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. PRQCONSTRUCTION FINANCIAL PLANNING

CF LARGE™ PROQJECTS . '»
. C . '
. .

o

The financial models developed in this thesis facilitate

‘a

the -e‘,xecut‘ion of strategic financial planning durinq) the '

early- phases of the project»life—cyclé. ‘Such early planm:.\nq

is essent:ial‘ to large capitai intensive projectvs whérhe nis-—

guided fund appropriations can be det‘rimenta‘l to, ;)r in fact

lead to the dem;Ls‘e of, .a corporation. X d
Although the importance of financial decision.‘making ‘

during the early phaées of a Aproject is well recognized,

little effort has been gxpen;ied E:o date in providing réalQ.s f::ic

financial planning models. The Macro and Mi‘cro médels of this ,

thesis aid project profitability by providing means ?f testing

sensitivity of) financial berfor?nance measures to both‘fc’;ni— , )

trollable and uncontrollable precject factdbrs, and v-ice\vé?’sa, ‘

€

~for a given engineering design technology. The develoned

mcciels are presented "a's both generic mathematigal £~rmu:lae
and as computer érograms with substantiated constraints.

The importance of escalation and financing costs are
investigated at the project level'throcugh use of the Macro

Models, 1In contrast, the activity level Micro Medel, ac a

4
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? first step, considers the interaction between rebources apd
, , .

activity cost. Numerous p-arameter 3tudies’ ar?,employefi'to\
d‘emonst;ate model épplications and to 'i.dentif}f' genér‘la‘l trends.
A tradeoff exists between model .usability an<d t‘;xe'deqree

. of compleg'ity e'nt‘ailed. to capture realistic properties; the
more complex the .feweraappropriateVapplications. The degr)ée.
of detail employed in the models: will_l prove adeguate for mésg,"
if not all, projects. How}mvér,'us‘ing the generic framewcrkf .

provided, the mod'els. can easily be ex /anded upon or adjusted
| 7

. to meet, g}ve criteria of‘'specific applications. ' . '
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CHAP [ER 1 , , ‘

. § INTRODUCTION S

Financial analysis of construction projects has long
P *
been kno@n to be crltlcal to the success of crojects. "

However, very llttle 1n the way of . formal tocls has been -

i;;TEmented in this field pertalnlng to capital costs, ,'

escalation costs, fznanc1ng costs and ¢cost tradecffs.
Although the modqls developed in thls work are ap011*

cable to any size pro;ect they are more appropriate for
A

implementation on large scale projects where "rules of fhumb"

, 7
wXll not suffice. Exnosure to 1nf1at10n and interest chargps

o

over the long duration of large projects can create signifi-f

/
.

" cant additional cosfs‘to the project. . ® .

Three major factors have" glven rise to the need for larde
projects. Flrst, complex or innovative technology requires
vast supportive facilities. Secondly and 'thirdly, "economic

and marketing conditions havé simultaneouslv increased sales

volumes' and placed high returns on very larqge caparity .

of

projects” (2). ' ¥

+

"A Report by the Major Projects Task Force aon Maior

Capital Projecﬁsvin Canada to the Year 2000" (42), June 1981,

#dentified approximately $440 billion worth of major nraiects

.«

% .o Ky ' L) - 3 s
primarily in the sector of energy oroduction and distribution

and hydrocarbon processing as well as in tha sectrrs of
. R

- 2
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-forest pgoducts, miﬁ;ng, primary metals production, manu- .
factu;ing, transportation and defence. The Task Force in its
cbnéiﬁsions'recogﬁized the‘"need for research, dévelquent
‘and‘ipnovétion in areas of need arising from éhe planning and
construction of major Qanédian'Projects." This thesis res-

poﬁds to thiscneed in the area of financial‘planning through

developmeént of mathematical and coﬁputer models of total

~ !

project cost and activity planning.

-~

{

1-1 LARGE PROJECTS TODAY s
. \\) \

'The priﬁe objective ;f any private sector&ﬁroject is to
obtaind facilities that fulfill all desired objectives which
include minimization of total capital cost, maximization of

N ' net present valt.;% and reliability. In today's environment,

écpnomy of scale dictates the use of larger and larger

facilities for combetitivqness. Yet investors have become

o
4

more apprehensive abouE following this policy because of the
present ecbnomi; instabili}y in the North American arena. .
Throughout the world major capital investments have
been blanned, and are being made, in an a mpt to meet
- countries requirements'of natiénal security of supply
objectives. T§¥; has been particularly true with respect
. to energy aé/ﬁgny nations realizéd their dependence -on .an
unstabl?,sgétor of the world during’thf 1974 OPEC oil
.embqué." ‘ ‘ .
I In June of 1981 the Major Projects Task Force (42).pre—

P dicted that Canada was about to embark on one of the most

.
-~ M >
) . ¢ .
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significant and extended periods of heavy investment épending
in its history. Investment in major capital projects, part-
icularly in the natural resource sector, was expected to
account for more than 20% of the total inyestmeﬁt in-capital
projects, during the twenty vyear period‘@o the year 2000._
In the one and a half yearsgsince the rather othmistic
report of June 1981, by thé Task Force, a fiear of bigﬁess
has overcome Canadian business. In late April‘of’;982 both
the Alsands ($13.1 billion)'apé the Cold Lake (514 billion)

L

tar sands pfojéct§# which were to have been the first in the

' series of major projects identified in the $440 billion -

A

" estimate, were cancelled. In addition, the $40 billion

. Alaska Highway Natufé; Gas Pipeline through Canada to the®

4
lower forty-eight American States was‘postponed for at least

two.years. Iﬁ this time of pervasive, &eepening uhcertainty
about‘the éuture, hard-headed caution dictates protéction o%
co;pq?ake safety with policies of diversification rather than
commitment of billions of dollars to one giant project. /

a There are sound reasons for }(he present fear of mega
projects. Inflat%on has been characterized by fast and un-

predictable changes, FIG. 1-1. 7The Consumer Price Index is

generally selected to monitor inflation, ‘however, capital.

+ spenpding plans.have their own special and even more unpre-
N

{ .
“"dictable inflation rates based on the machinery, goods and

\

services required. Uncertainty of inflation leads to fears
of cost over-runs. As witness to 'this, 1980 estimates of

the Alaska natural gas pipeline were around 315 billion and

Y

N
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had climbed to »40. billion or more by the time the project
was put on’'hold in the spring of 1982.

A second source cf fear is the high and unpredictable

debt costs, FIG. 1-2. Any large project must be heavily

financed with debt. In the long term market, where rates .

are fixed at the time of borrowing, lenders'demand very high

‘yields to, protect their investments from future- higher

interest rates and inflation. Long term predictions of

interest rates varyksg wi%gly that lenders charge heavily s
as to minimize risk. ’

Short term financing rates are subject to momentary
change. Over the past 4 years the charge for prime business
loans at Canadian bénks has swung from 8.25% to 16.75% to
12.25% tb 22.75%. This volatility makes planning of debt
costs virtually iﬁpossible. - ' ¢

. A further problem facing major project development is

that prices available for production are linked to world

Erices. The world oil price has dropped and there is belief

that it won't rise as much or as steadily asgnce confidently

predicted. This fact alone\casts serious doubts on the
°

prospects for profits.f;ag high costimegé project energy
sources. 4

Further fear is created through current corpgrate leaders
distrust of governments long term commitments. Large projects

A . )
are highly visible tc/éhe public making them the [focus of

fast~changing political pressures and opinions.
present governments keep their promises, oppesiticn parties

» »

#, L
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have made it clear they may abandon them if elected. The

risks for the investor are obvious as tHese mega projects
take years to build and years more to payoff.

Starting in the early seventies an era of unpredict-

“t

ability or instability has been entered. This is in contrast

o
-

to the relatively stable times of th® nineteen fifties and

sixties.

Lower corporate cash flows durigg the present recession

Y

in Canada, which may or may not be of short run in nature,
tend to deepen corporate doubt about the future.

Other areas of concern to large project investors
L

\

'include the long history of federal-provincial éovernment
squabblihg and resuitant delay; in decisions - Qit£ the
investors’eaught’ih~the middle. There is uncertaipty'abdﬁt
future treatment of foreign inves%ors, about natural gas
éxports and about risks in tecﬁnological and énvironmental

costs of frontier production.

Present economic volatility and uncertainties about the

11
/

future have led to the support, by many, of smaller scale

. projects which better fit the present ecgnomic conditions. N

However, others cdunter that economies of scale, allowing
savings to be realized on bigger facilities, would prevent
a smaller project. Some of the so called smaller projeéts
still entail sizeable capital ocutlays. "
Large projects remain in Canada's future interests.
This Qould apparently imply that all the "big ones" are not

necessarily dead. w#hen confidence is again restored in

government policies, inflation and interest rates dediine

a



nd gain stability, and prices of resources start tourise,

here is every indication that large projects in Canada will

A

re-emerge.

& /

The financial planning models devq%oped in the following

work will provide sound tools to aid in the determination of

the financial feasibility and optimal planning strategies for

- . ‘these projects over their entire project life-cycle.

( .
1-2 PROJECT LIFE-CYCLE

‘he life-cycle of a project begins with the decision of

meeting, or the realization, of a need. Actual construction
b work is just the tip of the project "iceberg".! Preconstfuc—
tion phases can invdlve\du:ations of one to three times (41)
the actual éonstruction pgase. Preconstruction phas;s to-
gether with post-construction phases of opefation and projeét
phase-out can amount to a significant time duration. The
time from realization of need to the end Q£ project phase-out

is termed the project life-cycle. fr '

FIG. 1-3 illustrates the project life-cycle, it is not
necessarily determinate. However the basic configquration of
phases will remain virtually anhanged even though uncon-
trollable external influences may guide or shage the project
life. There are many start-stop decision points throughout
the life-cycle but any action that undermines the basic’
project rhythm can produce disastrous results. Maintaining
- the life-cycle logic sequence is all important in the meeting‘

of project objectives.
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A ﬁ%gjéct must be considered as & dynamic entity. It
may be controlled or left uncontrolled, driven along guide-
lines or left to follow its own course. Big or small tﬂere
are never two projects exactly alike. ﬁ’

The concept phasé begins w}th the realization by the
owner that iﬁvestment of capital 'into a project will prodhce
a solution'to a problFm or heed, or provide ah_oppbrtunity.

Only a few people are needed during this phase, to check

5 \
facts,”compile data, set objectives and to use analysis

techniqhes in order to make comparisons and forecasts. The
coneept‘phase begins with project definitién and.is completed
upon authorization of a budget. )
Feasibility starts after the owﬁer is reasonably‘assured
of project viability. Results of the concept phase are
reviewed aﬁd;eipanded»upon to allow cémprehensive evaluation )
of project alternati§es. The feasibility study is used by
manageménf to assure selection of the "Best"‘alternative.
Alternatives are recommenQed or rejeéted %§th appropriate
reasons whye. Tﬁe feasib%lity study is used to secure approval
for project funding if project viability is,deménstrated.
Included in tﬁis phase are: marketing study, location study,
sufficient preliminarx engineering to provide a fairly fixed
layout,and a preliminary plan and milestoge schedule, Also
included are.preparatibn of preliminary or even ‘definitive
cost estimates, preliminary plans for the follow=-up phasés,

risk and sensitivity considerations, Eontingency evaluation

and escalation and finance cost considerations. The feasi-
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bility phase is the time dugting which major decisions are
confirmed, . | b .

The b@ird phase is planning and definition. 1In this‘
phase, the various options gnd’methods.of implementation
must be,consiééred aﬁd evaluated. Consideration is given
t% the timing, financing, impacts and limitations as well
as a review of many of the items c?nsidered in the feasibil-
ity analygis. ?he preliminary project plan establishes
scope, quality, cost, time and resources in a rough or
ﬁreliminary way sc as to be "in the ballbark"r Actual
project plgnﬁing establishes in detail the objectives and
controls to be used in the remaining life-cycle phases.
Degree of planning detail is depénaent upon project size and

]

complexity, amount of }nformation available(and the degree

of control required. )
Next in the life-cycle is the EPC (enéineer, procure,

construct) phase where the majority of project work is

performed. In this phase project funds flow profusely and

the effectiveness of project pl&nning becomes evident.

Facility design plaﬁs and specifications are documented in
detail to produce wofking drawings. Materials neceéssary for
construction are procured. Tenders are.called on proéurement
packages, evaluéte&. negotiated, awarded and controlled.
Finélly the physical construction is undertaken in accordance
with project plans, specificaéion; and contract documents,
Qualit{ assurance apd control, cost COn§rol and schgduling

control are all implemented allowing interim evaluatien and




o

includes testing of Q&l proje

. . ' -14-
[y . ) 4

)

feedback -for future use. The termination of "the EPC phase

providés the built facility.

‘Commiesioning is the fdext phase beginning when the\EP;‘
phase is°80 to 90% complete. Planning for this poase is
generally,cerried‘out during the AEPC phase. This phase

qq/:jstems, modifications and
adjustments,‘assemplylof operafing manuals and system
guarantees, tralnlng of actual operatlng staff (assurlng a
smooth takeover by trained operators) and obtainlng flnal
proJect acceptance by the owner. At the’ end of thlS phase |
the owner has a complete operating facility.

The final stage of the life-cycle is "termed the operation
phase. Here the project is producing, achieving or meeting
the needs first esfablished in the coricept phase. €Concern is
with financial ratios, market conditions and produétioq.h ’
efficiency. fhe end of this phase rgeadts in projectldiSposal'

when the facility is no longer economically or technologically

Niable; . ’ ' | . ’

[

Major decisions must be made during the early stages of

the preconstructlon phases. 1t is here that management‘has

tﬁe greatest.lee;ay to make changes in project scope (including
temporary holds or cancellation) to meet financial constraints.
During the early phases of a project the importao;:kof decision

making on overall project finance is at a maximum. However,

‘at this stage analyéis must be performed using data based on

a‘iack of definitive project information. As the life-cycle

is traversed decisions made at earlier dates impose constraints:

™
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on'altérnatives that may be selected.

’

f

1-3 Na@) FUR FINANUIAL PLANNING -

"Over the last 15 years or so the financing of large
projects has become an_ overriding factor in the evolution

of all aspects of the (project) work" (3). Investment of

<

time and effort early in the preconstruction phases of a

project to create realism in financial planning is easily

&

justifiable on iargikprojects due tb“ghe complexity of -
P

financing and long oject durations involved.
Techniques are available to the cost engineer which
allow accurate estimation of project constant dollar capital

costs (4). The actual timing of costs associated with

‘con§tructiogﬁis an important area of concern yet little in g

the way of generic techniques has resulted from research

work conducted (7) (9) (10) (43). //f/

-

A% ' .
Computation of project cash flow is typically obtained

< .

through the use of «fetworking techniques (27). |A project
schedule is established by assigninq estimated time data

and activity relations. Each activity is then assigned an

Q

estimated price per unit of production (direct and indirect

rg

costs) and an estimate of the total pfoduction qﬁantity.

. Cash flow magnitude and timing may then be determined by

P

the addition of‘acéivity costs.

A a

&

Two important areas of concern in.network ﬁechniques'are.
. resburce, leveling and resource efficiency. Availability,
r \ -
. 1 .
conditions and regulations -impose eonstraints on léboiékﬁ

3
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materials, equipment and financing which can be accounted for
‘ -

thrlough the use of resource leveling techniques (33).

\

Although learning curve theory (44) has shown that resource
‘ . ) - -
efficiency is not'uniform over the span of a project few

implementations have been introduced in.netwbrking techniques

<

to account for variation of resource efficiency.

~ To provide accurate creation of project cash flow pro-

files refjuires the consideration of both limited resources
and efficiency variation of the resources employed over time.

The first steps towards this end are presented as the Micro

’

Modél in Chapters’'5 and 6. - ® .
. - &
Once the project cash flow requirements aré established

in terms of constant dollars, it is necessary to establish

S

time depeQdent costs due to inflation and debt  financing.
’ gg"

It is important to realize that the additional capital

required to finance inflation may be a sigqificant proportion

o

s
of the capital cost. Chapters 3 and 4 introduce methods that

L4

allow a project owner to establish, and to test. the sensitiv-
ity of, escalation and finanéing,césts. The models developed

are termed Macro Models. .

-

3 {-4 PRO\JECT B‘R'SAKUOWN ‘
For analysis purpoges, a-project may be broken down fﬁto
a project level afhd an actiuity level. &ach level is char-
acterized Ey specifictengineeéing deéision variables,

performance measures and constraints.

At the activity level concern’'is with the individual

A °

M
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aétivities of the overall project network. An activity is
evaluated according to its duration, constant dollar cost

and resource usage. An activity may be divided into sub-‘
activities which are termed "operatioﬁs" in this paper. The
operation is concerned with- the actual methods and processes
of,eonstruction. Thus, the actual resource usages and
efficlencies are defined at the operation level. The sum of
the‘operations produce an'activ;;y and thé decision v§riab1es
of the operation, and thus of the actiwity, are the resources;
men, materials, machines, methods, shoney and management.

/

L]
Uncontrollable factox®d affecting the activity level include

,local lahor conditions, weather conditions an¥ average: pro-

¥

ductivity rates.. Constraints imposg% on the activity level
are site and environmen?al'conditions, skilled manpower avail-
ability, equipment availability, government regulations and

labor regulations.

>

' Performance measures at the project level in¢lude project

dhrafion, constant dollar cost, total dollar cost (constant
dollar cost + escalation + financing) and discounting
techniquss (net present value and friternal rate of return).
Project level decision variables inciude the actual logic of
the project network, scheduliﬁg of activities (early vs. late
start schedules), amount of fasf-tracking employed, extent of
work packaging, procurement strategies and use of crashing '
(aqtivityiduration reductions).ﬁjrhe project leve} is affected
by uncontrollable factors such as ‘inflation rates, debt
financ;ng rateé and activity productivity rates. Site and 5

N L)

IS

g
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environmental conditions, magnitude and timing of cash flows, |

labor availability, material and equipment availability and
government regulations provide constraints at the project

level. -

1-5 OBJECTIVES

LY

Tools to aid in financial planning and in selecting

.
x

planning strategies at both the project and activity levels
aré the main objective of this work. The Macro Models are
developed for analysig at tﬁe project level whilg the Micro
Model allowsr;xamination of the issues at the activity level.
Applications and versatility of the developed models a;e.
substantiated by example. For tgg‘Macro Mode%s an attempg

has been made to identify general trends where apbropriate.

«. At the activity level it is difficult to make any overall

conclusions about trends. Instead, the Micro Model's ver-
satility is illustrated by examining a number of parameter
variations.

The models developed can be used effectively by'é
project owner as an aid‘'in determining project financlal
feasibility during the early phases of the project life-cycle
when information available is limited. 'Sensitivity of Biject
financial position can be investigatedlby allowing both cdén- |
trollable and uncontrollable factors to vary in the models.

~

Additionally, the models presented have the potential

| to be developéd for use in both financial forecasting and

financial control,




1-6 OVERVIEW /’

4

Chaptén 2 introduces scme of the basic requirements- for
the understanding of financial planning. It is provided to

ensure comprehension of definitions and terms of finance used

t .
N 4

in the development ?f the models. »
Macro Model'de;elopment is presented in a generic format
in Chapter 3. In Chapter 4 specific criteria are introduced
to 'quantify the generic Macro Models. Examples are investi-
,dated and results proéided'totillustrate trends.
Y The concepgs behind the activity level Micro lodel are
presented in &etail in Chapter 5. The model is then employed
in Chapter 6 to investigate versatility of the model and the
sensitivity of activity level pérformance measures to some
specific activity level decision v&riables. » ’ 7

Overall conclusions and recommendations for future work

are provided in Chapter 7.

The actual computer~programs used for the models of
Chapters 4 and 6 are listed in Appendices A and B. . Before
each listing & brief description of the program is provided.

N ' . 9
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- | CHAPTER 2

FINANCIAL MANAGEMENT CONCEPTS

-

Before proceeding with the development of financial
modeling, an understanding of relevant economic ccncepts
and terminology is iinportant. This Chapter discusses these

concepts in a rather concise format that can be supplemented
- -

by referring to any economic text (34) (35)., A thorough
comprehension of the ideas presented here is esséntial to the

Idevelopments presented in the rest of this work.

2.1 BASICS . ' . 4
An important concept in financial analysis is the time
value of money. It is more desirable to secure $100 today
‘than sometime in the future because the use of money‘is a
yaluable asset. That the évai;ability of money ié‘valuable
is ascertained by the charging of interest.

I4

Analysis requires:comparison of the value of money at
. / .
different points in time. The concept of equivalence

" provides the link between future and present sums of money.

If there is indifference to having a sum of money now or the
guarantee of receiving snome guantity oJlf money at a future
datk, the present suml is said to be equivalent to the future
sum. This relationship allows the :c‘omputation of equivalent
sums ‘at any point in time. It is important to note that

A
"

=20
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equivalence is dependent on the magnitude of the interest
rate. - ’ 4 | \
Economic comparisons between project alternatives cannot
be made in actual dollar sums that occur at different points
in time unless transférmed into séme equivalént comparable
sums of money. Through the combutation of equivalent sums
at the same point in time,‘values are obtained which may be
validly compared. , ~
Compound interest is simply the charging of interest
on uﬂpaid interest. Defining r as the annual interest rate
(nominal) and m as the number of intereif périod; per annum
then the ihterest fate per period is i=r/m. The present .

value (P) of’a'future‘sum of money (F) n years from the

present 1is;

y .

P=E/(1l+r/m)esmn, o '
equation (2,1)

\b-
Letting the number«of interest periods per annum (m) go

&

to infinity -gives the condition of continuous compounding.

. The duration of the interest period decreases.from a/finite

‘ duration to an infinitély small duration. The continuous

compounding formula is derived as follows: /5 \
.
a . . 4
’ F=P lim (l+r/m)semn
maso ,

=P (1im(1l+r/m)sem/r)esrn
Mm-+00 - I

. =P exp(rn), .
equation (2,2)

Y

y

A

n
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Nominal interest (r) is the annual interest rate without

accounting: for the effect of compounding during the year.

Effective rate (re) is the annual interest rate whtfh takes

into account the effect of compounding during the ear, The -

relationship between effective and nominal rates is given—Dby;

- »

re-((g+r/m)"m)—l.
. : equation (2.3)

£

In the limit as m approaches positive infinity the relation-

ship becomes; ( ° '

rexexp(r)-l _ ] f//
quat{og (2.4)

y

Discqunting techniques have found wide acceptance in

_systems of capital budgeting (5). Accounting for the time

‘ vélue of money in discounting techniques provides a major

- realistic advantage over other criteria such as payback and

aécounting rates of return. Internal Rate of Return and Net

Present Value are the two methods of discountiﬁg employed in

capital=bHudgeting. The discounting techniqﬁe relationship

is; |

r

n
NPV-}E(CP/(l+re)-*p)
p=0

i

equation (2.5)



A

n~ :";3 “
) 123—

where NPV=Net Present Value (Worth),
ng=Qiscrete end of period cash flow.
re=Effective Jiscount rate. «hen NPV=0 then re
becomes the Internal rRate of Return on investment.

p=Time period of cash flow Cp.

A sound understanding of the preceeding basics is funda-

mental to any sort of financial analysis. Further reading on

the economic basics presented can be found in any book on

—

Engineeeing”fzbnomics or Financial Analysis (34) (35).

2-2 THE CASH FLOW PROFILE

Cash flow is an impbrtant issue in the analysis of :any
project as the amount of funds availablé for capital expendi-

tures is limited. Cash flow may be defined as the movement

and timing of cash with respect to a project. Movement
implies either an in or out of pqckgt movement. rRestated,
cash flow is the receipt or disbursement of cash at differemrt
points in time of the project.

The cash flow of a project is established by estimating
the timing and magnitude of all in and o;t of pocket amounts.
Estimating is performed in terms of some specific point in
time, normally present day costs (constant dollars).

The estimated casp flow is based on original dollars with
no compensation for the variation in dollar value due to
inflation or deflatiog.

Cash flows are traditionally assumed to occur as discrete

lump sums at the end of a time period. A typical cash flow

2
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profile using this approach may look like that of 'FIG. 2-1, 1
R, F. de la Mare (5) has shown that the placement of cash
flows incur.:red are of extreme importance and should not be
-arbitrarily assigned to the end of a period. Sensitivity

of economic analysis 'criteri}a to cash flow positioning is
,presented by de la ﬁare showing the importdnce of placement
£; foretelling project economic viability.

A ‘method of overcominb the problems of arbritrary

placement of cash flows is to allow thed time period to
‘become sﬁaller. As the size of the time period becomes
extremely small a more realistic and convenient assumption
is that of continuous rather than discrete cash ;Elows during
a préject. A representative continuous cash flow of a
project appéars in FIG, 2-2. CF(t) represents cash flow
during~the construction bhase of a project while RF(E) is
the cash flow during project operation.
' Thg cash flowlduring tﬁe construction phase of a project
can now be represented by considering the equation CF(t) only.
In the field of c;csst engineering p’roject c.osts are modeled by
the "S" curve. The '"S" curve is a plot of cumulative cos~ts
inc;rred durin§ a project versus time. Costs incurred are
considered continuous tﬁroughout the.construction duration.
The shape of the "3" curve is owing to the nature of con-

|

struction projects. Cumulative construction costs are

\
observed to normally occur at a slow rate in the beginning,,
moving tc a faster more stable rate during the middle of

constructioﬁ4then'gradually tapering off towards termination.

N
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This "s" curve model is used extensively in‘project cost - e
control and cost forecasting (12) (33) (36) (37) (38). ’

A, typical "S" or cungulative expenditure curve for the /
construction phase of a project as given by a unimodal cash
flow profile is sh&wn in FIG. 2-3. For actual projects
howeve:, the "§" c;rve may not g%llow a smooth S éhape. The

" curve for a $231 million dollar project is also shown in FIG,
2-3. Bumps in the "Sh curve are caused by multiple modality
of the cash flow, Dollar; are the unit of the ordinate thie
time is the abscissa unit. The total cumulati%e expenditure
to date, at any time during the construction, .may be obtained
from the curve. | - | T ‘

The following discussion pertains to cash flows of
constant dollars. The cumulative expehdi;u}e curve is
1typically derived from the cash flow curve. At any time t

' Ehe totalkcumulative cost C(t) is equal to the sum of all n

Y

costs incurred during the period of time between start (i£=0)
! {

and time t; *

’

=N
C<t>'§CFJ- °

420 : “
equation (2.6)

1
The relationship between cash flow apd cumulative expendi-
‘ S
tire 1s obtained by noting that the cash flow at any time t is

the rate of change (or slopg) of the cumulative expenditure

curve;

’
-
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CF(t)z%'%g;(C(uAt)-.-C(t))/At =d/dt C(t).
equation (2.7)

At time Tc, the‘conétruct%on dufation, the total capi£a1
expenditure is C(Tc) and will be referred to as the bricks
and mortar cost of a project. ?he bricks and mortar cost is
k'é:omprised of the sum of the total direct costs, Cd(Tc);, and
total indirect costs, Ci(Tc). Direct costs are those
attributable'to the resource requirements of specific'con-
struction activities. Indirect costs are attributable to
general expenditures such as costs of temporary facilities
and their ope;ation rather than specific activities.

The relationship;

C(T¢)=Cd(Tc)+Ci(Tc) )
equation (2,8)

is illustrated in FIG. 2-4, plotting cost versus construction
duration. Total indirect costs tend to increase linéarly
with increasing total construction duration. Total direct

costs increase if construction activity duration is shortened
(crashed) or lengthened beyond optimum. - For any set of
defined pfoject circumstances and/or engineering decisions a

tradeoff exists between total direct and indirect costs.
. )

' Theoretically an optimuﬁ construction duration, T®*c, can be

1

found which minimizes C(Tc). The creation of the direct and

-~

indirect cost curves is, difficult if not impossible because.

of the problem of estimating resource level (engineerind'

o
A -
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decision variables)(requirements and mixes in relation to
0 .
changing durations. THis in turn means location of the

optimum construction duration also becomes realistically

L4

impossible to achieve.

Cumulative expenditﬁfe at any time t is;

A

C(t)=Cd(t)+Ci(t) - 0%t<4Tc
. ) : equation (2.9)

.

[

where Tc is the construction duration. Differentiating

equation (2.9) with respect to time gives;
. -

d/dt (C(t))=d/dt (Cd(t))+d/dt (Ci(t)) ‘

1
L]

“~

which, using the relation of equation (2.7) can be Written;.

4

CF(t)=CFi(t)+CPd(t).

3

CF, CFi and CFd represent the?toﬁal cash flow, indirect Cost

- cash flow and direct cost cash flow respectively.

'~ The rate of total capital expenditure, CF(t), (con-

struction cash flow) is a fundamental concept of projegt
N .

analysis\and vital to the work carried oyt in the following,
AN .

chapters. \ R

AN : ;
The treé?sfnt of cash flow during project operation in
i

' significant detail is beyond the scope of this waork.

Reference (39) provides an introdnctioﬁ'to,tﬁb\tteatment of

RF(t).

®

equation (2.10)

‘_\

5
e
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2-3 INFLATION

. Inflation is the rise’in price levels over time. It is
‘that whicﬁ makes a dollar today less vAluable in the future.
’Inflations‘in'Canada havé not been steady and experience has
bgen one of impérfect anticipationp in inflation forecasting.
L7 In today's env}ronment of double digit inflation a
project lastipg over a significant time period will endure
large cost increases due to inflation. The project cash flow
of the preceding section is generaily estimated in terms of
constant (toda;'s) dollars. A more vital concern is the
actual (escalated) project cash flo® which accoupts for in-
flation. The existence and variability of inflation make
‘project planning aﬁd forecasting an extrgmely risky taig.

There are several ways tha£ inflation may be measured
'and each methoa yields a different rate-of iﬁflation. An
inflation rate is defined as the pércentage éhange in price
over some time period. Inflation may be measured as percent-
~ age change in price .level from the previous ﬁonth, percentage
change from the previous month at annuél rates, pefcentage
change from previous quarter at annual rates er as the z
péreentage change during some other specified time period
such as one yeaf. |

After selection of method|of inflation measurement §
choice must be made as to whgt p;ice or prices afe to .be ‘

-

measured. Government publications such as Statistics Canada“

4
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provide a wide range of price indices giving relevant measures

of inflation for various baskets of goods and services or

economic sectors. All indices have -shortcomings and none can
be considered completely ideal. ,
> ,

Of parficular interest to th;_construction project
planner is Statistics Canada monthly bulletin entitle& .
"Cons truction price statistics” (15§. This publication lisEs
input and cutput price indices for such sectors as non-
residential puilding, electric utility construction, chemibal
and petrochemical plant const;uction to name a few. £Sese

indices may be helpful in determining or forecasting inflation

: 1
rates for a particular project. The main drawback of these

‘publications is the lack of readily available documentation

regarding the complex formation of these indices thereby
limiting their use. ) |

A more relevant source of data for inflation measurement -
may be found in company records. Properly maintained and
intgrpreted :eﬁords of past work can become.a valuable asset

in determining and predicting expected project inflation.

Some relevant construction price indices and percentage

.change in indices were illustrated in FIG. 1-1. It is

p-
interesting to note the extreme volatility of the inflation

rates when reported on a monthlfgbasis. wWhereas, those

reported on a quarterly or yearly period (taken as the

. average of the monthly irndices over' the reported time period)

tend towards functions much smoother in nature. ¥From th;é
diagram it appears quite plausible that inflation may be

effectively modeled by linear functions.

<
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The se}ection or creatign of'a price index or set of
indices is not a trivial mattef. However a choice, based
pnisound judgement, must be made if one is to have a suit—‘
able yardstick by which to gauge inflation.

. After selection of method and choice of relevant price
categories the formidAble task of forecasting inflation rate
movements over-the life of the project still r;mains. Sub;
stantial .research has gone into the sﬁbject of forecasting
inflation rateslthrough’the use of both simpie and compl;x
ecpnometric M6dels. This rgsearch has provided iagrowing
literature on inflation forecasting (16) (19) %20). )

Accurate inflation® forecasting {s indeed desirable in
project planning but extremely difficult, if not impossible
to accomblish. This is. particularly so under conditions of
severe inflat;gn fluctuations.f Globerman and Baesel (16)
have examined a few popular forecasting techniques and;%on;
cluded no significant differences in accuracy.

| A éimple forecast model is an'autogressive weighting of

past’ inflation rates to produce future period inflation rates.

The adaptive expectations autogressive model is (16); -

.

. n
T=( 2 ey’
=1 ',ﬂ7ﬁw§ " equation (%;ll)

where 7‘; is the future period t anticipated rate of inflation,

+

!
|

\
t t

71't__«|l the actual past inflation levels, Wy the past periods

weighﬁ factor and n the number of past periods being con-
-~ . [ ¢

¥
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sidered. (Determination of appropriate weight factors is a

”Qhole problem in itself). This model uses the as;umption

that past’results,will affect or continue into the future.
Using the concept of equivalence and an expeéted'

- constant level of%inflation T* a constant doilgr amount can

be converted to the actual expected current dollar cost at

some ¥uture time n time periqQds away_through;

' -

$currentsSconstant (1+ 7 *)een ,
’ equation (2.12)

where * is the expected inflation rate ber fime period from
time now to the end of n time periods in theffuture. This
equétion tﬂén'will convert a cost given in today's (constant)
dollars into the actual price at the point of ocdcurence
(current).

Considering equation (2.12) on a yearly basis and
assuming 8 .to be the annual nominal inflatiqn rate and m t;e
number of inflation periods per year such ;hat the inflation
_rate per time period is W=8/m equation (2.12) becomes; '

~

$current=Sconstant(1+6/m)**mn.
) equation (2,13)

w

s
i

In reality inflation is incurred on a 'daily basis and

it may be misleading’to appl§ it to end of time periods. For

e

convenience and perhaps greater realism continuous compounding
0

will be used. The number of inflation periods per year, m!/tg/
-

allowed to go to infinity. Equation.(2.13) then yig}dsi/
“ N ’ //
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" $current=3constant exp(en)
equation (2.14)

o

where 8 is the annual nominal inflation rate and n the number

of years.
o

v

Each inflation time period cannot be expected to producé

SR T P

exactly the same rate of inflation. The inflation rate is
time dependent, 6=8(t). The rate of inflation at any point

in time, tp, is given by; .

8=6(tp).

) e i

-

To convert constant dollar amounts (t=0) to current
dollar aﬁount; (£>0) requires the accounting of the variation
in inflation rate with time. Thisiis accomplished through
calculation of the'area under the inflation curve between

t=0 and time t=tp. : .

-

A typical inflation function is shown in FIG. 2-5, IThe
area under the 6(t) curve from t=0 to t=tp is divided into n
rectangles of equa%}base dimension At. The area of a typical
rectangle is;

¥

0(t,)at. | .

Summing the area of, all such rectaﬁglés between 0 and tp and
allowing the rectangle base to approach zeroc (the number of

strips, n, goes to infinity) gives;
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- n t=tp
sz e(tk)At=[ 8(t)dt.

k=1 t=0 equation (2.15)

When 8(t) 'is a constant 6 over n years the area under
;he inflation curve is simply ©n. The area under a vary}ng
inflation function is given by equation (2.15). Substituting
equaéion (2.15)lin equation (2.14) for the area 6n givéﬁ t%g
conversion of constant dollars into current dollars accounting
for time dependent inflation and using continuous compounding
as;

t=tp

$current=$%constant exp(]. a(t)dt).

t=0
equation (2.16)

!

Equation (2.16) provides the link between future and present

Jrice level difference- due to inflation.

2-4 FINANCE INTEREST RATE °

The use of money is a valuable asset. fhe charge for
the usé of money is interest. Thus a borrower of money.is
"required to repay the lender the original sum (principal)
blus a finance charge (interest) for having the use of the
borrowed money.

Time value of money is very important in projects of

significant duration. 'It is the escalated project costs

L4
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which must be found and financed. Economy of scale, in- .
flation and complex/innovative technology can cgéate project
costs exceeding the capabilities of even the largest 6f
conglomorates. To meetathege project costs funds must be
secured from outside sources. ' S .
There are three basic types of finds available. The
first 1s equity capital which includes stocks and retained
earnings. Equity capital may more properly be considered an
internal rather than an outside source. Type two is short
term funds, funds borrowed for less than a year. The final
" type is funds secured for more than a year, long term funds.
Today short term monef markets are very active cadéing de-

clining long term fund availability. Th%?'trend'has forced

\
up interest rates in capgtal markets. 'The problem to the
borrower is that shiort term interest rates can be extremely
volatile in reaction to changes in money supply and demand.
Source options available to a project are depeﬁdent on
whether a project is domestic‘or international in nature.
Sources of funding include commercial banks which providé
most short term funding, in the form of loans and lines of
credit, or Yong term loans and commercial mortgages in
collaboration with institutional investors. ‘Venture capital
firms can be created to provide financing for small corpor-
ations. The security market is another source and consis#s
_of investment bankers, primary capital markets and secondary

security markets. aAnother source is national governments

"through such vehicles. as the Export Development Corporation

’
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in Canada which operates on behalf of foreign projects. \ ¢f£

" The amount of money to be internally generated and
externally secured requires careful financial consideration.
Idea&ly funds will be borrowed only in the amounts and at
'thﬁ times for whiqh they are needed so that no porrowed funds
reéain idle and that no fund shortages occur. In practice ’
this. is impossible to achleve and safety margins ;ust be
incorporaéed.

" The choice of fund source and type are generally
dependenf on the industry type of the proposed project.
Large p;oject investments have led to innovativg financing
‘techniques. A major deYelopment has been the use of joint
venture ownerships allowing for the pooling of resources and
the spreading of possible financial failurg among a number
of partners.

Uniqueness of large projects téday dictates thatL
financial packages be tallored to suit each specific project.
However the major innovation common ‘to these packages h;s
been the use of complex bérrowing arrangements tied directly
to the individual project. This innovation has been termed
Projeét Financing and defined as "a financing of a major
economic opportunity which the sponsor has ngregated from
the assets and general purpose obligations of the company.
The projectfborrowings areﬁtypically secdrgd by the assets
and repaid by the cash flow of the prpject itself, but may

be supported by undertakings from the sponsoring company

and other third parties" (30). The interest rate charged

N .
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through project financing is generally a floating rata tied
to macro egonomic indicators such as the Prime Rate. \~}

In financial planning suitable interest rates must be '
selected and forecast over the life of the project. During
preliminar§ analysis final fund sources maxaﬁot yet be known
and suitable interest rates based on exberienée and judgment
must be seleé@ed. Debt interest rate for project finance is
usually one to two percentage points above parent company
borrowing rate (30).

Short and long term Canadian interest rates were ill- :
ustrated in FIG. 1-2, Both short and long term rates, since
late 1979, have been extremely volatile. Interest rates
before 1980, particplarly long term rates, remained fairly
constant and éhus more predicfahle in nature. As can be
seen, modeling interest rates by a linear function represent-
ation would prove adequate for all but the last three years.

. As in inflation rate foreéasting much research has gone
into foré&asting of interest rates. The movement of interest
rates is in genéral a macro economic phenomenon butbsmaller
econcmic consider;tions-also affect 'the rate charged to tbﬁ
borrower. Studies carried out by Fraser (17) conclude that
complex ecofiometric models provide no more accuracy than the
simple assumption fhat next years rates will be the same as
this year. This is not to say that modeling cannot be useful
but that c¢areful ¢onsideration should be given to the amount

of time and effort invested in producing a.forecast. At the

macro economic level of analysis the Fisher Relationship is Fo -
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generally accepted as a base model (40). The relation
states that interest rates charged are c;ﬁposed of a
relatively stablé real rate plus a premium for expected
inflation. The expected inflation rate is of course tied
to whether consideration is beiné given to'g short, medium,

’ or long term. It can be séen that the forecasting of in-

§ { terest rate is dependent on inflation for casting.
W;th the creation of the estimaéed rocht cost the

required amount of borrowed funds can be est%mated. The

|

amount and timing of funds from outside ourczs is deter-

mined by subtracting the profile of internal sources of
funds from the escalated cash flow profile FIG. 2-6.
If an amount of money is borrowed for a period of time

the amount -that must be repaid at the end of the period is;

Sowed=3$borrowed (l+i*)sen .
equation (2.17)

IR

) \
|

) .
' . where i* is the constdnt expected rate of interest from the

time the amount is borrowed to the end of A time periods.
This simpie compound interest equation convgrts amounts
borrowed into amounts owed assuming a fix§F rate of interest.
Assuming a yearly time basis, with r béﬁng the annual
T nominal interest rate and m the number of in%erest time

' periods per year, interest per unit time per}od is i=r/m

becomes ; TN N

d ti (2.17)
an_ equation (2 b
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Sowed=$borrowed (1+f/m)-~mn.
equation (2.18)

. . ¢ .

Bdrrowed funds generally flow continuously into a project
so that it ig morekrealistic and convenient because of chang-
ing:rates to use continuous compounding. Letting m, the number

‘of interestr periods, go to infinity the relation becomes;

$owed=35borrowed exp(fn) ’
! equation (2.19)

where r 1s the annual (nominal) interest rate anf n the number
of years tﬁenamount is bogrqwed&{or. ’ [
A%lis well evidenced today the interest rate does not
remain constant but fluctuates with the bassing of time. The
" rate of interest at any point in time may be given by r=r(t)
as shown in FIG. 2-7.  An amount is borrowed at time O and’
* is to be repaid at time ;pi To accohnt_for the glme depend-
ency of interest rate the-area under the r(t) curve is
' divided iﬁto n‘rectangles all having equal base width At.

)

The area of a typical rectangle is; ' //

r(t ) At o :
k * : * equation (2.20)

¥ 7

R}

Summing the area of all n rectangles between 0 and tp and

~

allowing At to approach zero; "\4
, « " ‘v < X .
&Y -
A n t=tp o C
B
%im-z r(tk)At’-J r(tfdt. _ |
) , k=1 ( Je=0 . equation (2.21) |
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Thus conversion of borrowid amounts into amounts owed under

fluctuatiﬁg interest rate and continuous discounting is

. o~
achieved by;

t=tp
sowed=Sborrowed exp( r(t)dt)
£ ' t=0 , .
- equation (2.22)
] ‘ /
where the time period 0 to tp is the time which the amount is

borrowed for. .

.. 2=5 INTEREST AND INFLATION RELATIONSHIP

That interest rates are affected by inflation finds near
universal acceptance in economics. The problem remaininé
however is in fiﬁding a means of quagtifying this relationship.
Compféx'modg}s have beén developed all using as their base
the Fisher Relation introduced in fﬁe previous section. The
Fisher Relatjon states that interest réte responds to inflat—

ionary expectations;

raR+R*,
equation (2.23)

LY
In equation (2.23) r is the nominal annual interest rate, R
__tpé expected real return rate and N* the expected inflation
. rate. The real return rate is essentially the interest at

which the lender is willing to lend money 50 as to be
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covering expenses and profit. -

\.‘3 -
At the root of interest rate determination is the
| 4 ' ) '
problem of forecasting inflationary expectations. The
selection of suitable inflation méasuring methods remains a

«difficult task (19). Actually interest rate is dependent on

more economic Gariables than those represented in the Fisher

equation. More €omplex models build upon the Fisher model
and have included up té half a dozen variables (18) (20)
which, by reference to historic data, have been shown to not
yet capture the true compesition of interest rates.

l In addition to the factors affecting interest rate at
W o .
the macro economic level the planner must be ccncerned with
;e - <
project specifids. Project type, project location, financial

requirements and other risks are but a few of the concerns

to the lender and hence influence the interest rate charged.

The riskier the project the higﬁer the interest chargéd. The

/

'Fisher equation may be extended to include a project risk )

term, PR;

r=R+T*+PR« )
equation (2.24)

»uuantitative modeling of interest-inflation relationship
is a very complex problem and subject to cngoing research.
Of importance is that‘a relationship does indeed exist. l
¢ ’Secondly, interest rate is generally conceded to be affected

" .
‘by inflationary expectations rather than actual -inflation

rates (18) (19) making interest rate prgdicticn very difficuagﬂ"
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2~6 SUMMARY
; ;

The concepts and terms introduced in this chapter will
be put to use in the financial models developed in subsequent
chapters. A sound understand;ng of this cHapter is e;sential
in oraer to make meaningful use of project economic analysis
techniques.

Many ideas of ongoing research and debate have been
touched on only briefly in the sections on cash flow, infla-
tion and debt interest.

Financial planning requires that values be assigned to
variables over an unknown future. It must be femembered that

financial modeiing can be used effectively only through

exhibiting good judgment and understanding.
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CHAPTER 3

PROJECT LEVE/(%;’?INANCIAL ANALYSIS

In this chapter the Macro Models of the project 1level:
are developed. TheSe models provide a means of quantifying
the impacts o:f escalation and "financing charges of the
prpject. Thereforé, it follows that; through the use of
these models the potential benefits of accelerating project
construction can be mea}sui‘ed and compared.’ This analysis.
is aided by the concept of the project breakeven\curve. .

Project construction duration, cash flow profile,
constant dollar cost, current dollar cost and net present
value are the project level performance measures incorporated
in the Macro Models. The models allow obﬁggrvation of how
project financial de‘cisio'ns impact upon project level

decision variables and vice versa.

\ 3-1 CONSTRUCTION DURATION

A ]

\‘ The time duration. from project start to the end of
construction is a factor of utmost concern. The less time
required for this duration the sooner, the ff.acili.ty can come
on line and start to provide a return to the investor. The
time period from the project start to the end of thé con-

struction phase will be referred to as the construction

¥ -48~
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duration.‘ There are of course constraints imposed when
attempts are made to reduc’e the construction duration. |
'Site and environmental ccnditions, cash flow levels, economic
conditions, manpower »availabil_i.ty and material availability |
are but a few of the myriad of factors limiting the degree
of ‘duration minimization possible.
In the models, construction duration is treated exocgen-
ously. Nevertheless the models can be used effectively in
an analysis of project construction duration, Selection of
dura{:‘ioh exogenously 1s consistent'with methods employed
in. well known network scheduling techni'ques. Activities
compri;ing the project level network r:'nust be assigned proper
,j:ir;\e durations if a meaningful construction duration is to
“be obtained. An estimate of activity duration is based upon
proposed project methods and resources. Durations will .
typically be est_ablished from historical data. With -
activities assigned durations and p‘recedence relationships, .
standard CPM (Critical Path Methods) techniques can be
employed to obtain total construction duration (32) (33),
For convenience and consistency ti,me‘ will be assigned
units of yeafs for project level analysis. This restriction
can be readily relaxed upon thorough comprehension of the
models.
With estimated construction duration established,
additionél \financial‘performance measures at the pr.oject

level can be determined. Further, the projec