,
ERDA, puktlished a manual entitled, "Life Cycle Ccsting
Emphasizing Energy Ccnservaticn"™ in September, 197€ with
revisions in May , 1977 [Ref. 6 ]. The handtook discusses
the process of 1life cycle costing as a amethod for dealing
with energy ccnservaticn design alternatives aimed primarily
at retrcfitting existing facilities. By using the znalysis
ccncepts set forth in the manual budget requests for energy
ccnservation programs will be standardized. This will allow
a ccmparakle ranking of budget contenders. The procedures
described rfprovide for a =series of 1levels of analysis
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depending cn complexity of the project. A ncmogram analysis
technique is presented which allows screening out of many
projects before expensive and detailed analysis is
necessary. The focus on energy is evideat in the
introduction of the econoumic measurement concept of
ETU/investmert dollar.

L. WESILCIV'S LCC MODEL

An efficient LCC mcdel is in current use Lty the Western
Division, Naval Facilities Engineering Ccmmand, San Eruno,
California. The model has been titled "An Economic Building
Ferformance Mcdel (EBPM) after a thesis of the same title by
Mr. Stepben Kirk, AIA. [Ref. 16 ]. (Mr. Kirk intrcduced
the model at WESTDIV and worked on develcgment of a data
base to sugpcrt it until his departure in July 1977 to
accept esplcyment with the civilian firm of Smith, Hinchman,
and Grylls Associates, Inc. of Washington, L. C.)

1. 1Ibe Eodel

EEPM focuses c¢n the energy c¢csts for 1lighting,
heating, ccoling, and €guipment, and on costs for
maintenance, replacements, and fire protecticn. The @acdel
is based c¢n parameters prcvided by the designer. The
parameters include a description of various elements of the
building, the climatic factors, orientation ¢f the building,
utility operating charcteristics and apgplicakle costs, aad
eccnomic assumptions. The model permits substitution of
different fparameters as the designer +trys - alternative
layouts c¢r choices <¢f material. Printcuts are gprcvided
which give the total life cycle cost o¢f each alternative
with sufficient backup data for interpreting the results.
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E F 2. 1Ibe Lata Base

Wecrk has begun on development of a cost data kase
fcr use with the mcdel. The cost data base is in a building
systems format using a computerized cost estimating system
teing developed by the Atlantic Division, Naval Facilities
Engineering Ccmmand. Historical informaticn on maintenance
ccsts is teirng developed from the Navy's maintenance ccantrol
€experience. The data base is not fully developed but many
elements are already included. The data Lkase 1is being
expanded as each new project is studied. Experience with
the model and the data base has been very sucessful sc far.

3. Eroblems and Eurther Developments

Cevelopment of the EEFM is continuing. The @cdel
itself is teing improved as the data FEkase develcpment
continues. Further developments are desirakle, especially
the develcpment <¢f scme autcmatic procedure for formatting
the Navy's vast cost experience with @maintenance and
replacement gfprograms in a way which wculd allow direct
access. '

T ——
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A. LCC IN EERSPECTIVE

The development cf LCC mcdels in the military/industrial
establishment seems to have run in a «cycle of increasing
complexity. As the models get more and mcre complex they
tecome mcre escteric, less useful on a brcad basis, and
extremely demanding in their requirements for data. The
frustraticn cf trying to obtain a perfect mcdel of a ccmplex
system leads to criticism of the LCC technique and waning
enthusiasm fcr attempts at prediction. At scme point the
decline is stopped Lty a «reccgnition that the life cycle
approach is still tetter thar the narrow ccnsideraticn of
cnly initial costs. The technique can ke applied, kut it
must be applied Jjudiciously. The technique may be
cumbersome in the most extremely complex applications kut it
can ke very useful in 1less <cowmplex and wmcre predictable
areas. Facilities design is ore area where the models may
find worthwhile apglication.

E. TOWARLS A COMMOM FCEMAT

One of the most prevalent prcolezs noted in the
military,s/industrial experience with LCC has Lkeen the lack of
a ccmmon fcrwat. The same prcblem occurs in the application
cf LCC tc building design. Lacking any trcadly accepted
format, eact designer adopts the basic ccncepts to his own
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use and presents his analysis in whatever fcrm he ccnsiders
will provide the clearest explanation cf his analysis. The
result is a wide variety of nomenclature and form of
Fresentation.

The recent efforts of GSA and AIA should help 1lead the
censtruction industry towards a common fcrmat for LCC
analysis. The development of the UNIFORMAT system is a
first step for the industry. Other steps needed are
agreement on terminology, agreement on simplified form for
Fresenting the analysis, agreement c¢n the treatment of
inflation, and agreement on the use of Equivalemt Uniform
Annual Ccst or strictly present value analysis in tradeoff
decisions. 1This is not to say that these twc organizztions
should dictate hnow ICC will be used in the construction
industry. W:at they have done is to =set a tore of
ccoperaticn. Other industry leaders should jcin in andé werk
toward a ccsscn format which will strengthen the usefulness
cf the LCC tccl.

C. BUILLCING A DATA EASE

Good data is essential tc a good LCC analyéis.
Unfortunately, good data is almost non-existent, at least in
the form in which it is needed. Maintenance and ofperaticas
data 1is collected by wmany organizations. Scme utility cost
data is excellent. It will provide a scund basis for
éstimating fuel ccasumption for expected climatic
conditions. Some maintenance data is good, particularly on
housekeering expenses such as floor care and relamping. For
the most part, however, maintenance data on tuilding systems
is not extensive and not available outside tne particular
crganization. Each cwner maintains some kind of cecords
useful within his own plant and in the form he finds




ccavenient. Collection of that data inm a systems format
with direct application to LCC studies is not being done.

This lack of data should not bar effective use of ICC,
however. The data that is available should be transfcrmed
into a useful form. New data can be added as each new study
is done, gradually ruilding a data base with brcader
applicaticn. Broader applicaticn again depends on a common
format. Within DOD, there exists a great deal cf ccst
expsrience relating tc buildings. If a way can be found to
directly collect that experience in a systems format, an
adequate data base would socn be a reality. It is
recommended that the Naval Facilities Engineering Ccmmand
Fursue ccllection cf its construction and wmaintenance cost
data in a systems format which can be directly accessed for
LCC studies.

D. USEFULNESS OF THE TOOL

When struggling with the complexities cf diverse fcrmats
and elusive data the designer must not 1lose sight of the
purpose c¢r ICC in Ftuilding design. The LCC analysis is a
tcol, a technigque to assist in making design decisions. It
dees not have to be absolutely perfect to be useful in
crdering alternatives. The application of the technique can
ke exceedingly complex or fairly simple depending c¢n the
level of decisicn being considered. 1In applying LCC rodels
tc facilities design a lesson can be learned frcm the
kroader military/industrial experience. If kept simple,
there is a gccd opportunity to keep LCC useful.
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APFENDIX A

LCC IN HEATING ANALYSIS

A. BACKGEROUND

Calculating the heat load for a building invelves
determining the amount of heat lost to the exterior thrcugh
each of the buildings components and then addinc¢ the
components tc determine total heat loss. The usual elements
of the heat lcad calculation are losses thrcugh walls and
ceilings, infiltration losses around windows, and additicnal
heat needed to raise the temperature of ventilation air
brought inside the building. A detailed heat 1lcad
calculaticn requires the integration of heat losses frcm all
scurces over the specific time under consideration. Such a
detailed calculation 1is provided by several conputer
programs in general cosmercial use.

Fer fpurposes of illustrating the 1life cycle cost
calculaticns, it is not necessary to kncw all elemerts of
the heat lcad. Savings on any one element of the toctal
calculaticn will ke reflected in the savings on the overall
total. Ey knowing the thermal prcperties o¢f one building
eleueht, such as walls, that component's contributicn to
total energy use can be calculated acccrding to the
fcllcving formula.

Heat loss Q = UeAedT (Ref. 1€ ]




vhere,
heat loss in ETU/Hr
U-factor (thermal transmittance factor)
Area of exterior building surface
dT = Temperature difference between
winter inside and outside

» o ©O
nonon

The annual heating cost is then calculated according to
the formula:

C =24 CQ0D Ref. 16
< e D, ( ]

1,000,0004rT

where,
Ch = Anpual ccst cf heat

[ C = Cost ($) per zillionm BTU output

Dh Number of heating degree days per year

| -

Combining these twc equaticns, we find

Temperature difference

C = 24 C(UAAT) D
b h

1,000,0004rT

by cancelling dT, the equation can be rewritten as:
5 C = U (24CAD )
: h h

1,€00,000

From this equation it can be seen that the annual ccst
cf heating the building varies directly with the thersal
resistance or U-~factor for the building coamgcnent. The cost
savings to ke gained from additional thermal insulaticnp can
then be ccmpared on a life cycle basis with the ccst of
providing additicnal insulaticn.




E. WALL INSULATION EXAMPLE

1. Iptrcduction

This will be a hypothetical example to illustrate
the applicaticn of ICC techniques to the probles of
insulaticn for a hone. The simplest situations will be
ccmpared. Thke base alternative will be a hollow 1light
weight blcck wall, 8 inches thick. 1The alterrative
considered will be addition cf 2 inches of pclystyrene bcard
insulaticn tc the rcom side of the wall. The follcwing
assumpticns are made [FRef. 17 ].

Erices and insulation values are Lased on Mascnry
Wall Ccst, 1977-178, National Association of PBrick
Cistributors, Northern Obio Chapter. The prices given will
ke in terms cf per square foct of wall area. Considerations
fcr openings and maintenance are excluded as keing
essentially the same fcr either alternative.

The klock wall is $1.75/SF but since this is the
same for both alternatives the only ccst ccnsidered will be
the addiitonal $0.45/SF to add the 2 inches of polystyrene
Eoard insulation.

The location of the building is in Cleveland, Chio,
which has winter <c¢limatic conditions as follows: 6,350
degree days; 7 Deg. winter outdoor design temperature; 37.2
Leg. average winter temperature. The Lkuilding will be
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assumed tc require a 72 Deg. indoor temperature.

The U~factor for the block wall is .35 ard the
addition of insulation changes the U-factor tc .10.

The tuilding is heated with natural gas at a ccst of
$1.93/MMBTU adjusted for a coefficient of efficiency «<¢f .6
giving a ccst of heat delivered of $3.23/MMBTU. This
eguates to a cost of .32 per therm (100,000ETU) which is a
relatively inexpensive cost of fuel. The gas price will be
assumed tc inflate at a differential inflaticn rate of 7% in
excess of the general economy's inflation rate.

3. BHellow light Weight Llock wall alterpative

Q = UeAedT

(+35) (1) (72-37)

12.25 BTU/HR

(g}
(1]

24 eCeQeD
. h

1,000,000ed1T

(24) (3.23) (12.25) (6,350)
(1,€C0,000) (35)

$0.172/SF/YR

4. Basic wall with 2 ip. insulation added alternative

Q = UeAedT
= (.10) (1) (35) = 3.5 ETU/HR

C = 24eCeQeD
h i

1,€00,000e4rT

S8




(24) (3.23) (3.5) (6,350)
(1,€00,000) (35)

$0.049/SF/IR

to insulation

$ .123/SF/YIR for the first year
6. Cash flow diagram, wall insulation

$.123/SF annual savings......

,01 t t ts 10 15 20 25

$.45/SF cost of
additional insulation

Figure A-1
ERCJ CCST AMOUNT DISCCUNT DISCCUNTED
YEAR ELEMENT ONE~-TIME RECURRING FACICR COST
Q initial cost
‘ of added .45 1.00 .45
insulation
1-25 cost tenerit (.123) 16.049 (2.22)
of fuel
‘ savings
! TOTAL NPV BENEFIT $1.77/SF
’ Table A-i
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7. Liscussion cf results

It was cbvious from the start that the additicn cf
insulaticr tc a block building in Cleveland would provide
benefits in excess of the ccst incurred. The effect of
inflation is considerable. Using no differential inflation
the total NEV benefit cver a 25 year life wculd have Leen
$.72/5SF. When inflation is considered the Lenefit jumps to
$1.72/SF. 1t is interesting to note in this hypothetical
example that the additional ccst of insulation coulc have
been as much as the criginal cost of tahe wall ($1.75/SF) and
it still wculd have produced net bepefits of $.47/SF over
the 25 years that gas frices are assumed to ke rising.

C. ROOF INSULATION EXAMPLE

1. Ipntrcduction

Life cycle costing can be used to make compariscrs of
alternative amounts and placement of roof imsulation. For
this example a comparision will be drawn Letween a wcod
ccnstructicn flat roof and ceiling with rocf deck insulation
and the same rcof with po rocf deck insulaticn but withk E/19
insulaticn in lieu of the air space between the ceilirng and
the plywcod deck. Cnly incremental cocsts of the two
alternatives will ke ccnsidered.

Frices are based on National Ccnstruction Estirmator,
1977 Editicn edited by Gary Moselle, Craftsman Book Cozpany,




E
3
%
13
i

Solona Eeach, Ca. Prices given will be in terms of square
feet of ceiling and rocf area. ‘

The basic alternative will be a flat wocd rcof with
kuilt-up rccfing over a 1/2" thick prefcimed insulation
bcard with a thermal resistance R of 1.39. The U-factcr for
this alternative is 0.17.

The alterrative ccnstruction will delete the roof
deck insulaticn and add 6" of fiberglass irsulation (R-19)
intc the air space between the ceiling joists. The U-factor
fcr this assembly is 0.04.

The cost of the 1/2" roof deck insulaticr is $
.236/SF and the cost of the ER~19 insulation is § .328/SF or

a net additicnal cost cf $§ .C92/SF.

The winter design parameters are the same as ir the
Frevious exanmple f¢r wall insulation.

(. 17) (1) (35)

5.95

C = 24CCLC
h h

1,C00,000 4T

= (24) (3.23) (5.95) (6,350)
(1,000,000) (395)

Ch= $.084/SF/YR
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4. Be1S ipsulatiop alterpative
Q = (.04)(1)(35) = 1.40

g (24) (3.23) (1.40) (6,350)

(1,000,000) (35)

= $.020/SF/YR

5. Ccst savings tc first alternative

$.084/SF/YIR
-, 020
$.C64/SF/YR first year savings

..... $.064/SF/YR fuel savings....
Of t1 ' 5 10 15 20 25

$.092/SF additional cost
of insulation

Figure A-2
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ERCJ COST AMOUNT DISCCUNT DISCCUNTED
YEAR ELEMENT ONE-TIME KECURRING FACIOR COST
0 initial cost
of added . 092 1.00 .09z
insulation
1-25 savings on (.064) 18.049 (1.155)
fuel
TOTAL NPV BENEFIT $1.06/SF
Takle A-ii

: 7. Liscussion of results

The example again shows the 1lcng <run benefit of
added insulaticn in the northern areas of the United States.
It also demcnstrates that it is rot necessary to include all
cf the ccsts of the rocf construction in the analysis. Cnly
those costs waich vary fcr each alterpative must be
: : included. Hcwever, this same line of reascning canrnct be
% e applied tc the insulation. U-factors cannct be added or
subtracted directly. The <change in the U-factor frcm the
addition cf a certain quantity cf insulaticn is dependent on
what the original comtined U-factor was for that particular

ccnstructicn assemkly.

Cnce the different U-factors have teen determined

and the ccst differential required to produce the change in

U-factor, the climatic and energy cost rparameters can be

: combined with the LCC techniques to determine the NPV cf the
£ tenefit cf additional insulation.
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C. SOLAR ENERGY EXAMPIE

1. Intrcduction

_—m e e

The prospect of free energy frcm the sctn to
supplement the increasingly expensive use cf fossil fuels is
beccming more attractive each year. The investmeat in sclar
heating equipment cannct be based merely on implications of
initial cost coaparisoas. Any energy related investment
pust look tc the future and wuse the 1life Cycle Cost
technigues as a means of examining the investment
alternatives. A solar energy ecoromic analysis is
demcnstrated using the vehicle of a simple example.

The solar energy question is tasically an
examinaticn c¢f ccsts incurred and benefits received. The
ccsts incurred are for equipment; the collectors, piping,
Fumps, ccntrcl systems; and for cperation and maintenarce of
the system. The benefit derived is energy - energy ir the
fcrm of heat delivered. This energy is measured in the
fagsiliar units BTU's. The energy delivered is wmeasured in
the same units as the energy delivered by the normal furnace
using natural gas or fuel oil. The benefit can be evaluated
in terms «c¢f dollars that would be paid fcr the same amcunt
of energy frcm fossil fuel. For example, if the delivered
cost of energy from natural gas is $3.23 per millicr BTU,
then one millicn BTU's of energy delivered by the sclar
beating system can ke valued at the same $3.23.

Mcst of the calculations involved with desig¢n of

sclar heating systems are directed at arriving at the amcunt
cf energy ccllected and wultimately delivered to the
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tuilding. That delivered energy is called the sclar
ccntribution. Once the economic analyst has keen giver the
solar ccntritution and the investment and cperating costs
necessary to produce that contribution, he <cam proceed to
apply the LCC technigque.

2. [Elagstaff Qbservatory solar example

This example is adapted from an Energy Conservation
Investment Eroject prepared by Western Civision, Naval
Facilities Engineering Command for the Naval Observatory,
Flagstaff, Arizona. The documentation on which the ezxample
is based is the Prcject Engineering Dccumentation (EED)
dated 1 June 1976 [Ref. 18 ]. The PED does nct contain the
complete eccnomic analysis sc certain assumptions will be
made for purgcses of illustration.

The gproject «calls for the installation of a new
sclar heating system on each of three buildings to
supplement the <2oxisting heatnig system. Building No. 1 is
Fresently heated by a propane fired forced air heating
systen. Buildings Nc. 4 and 6 are presently heated by
€lectric resistance heaters.

3. Assupgtions

The sclar contributicn fcr each building has tLeen
calculated based on the type of system, the «climatic
ccnditions in Flagstaff, and the optimum balancing of solar
ccllector area and cperating economics. For purposes of
this example the solar contribution will be accepted as set
fcrth in the FED, namely:
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6
Bldg. Nc.1 202.4X10 BTU/YR
6
Bldg. Nc. 4 324X10 BTU/YIR
6
Bldg. Nc. 6 249.6X10 BTIU/YIR

The unit cocst of energy at the teginning cf the
project life will be:

electricity $.045/KWH
ECOEane $5€.25/GAL

The éifferential inflation rate for electricity will
be 3% for electricity and for propane will ke 7%/yr.

The annual maintenance cost for the supplementary

sclar heating system will average 2% cf the initial
investment ccst.

4. Energy savings

The type and quantity cf energy saved is calculated
as follcwus:
Building No. 1 Propane savings

6 3
202.4x10 BTU/YR =3.26x10 GAL/YFE

I
(.C65) (9.55x1C BTU/GAL
Building No. 4 Electricity savings

6 3
224X10 BTU/YR = S4.9x10 KWH/YR

3
3.414x10 BTU/KWH
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Building No. 6 Electricity savings

6 3
245.6x10 BTU/YR =73.1x10 KWH/YR

3
3.414x10 BTU/KWH
5. Appual cash flows
The wunit costs of euergy and ths annual consurgtion
are converted to annual cash flows as follows:
Building No. 1 (propane)

3
3.26x10 GAL/YR x $56.25,100GAL = $1833.75

Building No. 4 (electricity)

3
94.9x10 KWH/YR x $.045/KWH = $4270.50

Building No. 6 (electricity)

3
73.1x10 KWH/YR x $.045/KWH = $3289.50

The investment cost and annual maintenance ccst for
of the independent solar heating systems will be:
Building No. 1 $19,698 400

No. U4 $30,832 60C
No. 6 $25,520 500
Total $76,050




..... $1833.75 annual fuel savings
01 !1 ' 5 10 15 20 25
{ {& * ..... S40CG/ YR Aannual = i eeiesiesa

maintenance cost

$19,698 initial investment

Fiqure A-3
3 EROQJ COSI AMOUNT DISCCUNT DISCCUNTED

YEAR ELEMENT ONE-TIME RECURRING FACICR COST

0 initial 19,698 1.000 19,€98
investment

1-25 annual 400 9.524 3,810
maintenance

1-25 annual (1833.75) 18.049 (33,C57)
fuel savings

TOTAL NPV BENEFIT ($5,590)

] Takle A-iii
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..... $4270.50/YR fuel savings....
0 5 10 s 20
f {f fT:...SGOO/YR annual S A

maintenance cost

$30,832 initial investment

Figure 2a-4
COST A MO QGNT DISCCUNT
ELIZEMENT ONE-TIME RECURRING FACICR

initial 30,832 1.000
investment
annual 600 9.524
annual (4270.50) 12.270
fuel
savings

TOTAL NPV BENEFIT

Takle A-iv
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DISCCUNTED
COST

30,832

5,714
(52,399)

($15,853)



..... $3289.50/YR fuel savings...

0 5 10 15 20 25

{ ‘f f....SSOO/YR annuél i R
maintenance cost

$25.520 initial investment

Figure A-5
EROJ COST AMOUNT DISCCUNT DISCCUNTED
YEAR ELIEMENT CNE-TIME KECURRING FACICR COST
0 initial $25,520 1.000 $25,52¢C
investment
1-25 annual 500 §.524 4,7€2
mainterance
1-25 annual (3289.50) 12.270 (4C, 362)
fuel
savings
TOTAL NEV BENEFIT ($10,080)
Table A-v

9. Liscussion cf results

The LCC analysis shows that for each buildirg the
| § tenerfits to accrue over the theoretical 25 year 1life wculd
| § excesd the ccsts incurred to obtain those Lkenefits. 1Ir each
E ’ cf these prcjects differential inflaticn plays an impcrtant
rcle. It is interesting tc note for example the effect on
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the building No. 1 analysis if it were assumed that the ccst
cf propane would inflate nc faster than prices in the
general econcmy. In that case the discount factor would be
$.524 for the annual fuel savings and the tctal net present
value of the project wculd be a cost of 36043 instead cf the
grojected tenefit cf $9,950.




APFENDIX B

LCC IN MAINTENANCE ANALYSIS

A. INTERIOR FLOOR SUREFACES

1. Iptrcduction

The problem of selection of intericr floor surfaces
should by ncw be a classic illustration of tke importarce of
life cycle cost analysis. In a heavy use area the ccst to
maintain vinyl tile can be over 25 times its initial cest
when considered o¢ver an 18 year 1life. Under the same

conditions carpet costs less to maintain even though it has
a higher initial cost. A valid comparison cf the twc tyges
cf flooring <can «c¢nly be made with a 1life cycle cost
analysis. This example will also demonstrate the effect cof
maintenance pclicy cn life cycle costs.

This example is based on a preliminary design for
the New Generation Military Hosgpital at Travis AFB, Ca.
[(Ref. 19 ]. The architect studied three different grades of
carpet, vinyl asbestos tile, sheet vinyl, and terrazzo. It
is not necessary to compare all six types of flooring to
illustrate the process so three have neen selected; rmediun
grade carpet, vipyl asbestos tile, and terrazzo. It is
reccgnized that there is a great difference in the
physiolcgical effects of the "hard" and "soft" surfaces
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under consideration. The additicnal ccmfort and desirable
Froperties of carpet have not been gquantified in the
ccmgariscno.

in

2. Assumgtion

The medium grade carpet costs $15.00 per square yard
Flus $2.0C per square yard to install for an initial ccst of
$1.89/SF. It last 8 years and costs $2.00/SF to «reflace.
Included in its maintence cost is:
Vacuum daily $.20/SF/ IR
Clean mcnthly .45
Mincr repairs .08

Total $.73/SF/1IR

Tke vinyl asbestos tile costs $.74/SF to install and
should Lte replaced every 18 years at a ccst of §.€2/SF.
Included in maintenance cost is:

Mop daily $.41/SF/IR
Wax weekly .58

Strip quarterly .03

Mincr repairs .03

Total $1.05

The epoxy terrazzo ccsts $3.52/SF. It never needs
replacement Ftut it does need sealing at 4 year intervals at
a ccst of $.18/SF. The cost to maintain is:

Mop daily 3.41/S2/YR
Mincr repairs .09
Total $.50

Tc account for the unequal lives of the alternatives
the present worth of their residual value at the end of 25
years will ke added to their net G[present value. For
example, the carpet will have 7 years useful life remaining




]
E after having been replaced for the third tige in year z4.
Y 8
.
i 3. Cash flovw diagram, mediup grade carget alterpative
residual E
value $1.75 1
, = o " = ;
I{ }{ {..$.7T/SF annual..fmaintenancel.cost
$1.89/SF
acquisition $2.00/SF replacement cost
cost 8 year intervals
Figure B-1
ERCJ CCST AMOUNT DISCCUNT DISCCUNTED
YEAR ELEMENT CNE-TIME RECURRING FACICR COST
0 acquisition $1.89 1.000 1.€9
cost
1-25 mainterance o3 «eS24 6.953
cost
8 reglacement 2.00 489 .978
16 costs 2.00 <28 456
24 " 2.00 <107 .214
25 residual (1.75) .097 (.170)
value
TOTIAL NPV COST $10.32/SF
Table B-i 1




4. Cash flow diagram, vinyl asbestos tile alternative

e e AL TR PRI

: residual
: : value §$ .50/SF

&l 1‘ l :..$1.05/SF annual...t .......... :
maintenance .82 replacement
$.74/SF cost
acquisition
cost
b
7 Figure B-2
b
; ERQJ COST AMOUNT DISCCUNT DISCCUNTED
H ; YEAR EIEMENT CNE-TIME RECURRING FACICR COST
: 0 acguisition $.74/SF 1.00 <74
cost
1-25 maintenance 1.05 9.524 10.0C
i cost
i 18 regplacement . €2 . 18¢ « 355
| cost
25 residual (.£0) .097 (.049)
value
TOTAL NPV COST $10. €5
; Takle B-ii
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1-25

12
16
<0
24

. Cash flow diagram, eroxy terrazzo flcor alterpative

residual

value $.135/SF

}

{ }} ;.:..s.SO/SF annual maintenance cost

' t
$.18/SF sealing cost at
4 year intervals

+

$3.52/SF acqusition cost

COST
ELEMENT

acguisition
cost
maintenance
cost
sealing
ccst

residual
value

Figure B-3

AMOUNT
ONE-TIME RECURRING

$3.52

.50

.18
.18
.18
.18
.18
.18
(. 135)

TOTIAL NPV COST

Takle B-iii
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DISCCUNT
FACICR

1.C00

9.524

<117
.489
334
.228
. 156
. 1C7
.C97

t

DISCCUNTED

CCST

3.5¢

4.7€2

. 129
.0¢€8
.0€0
.0u
.028
.C19

(.013)

$8.63/SF
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- 6. Liscussion cf results

The cash flow diagrams show the difference in the
three alternatives. Note that the residual value of the
periodic <replacement cr sealing cost has been included as a
ccntra-ccst cr a penefit item.

This analysis shows that in sfpite cf higher iritial
: ccst and more frequent replacement, the carpet, under the
t circumstances assumed, is competitive with vinyl astestos
| tile. The epoxy terrazzo is shcwn to be even less ccstly in

the 1long run. The lower maintenance ccst as a result cf no
waxing, and the fact that it lasts the entire 1life of the
tuilding combine to produce a cost 18% belcw the average of
the cther twc alternatives.

It is important at tkis point tc ccnsider the effect
cf maintenance policy cn this analysis. These studies have
assumed a heavily traffiked area and a maintenance standard
requiring daily floor care. If a conmkiration <cf less
traffic and less stringent maintenance would reduce &nnual
maintence costs to 1/3 of base levels, the tile would «ccst
cnly 74% cf the cost of carpeting. A higher grade carpet
which required replacement less often woulé result in a
lower 1life «cycle cost., If the carpet were of a colcr and
texture that could be vacuumed cn alternate days while the
tile still npeeded daily attention, the <results c¢f the
analysis would change again. The significant impact of
maintenanc: costs on the 1life cycle <c¢cst of interior
flcering makes it cf crucial imfportance tc¢ have accurate
estimates <c¢f these costs. Inaccurate estimates, or a
risunderstood maintenance policy, will significantly distort
the analysis and lead toc faulty design decisicns.
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E. CORFILCE DOOR FINISHES

1. Intrcduction

Ccrridor doors in a hospital receive very heavy use.
Heavy use requires a gcod docr tc start with and a good
maintenance program. Three types of dccrs are cormcenly
used; solid core wcod doors, hollow metal dccrs, and plastic
clad dccrs. These three types offer significant tradecffs
ketween initial costs and life cycle costs. This analysis
will again point out the effect of maintenance assumpticns
cn the ccncept of life cycle ccst analysis [hef. 19 1.

2. Assusptions

Sclid core wcoden doors require kickplates and

pushplates .

Ncrsal painting frequency is 5 years for both kcllow
metal and sclid core wcod docrs. Plastic clad doors regquire
nc painting. Average door size is 4' x 7',

All costs are expressed in dollars fper door.

Ncrmal door hardware and door frames are icncred
tecause ccsts are equal for all three types. :

The life of the building will be assumed to te 25

years as in previous examples and the DOD discount factors
will be used.
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Solid ccre wocd dcors
Installaticn cost $254
(including $€6 for protective hardware)
Annual maintenance

Custodial $2.01/do0r
Repairs Sg;gg/docr
Total $5.99

Painting every 4 years $20.50

Hollcw metal doors
Installaticn cost $276
Annual maintenance

Custodial $1.89
Repairs $2.52
Total $4.41
Painting every 4years $20.50

Plastic clad doors
Installaticn cost $323
Anrual maintenance

Custodial $1.44
Repairs $4.18
Total $5.62

Painting not necessary for plastic clad doors.

The cash flow diagrams show the relevant costs for
the three alternatives. Note that the pericdic paintinc adds
the same life cycle ccst to the hollow metal and solid core
dcors ($32) kut not to the plastic clad docrs.

sl L
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4. Cash flow diagram, plastic clad docrs alterpative

0 3 ,10 33 20 25
}t1--$5.62/door/¥YR annual .........
maintenance cost
$323/door installation cost
Figure B-4

ERCJ CCST AMOUNT DISCCUNT DISCCUNTED
YEAR ELEMENT ONE-TIME RECURRING FACICR COST
0 installation $323 1.00 $323.00
1-25 maintenance 5.62 S.524 5352

TOTAL NPV COST $376.52

Takle B-iv
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; S. Cash flow diagram, hcllcw metal docrs alternative
0 08 10 .15 .20 _425
1
f{ }‘ :..S4.4l}door/YR1annual maintenance
$20.50/door painting cost
at 5 year intervals
$276/door
installation cost
Figure B-5
ERCJ COST AMOUNT DISCCUNT DISCCUNTED
YEAR ELEMENT ONE-TIME RECURRING FACICR CCsT
0 installation $276 1.00 '$276.0C
1-25 mainterance 4.41 S.524 42.00
9 paintirg 20.50 .652 13.37
10 paintirg 20.50 . 405 8.30
15 paintirg 20,50 .251 5«15
20 paintirg 20.50 « 156 3.20
25 paintirg <0.50 .CS7 1.9¢
TOTAL NPV COST $350.00
Takle B-v
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5 10 15 20
L]

25
t

0 3
Y¥T T .. .55.99/door/¥R

e e

$20.50/door painting cost
at 5 year intervals

$254/door
installation cost

Figure B-6
ERCJ, COST A MOUNT DISCCUNT
YEAR EIEMENT CNE-TIME RECURRING FACICR
] installation $2°%4 1.00
1-25 maintenance 599 S.524
5 paintirg 20.50 «652
10 painticg 20.50 405
15 pairtirg 20.50 w291
20 paintirg 20.50 . 156
25 paintirg 20.50 .097

TOTAL NPV COST

Takle B-vi

7. Liscussion cf results

e e Ee

The
(wcaume tpbey never need to be painted. In

plastic

savar,

4% “*mer tw: types of doors does not make uf for

annual maintenance

{

DISCCUNTED
CosT

$254.00
57.05
13.37
8.30
5.1s
3.20
1.99
$343.0¢

clad doors are nighly regardad by many
this
the present value cf the future rainting costs for

analysis,

the fact

% jimstic clad doors ccst $47-569 more originally amd
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cost $5.62z/dcor/year tc maintain. Most of that maintenance
ccst is due to the high ccst to repair one of these dccrs
when something happens to damage it.

Maintenance pclicy can have an effect on this
analysis. 1If the painting schedule mwmust Le increased tc
cnce every three years, the LCC of hcllow metal doors
becomes $376.38, pulling up even with plastic clad dccrs.
The s0lid core vood door rises only to $369.43 and remains
the lowest ccst alternative. If the plastic clad docr cculd
te repaired for the same price as the hollcw metal door, its
ICC would drcp tc $360 and it wculd beccme the lowest cost
alternative. The cost of kickplates and pushplates adcés $86
. to the 1initial cost of the sclid core door. 1In lighter use
areas such as for clcset doors the solid ccre door without
Erotective bhardware would be the <cbvicus choice. Any
reductiorn in the <cost of ©prctective hardware for the
ccrridor docrs wculd further enhance tte competitive
standing cf sclid core doors.

In this analysis the chcice cf disccunt rates hkas an
effect c¢n the outcome. In the criginal study the arctitect
used an inflaticn rate of 6% for outyear costs and a
discount rate of 9%. The Fkase case results were then 434
fcr solid ccre, $427 fcr hollcw metal, and $425 for plastic
clad. The effective 3% disccunting gives greater weight to
the future painting costs than it is given in the DOD

economic analysis.




APEENDIX C

LCC IN REPLACEMENT ANALYSIS

A. WALL EARIITIONS

1. ;ntrcductigg

e Py

wall partitions can Lte a significant part cf the
tuilding's ccst. The initially inexpensive gypsum wallboard
partition has becuae an industry standard. It cffers
excellent fire resistact characteristics and is vcrelatively
€asy to maintain when it inccrpcrates a vinyl wall covering.
In a situation where frequent partiticn changes are
necessary, the standard gypsum wallboard partition meets
gcod competition from the mcdular relocatakle partiticns,
generally made of metal or some compcsiticc material which
cffers lcw maintenance and ease of relccaticn. This examgle
examines these two alternative wall vpartitions for a
hcsgital applicaticn, where future realccaticn or replacement
is known to ke protable [Ref. 19 ].

The study covers a typical bay <¢f a hosgital
Eroject. The bay area is 4300 SF and contains 700 linear
feet of wall partitions. Square foot costs are based cn the

8y
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total area of the ktay (4300SF) rather than cn partiticr wall
area.

A typical partition module is 40inches wide =and 9
feet high. Effect of door spaces is equal in each case and
is excluded frcm study.

The relocatable partitions are Hauserman <coukle
wall. The gypsum wallkoard partitions are standard, using
average fprices.

Heavy duty surface prctection is necessary tc the
wainscot level. 24 CZ vinyl is used cn the lower third of
the wall and 12 02 vinyl above. The relocatable partition
has a uniform baked-on enamel finish.

Each type cf wall lasts the life c¢f the building,
includinc the vinyl wall covering.

Relccatable partitions are erected ovVer the
cargpeting without damage to carpet. CGypsum wallkcard
Fartitions dc not have carpet under them and change ccsts
must include fpatching the carpet.

Annual maintenance costs include mincr repairs and
Fatching with custodial costs. Relocatable walls are tc be
scraped, primed, and finished every five years.

20% cf the panels will ke moved every five years.

25% cf the panels will have service changes in them
every five years. Changes include adding/removing
electrical cutlets, adding or reasoving glass, and addirg or

remcving wall hung sinks.

1C0% of all moves and changes for gypsum wallboard
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partitions will require face panel replacement. 15% cf all
mcves and changes for relocatable partiticns will reguire
face panel regplacement.

This commercial example uses 9% disccunt rate and 6%
inflation.

There will be a time difference for erecting
different kinds of G[fpartiticnms. This is accounted for by
labcr costs in the estimates . No allcwance is made fcr the
Fossible =eccnomic benefit to hcspital operations when tinme
is cf the essence in alteraticn projects.

3. B&all partition cost data

Relocatéble partitions Vinyl ccvered gygkcaicd

Operaticn Fregq. Cost/LF Ccst/SF Freq. Cost/LF Ccst/S¥
Installaticn once 345/LF 7.32 once 38.79 6.31
Maintenance

Custodial annual «18 .12 annual .98 .16
Minor annual 2l .05 annual .58 .08
repairs

Repainting 5 years 5.28 .86 not necessary




e 4. Change gost data

Relccatable partitions Vinyl ccvered gypbcard

Cperaticn Freg. Cost/LF Ccst/SF Freq. Cost/LF Ccst/SF
Changes S years 5 years

Take down 20%

cf all partitions 2.53 +28 7.60 .24
Eeinstall 20% 8.75 .28 26.00 1.25

Service changes

in 25% of all

partitions 20,757 225 41.00/ .%1
panel panel

Cuctwork and ceiling

light changes w29 <25

Tctal for changes .87/SF 2.25/SF
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5. Cash flow diagram, relocatatle partitions
alterpative

0 5 10 15 20 25

T T T T Ll
’Tii...$.17/SF annual maintenance cost

oo b b

$1.73 repainting and change cost
at 5 year intervals
$7.32/SF
acquisition cost

Figure C-1
ERCJ CCST AMOUNT DISCCUNT DISCCUNTED
YEAR ELIEMENT ONE-TIME RECURRING FACICR COST
0 acquisition 7.32 1.00 7.320
1-25 annual o S5.524 1.€165
maintecance
5 Periodic 1.73 .652 1.128
10 regainting 1.73 .405 .701
15 and 1.73 .251 <434
20 change Ve8¢ .156 .20
25 y Ay .097 . 168
TOTAL NBV COST ) $11.€4
Table C-i
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6. Cash flow diagram, vinyl ccvsred wallkcard

5 10 15 20 o
L L

0
Fl l ‘:..$.24/£F annual maintenance cost

S wat s e

$2.25/SF change cost
at 5 year intervals

$6.31/SF
acquisition cost

Figure C-2
EROJ COST AMOUNT DISCCUNT DISCCUNIED
YEAR ELEMENT ONE-TIME RECURRING FACICR CCST
0 Acquisition 6.31 1.000 6.31
1-25 Annual <24 9.524 2.286
maintenance
L Periodic 2429 «€52 1. 467
10 change 2.25 405 .S11
15 costs 2.25 «251 « 565
<0 2.25 . 156 sasl
25 2.25 .097 .218
TOTAL NPV COST $12. 1
Takle C-ii

7. Liscussion c¢f results

In this analysis there is an initial cost advantage
of 16% in favcr of the gypsur wallboard partition. When the
ccst over the assumed 25 year life is added and converted to
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present value , the advantage shifts tc the cpposite side.
The 1life <cycle costs of the relocatable partition total
$11.64 versus $12.11 for the gypsum wallkcard partitioa.
The differerce is orply 4%, close enough to promgt the
designer to examine the alternatives further to test the
sensitivity cf various factors.

8. Ecssible sepsitivity studies

The follcwing additicnal variations ct the
ccmpariscn are suggested for study:

a) CLCecrease frequency of change <frcm five years to
Severn years.

b) Increase frequency of <change frcm five years to
three years.

C) Increase frequency of paintirg relocatable
partiticns to once every three years.

d) Decrease frequency of painting to every seven jyears.
e) Increase cocst cf relccatable partiticmns by 20%.

f) Any reasonable combinaticn of the akcve.

E. CEILING SYSTEM STULY

1. Iptrcduction

Ceiling systems are not always affected
significantly by changes in wall partiticns. Partitions
that are ncn-load bearing are merely fitted into the sgace
tetween the flocor and the ceiling. Changes are then
pcssible without disturbing the ceiling. Seismic cesign
requirements add a new dimension by requiring that partition
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walls be sclidly secured tc the structural grilliage atove
the ceiling. This means that ceilings can ke installed cnly
after wall partitions are up and that the ceiling must be
tcrn up tc move a partition. In additicm, the «ceiling
itself wmust be rigidly suppcrted tc withstand eartiquake
disturbances. In the design studies for the New Generation
Military Hcspital at Travis Air Force Base, Califormnia, the
architect used the concepts of life cycle ccst analysis to
study alternative design soluticns [Ref. 19 ].

The usual ceiling specified under these requirements
would be 344 inch acoustical tile «cemerted to 5/€ inch
gypsum bcard which is firmly secured tc the structure. This
system is relatively inexpensive initially but has high
replacemert ccsts. To simplify replacement an alterrative
re-usable ceiling system was develcped. This system was
designed to ke feasible in any rcom of 64 square feet or
larger and is 90% re-usable on the average.

The "system" ceiling is based on 4' x 4' units whiie
the typical ceiling is based on 4' x 3¢ upnits.

Erices are based on dcllars per square foot.
Tke change frequency has been set at two years.
First costs have been estimated

2.25/SF for ccanventional ceiling
3.00/SF for re-usable ceiling
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Change costs have been estimated
2.65/SF for conventional ceiling
1.00/SF for re-usable ceiling

Neither ceiling interacts with partitions.

lighting and maintenance consideraticns are egual
for the two ceilings.

The illustrative,buildirg life cf 25 years and DOD
discount rates will again be applied.
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3. cash flow diagram, ccnventiopal ceiling systen

T

$2.65/SF change cost
at 2 year intervals

R AR S AT

0

$2.25/SF
acquisition
cost
Figure C-3
ERCJ COST AMOUNT DISCCUNT DISCCUNTED
YEAR EIEMENT CNE-TIME RECURRING FACIOR COST
0 Acguisiticn 2425 1.00 2.250
cost
z Change 2.65 .867 2.298
4 cost 2.65 : .717 1.500
E 6 2.65 «592 1.€6S
¢ 8 2.65 .489 1.296€
! 10 2.65 405 1.C73
: 12 2.65 .334 . €85
‘ 4 14 2.65 .276 731
’ 16 2.65 .228 . €04
: 18 2.65 . 189 .01
; <0 2.65 . 156 <413
22 2.65 . 129 .24z
| 4 Z.65 .107 . 284
TOTAL NPV COST $14.15
. Takle C-iii
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4. Cash flow diagram, re-usable ceiling system
\ alternative
10 20 25

0

S 15
e EETE RS
$1.00/SF change cost
at 2 year intervals
$3.00/SF
acquisition cost

Figure C-4
ERCJ COST ) AMOUNT DISCCUNT DISCCUNTED
YEAR ELEMENT ONE-TIME RECURRING FACICR CCOSsT
0 Acguisition 3.00 1.00 3.C00
Z Changé¢ 1.00 .867 .€67
4 cost 1.00 sl o
6 1.00 2992 w92
8 1.00 . 489 . 489
10 1.00 ] . 405 .40¢<
3 g 12 1.00 . 334 334
1 14 1.00 .276 .27€
16 1.00 .228 . 228
18 1.00 . 189 . 189
20 1.00 . 156 « 156
22 1.00 « 129 « 129
4 1.00 . 107 . 107
TOTAL NPV COST $7.4¢
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5. Liscussion of results

The life cycle cost analysis demonstrates that there
is considerable advantage to taking tte design tinme
necessary tc develop a re-usable ceiling. Ir the original
study the architect investigated many variations frcm the
tase case such as increasing the estimated ccst of changing
the re-usable ceiling, decreasing change freguency tc five
years, and a combinaticn of ktoth of these. Even ir the
extreme cas:s of a change at ten year intervals anc¢ with
change ccsts increased S50%, the re-usable ceiling still has
a life cycle ccst advantage.
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