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SUMVARY

Durina the past few vears, budagetary constraints inposed bv the
various levels of governnment have limted or restricted investnment
opportunities for departnents and agencies while the nunber of
capital proiects to be anal yzed has continued to arow. At the sane
time, central aagencies such as Treasury Board have required better
justification for capital projects. Accordinagly, oraanizations |ike
Parks Canada who wish to maintain or diversify their operations have
had to justify their expansion projects in terns of m nim zing
project costs while providina an acceptable response to demand.

Life cvcle costing is an analytical tool that permits better
managenent of financial resources. It may be defined as the
systematic analytical process of evaluating various alternative
courses of action in a project, wth the objective of choosina the
best wav to emplov scarce resources. The objective of this report
is to facilitate and pronote the “use of life cycle costinag. For
this purpose, the technique was conputerized. This report is
intended as a user’s auide to this technique.

Concepts and Methodology

One of the fundanmental principles of life cycle costina is the value
of noney over time. Since a dollar in hand can be invested and
accunul ate interest, it is generally recognized that a dollar today
is worth nmore than a dollar in the future. Since expenditures
related to a particular project are spread over a nunber of vyears,
the analvst nust find a way to conpare them on an equi val ent basis.
In other words, the flow of costs and expenditures for each

alternative beina considered nust be equated to a conmon reference
poi nt .

Three equivalence factors are used to convert any ampunt or series
of recurrina anmpunts into a sinagle anount, taxinag Interest Into

account. They are the Future Value of a Present Amount (F/P), the
Present Value of a Future Ampunt (P/F) and the Present Value of an
Annuity (P/A). The mathenmatical equations for these factors are

given in Chapter 1.

The interest rate in the conversions usinag factors P/F, F/P and P/ A
is called the discount rate. This rate, in the case of public
projects, takes into account the return on governnent obligations as
well as the return on capital in the private sector. Since 1975,
Treasury Board’ s Techni cal Advisory Group and Parks Canada’s |iai son
officer have recommended a real discount rate of 10 percent.

The nost inportant aspects of life cycle costina are the identi -
fication of need/demand and the selection of the various options to



be analvzed. First, the demand for the service in question and the
level of service to be achieved are clearlv assessed. Then, the
alternatives that neet this | evel of service and that appear to be
the nost attractive are identified.

The costs associated with the various options are separated into
recurrina and nonrecurring costs. Recurrina costs refer, for
exanple, to expenditures that are repeated every year, every two
years or everv three years. Most operatina and mai nt enance costs
are recurring in nature. Nonrecurring costs, on the other hand, are
associated with a particular vear and are not of a repetitive

nature. They include the purchase and installation of equi Pmrent and
dur abl e aoods, the construction and repair of buildings as well as
maj or mai nt enance costs. Sonme Par ks Canada projects al so produce
operating revenue fromrentals and camparounds. This revenue nust
be included in the analysis as it reduces the actual cost of the

Project. Operatina revenue i S agenerally considered to be recurring
in nature.

In comparinag options, the analyst will often find that thev have
different economic |ives. In order to make a valid conparison, the

vari ous options nust provide the sanme service. Thus , the notions of
economic life, analysis period, residual value and replacement coOst
are introduced to facilitate conparison between the various options.

Computerized Approach

The life cycle cost nodel was proarammed for an | BM PC conputer.
Witten in WLBUR and BASIC, this proaram i S desianed to be “user
friendlv", meanina that it can be used wi thout prior knowledae of
proaramminag., Wth this program, discounting calcul ations can be
perfornmed without knowing all the subtleties or havina t0 manuallv
perform the many calculations required by the nodel

Since the information associated with an option can ‘be extensive, it
is essential to have a sinple and effective nmet’'hod of creatina,
editing and saving data files. The proaram devel oped can be used
with all t’ne usual database nanagenent operations. In addition to
the life cycle cost analysis per se, the proaram has the following
commands: 1) create a new data file; 2) edit an old data file; 3)
view a data file; 4) list existing data files; and 5) erase a data
file. These conmmands are listed on the proaram's main nenu

Dat abase managenment operations are veryeasy to perform For
example, tO create a data file, the user chooses option 1 on the
menu and then enters the nanme of the new file. He presses the
“RETURN’ kev and must then conplete five different screens which
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show the names and nunbers of the various input data itenms as well

as boxes reserved for val ues. Information is entered on the screen
by usina the cursor positioning keys and the “TAB’” key. The proaram
is set up so that the user can fill in only specific boxes clearlv
identified on the screen. The user instructs the conputer by
pressing the “F’ kevs. The F1 key is used to chanae screens while
the F5, F7 and F1O kevs are used respectively to return to the main
menu, save a data file and expand a screen.

The information contained in a data file is divided into five
aroups. FEach aroup is associated with a separate screen. The first
aroup i ncludes identifyina informati on of a general nature such as
the park's nane, the project’s nane and nunber and the option nunber
anal yzed. It also contains technical data used as paranmeters in the
analysis, such as the discount rate, the first year analvzed and the
nunber of vears analyzed. The second, third and fourth aroups deal
respectively With buildinas and durable goods, recurring costs and
ot her nonrecurring costs. Finally, the fifth group contains data on
revenue. The data format does not vary significantly between the
second, third, fourth and fifth aroups. First, a description of the
expenditure is shown, followed bv the expenditure vears, the
economic life of the asset, the inflation rates and finally, the
amount of the expenditure.

An error messaae appears at the bottom of the screen if the user
enters data that is not conpatible or if he forgets to specify the
valus Of an item The error nessaae appears after the F1, F7 or F10
kev has been pressed. It is then inpossible to continue wthout
correcting the false entry.

To discount the costs of an alternative, the user selects opntion 6
or. the main nmenu and indicates the nane of the data file to be
addressed.  Wien discounting is conpleted, the results appear on the
screen. The format of the results is very simlar to the format of
the data files except that a sunmarv of results is shown inmediately
following aeneral information. Oher differences are the addition
of the discounted cost of each expenditure or revenue at the extrene
riaht of each line, the indication of the total discounted cost for
each group at the bottom of the data for each aroup, and the
indication of the total discounted cost for the entire project. The
user has the option to print the results, in which case they appear
in the formof two tables. The first table shows detailed results
whereas the second table shows a summary of results.

Once all options have been analysed, option 7 can be used to
produce a table summarizing the results of up to 6 options at a
time. This summary table will only show a sumary of the results.



Sample Application

In order to help the user understand the concepts of life cvcle
costina and the operation of the conputer program, We have sinulated
a session usina the Gos Morne National Park Plateau Access System

as an exanple. A report submtted to Parks Canada in August 1985
contained a life cycle cost analysis of several access svstem

opti ons. The data used in our analysis is based in large part on

t'he data contained in that report.

The approach used in the Pl ateau Access exanple is consistent with

the approach in the “User Quide: Socio-Economic Analysis and | npact
Assessnent in Capital Proijects" published by the Socio-Economic

Br anch. First, the problem was defined, the solution discussed and
the demand, in terns of visitors, was quantified. According to the
park’s managenent plan, the plateau is one of two distinct natura
areas in the park. The steep slopes and harsh conditions prevailing
on the plateau raise insurnmountabl e access barriers for nost

visitors. The access systemwould permt quick and safe access to

t hat environnent. It has been estimated that 35,000 visitors would
use this service annuallv.

Next, certain paraneters of analysis were defined. A real discount

rate of 10 percent was used as well as a period of analvsis of 30

years. This was followed by a description of the six access systens
anal yzed and careful devel opnment of cost and revenue profiles. Onc e
these steps were conpleted, six computer data files were created and

the life cycle cost analysis was performed. A conparison of results
showed that the "gondola four pulse; fixed arip; 4-seat cabin/pulse"
access svstem were the |east expensive. This was confirned by
conducting a sensitivity analysis on the discount rate and the

economc life.

In addition to mnimm cost, there are usually other considera-
tions in selecting the optimum al ternative. | ndeed, m ni num cost
was not the sole selection criterion used in the Auaust 1985 report
whi ch recommended a nore expensive system the funicular.
Nevertheless, life cycle cost analysis is an inportant

deci sion-making tool in determning the nost attractive alternative.

The life cvecle cost analysis presented in this report is intended as
an exanpl e and should be consi dered as such. Many el ements were
sinplified or elimnated to make it easier to understand the

anal ysi s.
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Concl usi on

The purpose of this report is to present a conputerized life cycle
cost nmodel. This nodel is used to analyze various project options
in order to determine the least costly option froma life cvcle
per specti ve. A conputerized approach should facilitate the use of
life cycle cost analysis and at the same tine inprove nanagenent of
Par ks Canada resources.

The principal concepts used will be discussed in the first chapter
The second chapter will describe the conmputer proaram in detail and
the third and final chapter will provide a simulation of life cycle
costing.

Finally, it should be noted that the conputer proaram should be used
in the plannina stage of a project, nore specifically at the option
devel opnment staae, and that all options should respond to the sane
need/ demand or provide the sane |evel of service.
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INTRODUCTION

Life cycle costina, al so known as “technique of discounting”, is not
a new anal ytical tool. It is used to various degrees bv
governments, businesses and individuals to evaluate the investnent
alternatives available to them However, the evaluation is often

i nconpl ete because few costs are considered and those that are, are
not estimated in terms of the project’s useful life.

From anot her point of view, budaetary constraints inposed by the
various levels of governnent have limited, if not restricted,

i nvest ment opportunities for departnments and agencies while the
nunber of capital projects to be considered ‘nas continued to grow.
At the same time, central aagencies such as Treasury Board have
required better justification for capital projects. Under its new
submi ssion system for fundina of capital projectsl, Treasury Board
requires that a life cycle cost analysis be performed durina the
prelimnary planning stage if the project has several viable
alternatives. Certain Parks Canada projects have already been
returned by Treasury Board for not complyina with this policy.

Accordingly, plans by Parks Canada to nmaintain or diversify its
network of parks and sites will have to be justified in terns of
mnimzing project costs while providing an acceptable response to
denmand. It is inperative that its investnment decisions be based
using consistent techniques and criteria. Efforts have already been
made in this direction. In 1984, the Socio-Economic Branch Proposed
a procedure for classifying capital projects on the basis of their

i mport ance. Life cycle costing is another analytical tool that may
be defined as the systematic analytical process of evaluating
various alternative courses of action with the objective of choosing
t’he |least costly way to enploy scarce resources. The principa
application of life cycle costing is therefore in decision-making
where resources are limted.

Life cycle cost analysis has been used on several occasions wthin
Parks Canada. Section Il, Part 2 of the “User Cuide: Socio-
econom ¢ Analysis and Inpact Assessnent in Capital Projects”, .
published in April 1984, provides an exanple. Mreover, Drective
2.2.2 entitled "Socio-Economic Anal ysis and | npact Assessnent in
project Planning", published in August 1983, refers to this

t echni que. It nentions that if the project proposal is not part of
an approved nanagenent or area plan, the project sponsor should

provide a life cycle costina of project planning options amcna ot her
t hi nas.

1 See Treasurv Board, (1984).
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The objective of this report is to facilitate and pronote the use of
life cvecle costina. In order to achieve this, the technique was
conputerized. The user no longer needs to be famliar with all the
subtl eties of the approach or to perform the many cal cul ations
involved. The conputer proaram has been desianed to be “user
friendly”, meaning that it requires no prior know edge of
programmina. |t thus makes it much easier to estinmate the tota

di scounted cost of each project option. Thi s working tool is
intended primarily for econom sts and professionals involved in
project evaluation. This report is intended as a user’s gquide to
this technique.

The report is divided into three parts. The first part describes
the various concepts and equations used and discusses certain

nmet hodol ogi cal aspects associated with the approach. The second
part deals with the use of the conputer program. It explains the
special features of the proaram, the database, the limtations set
for input data and the result tables. The last part provides a
practical exanple. Finally, the report as a whol e should provide
the reader with a practical knowledge of |life cvcle costina.



CHAPTER |
CONCEPTS AND METHODOLOGY

By way Of introduction to this chapter, it seens appropriate to call
attention to the definition of life cvcle costing. Life cycle
costing mav be defined as the systematic anal ytical process of

eval uating various alternative courses of action in a project, wth
t he objective of choosinag the best way to enpl oy scarce resources.
The application of discounting techniques-to investnent decisions is
based on the principle that the optimal choice of investnent should

aimto mnimze the total discounted cost. Thus , in a capita
project with nultiple options, life cycle costing will determne the
option with the |owest discounted cost. However, m nimum cost is

seldom the sole criterion in the selection process. Life cycle
costing is sinply part of a nore general approach whereby the
selected option satisfies the greatest nunber of decisional criteria.

The mai n body of this chapter describes in detail how these

techni ques work and exam nes such inportant concepts as discount
rate and costs. (Qher significant criteria in project analysis are
al so di scussed.

1.1 Time Value of Mney

One of the fundanental principles of life cycle costinag is the tine
val ue of money. It should be recognized that a dollar today is
worth nore than a dollar in the future, primarily due to interest.
Since a dollar in hand can be invested and accumul ate interest each
year, one’s preference should be to receive the dollar now rather
than in the future. For example, an investnent of $10,000 at a
conmpound interest rate of 10% i.e. where t’ he annual interest

paynment is added to the principal invested, would be worth about
$16,000 in five years. This neans that the present value associated
with the future $16,000 is $10, 000.

The various costs associated with a project are generally spread
over different years. For exanple, acquisition costs may occur in
year 1, repair costs in year 5and operating costs in years 2
throuah 10. A common reference point nust then be considered in
order to conpare all costs on an equival ent basis. In other words
the flow of costs or expenditures for each alternative beina
considered nmust be equated to a sinale point in tine. This point is
generally the Present ti me when decisions that have a significant
impact on the future are nade. Thus , all future costs must be

di scounted to the present val ue.



1.2 Di scounting Techni ques

D scounting techniques are used to convert any anmount or series of
recurrina anmounts into a sinale sumusina a defined conpound

interest rate. Three equi val ence factors are essential to life
cycle costinag: 1) the Future Value of a Present Amount (F/ P); 2)
the Present Value of a Future Amount (P/F); and 3) the Present Val ue
of an Annuity (P/A). An annuity is a series of equal anounts paid
or received every vyear over a period of tinme “n”.

These factors, whose val ues depend on the interest rate “i” and tine
period “n”, are expressed as follows: F/P(i,n), P/F(i,n) and
P/A(i,n). Factor F/P is used to calculate the value of a present
amount invested at an interest rate “i”, for “n” nunber of years.

It can also take inflation into account; this application “is of
areat interest to us. Section 1.10 will deal specifically with

inflation. The mat hematical equation for this factor is:

F/P(i,n) = (l+i)n (1)
Factor P/F is the inverse of the above factor. It is of primary
inportance as it converts future amounts (disbursements) into an
equi val ent value at the point of decision. Its mathematica

equation is:
P/F(i,n) = 1/(1+i)n (2)

Finally, factor P/A converts a series of identical annual anounts
into an equival ent single anount at the beginning of the period. |
is used to discount the operating costs of projects. This factor i
one of the nost commonly used in this type of analysis.

t
S
P/A(i,n) = ((l+i)D=-1)/(i*(1+i)n) (3)
Formula (3) is equivalent to the followina fornmul a:

P/A(i,n) = P/F(i,n=l)+P/F(i,n=2)+. ..+P/F(i,n=r) (4)

Factor P/A is therefore the cunul ative value of the present values
of future anounts (P/F) shown in equation (2).

Certain decisions affect the results of these three factors in their
application, especially those regardina the timing of expenditures
and the start of the analysis period, i.e. at the beainnina or end
of the year. For exanple, if the analysis beains in January 1985
and the expenditure occurs at the end of the year, an expenditure



made in 1986 wll be discounted over a period of two years. On the
other hand, if the anaIKsis begins in January 1985, and the

expendi ture occurs at the beginning of the year, the expenditure
will be discounted over a period of one year. The method suggested
in this report uses the latter approach.” Accordingly, using 1985 as
t he baseline year, an expenditure nmade in 1985 wll not be

di scounted whereas an expenditure made in 1986 will be discounted

over a one-year period.
1.3 Discount Rate

The interest rate used in conversions involving factors P/F, F/P and
P/A is called the discount rate. Discounting is based on the
assunption that the discount rate remains constant over the analysis
period. W are forced to assune a constant rate since it is
practically inpossible to predict changes in interest rates over the
long term

However, that is not the nost inportant issue. The nobst inportant
issue is to determne the discount rate to be used in “public”
projects funded by the government. “Public” projects are those
where part or all of the capital is provided by the governnent and
whose product will either be available free of charage to private
acencies or sold below the cost of providing the public service in
questi on. Parks Canada projects obviously fall under the latter
category.

The discount rate used to evaluate public projects is often referred
to as the social rate of discount. The choice of a particular

social rate of discount in the use of governnent funds can have a
significant inpact on the determ nation of governnent intervention
Indeed, a small variation in the interest rate can nmake the
difference as to whether or not a project is approved and can affect
the choice of option. Thus , option A may be preferable to option B

at arate of 10% while option B may be preferable to option A at a
rate of 7%

Econom sts have sugagested two approaches for determ ning ‘he
di scount rate applicable to public projects:

1. The social rate of time preference: this rate is approximtely
the sane as the return on private savings or nore precisely the
return to individuals on government bonds (r).

2. The opportunity cost of private capital: this r
to the return to corporations before tax, |

capital in the production of goods (p).

S rate corresponds
.e. the return on



Determ nina the discount rate to be used does not nean simply i
choosing between (r) and (p) but weightina the various opportunity

costs. According to H.C. Harberger, the opportunity cost of

addi ti onal governnent borrowing is the sumof the opportunity cost

of foreaone return on private capital and the opportunity cost of
foreagone individual consunption. In other words, the opportunity

cost of governnment funds is the weighted sum of the various '
alternative returns that woul d have been produced by vari ous sources ;
of governnent funds. The researcher S.A. Marglin also recogni zes
the inportance of including various sources of governnent funds in
estimating the social value of a project.

P

For many vears now, Canadi an econom sts seemto have rallied behind
Harberager's nethod as applied to the Canadi an economvy by G.P.

Jenki ns. Jenki ns pioneered the enpirical calculation of the

Canadi an social rate of discount. In 1977, he estimated the socia
rate of discount as foll ows:

TABLE 1

Estimation of the Social Rate of Discount by G.P. Jenkins

Sect or Qpportunity Proportion of Real Qpportunity *“-
(Source of Cost of Funds Gover nment cost of
Funds) in % Borrowing Governnent  Funds
in % :
I ndustri al
Activities 12. 53 0.59 7.39
Resi denti a
Construction 7.50 0. 16 1.20
Donestic
Consunption 4.14 0.05 0.21
Non- Resi dent i al
Consunpti on 6.11 0. 20 1.22
100 10. 02

Source : Jenkins (1977), p. 137.
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Treasury Board relied on Jenkins’ work when it recommended a rea
rate of 10 percent in 1976. In 1983, Jenkins confirnmed the social
rate of discount of 10 percent follow ng new enpirical studies. In
July 1985, Treasury Board s Technical Advisory Goup and Parks
Canada continued to recomend the use of a real social rate of

di scount of 10 percent.

1.4 Identification of Need/Denmand and Alternatives

Certainly, the nost inportant aspects of life cycle costing are the
clear identification of need/demand or of the |evel of service to be
achieved, and the clear identification of the various options.

Before identifyina the various options, the analyst determ nes the

| evel of service to be achieved. In the case of a visitor reception
centre, this neans determ ning the nunber of visitors the buildina
wll serve. In the case of a fleet of vehicles, it may be a natter
of acquiring a sufficient nunber of trucks of a certain size and in
good workinag condition. Once these needs have been identified and
bef ore devel oping viable options in detail to neet these needs, the
anal yst identifies available resources, such as raw materials,
products, the tinme-frane, know edge and budgeted funds, which he may
conbine to nmeet the need/ demand.

Once avail abl e resources have been identified, they can be
considered in a wi de range of conbinations to provide a satisfactory
response. The identification process usually begins with an

i n-depth exam nation of all possible conbinations.; through the
process of elimnation, the analyst retains the ones that are
technically feasible and, finally, the ones that are economically
attractive. This is followed bv a description of the various
alternatives retained, indicating their differences.

‘“Wthin the framework of project planning, life cycle cost analysis
shoul d be undertaken once the need/ demand or |evel of service to ve
achi eved has been estimated. The analyst then determ nes the |east
costly option relative to the required level of service. Since the
ultimate objective of the analysis is to achieve optiml use of
financial resources, it is essential that all options refer to t’he
sane | evel of service. In the opposite case, it would be preferable
to use an approach which permts consideration of the benefits, or

| evel of service, associated with each option. This way, the
options would be rated in ternms of their ability to provide a
specific level of service. Benefit-cost analysis is one approach
whi ch can be used in these circunstances.



1.5 costs
As nmentioned earlier, life cycle costing is used to determne the
| owest present value of costs associated with a project. But whi ch

costs should be considered? The notion of cost Is used in a variety
of situations; sone anal ysts use a narrow definition of cost while
others use a broad definition. Thus, it is necessary to indicate

clearly which types of costs will be considered and how they will be
classified.

Many of the costs associated with a project can be expressed in

dol I ars. These costs are referred to as “econom c costs”. On the
ot her hand, there are non-econom c costs of a nore indirect nature
which are difficult to convert into dollars, e.g. psychol ogical
political and social costs. The analysis suggested applies only to
economi c costs. Wiere non-quantifiable costs are significant or
represent the qreater part of the costs of a project, another
approach shoul d be consi dered.

Sone of the costs associated with a project may be viewed initially
by the analyst as irrelevant. Actually, all costs are relevant to
sonme decision or other and should be considered in the initial
stages of life cycle costinag. If, sonme costs later appear to be
irrelevant to the problem at hand, the analyst should carefully
review these costs before discarding them Moreover, in order to
det erm ne which costs shoul d be considered, the analyst should
clearly identify the options and retain all costs affected by each
opti on. Failure to specify the conponents of each alternative wll
result in the inability to correctly identify the various costs.

costs, or rather expenditures, that have already been incurred are

t he consequences of past decisions and should not be included in the
anal ysi s. In other words, the analyst should retain only those
costs that are affected by the option itself. It would be illogical
to consider expenditures already made, such as archeol ogical or
desian work, which cannot be affected by the decision to be made.

W shoul d bear in mnd that the purpose of life cycle costing is the
efficient allocation of presently available funds. However, the
mention of past costs or expenditures, as supplenental information,
may be of interest to budget reviewers. The inportant issue

however, lies in the future cost of a given alternative.

The distribution of costs varies from agency to agency dependi nu on
the type of project examned. Since the projects analyzed by Parks
Canada are nostly capital projects, they should include the cost of
acquisition, installation and construction as well as the operatina
and mai ntenance costs of equipnment or buildings. Costs are
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classified as recurring costs or nonrecurring costs. Recurring
costs refer to those costs which occur on a regular basis, |ike
every year, every two years, every three years, etc. They include
operating and mai ntenance costs such as sal aries and waaes, general
personnel costs, office supplies, energy, insurance and other
general and adm nistrative costs.

Nonrecurring costs, on the other hand, are associated with a
particul ar year and are not of a repetitive nature. They include
the acquisition and installation of equipnent and durabl e goods, the
construction or repair of buildings, and mgjor maintenance work.

Sonme exanpl es of costs related to durable goods are the purchase
price, transportation costs, the cost of land and salaries/waages for
installing equipment. Construction costs include salaries and
wages, materials, design, enaineering and project supervision costs,
et c. Finally, major maintenance costs include major maintenance
work to buildings and durabl e goods, such as roof repair, road
repaving, replacing a burner in a furnace, etc. These costs include
the cost of materials and replacenent parts, transportation

sal aries and wages to Perform namintenance work, etc. The cost
breakdown is shown in Table 2.

Wth the cost breakdown structure established, it isS now necessary
to generate the cost data. The estimation of future costs is
probably one of the nost difficult tasks in life cycle costing

What will the inflation rate of non-residential construction be in
10 or 20 years? In order to minimze inaccuracy in this aspect of
estimation, costs are expressed in dollars of the first vear

anal yzed and the inflation rate is deternined later. The cost of
facilities, their operation and maintenance in current dollars is
supplied by the project enaineer experienced in estimating costs.
Essential data on inflation nay be obtained from various sources.
The anal yst nust therefore use a conbination of historical data,
data from manufacturers and engineers, anal ogies through experience
with simlar projects, and forecasting.

The equations relative to the three types of assets are as follows:

Buildinags and O her Durabl e Goods:
VALDk = COSTk*F/P(n,e)*P/F(n, i) (5)

VALR, =~ COSTx*F/P(nl,e)*P/F(nl,i) (6)
*P/A(rly,t)/P/A(elyg,t)

VALT) = VALDy-VALRy (7)
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TABLE 2

Distribution of Costs

Recurring Costs

Nonrecurring Costs

1.

Operating and Maintenance Costs:

sal ari es and wages

general personnel costs
office supplies, furniture,
transportation

enerqay

i nsurance

other adm nistrative costs
ot her

Costs of Acquisition and
Instal lation of Equi pnment and
Dur abl e Goods:

purchase price
transportation

| and

sal ari es/wages for
installing equipnent
ot her

Constructi on Costs:

sal ari es and wages
materi al s
transportation

desi an, enaineerinag and
proj ect supervision

Maj or Mai nt enance Costs:

materials and repl acenent
parts

transportation
salaries/waages for

mai nt enance work

P ]

-

-
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wher e

VALDy : Di scounted value of acquisition of asset k in first year
dol | ars.

COSTy Val ue of acquisition of asset k for the first year
analysed.

VALRy : Resi dual value of asset k at the end of the period
analysed, discounted to first year dollars.

VALTy : Di scounted value in first year dollars, of the use of
asset k during the total period of analysis.

rly : Residual life of asset k at the end of the period analyzed

ely : Economic |ife of asset k

ko Asset

n: Nunber of years between the first year analyzed and the
year of expenditure.

nl : Number of years between the first and |ast years
anal yzed.

i Nom nal discount rate

e: Annual inflation rate

t: Net discount rate.

The di scounting cal cul ations can be nmade sinpler than shown in

equations (5) to (7). Indeed, when the inflation rate is nil, the

coefficient F/P(n,e)is equal to one. Mreover, if the asset is

purchased during the first year analysed, the di scounted value of
the asset (VALDy) is obtained directly from cosTy. Sinlarly

if the economic |life of the asset is shorter than the analysis
period, the residual value is nil and the discounted value of the
use (VALTK) is equal to the discounted value of the acquisition
(vaLDy ) . The notions of residual value and useful life are

di scussed in sections 1.8 and 1.6.

The net discount rate takes the annual inflation rate into account;
it is estimated with the follow ng equation:

t = (i-e)/(l+e)
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wher e

i nom nal discount rate

e : annual inflation rate

When the inflation rate e is nil, the net discount rate t is equal

to the nomi nal discount rate i

Recurrina Costs (Mintenance, Qperation, Etc.)

A: Cycle 1 (the expenditure is nade every year)

VALTy = (COSTy+COST*P/A(n2,tl) )*F/P(n,el)*P/F(n,1i) (9)
tl = (i-e2)/(l+e2) (10)
Wne r e

VALTy : Di scounted value, in first year dollars, of the recurring

cost of asset k, for n years, at a net discount rate tl.

el : Annual inflation rate between the first year analyzed and
the first year of expenditure.

e2 : Annual inflation rate between the first and | ast years of
expendi ture.

n2 : Nunber of years between the first and | ast years of
expendi t ure.

For exanple, if a recurring cost k is incurred only in years 7
through 11, and the inflation and discount rates are 4% and 14%
respectively, the follow ng equation would apply:

VALT) ~ (COSTy+COST*P/A(4:9, 63))*F/P(6:4%)*P/F( 6;148%)

This equation discounts to year 7 the costs of years 8 to 11 and
then adds them to the cost of year 7 usina the expression
COST+COSTK*P/A( 4;9,6%). Once the recurring costs have been

di scounted to year 7, inflation is taken into account between vears

1 and 7 and discounting to year 1 is achieved with the expressions
F/P(6;4%) and P/F(6;14%) respectively.

If the first year of expenditure coincides with the ‘" year
anal yzed, the expressions F/P(n,e) and P/F(n,i) are equal to one and
may be omtted from equation (9).

. by
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B: If the cycle is greater than 1 (the expenditure is nade every two
years, three years, four years, etc.) :

$

VALT, - (i% COSTK*F/P(n3,e2)*P/ F(n3, e2) ) (11)

*F/P(n,el)*P/F(n,1i)

wher e

el : Annual inflation rate between the first year analyzed and
the first year of expenditure.

e2 : Annual inflation rate between the first and | ast years of
expendi ture.

n: Nunber of years between the first year analyzed and the
first year of expenditure.

n3 : Nunber of years between the first year of expenditure and
expendi ture year i.

f: Nunber of tines the expenditure is nade.

Equation (11) discounts recurring expenditures f to the first Year
of expenditure by summation(€) as indicated in the parentheses and
then discounts the result to the first year analyzed using the
expression F/P(n,el)*P/F(n,i).

O her Nonrecurring Costs (Mjor Miintenance, Etc. )

VALTy = COSTx*F/P(n,e)*P/F(n,i) (12)

This equation is very sinple as a single expenditure was nade in a
particul ar year without consideration of economic life. The

anal ysis consists sinply of discounting (P/F? and taking inflation
into account (F/p). Here again, the terms F/P and P/F are equal to
one and the discounted value is equal to the cost of acquisition
when the expenditure is nade in the first year analyzed.

1.6 Revenues

The capital projects anal yzed by Parks Canada na¥ i nvol ve operatin%
revenue fromrentals, use of canpgrounds, etc. his revenue nust be
included in life cycle cost analysis as it reduces the actual cost

of the project. As in the case of costs, Past revenue nust not be
considered in the calculations. Only revenue actually associated
with project options is included in the analysis.
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W& can generally expect operating revenue to be of a recurring
nature during the period analyzed. The equation used to discount
revenue is therefore simlar to the one for recurring costs:

REVDy = (REVy+REVL*P/A(n2, tl)) (13)
*F/P(n,el)*P/F(n,1)

tl = (i-e2)/(1+e2) (14)

wher e

REVDy Di scounted val ue of recurrinag revenue k, in first year
dollars, for n years, at a net discount rate tl.

REVy : Revenue associated with asset k during the first year
anal yzed.

el : Annual inflation rate between the first year anal yzed and
the first year of revenue.

e2 : Annual inflation rate between the first and | ast years of
revenue.

n: Number of years between the first year anal yzed and the
first year of revenue.

n2 : Nunber of years between the first and | ast years of
revenue.

The use of two inflation rates in equation (13) enabl es the anal yst
to consider price increases as well as revenue increases resulting
from higher utilization of facilities. Thus , an inflation rate e2

of 6% may include an actual inflation rate of 3% and an increased
visitation rate of 3%

Al t hough equation (13) appears quite conplex atfirst glance, it is
simple to use. The part (REVx+REVy*P/A(n2,tl) ) discounts all
revenues to the first year of revenue while the term
(F/P(n,el)*P/F(n,i) discounts all revenues to the first year

anal yzed. In the case of revenue of a recurring nature produced in
years 1 to 5 of the analysis period, equation (13) becones:

REVD) = REVR+REVE*P/A(4,tl)

If the revenue is not of a recurring nature and is produced only in
the first vear analyzed, equation (13) becones:

vt ey

Rty
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REVDx = REVy
If revenue is produced only in year 3, equation (13) becones:
REVDy = REVE*F/P(2,el)*P/F(2,1)

Revenue data is easily generated. Revenue is derived essentially
fromfuture visitation and fees. Projected visitation figures are
avail able in nost cases. \Were projects cannot be conpared to
existing Parks Canada facilities, future service fees nust be

esti mat ed. On the other hand, since the various project options aim
to neet the sane need/demand or |evel of service, the revenues of

all the options should be near identical.

1.7 Economc Life

In performng life cycle cost analysis, one nav assune a time period
of a shorter duration than the total physical life cycle of an

asset. This period, usually referred to as the “economc life", is
the tine which is considered directly relevant to the objectives of
the analysis in question. For instance, a period of 40 years may
constitute the physical life cycle of a particular asset but 30
years may be preferable for operatina and decision-making purposes.

According to U S. Departnent of the Navy, engineers in a docunent
entitled “Econom c Analysis Handbook”, the economc life of a
facility is the ﬁeriod of time it provides benefits to the

oraani zati on. The specific factors limiting the duration of
economc life are:

1 The mssion life, or period over which a need for the facility
is anticipated,

2. The physical life, or period over which the facility may be
expected to |ast physically:

3. The technological life, or period before obsol escence would
dictate replacenment of the facility.

The economic life is the shortest of these three periods.

According to t'he Departnment of Public works, the economc life is
the period of tine durina which an asset can be operated at a
profit. It is the period of tine during_mhich_the_asset can
generate a return on the investnent. This period is usually shorter
than the physical life of the facility.
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In the anal yses perfornmed by Parks Canada, there is obviously no
assessment of return on investnment. The econonmic life of a
facility/equipnment is the period during which Parks Canada nakes

ef fective use of the facility/equipment, takina into account
operational and maintenance policies. The economc life corresponds
as closely as possible with the following:

the actual period during which the facility/equipment fulfills

its intended purpose, i.e. period during which the
facility/equi pment responds adequately to the demand, wll
offer the service for which it has been conceived and wll be

effectively used.

the period corresponding with the nonment of first use to when

repl acenent cost nust be considered. That is the period of its
physical life or the period where new technol ogy nmakes the
repl acement of the facility/equipment necessary.

The economiclifebeginsonly after the facility/equipnment has been
built or installed and has begun to fulfill its intended purpose

Where the construction of a building takes three years to conplete,
the economc life beagins only in year 4.

The Engi neering and Architecture Branch produced a docunent
(EA-HQ-79-48) in 1979 which lists the physical life of many types of
facilities managed by Parks Canada. This type of information is
useful in determning the economc life. From anot her point of

view, the enaineer Who manages the project is often able to

determne the economc life of the various facilities and equi Pnent
invol ved in an option.

1.8 Analysis Period

The conparative estimation of discounted costs is only valid if each
option anal yzed serves an identical purpose in terns of service

provi ded. It is therefore necessarv to use an identical analysis
period for each case or option. It is possible to consider
different economc lives in different options by taking i nto account
repl acement of assets and residual value.

The anal ysis period is the period of service used as a reference
period during which shorter-life conponents are replaced and at the

end of which residual values are taken into account. The period
anal yzed is usually the lonaest possible and is at |east equal to
the useful life of the principal facility under study. The analyst

shoul d use the |ongest period where the options to be conpared
invol ve principal facilities of different economc lives. FoOr
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exanple, Where two options have economc lives of 20 and 30 years
respectively, he should use the 30 year period for purposes of
anal ysi s. So that both options neet the sane need/ demand, option 1

will be replaced in year 21 and its residual value will be estimated
at vear 30.

1.9 Residual Value

The residual value of a facility is the real value the facility wll
probably have at the end of the period anal yzed. By considering
resi dual values, the analyst is able to conpare options wth
different economc |ives usina a common period of analysis.

Residual value is treated as revenue at the end of the period
analyzed. Once the residual value is established, it is discounted
to the beginning of the period analyzed and deducted fromthe
initial cost.

Resi dual val ue may have the following conponents: salvaage val ue of
parts still usable at the end of the equipnent or facility's useful
life; removal and dismantling costs relative to conponentS that are
still of some use; and reuse value of the equipnment or facility
whose economic life is not over. The reuse val ue should correspond
to the projected cost of service that the equipnment or facility
could still provide after the analysis period, i.e. the use value.
The estimation of residual value, asused in the nodel inplenented
by the Socio-Economic Branch, is based on the concept of use val ue;
this concept is defined as the cost of an alternative if the present
facility or equipment were no longer avail able.

The fornmula for calculating residual value at the end of the period
anal yzed is shown in equation (6) under section 1.5. The ratio
P/A(residual |life, t)/P/A(economic life, t) is the mocst inportant
el enent of the fornula. It estimates residual value in

non-di scounted first year dollars. In order to do this, it
considers the value of the asset as an annual anount and discounts
this annuity for the asset’s residual life and economc 1life. It
then calculates a ratio between these two periods. Thus, the

resi dual value corresponds to the service that the asset will still
be able to provide conpared to the service that it can provide

t hroughout its economc 1life.

Two residual value graphs are shown on the followina page, based on
cal cul ations usina equation (6). An exam nation of these graphs
provides a better understanding of this equation. The Y axis
corresponds to the value of tune asset, fromOto 1 (or 1009% while
the X axis indicates the years. The curves in these graphs i ndicate
that the value of an asset dimnishes with tine and that the loss in
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val ue increases fromyear to year. The first graph shows that the
longer the economc |life of an asset, the nore convex the residual
value curve. This neans that for |onger economc lives, the loss in
value is relatively smaller in the early years and relatively
greater in the later years. The second graph shows, on the other
hand, that the curve grows nore convex Wth t-he rise in the discount
rate, for a specific economc life. In other words, at a higher

di scount rate, the loss in value is relatively smaller in the early
years and relatively areater in the later years.

1.10 Inflation

The nodel permts the conparison of expenditures nmade at different
points in time, taking inflation into account. Inflation is the
phenonenon of rising costs of products and services acconpani ed by a
decrease in the purchasing power of the dollar. It is usually
measured by industry and consumer price indexes, the latter being
the nost widely used. Inflation during the seventies and early
eighties seriously reduced the purchasina power of the dollar. The
inflation rate, however, ‘nas remained below five percent since

Sept ember 1984.

When the cost of an asset is expressed in current dollars, inflation
is included. Wen the inpact of inflation is excluded, the cost is
expressed in constant dollars. Constant dollars are obtained by
subtracting the inflation rate from current dollars. Life cycle
costing brinas back all costs to first vear constant dollars.

Inflation may be treated two different ways in life cycle cost

anal ysi s. The first way expresses costs in first year dollars
taking future inflation rates into account. The discount rate nust
then include the inflation rate. Under the second approach, the
entire analysis is perforned in first year dollars wthout taking

inflation into account. The discount rate in this case is expressed
in constant dollars. It is inplicitly assuned that all the assets
included in the capital project will have the same inflation rate.

It is useful to introduce inflation rates in life cycle cost
analysis in tw cases: when inflation rates vary substantially
bet ween the assets involved in the capital project and when the dis-

tribution of costs over time is very different from one option to
anot her .

Equation (1), shown in section 12,is used to estimate the inpact
of inflation. Projected inflation rates are available from many
sources such as aaencies specializing in economc forecasts
(Conference Board, Bank of Canada, Econom c Council of Canada,
Informetrica, etc.), fromthe analysis of Past inflation rates,
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TABLE 3

Annual Average Inflation Rate of Selected Goods Purchased by Parks Canada
1975 to 1984

-~ - -

o 5o

Years Index

Gocds March 1985

75 76 I 18 79 380 81 82 83 84 (1971=100)
Fuel 0. 135 u. 161 U.0D5 U140 u. L T ul el Vhada” 0 2220 utws  0.065 834.%
Gas 0.210 0.289 0.132 0.188 0.055 0.118 0.274 o0.242 0.101 0.015 497.9
Electricity 0.115 0.160 0.170 0.081 0.087 0.093 0.088 0.115 0.086 0.067 326. 2
Communi cations 0.017 0.081 0.087 0.059 0.050 0.027 0.074 o0.196 0.064 0.023 209. 4
Transport 0.117 0.107 0.070 0.058 0.097 0.123 0.184 0.138 0.050 0.042 307.0
Durable Goods 0.077 0.054 0.051 0.058 0.096 0.109 0.094 0.054 0.039 0.033 216.0
Servi ces 0.107 0.122 0.090 0.068 0.070 0.082 0.115 0.1290.065 0.038 287.8
Furniture 0.125 0.063 0.055 0.025 0.083 0.073 0.072 o0.077 0.036 0.052 234.2

0 0

Mon-residential 0.015 0.102 0.084 0.075 0.111 0.090 .097 0.088 0.068 . 030 307.32

construction
Wages 1 0.142 0.121 0.096 o0.062 0.087 0.101 0.119 o0.100 0.074 0.053 329.3
C.P.I. 0.109 o0.076 0.080 o0.088 0.092 0.102 0.125 ©.100 0.065 0.044 297.9

Source: Statistics Canada, Catalogue 62-001 and other sources.

1. wWages for the entire economy excluding those for education, health services and governnent.
2. Annual rmean of 1984,

i
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etc. Table 3 shows the inflation rates of sel ected goods purchased
by Parks Canada. They can provide an interesting basis on which to
forecast inflation rates.

Based on this table, it appears that inflation rates have varied
substantially between 1975 and 1985 as well as between assets.
However, the table does not show inflation rates by province which
could differ substantially from those shown in the table.

It is interesting to observe that the inflation rate and the

interest rate have opposite effects on the value of the dollar. For
exanpl e, an investment of $100. in 1975.at 8 percent interest would
have been worth $216 in 1985. However, if the consuner price index

rises bv 75 percent in the sane period, due to inflation, the $216
in 1985 dollars can only buy consuner goods and services valued at
$124 in 1975 dollars. The effect of inflation therefore tends to
reduce the effect of interest. The actual return on investnment in
this exanple is therefore only 2 percent per year.

1.11 Repl acenent Cost

The replacement cost of a facility/equipnent includes all costs
invol ved in renoving any conponent whose econonic |ife has ended
during the period of analysis as well as all costs involved in

replacing it by another which will continue to provide the sanme
servi ce.

The repl acenent cost includes the costs of renoval, trans-
portation, engineering design and adninistration, the cost of
purchasing and installing a new asset, but |ess the salvaagevalue.
It is often considered acceptable and practical to assume that the
cost of replacing a facility/equipnment is equal to its initial cost
plus inflation.

Li ke residual value, the concept of replacenent cost is used in the
conmparison of options with different economic lives. |If a facility
has a shorter economc |life than the period analyzed, the

repl acement cost should be included in the analysis.

1.12 Sensitivity Analysis

The preciseness of the discounting technique described is often in
striking contrast with the uncertainty and lack of reliability of
the input data usually avail able. Results of analysis are only as
valid as the least valid input data.
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The purpose of sensitivity analysis is to verify precisely the
extent to which the results of analysis can be affected by _
variations in certain input parameters. |If a variation in basic
data does not alter results to the point of weighina in favour of
anot her alternative, nuch uncertainty has thus been renoved. The
sinpl est way of performng sensitivity analysis is to redo the

di scounting cal cul ati ons and assign the nost extrene values to the
par anmet er tested.

Consider a project with two options: the first involves an initia

i nvest mrent of $10, 000 and annual operating costs of $4,000; the

second requires an initial investnment of $20,000 and annual

operating costs of $3, 000. Bot h options have an econonmic life of 30
years. Their discounted cost varies according to the discount rate
as follows:

8% 10% 12%
Option A $55, 000 $47, 800 $42, 200
Option B $53, 800 $47, 300 $44, 200

Atadi scount rate of 10% option B is nore attractive. However ,
anal ysis of sensitivity to the discount rate shows that, at a rate
of 12% option A is the |east expensive

It is also possible to generalize the sensitivitv analysis when the *
values of the input data are difficult to forecast. The analyst
systematically nmakes a series of calculations to determ ne the

extent to which results are affected by variations in key

paraneters. The paraneters nost often varied sinultaneously are the
di scount rate, the inflation rate, the initial cost and the economc
life.

Treasury Board recommends the use of discount rates of 5% and 15%
for sensitivity analysis. The 5%rate corresponds to the rea
mnimuminterest rate on federal governnment obligations and the 15%
rate corresponds to the maxinum return on investnent in the Canadi an
econony. I'n  practice, the values of factor P/F for di scount rates
of 5% 10% and 15% are 0.25, 0.39 and 0.61 respectively: the
variation between the rates of 5% and 10% and 10% and 15%i s
greater than 55% The wide range of this variation inplies t-hat the
results of sensitivity analysis can easily vary by 40% For this
reason, there is strong opposition to the rates of 5% and 15% It
woul d be preferable to performthe sensitivity analysis with rates
of 8-12%



CHAPTER 11

COMPUTERIZED APPROACH

A conputer programwas developed to facilitate the use of the
proposed approach. Al the calculations perfornmed by this program
can be done with t’he aid of a pocket calculator with the appropriate
menory for certain financial operations. The main advantage of this
programis that it offers speed of execution, reliability of results
and the ability to analyze various input parameters quickly.

This chapter deals specifically with the use of the conputer
program it also describes the key features of the program t'ne
dat abase and the results.

2.1 Program Feat ures

The program devel oped to performlife cycle cost analysis has been
named "Coucyc". It is used with an |IBM PC conputer. “Witten in
WYLBUR and BASIC, the programis designed to be “user friendly”. It
can be used without prior know edge of conputers. Wth the aid of
the program the user enters the cost data on each capital project
and perfornms the discounting calculations. The procedure for
loading the programinto the conputer is outlined in Appendix 1.

The various operations perforned by the proaram are |isted on the
mai N nenu. The nenu, as it appears on the screen, is shown bel ow
MVENU

Opt i ons: 1: create a new data file
edit an old data file
exanmne a data file

nunber existing data files
erase a data file

run program

exit

print summary table 3

Data file name: A: TEST1

NoeoafRwm
o

Press RETURN to conti nue

In this case, the user has chosen to exam ne the contents of a data
file named TEST1l, |ocated on the diskette in drive A (option 3).

As the anount of data relative to each option in a capital project can
be fairly extensive, it is necessary to have the capability of savina
the data in a file. Options 1 to 5 on the nmenu refer solely to

dat abase nanagenent operations such as creating, editing, erasing a
data file, viewing a data file and listing existing data files.

Options 6 and 7 permts the user to analyse the results. Option 6
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allows the user to proceed with discounting the costs in a data file

whereas option 7 is used to produce a sumuary table of results.
Option 9 Is used to end the session.

To create a data file, the user first selects option 1 on the nenu
and indicates the nane of the new file. He presses the “RETURN key
and nust then conplete five different screens which show the nanes
and nunbers of the various input data itens in the data file as well
as boxes reserved for val ues. Information is entered by pressing
various cursor positioning keys “ “, *“ *“ ¢ ® * “ or the "TAB"
key which noves the cursor from one box to another. In this
respect, the program has been designed so that the user can only
fill in certain boxes clearly identified on the screen. Once the
screen has been conpleted, the user proceeds to the next screen by
pressing the F1 key.

Screens 2 to 5 have space for a maxi mum of 10 different assets but
can be expanded by pressing F10 After entering the data on the
10th asset, a user with 17 recurrina costs will press F10 and the
program wi || provide the space required for the additional assets.
Once the data has been entered in the “expanded” screen, the user
can recall the data on assets 1 to 10 by pressing F4.

After screen 5 has been conpleted, t'he file can be saved by pressina
the F7 key. The programthen requests the user to indicate the nane
of the data file to be saved and to Press F7 again. |f the nane
chosen already exists, the programw | indicate so and ask whet her
it should be changed. If the user answers “no”, he nust type in a
new data file name.

The user nmay stop the procedure for creating a data file at any tine
by sinply pressing the F5 key. The program then asks whether the
user really wants to termnate the current session. If the user
answers “no”, the F5 command is ignored. Qherwise, the program
returns to the main nmenu and the work in progress is erased. Thi's
conmmand operates the sane way for options 2 and 3.

Simlarly, the user may at any tinme save a file he has devel oped; he
need not proceed to the fifth screen. In the case of an alternative
with non-recurring and recurring costs only, the user presses the F7
key on screen 3.

The F1, F4, F5, F7 and F10 keys are therefore very inportant as they
are used to convey nost instructions relative to the program.
Following is a brief review of their functions:

[



- 23 -

Fl: go to the next screen

F4: go back in a screen

F5: to return imediately to the main nenu
F7: to save a file

F1O0 to expand a screen

Later, it will be seen that the F8 key is used to print results.

The conmmands and procedures for editing an existing data file or for
viewing a data file are practically identical to those of option 1.
One difference is that the program shows the word “plus” under the
data in an “expanded” screen. Wth respect to option 2, it should
be noted that the user need not go through the entire data file to
edit it. For exanple, if he changes the value of item(2) in the
data file, he can save the file as soon as he has nmade the change.
To erase information on a particular expenditure while editing a
data file, the user presses the “DEL” key. To erase all data on an
expenditure, the user sinply erases the description of the
expenditure, i.e. the first input data. The programw || then
automatically renove the other data in the data file. If the user
wants to erase only one piece of information regarding the
expenditure, for exanple the inflation rate, he sinply noves the
cursor to this information and presses the “DEL” key. The cursor
positioning keys and “TAB’ and "DEL" keys are used to change
information in a data file. The user can erase the information to
be changed and type in the new information or sinply type in the new
i nformation above the old one. Option 3, on the other hand, does
not permt the chanaging of information in a data file nor the saving
of a data file.

When requesting to view a data file, if the user types in the nane
of a nonexistent file, the nessage “data file not found” will aﬁPear
at the bottom of the screen after pressing the “RETURN key. The
sane nessage appears for options 2, 3, 5 and 6 when the user
requests the nane of a nonexistent file. The user nust then correct
the name of the data file in order to proceed with the session.

Wien the user requests the list of existinag data files, the proaram

checks which data files it created. If a file nanmed "BASICl.BAS"
was created by another program and is stored on the diskette in
di skette drive A, the program will not list this file. If the

conmputer has two diskette drives, both will be searched. The file
nanes are acconpanied by the letter A or B identifving the diskette
drive. To return to the nenu once the files have been listed, the
user presses the “RETURN kev.

Toeraseadata file, the user selects option 5 and indicates the
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location and nane of the file, for exanple A:TESTL. The program
then indicates at the bottomof the screen that the file has been
erased and the nmenu reappears on the screen. It is possible to
erase any file located in diskette drives A, B or C

Once the data relative to a project option have been entered in a

data file, the user can proceed with life cycle costing by selecting ,
option 6. Once the command is entered, the nessage “please wait -
program processing data” appears on the screen. A nmonment |ater, the
results are displayed. Detail results are not, however, stored in a
file. The user may record the results manually, have them printed
or he nmay simply rerun the program | ater. Printing the results does

not take much nore tine than viewing the results thensel ves.

Section 2.4 deals specifically with the format of the results.

Finally option 7 is used to print a table comparing the results of
different project options. A maxinmum of 6 options can be shown at
one tine. Each option nust, however, be conpatible. That is the
sanme discount rate is used, the first year of analysis is the sane
and the period of analysis is identical. In addition, each option
will have had to been run through the nodel and saved in a file.

To select the options to be analysed, the user indicates a nunber
from1l to 6 in front of the files already created. The program will
tell you which files are available to print out. The nunmbers from1l
to 6 assianed by the user serves to order the files in the table
comparing the results. Once the nunbers have been indicated and the
F8 key pressed, the conparative table will be printed.

2.2 Dat abase

The information contained in a data file nay be divided into five
groups. The first group includes information of a general nature
used to identify the project, such as the nane of the park or site,
the name and nunber of the project and the option nunber analyzed.
It also includes analytical information used as paraneters on the
various screens, such as the discount rate, the first year analyzed
and the nunber of years anal yzed which obviously do not vary from
one project option to another. The second, third and fourth aroups
contain information relative to buildings and other durable goods,
recurring costs and other nonrecurring costs respectively. inally,
the fifth group contains information on revenue. Table 4 shows the
information contained in a data file as well as their order of entry
on the screens.

The general format of the data does not vary significantly between
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TABLE 4 ]
Information cContained InAData File

I nformation Oder in Entering screen
I nformation

Ceneral Infornmation

Dat e 1: %
Park/ Site Name 2“ 1
Proj ect Nane 3 |
Proj ect Nunmber 40 1
Option # Analysed 50 ]
D scount Rate 6° .
First Year Analysed 5 !
Number of Years Analysed 8
Buildings and Qther Durable Goods . 5
Types of Expenditures 9 5
Year Expenditures Made 109 5
Econonmic Life of GCood 110 5
Inflation Rate 12,, 9
Expenditures in Dollars 13
for First Year
Recurrinag CoStsS (Operation
and Mai nt enance) . 3
Expenditure Types 140 3
First Year of Expenditure 150 3
Cost Year of Expenditure 160 3
Cycle 170 3
I'nflation Rate #1 18° ;
Inflation Rate #2 19 3
Expendi tures in Dollars 200
for First Year
O her Non-Recurrinag Costs

Major Maintenance, 6lC. . 4
Expenditure Types 210 4
Year of Expenditure 22 4
Inflation Rate 239 4
Expenditures in Dollars 24
for First Year
Revenue . 5
Types Of Revenues 250 5
First Year on Revenue 26° 5
Last Year of Revenue 27 :
Inflation Rate #1 280 c
Inflation Rate #2 290 c
Revenues in Dollars 30

for First Year
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the second, third, fourth and fifth aroups. First shown is the
description of the expenditures or revenues. This information
serves mainly to identify the costs or revenues in question. The
next information shown will vary slightly fromone type of asset to

another. For buildings and other durable goods, the user indicates
the year the expenditures were nade and the economic lives of the
assets. In the case of other nonrecurring costs, he sinply types in

t he year of t he expenditure, For revenue, the user speci fies the
first and last years of revenue. Finally, for recurring costs, he
types in the first and last years of expenditure as well as the
cycle of the expenditure (every year, every tw years, every three
years, etc.). It should be noted that, in the case of recurring
costs, the last year of expenditure must be later than the first.
Finally, the user types in the rate of inflation and the expenditure
or revenue anounts. These anobunts nust always be expressed in
dollars of the first year analyzed

The inflation rate is expressed in annual ternmns. For buil dings and
other durable goods and other nonrecurring costs, the rate
corresponds to the annual inflation rate between the first year

anal yzed and the year of expenditure. In the other cases, two
inflation rates nay be entered (see equations (9), (11) and (13)).
The first, expressed as INF1l, corresponds to the annual inflation
rate between the first year analyzed and the first year of
expenditure. The second inflation rate, INF2, is the rate between
the first and |ast years of expenditure. The use of two inflation
rates allows nmore fiexibility in the analysis. For exanple, the
user may specify electricity costs of $100 at an inflation rate of
10% for the first 10 years analyzed and 5% for the stl10 years of
a 20-year project. To do this, he identifies two expenditures with
specific inflation rates: INF1 and INF2 will be O¥%and 10% for the
first expenditure, and 10% and 5% for the second

2.3 Error Messages

Error messages appear at the bottom of the screen when the user
introduces inconpatible data or forgets to specify the value of data
in options 1 and 2. They al so appear at the bottom of screens 1 to
5 if the user presses the F1 or F10 key which permts the entry of
additional data. At the same tine, the screen with t'he error
reappears with the cursor positioned next to the data to bpe
corrected. The user cannot continue the session w thout makina the
necessary correction. Once he has entered conpatible data, he nmay
go to the next screen or save the data file. Table 5 shows the
limtations set for input data.

According to this table, the user nmust type in a value for each item



poes

- 27 -
TABLE 5

LIMITATIONS SET FOR INPUT DATA

INPUT DATA ITEMS (1) to (29) LIMITATIONS
(1) DATE MJUST HAVE A VALUE
NAVE OF PARK/ SI TE MJUST HAVE A VALUE
(:ZJ,) PRoJECT NAME MJUST HAVE A VALUE
%4; PRQIECT NUMBER MUST HAVE A VALUE
(5) OPTI ON TO BE ANALYZED 0.1 70 99.9
(6) DI SCOUNT RATE 0.1 TO 99.9
(7) FI RST YEAR ANALYZED 1985 TO YEAR 2000
8 NUMBER OF YEARS TO BE
(8) ANALYZED 1 TO 80
(9) (114\)(Pé21) (25) EXPENDI TURE MUST HAVE A VALUETO o
LARGER OR EQUAL yE®
(10) (15) (22) (26) YEARS AND SMALLER OR EQUAL TO LAST YEAR
(16) YEAR MUST BE GREATER THAN # (15)
(27) YEAR MJUST BE EQUAL TO OR GREATER THAN
4 (25)
(11) ECONOMIC | | FE 1 TO 99
12 18 19 23 28 29
(12 (lN%LATu;N(RA%E( ) (29) 0.1 TO 99.9
(13) (20) (24) (30)
COSTS & REVENUE IN DOLLARS GREATER THAN O
NUMBER OF COST ITEMS MAXIMUM OF 100
NUMBER OF REVENUE SOURCES MAXIMUM OF 25

(numbers in ( ) correspond ‘'"*®tentry gom



- 28 -

on screen 1. If he decides to indicate an expenditure nunber on
screens 2, 3 or4, he nust type in a value for each itemon that
line. The limtation “0.1 to 99.9” set for item(6) neans that the
di scount rate nust be greater than O and smaller than or equal to
99.9. Finally, the linmtation “larger or equal to first year and
smal l er or equal to last year” set for items (10), (1S), (22) and
(26) inmply that the years when the expenditures are nmade nust not be
later than the last year analyzed. For instance, in a project
beginning in 1985 with a 30-year analysis period, expenditures mnust
not be nade past the year 2014.

Fol |l owi ng are exanples of error nessages for a project beginning in
1985:

t he maxi mum nunber of costs itens is 100;
[tem 5 does not have a val ue

[tem 12 nust be greater than or equal to O
[tem 13 must be greater than O and

the year nust be greater than or equal to 1985.

If the user changes the first year to be anal yzed or reduces the
nunber of years to be anal yzed under the editing option, he cannot
save the data file until he ‘nas reviewed the five screens. If he
tries to save a data file by pressing the F7 key, a message will
appear indicating that he has edited item (7) or (8) and therefore
cannot use the F7 key. The F7 key appears only on the fifth

screen. This procedure forces the user to check the information in
the data file for conpliance with the limtations listed in Table 5.

2.4 Format of Results

The results of life cycle costing are shown on the screen after the
analysis is conpleted. The format is very simlar to the format
used in the five data file screens, except t'nat a summary of results
appears inmmediately followi ng the general information screens. The
summary s’ news the total discounted costs for each asset aroup as

well as the total net discounted costs for the option. Detailed
results follow Al the information contained in screens 2 through
5 of the data file is repeated on the screens. The discounted cest
of each expenditure or revenue is shown at the extreme riaht of each
line and the total discounted cost for each asset group (buil dings
and ot her durable goods, recurring costs and other nonrecurring
costs) is shown under t’he results for each group. _ Total discounted
costs are shown at the end of the cost section. This is followed by
revenue results. Total net discounted costs are shown at the end.
This anount corresponds to t'ne total discounted costs m nus

di scounted revenues.
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The F4, F5, F8 and F1O keys may be used to control the viewing of
results on tune screen. F1O and F4 are used respectively to ago
forward or backward in the screen whereas F5 is used to return to
the main nenu. The results can be printed by pressing the F8 key.
This key may be pressed anytime during the viewing of results. The
screen turns blank for a nonment and then returns to nornmal viewing.

The length of the printout will vary depending on the nunmber of cost
itens involved. Results are printed in the form of two tables which
are aInDst identical to the format viewed on the screen. The first
table s’hews the date, name of file, and heading of the program, the
general information on the project and then the detailed results of
screens 2 through 5. The second table is a nuch shorter sumary of
t he anaIyS|s results. It shows the date, nane of file, and heading
of t’he program and the general information on the project followed
by the discounted costs of the three main types of expenditures, the
total discounted costs of the project, the total discounted revenues
and the total net discounted costs. Appendlx 4 contains a sanple
printout of results.

Detailresultsare not saved in a data file when the F5 key is
pressed. To c'heck or reviewresults at a |ater date, the user nust
run the program again by selecting option 6 on the main nenu.

It should pe noted that the table compar ing the results will not
appear on the screen but will appear on t’he printout. The format of
the table is similiar in_appearance to a table showing only the
results of one option. The only difference is that up to 6 options
may be shown at one tine.
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CHAPTER 111

SAMPLE APPLICATION

To help the user understand the concepts of life cycle costing and
the operation of the conputer program we have sinulated a session
based on the G os Morne National Park Plateau Access System study.
This study, prepared by the firm Marshall Macklin Monaghan Limted
and submtted to Parks Canada in August 1985, evaluates several

pl ateau access systens. Chapter 6 of the document contains a life
cycle cost analysis of various access systens. Initially, we used
the cost data presented in that chapter. This data was subsequently
refined by Robert Nash, the engineer in charge of the project at

Par ks Canada.

3.1 Pr ocedur e

There are many ways of performing a life cycle cost analysis
effectively. I't would be useful at this point to describe the
procedure sugaested in the “User Guide: Socio-Econonc Analysis and
| npact Assessment in Capital Projects” published by the

Soci 0- Economi ¢ Branch. According to this guide, the following steps
shoul d be considered in preparing a life cycle cost analysis:

(1) prepare a problem statenment including:

a brief description of the project

identification of the alternatives to be included in the
anal ysi s

the rationale for t'ne selection of the alternatives

obj ectives of the analysis;

(2) choose and provide the basic rationale for the paraneters used
in the analysis

basel i ne year
life cycle

di scount rate
cost factors;

(3) describe the alternatives analyzed

physi cal conponents and” building el ements included in the
anal ysi s

the rationale for the inclusion/exclusion of cost factors
sources and assunptions about the cost information used,
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(4) prepare an analysis of each alternative

drawina up a profile of the associated costs [

calculating their total net present val ue
testing each for sensitivity (to the discount rate and
life cycle used);

(s) prepare a summary report reconmmending a preferred option and
i dentifying other consequences or issues which should be
consi dered.

It would be useful to follow this procedure which permts a precise
eval uati on of pre—analytical elenments, namely steps 1, 2 and 3, as

well as a systematic approach to life cycle costing. The exanpl e
provided in this chapter follows this procedure.

3.2 Paraneters and Assunptions Used in the Analysis

3.2.1 Problem Statenent and Proposal

According to the G 0os Morne National Park managenent plan, the park

has two very distinct natural areas. The first, located at sea
level, is a narrow strip of land. The second, at an elevation of
approxi mately 800 nmetres, is a vast tundra-type plateau covered by

an area of low forest, sonme vegetation of sub-arctic type, nmany
ponds and streans, and hilly ground.

Steep sl opes and the harsh conditions prevailing on the plateau
represent access barriers that only the nost seasoned hikers can
OVer cCone. In fact, nost of the visitors to the park lack the

experience and skill to nmake this type of excursion safely. They
also lack the time. These people can only see and experience the

plateau if assistance and controls _are avail able to make the
experience interesting and safe. This can be achieved with a

pl at eau access system

The systemwi || permit quick and safe access to the plateau and its
envi ronment.. From that height, visitors willalsogetaviewofthe
area at sea |evel

This project is included in the federal -provincial agreenent
(amended in May 1983) on the creation of Gros Morne National park as
well as in the park’ s managenent pl an.

3.2.2 Identification of Need/ Demand

Once the need for a plateau access system has been established, it
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IS necessary to estimate the nunber of visitors who would use this
new service. This information is essential to the physical design
of equi pnent and facilities. In this regard, the Halifax office of
t he Socio-Economic Branch has forecasted the demand on the basis of
avail able local, regional and national statistics.

Based on the assunption that the system would operate daily from
9am to 6 p.m, frommd-June to Labour Day, it has been estinated
that the system would average 426 visitors per day in 1995.  Annua
visitation would then be in the range of 34,080 to 36, 210 people.
Peak hour visitation would be 85 visitors on an average day and 113
visitors on a peak day.

The Socio-Economic Branch then forecasted the demand for the next 10
years by developing “strong”, “average” and "low"demandscenarios.
The authors of the life cycle cost analysis retained the scenario
for a “strong” demand, assumng that the demand would remain strong
over the entire use period, at approximately 34,000 visitors per
year.

3.2.3 D scount Rate, Analysis Period and Basel i ne Year

The discount rate used in this session is a real rate of 10% as
recommended by Treasury Board. The sensitivity analysis perforned
later will use rates of 5%, 7% 13% and 15% to eval uate the inpact
of the discount rate on the selection of an option.

The period to be analyzed is 30 years, which corresponds to the
longest economc |life of the access systens exam ned, nanely the
funicul ar. The life cycle cost analysis wll therefore evaluate the
repl acement costs for the other systens as well as their residua

val ues at the end of 30 years. Table 6 shows the economc life of
each system

According to the “PIP" docunments, the access systemw |l be built
mainly in 1990-91 and accordina to Robert Nash, the termnals can
easily be built and the equipnment installed wit’nin a period of six
months. Thus , the baseline year for the project would be 1990-91.
OQperating and mai ntenance costs and revenues would then be
calculated starting in 1991-92. The costs presented in the MMM
report, however, are all expressed in 1985 dollars. To simplify
matters, the first year to be analyzed, i.e. the year to which all
costs willbediscounted,will be 1985 and construction and
installation work will be done in year 7, 1991. The operating and
mai nt enance costs and the revenues wll be calculated from year 7
t hrough year 36, i.e. a period of 30 years.
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3.2.4 Access Systens Analysed
Si x access systens were anal yzed

gondola, four pulse, fixed grip, 4-seat
gondola, two pulse, fixed grip, 6-seat

gondol a, detachable grip, 4-seat

funi cul ar

aerial trammay, two pul se, fixed arip

aerial trammay, two cabins, twin fixed cables.

Tabl e 6 shows the physical and operational characteristics of these
syst ens.

The inplenentati on of these systens requires the construction of
base and sunmit terminals for equipment and visitors. The ropeway
termnals are conprised of a roofed structure to protect passengers
against the elements during |oading and unloading of passengers as
well as an area to house terminal equipnent. This termnal would be
boarded up in the off-season. The electric drive notor and gear box
assenbly are located below the terminal platform Attached to the
ropeway terninals are the visitors' termnals which house a waiting
area, ticketing, interpretative displays, information racks and
washroom facilities. A power substation and a water supply and
sewage system will also be installed.

The various access systens are described in detail in chapter 4 of
t he Marshall Macklin Monaghan report. The choice and technical
design of these systens have taken into account the anticipated
demand as well as the bio-physical characteristics of the |and
climate, etc.

3.2.5 cost Profil es

Table 7 shows capital cost estinmates for the various access systems
in 1985 dollars. It appears that gondolas are by far the |east
expensive, costing between” $2,995, 000 and $3, 600, 000, followed by
the funicular and aerial trammays. The greatest variations between
systems are observed in the cost of equipment Squlal' The cost of
equi pment supply ranges between $875,000 and $1, 200,000 for gondol as
and between $2,800,000 and $4,000,000 for aerial trammays.

Cost data on equi pment supply was obtained from various sources.

The cost of termnals, engineering desian and civil works was
estimated by t’'ne project engineers. The cost of the power station
was provided by Newfoundl and and Labrador Hydro. The economic lives

of the systems shown in Table 6 apply only to the purchase of t’he
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TAELE 6

Description of Access System Possibilities

Access Systens Exam ned

GONDOLA FUNICULAR AFRTAL. TRAMMY
Four Pulse  Two pul se Two Pul se Two
Fixed Gip, Fixed Gip, Deatchable Fixed Gip, Cabins,
Three 4-Seat Four 6-seat Gip, “IWn Cable, on Twin
Cabi ns/ Cabi ns/ 4- Seat Two Cabins/ Fixed
Description Pul se Pul se Cabi ns Pul se Cabl es
Cabi n-type 4 Seats 6 Seats 4 Seats 25 Seats 10 Seats 25 Seats
—-nunber 12 8 20 2 4 2
Speed 3,0 nisee 3,5 msee 3,5 nisee 6, Om/sec 6,0 msee 6,0 nisee
Departure 0,5 min 1,0 mn 1,0 nmin 1,0 mn 1,0 mn
Trip Length 11,0 mn 10,0 mn 9,0 mn 6,0 mn 6,0 mn 6,0 mn

Hourly Capacity 120 pers. 135 pers. 200 pers, 215 pers. 170 pers. 215 pers.

Power K.w. 100 100 100 125 125 125
Number Of Supports 35 18 18 rails 4 3
Economic Life 20 yrs. 25 yrs. 25 yrs. 30 yrs. 20 yrs. 30 yrs.
Site Description

Length 1890 m

Vertical Elevation 580 m

Elevation at the Base 75 m

Summit El evation 655 m

Source: Report by Marshal | Macklin Monaghan, (1985).
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TABLE 7

Access System
Capital Cost Estimates ($1985 ,000)

Access Systens Exam ned

§

FUNICILAR

AERI AL TRAMMY

GONDOLA
Four Pulse  Two Pul se
Fixed Gip,
Three 4- Seat

Fixed Gip, Deatchable
Four 6-seat Gip,

Two Pul se Two

Fixed Grip, Cabins, -
Twin Cabl e, on Twin :

Cabines/ Cabi ns/ 4- Seat Two Cabins/ Fixed
Expendi t ures Pul se Pul se Cabi ns Pulse Cabl es
Equipemnt
suppl y 87.5 1 050 1 200 2 000 2 800 4 000
Equi pnent
Instal | ation 500 500 500 900 900
Ter m nal )
- Equi pnment 200 240 330 -
- Visitors 420 420 420 420 420 420
Gvil Wrks 100 100 100 980 50 50
Electricity
Station 150 150 150 150 150 150
Water & Sewage 20 20 20 20 20 2
Sub Tot al 2 265 2 480 2 720 3 570 4340 5 550
Engi neering &
Management - 15% 340 370 410 535 650 830
Sub Tot al 2 605 2 850 3 130 4 105 4 990 6 380
Cont i ngenci es
- 15% 390 430 470 615 750 960
Tot al 2 995 3 280 3 600 4 720 5 740 7 340

source: Report by Marshall| Macklin Monaghan, (1985).




equipment, their installation and civil works. We have assumed an
economc life of 50 years fcr the termnals and an economc life of
30 years for the power station, water supply and sewage systens.

Tables 8 and 9 show the costs associated with the operation and

mai nt enance of the various access systens. As can bte seen from
Table 8, the material costs are very |low conpared to the capita
costs. In general, the material costs of operating the various
systens do not vary significantly between the systems, are recurring
in nature and have a cycle of 1 .year, i.e. are constant throughout
the operating life. They range between $1,000 and $1, 400 per year.

The material costs of maintaining the various access systens are
nore irregular in nature. The figures in brackets indicate the
frequency of expenditure. The pulley cable, for exanple, is

repl aced after 10 years of cperation whereas cabl e inspection and

painting is done every year. The cable is usually replaced at the
end of the economc life, at the sane tinme as the rest of the
eaui pment . The cost of cable replacenent is then included in the

cost of equipment. This expenditure, hcwever, iS not reauired in
the case of the last two types of gondola and the last type of
aerial trammay as the economc life of the cable in these systens is

50 years, i.e. much greater than the analysis period. This is taken
into account in the analysis by separating the cost of the cable
fromthat of the eauipnent. On the whole, the material costs for

mai ntaining t’'ne systens, excluding the cable, range between $53, 000
and $71,000 over the entire period anal yzed.

Tabl e 9 adds labour and power costs to the costs shown in Table 8.
Labour estimates fcr operations are based on mninumlevel staffing
and do net include interpretation and guide staff. They are based
on 80 days of operation 12 hours per day, 7 days per week. Labcu f
estimates for maintenance are based on the use of contract
mechani cs, assum ng local availability.

Based on Table 9, it appears that labour costs are far greater than
material costs. Under operating costs, labour costs acccunt for
more than 90 percent of all costs. Total operating costs are
relatively simlar between the systens; they anount to approxinately
$43,000 per year. Proper nmintenance and replacement of equipment
at the optimal tinme can ensure long-term stability in operating
costs. Since it is inpossible to estimate wth accuracy future
increases in operating costs, we have assuned stable costs for the
first 10 years of operation followed by an increase of 20 percent

for the remaining econonmic life of the access systens anal yzed.

Mai nt enance costs, however, vary substantially from one access
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TARLE 8
Access System

Qperation and Maintenance Costs - Mterials
($ 1985 ,000)

Access Systems Exam ned

GONDOLA FUNICULAR AERIAL TRAMWAY [
Four Pulse  Two Pul se Two Pulse Two
Fixed Gip, Fixed Gip, Deatchable Fixed G'ip, Cabins,
Three 4-Seat Four 6-seat Gip, Twin Cable, on Twin '
Cabines/ Cabi ns/ 4- seat Two Cabins/ Fixed
Expendi t ures Pul se Pul se Cabi ns Pul se Cabl es
Qper ati ons
Gease & Q| 300 300 400 300 300 300
Cabl e Hub 200 300 300 200 400 500
M scel | aneous :
Parts 300 200 400 300 300 300
Expendables 300 200 300 200 200 300 =
Annual Tot al 1 100 1000 1400 1000 1 200 1400
Mai nt enance
Pul ey Cable 17 000 7 000 7 000 1000 14 000 3 000
(lo) (10) (lo) l0) (10) (10)
Maj or 15 000 12 000 18 000 15 000 18 000 15 000
Repairs (10) (13) (13) (15) (10) (15)
Cabl e 500 500 500 1 000 1 000
| nspection 1) (1) (1) (3: (1) (1),
Truck - - " 600 - -
Maintenance (1)
Pai nt 300 2 200 200 300 300
(1 ' (1 (1) (1) (1
Total for 30 yrs 56 000 47 000 53 000 54 000 71 000 60 000
Cable 45 C00 75 000 80 000 20 000 75 000 150 000 °
Replacement (25) (50) (50) (30) (20) (50)

-~

Source: Report by Marshall Macklin Monaghan, (1985); Robert Nash; S.E.B.
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TARLE 9
Access System

Operation & Maintenance Costs
($ 1985 , 000)

Access Systems Exam ned

GCONDOLA FUNICULAR AERIAL TRAMWAY
Four Pulse Two Pul se 4 Two Pul se Two
Fixed Gip, Fixed G'ip, Deatchable Fixed Gip, Cabins,

Three 4-Seat Four 6-seat Gip,

Twin Cable, en Twin

Cabines/ Cabins/ 4- seat Two Cabins/ Fixed
Expenditures Pul se Pul se Cabi ns Pul se Cabl es
Oper ations
Labour - p/d 480 480 480 480 480 480
Power - kwh 60 000 70 000 g0 000 8o 000 70 000 80 000
cost
- Labour 38 400 38 400 38 400 38 400 38 400 38 400
- Power 2 700 3 200 3 600 3 600 3 200 3 600
Material's 1 100 1 000 1 400 1 000 1 200 1 400
Total Annual 42 200 42 600 43 400 43 000 42 800 43 400
costs
Mai nt enance
Latour
- Pulley cable 10 oc0 6 000 6 000 3 000 10 000 3 000
0) (10) (10) (10) (I0) (10)
" Major 20 000 20 000 20 000 20 000 20 000 20 000
Repai r (o) (13) (13) (15) (10) (15)

- Annual 15 000 5 400 8 600 3 800 5 400 3 800
Maintenance (1) (1) (1) (1) (1) (1)
Tot al 480 000 192 000 290 000 140 000 192 000 140 000
Material s 56 000 47 000 53 000 54 000 71 000 60 000

Total Cost
For 30 yrs 536 000 239 000 343 000 194 000 263 000 200 000

Source: Report by Marshall Macklin Monaghan, (1985):

Robert Nash; S.E.B.
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system to anot her. The costs associated with gondol as are generally
higher than those of the other systems. The highest maintenance
costs ($535,000) are associated with the first type of aondola while
the | owest costs ($194,000) are associated with the funicul ar.

Again, labour costs are by far the greatest: they account for at

| east 70 percent of total nmaintenance costs.

The costs shown in Tables 8 and 9 have been underesti nated due to
t he exclusion of a nunber of elenents that shoul d have been
consi dered, such as:

buildinag mai ntenance and repair

sewage disposal system maintenance
power supply operations and naintenance
weat her station nonitoring.

The excl usion of these costs fromthe life cycle cost analysis
shoul d not affect the choice of the | east expensive system as al
the systems would nost |ikely involve these costs.

3.2.6 Revenue Profiles

Since all the options are designed to respond to the sane

need/ demand, revenues wll not vary from one access systemto

anot her. Based on a projected visitation of 35,000 people per year

and an assuned price of $3.00 for a return ticket, the operation of
the system shoul d produce a revenue of $185,000 per year.

This is only a prelimnary estimate of revenues as no fee has yet
been set for this service which will be the first of its kind for
Par ks Canada. The gondol as, funicular and aerial tramays
currently in use in national parks are all privately operated.

Ti cket prices are based on informal consultations rather than an
established rate system

3.3 Dat abase and Life Cycle Costing

Once all data on costs and revenues have been collected and the
parameters selected, life cycle costing Can begi n using the conput er
program First, it is preferable to conplete a data entry form
Each option or access system is associated with a form Appendi X 5
shows the data entry formfor the first type of gondola. All
capital costs are included under buil dings and ot her durable %gods
whereas operating costs are included under recurring costs. t he
ot her hand, certain nmaintenance costs are under recurring costs
while others are under nonrecurring costs. Since the economc life
of this access systemis 20 years and the analysis period is 30

prsivesm

e

-

p
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vears, certain replacenment costs relative to equipnment are included
in total costs. For the sane reason, operating costs are not
adj usted by 20 percent for years 21 through 30.

Once a formhas been conpleted for each option, the data files can
be created. To run the CoucyC program the user follows the
procedure outlined in Appendix 1. “Wen the main nenu appears on the
screen, he selects option 1 to create a new data file. Then, gquided
by the program he types in the appropriate screens the information
contained in the formfor the first type of gondol a. He then cl oses
this file under the nane of OPTION1 for exanple. He can then create
data files for the other access systens taking care to assign
different data file nanmes.

Appendi x 3 shows the screens with the data on the first type of
gondola typed in. It can be seen that the format of the data on the
screens is simlar to that on the data entry forns. I ndeed, the
fornms were designed so that the user can easily refer to the various
screens.

Thenext Step consists of discounting costs and revenues. I n order
to do this, the user selects option 6 on t’he main nmenu. This
procedure is repeated for each access system  Appendix 4 shows the
results as they appear on the screens as well as a printout of
results for the first type of gondola. Again, the format of the
results is very simlar to the format of the data files. Option 7
may then be used to print a table comparing results of different
options.

3.4 Anal ysis of Results

Results are regrouped and displayed in a summary tabl e using option
7. The main results of analysis are shown in Table 10. They are
the result of the various sinulations referred to in section 3.3.

As can be seen fromthe table, the least expensive systens are the
gondolas . At a cost of approximately $1,400,000, they are $800,000
cheaper than the funicular and at |east $1,400,000 cheaper than the
aerial trammays. The nost attractive option is the four-pulse
gondola at a cost of $1, 360, 000.

In regard to cost distribution, it is interesting to note that
buildings and other durable goods represent the highest costs. The
cost of equipnment supply accounts for the greater part of these
costs. Recurring and other nonrecurring costs are smaller in
magnitude and relatively simlar between the systems; therefore,

they have no significant inpact on the choice of the |east expensive
option. Operating and maintenance costs are included in these costs.
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TABLE 10

Access System

Total Net Costs ($ 1985 ,000)

Access Systems Exam ned

GONDOLA FUNICULAR AERTAL TRAMWAY |
:
Four Pulse Two Pul se Two Pul se Two
Fixed Gip, Fixed G'ip, Deatchable Fixed Gip, Cabins, -
Three 4-Seat Four 6-seat Qip, Twin Cable, on Twin
Cabi ns/ Cabi ns/ 4- Seat Two Cabi ns/ Fi xed
Pul se Pul se Cabi ns pul se Cabl es
QOSTS
Bui | dings and O her
Dur abl e Goods 1 791 100 1 876 200 2 058 700 2 652 700 3 528 800 4 121 80N
Recurring Costs 351 100 336 100 324 300 297 9C0 297 100 302 20%
Qther Recurring
costs 13 500 9 200 10 100 6 500 13 500 6 5C
TOTAL COSTS 2 155 800 2 221 500 2 393 100 2 957 100 3 839400 4 430 s5¢°
REVENUE 796 100 796 100 796 100 796 100 796 100 796 1Gu
TOTAL NET COST 1 359 700 1 425 400 15970002161000 3 043 300 3 63440
Park/Site: G os Mrne
Project Name: Systéme d'accés au pl at eau
Project Number: 7558- 376- 24855
Di scount Rate: 10,0
First Year Analysed: 1985
Year Analysed: 36 ans




onthe other hand, the revenues shown in Table 10 are a ver
inportant elenent in the analysis. At a discounted value o
$796, 000, they far exceed operating and mai ntenance costs.

3.5 Sensitivity Analysis

Sensitivity analysis was performed to test the effect of different

di scount rates, analysis periods and economc |lives on cost

di stribution. Di scount rates of 5% 7%, 13% and 15% were tested as
well as analysis periods of 20 and 40 years, and economc |ives of

| ess than 5 years and nore than 5 years. In order to test
sensitivity to various discount rates, the input data for item (6)

is varied and the programrerun. To test sensitivity to various

anal ysis periods, nore extensive changes are nmade to the data file.
First, the input data for item (8), nunber of years to be analyzed
is varied making sure that all the years are conpatible with the new
anal ysi s period. In the case of a shorter analysis period, the

repl acement costs and maintenance costs which occurred between Xear
21 and year 30 are renoved fromthe data file. The last year o
recurring operating costs and the last year of revenue are also
changed. In the case of a longer analysis period, i.e. 40 years,
certain replacenent costs associated with equi pment have to be added
in many cases. The sanme kinds of changes are required to test
sensitivity to economc life.

The results of the sensitivity analysis are shown in Table 11. It
can be seen that the nobst econom cal access systemis the first type
of gondola which has |ower costs with alnost all the discount rates
used and with all the analysis periods and economc lives used. The
cost of the second type of gondola is slightly |ower at a discount
rate of 5%. The general results of the sensitivity analysis
confirm, however, that the type of gondola selected is the best
access system It should be noted, furthernore, that the ranking of
the other options was not affected by the sensitivity analysis.

3.6 O her Considerations

Following the conpletion of life cycle cost analysis, the results
were incorporated in a nore conprehensive nethod of selection by the
engi neer, Robert Nash, and the consulting firm Since mninmm cost
was not the sole criterion of selection, the funicular emerged as
the preferred access system This illustrates the fact that

deci sions are not always nmade solely on the basis of life cycle
costina. However, the exercise is not futile as it indicates the
addi tional disbursements required to neet the other decisiona
criteria.
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TABLE 11

Access System
Sensitvity Analysis ($ 1985 , 000)

Access Systenms Examined

2

GONDOLA FUNI CULAR AERTAL TRAMAAY f
Four Pulse Two Pul se Two Pul se Two ;
Fixed Gip, Fixed Gip, Deatchable Fixed Gip, Cabins,
Three 4-Seat Four 6-seat Gip, Twin Cable, cn Twin
Cabi ns/ Cabi ns/ 4- Seat Two Cabins/ Fixed
Pul se Pul se Cabi ns Pul se Cables
Discount Rate
5% 1 619 000 1 589 300 1 807 600 2 480 000 4 105 700 4419 oCt
7% 1 527 100 1 551 400 1 750 400 2 382 000 3 632 400 4117 603)‘
10% 1 359 700 1 425 400 1 597 000 2 161 000 3 043 300 3 634 4({
13% 1 192 500 1273 300 1 420 800 1 917 400 2572 700 3 172 300
15% 1089 100 1172 200 1 305500 1 759 700 2 310 600 2 €89 Sc;T
# Years Analysed
20 ans 1 244 600 1291 300 1447 000 1 948 600 2 761 400 3 279 2C.
30 ans 1 359 700 1 425 400 1 597 000 2 161 000 3 043 300 3 634 4Cr
40 ans 1 408 400 1 473 500 1 651 100 2 236 000 3 158 000 3 765 400
Economic Life
-5 ans 1 4% 500 1513 800 1 749 900 2 249 900 3 420 500 3 861 70;:
normale 1 359 700 1 425 400 1 597 000 2 161 000 3 043 300 3 634 4Cp
+5 ens 1 268 300 1378 000 1 601 100 2 104 400 2 851 000 3 629 1Cu
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The life cycle cost analysis of the G os Morne National Park Pl ateau
Access System nmade in this chapter is intended as an exanple and
shoul d e considered as such. Many elenents were sinplified or
elimnated to make it easier to understand the analysis. For
instance, the year of construction was assunmed to be the sane as the
first year of operation, certain nonrecurring costs were excluded,
inflation rates were not considered, etc. However, identification
of the need/demand and selection of the alternatives to be exam ned
was a relatively easy task in this exanple. Parks Canada capital
projects are not usually that sinple to anal yze. It is often
difficult to determne the level of service to be achieved or +the
types of services to be provided. Definition and devel opment of

obj ectives often pose serious problems for the project analysts.

Finally, the reliability of the results of this analysis and of all
the analyses perforned with the nodel depends essentially on the
aquality of the basic data. The analyst should devote as much tine
as possible to collecting reliable data in order to achieve
acceptabl e results.



CONCLUSI ON

The purpose of this report was to present a conputerized life cycle
cost model. This type of analysis is used to assess various project
options with the objective of choosing the best way to enpl oy
financial resources. The conputerized approach should facilitate

the use of the nodel as well as ensure better managenent of Parks
Canada financial resources.

The first chapter addressed the main concepts used in this type of
anal ysis, nanely discount rate, costs, economc life, residua
val ue, etc.

The second chapter described the computer progrdam in detail. It is
apparent that the main advantage of the nodel devel oped in this
report is sinplicity of use and speed of execution. Indeed, it can

identify the |east expensive option in a fraction of the time needed
to perform a manual evaluation. Also, the conputer program was
designed so that it can be used wi thout prior knowledge of
progranm ng.

As in other software avail able fromthe Soci o- Econom ¢ Branch, the
nost inportant element of life cycle cost analysis is the database.
There are strict standards and procedures for the creation of a

dat abase and the sequence of data input. In this regard, the
exanmpl e given in the |last chapter nakes it easier to understand the
operation of the database managenent system Even nore inportant is
the quality of the information in the database. The reliability of
results depends on the quality of the information in the database.

Finally, chapters IIl and IV showed how |ife cycle costing is
acconplished with the program The analysis sought to determ ne

whi ch pl ateau access system would be the | east costly for G 0S Morne
National Park. It found that the first type of gondola is the
preferred access system and thisfinding remained unchanged when the
discount rate, analysis period and economic life were vari ed.

In conclusion, certain key points should be borne in mnd. First,
the computer nodel should be used durina the project planning stage,
nore specifically during the devel opment of options. At that point,
all the options should offer the same response to the need/ demand or
the level of service to be achieved. Second, the final choice of
option is not always based solely on the results of life cycle
costing. This type of analysis should therefore be considered as
only one of many decisional criteria.
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APPENDIX 1

LIFE CYCLE COST MODEL

LOADING PROCEDURE



The life cycle cost nodel was desianed for use with the | BMPC and

conpati bl e conmputers. It requires a mninmum nenory of 190K, a
printer, a diskette drive, a copy of WYLBUR support software and the
di skette containing the life cycle cost nodel. This software is

avail able from CoMTEK. It may be witten to the diskette containing
the life cycle cost nodel or to a second diskette. The follow ng
loading procedure applies when two diskettes are used:

(1) Insert the diskette containing the life cycle cost nodel in
di skette drive A

(2) Switc’h on the conputer, screen and printer.

(3) Wen A appears on the screen, renove the.diskette containing
the life cycle cost nodel from diskette drive A

(4) Insert the diskette containing the WLBUR support software in
di skette drive A.

(5) Type in WYLBUR and press the “RETURN' key.

(6) Wen the word “COWAND' appears on t’'ne screen, renove the

di skette containing the WYLBUR support software from di skette
drive A

(7) Insert the diskette containing the life cycle costing program
in diskette drive A

(8) Type in EXEC FRO PREVAP and press the "RETURN" key.

After a few nmonents, the menu presented in section 2.1.1 of this
report appears on the screen and the session can begin.

There are many ways to sinplify the loading procedure. One way is
to wite the WYLBUR support software to the diskette containing the
life cycle cost nodel; this would reduce the procedure to steps (1)
and (2)



APPENDI X 2
DATA ENTRY FORMS



DATA ENTRY FORM

Life Cycle Cost Model
Socio-Economic Branch
August 1985 Version

(1)
(2)
(3)
(4)

(5)
(6)
(7)
(8)

Dat e:

Park/ Site nane:

Proj ect nane:

Proj ect nunber:

Option # analysed:

Di scount rate:

First year to be analysed:

Nunber of years to be analysed:




BUILDINGS AND OTHER DURABLE GOODS

19 (10 ) (12) (13)
¢ Expenditure Types Year Economc Life I nflation Expendi t ures
($ Current)




RECURRING QOSTS ( OPERATI ON, MAINTENANCE, ETC. )

(14
# Expenditure Types

(15)
Year

(16)
Year

(17)
Cycle

(18)
First
Inflation Rate

(19)
Second
Inflation Rate

(20) |
Expenditureg
( current $)




OTHER NON-RECURRING COSTS ( MAJOR MAINTENACE, ETC. )

(21) (2) (23) ()
# Expendi ture Types Year Inf lat ion Expendi t ures
Rat e (Current $).

sty



REVENUE

(25) (26) (27) } (28) i (29 ( 30)
# Revenue Types Year Year! First | Second Amount  of
Inflation Inflation Revenue
Rate ! Rate ($ Current)
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APPENDI X 4

THE RESULTS AS PRESENTED ON THE SCREEN
AND PRI NTED
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APPENDIX 5

DATA :ENTRY FORM FOR OPTION 1



DATA ENTRY FORM

Life Cycle Cost Model
Socio-Economic Branch
August 1985 Version

(1) Date:

(2) Park/Site name:

(3) Project
(4) Project

(5) Option
(6) D scount

nane:

n

4
T

(1) First vyear

(8) Nunber

of

unber :

Cct ober 25, 1985

G 0S Morne

Pl at eau Access System

7558-376- 24855

analysed: Gondola - 4 types

rat e:
to be

years

10.0

analysed: 1985

to be analysed: 36




BU LDI NGS AND OTHER DURABLE GOODS

(9) (lo) (11) (12) (13)

# Expenditure Types rrear Economic Life Inflation Expenditures
Equi pnent Pur chases 1991 20 875 000
Equipment Installatior/1991 20 500 000
Equipment Terminal 1991 50 200 000
Visitor Terminal 1991 50 420 000
Civil Work 1991 20 100 000
Electric Station 1991 30 150 000
Water and Sewer 1991 30 20 000
Engineering & Risk 1991 20 730 000
Equipment Purchase2 2011 20 875 000
Equip. I nstallation | 2011 20 500 000
Civil Works2 2011 20 100 000
Engineeering & Risk2 | 2011 20 470 000




RECURRING COSTS (OPERATICN, MAINTENANCE, ETC. )

(14) (15) ae) | @an (18) (19) (20)
4 Expenditure Types [ear Year | ycle First Second Expenditures
Inflation Rate|Inflation Rate{ (current $)
Parts for Operat ion | 1991 | 2000 1 1100
Labour for operation| 1991 | 2000 1 38 400
Parts for Cperation | 2001 | 2010 1 1 300
Labour for operation 2001 | 2010 1 45 100
Parts for Qperation| 2011 | 2020 1 1 100
Labour for Operatior 2011 | 2020 1 38 400
Energy—Operation 1991 | 2020 1 2 700
| nspect ion-Mainten.| 1991] 2020 1 500
Paint-Maintenance 1991 | 2020 1 - 300
—Labour-Maintenance 1991| 2020 1 15 000’




OTHER MON-RECURRING cOSTS ( MAJOR MAINTEMACE, ETC. )

(21) (22) (23) (24)
# Expenditure Types Year Inflation Expendi t ures
Rat e (Current $)
Maint emmce - Pulley Cable 2001 17 000
Labour - BP-EN 2001 10 000
Maj or Repair - Mintenance 2001 15 000
Labour for MR - Maintenance 2001 20 000
REVENUE
(25) (26) (27) (28) (29) (130)
# Revenue Types Year Year First Second Amount  of
Inflation | Inflation Revenue
Rate Rate ($ Current)
Ti cket Sal es 1991 2020 - 136 000

vy

o d



