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ABSTRACT

The value of an investment project is a. function of the mggnitude
Jéﬁ& éﬁé“aistfibﬁtiohmqﬁérvfi;é'éf thé“cﬁfféﬁftca5i£al.éﬁtléflgﬁa”futﬁfélf
éasﬁ benefits pertaining to the project. Three basic problems must be

fﬁesolved in capital budgetinglgnd decision—making:during project imple-

d:fméﬁﬁétibn;"ni)"ft‘iévﬁiffiéﬁiﬁ‘tb;ésﬁiﬁétéJCaéifél‘Edsiéjaﬁdlcash Eeﬁefiﬁé.'“
2) The realization of future benefits is uncértain. 3) Futurs benefits
must be compafed with current'capital costs. |

Generélly, risk and uncertainty associated with an. investiment
project are given implicit consideration by basing deéisions oﬁ theAmost
likely single-valued estimates of capital cost and cash flow. However,
‘recent developments in investment management techniquss enable risk and
ﬁnéertainty to.bé given éxplicit consideration by assignment of a priori
probabiiity distributions to capital cost and cash flow estimates. These
methods are enablgd by the introducfion of Monte Carlo computer simulaﬁion.

_The problem of comparing current capital costs with futurs benefits.
can be resolved by discounted cash flow (dcf) or net present value (npv)
analysis. Eofh methods enable the distribution over time of the cash flow
to be ekplicitly taken into account. The minimum acceptadble yield for a
project iS"depeﬁdent upon the firm's cost of capital. The decision to
undertake a project included in the st of viable brojects available to
the firm is constrained by the availability of resources, particularly

financial and managerial resources.
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A normative model of a large industrial capital project can be

divided into seven reasonably distinct phases: 1) Idea Generation,

2) Preli&inary Analysis, 3) Cbmprehensive Feasibility Study,

L) Projeit Development, 5) Project Implementation, 6) Start-Up, and
7)m}Post—Comple§iqn Audit.. Audepisign_tp'prgceedjwitb a;project:;s genng'ﬁ

ally-madé'at the completion of the feasibility study-pﬁasg; however, the

decision can'reasonably be reviewed'and revoked at the compietion of the

" préject. developnent phase.  Beyord this point the implsmentation process

' is esseﬁﬁiélly.irreversibie;.aé éasﬁ oﬁtléyé ;pceleraté for fi#edAéﬁd‘m'
intangible assets which have littls or no salvage value,

Tb.ensure optimization of the project's valus to the firm, a
compatent ané sufficient manaéement team(must be provided to direct the
implementation, For a large single undertaling, definable in terms of a
specific end result which is unique, complex and"involves a high degree
of interdependence of task accomplishmenﬁ, a project or task force organ-
izétiqn is invariably utilized. The uniquéness, frequency, and critical
importance of project decision-points demand a high degree of senior
‘executive Attention and control.

Lﬁbdern network-methods (PERTYCPM) enable the séparatiOn oi the
,plaﬁning and scheduling functioné and aid in the establishment of an
efficient, coordinated work flow. Network diagrams provide an explicit
means of considering dependencies between events, even for large projects
which include several thousand or more significant activities. Network
analysis enables critical activities ‘o be disﬁinguished from non—criticall
activities, and.thus project durations can be controlled or minimized by
apnlication of rasources to spacific key areas. Tstablished compufer

routines are available to systematically 'crash! projects and to aid in

Iy
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schedule formulafién which facilitates stabilization of resource input
levels.

A case study of a'hypothetical industrial »roject is used to
illustrate the comprehensive feasihility study, oproject development, and
4 proaect 1molnmanta tion ohasos._» 1thou~ﬁ confldentla *eq ents pre-
.vented the usa of a sp$c1flc prégect the case is realistic in that the
data base vias synthesized from several actual projects of corresponding
scope.’. .
" mxamination of the methodolozy of capital project management on '_
an overall basis indicates that the infégrated systems éoncept approach
is required for maximum efficiency of resource utiliéation. - The future
will undoubtedly see rationalization of the fragmented approach to
problehs in ecdnomics, finance, engineering and administration; as well
"as more widespréad application of modern techniques in data processing,

management science and information system design.
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CHAPTZR I

INTRCDUCTION

'The title Management of large Capital Projects has a number of

significantly different connotations. Ve will consider large capital

o

-projects o be investneribs in industrial plants. In the wostern world,
Sucﬁ'élants ara almost.invariébly ovmed éﬁd.opefated by privafe eﬁterprise,
and the prims function of the plant is to earn a profiﬁ for tha owner,
‘whethervhe be a private individual or a diverse collsction of ‘common
stockholders. Construction of a new plant or purchase of an existing plant
is an investment to a business man, in that a current outlay of funds is
made to proviﬁé a future stream of benafits. To an economist, only the
construction of a new plant adds to the nmation's stock of capital, and
hence qualifies as an investment.— the forégoing of present consumption
in order to enable greater consumption in the futurs, In this thesis,
the aspect of investment which will be examinad in some detail is the

. ) 1 0

process by which industrial plants are conceived and born.

Scope of Management

The managenent scope for capital projects is broad. The major portion
of the literature surveyed focﬁses on_the analysis of investment proposals
and;the capital bgdgeting process by which managemeﬁt allocates it's scarce
funds., The generation of.investment proposals, the planning and control of
construction and the start-up of the new_plants are treated less extensively

-1 -



“in business literature. Only occasionally in the literature consulted is
-an attempt made to treat capital project management on anvintegrated
systems concept basis, |

Technical competence in the diverse disciplines of economics, finance,
1@W’ nﬁlnne ing, and adminisjratiog and'managgmgpp_isrrsquired fgr various
facets of tha implementation of 2 capital pfoject.- As is typicél in modern
comp]px business situations, successful execution is contingent on a hlcn

.

degree of 1nuegrat10n and coordlnatlon to prevznt -sub-optimization., - The
”dlerchltY in offlClentlvimanavln larze uniert ngs‘and grouos.oL pféf-
essionals is‘rscognized. Gaddis writes that we must optimize managemer
knowledge in order tq transform management from an arf to a profession.

(4 . . . . N . . . 1
"It is necessary to-organize more effectively for massive engineering.

Preview

The investment environment and principals of financial analyses are
exanined very briefly in Chapter 1I. This section is not intended as a
brief treatment'of_these'crucial aspects df investment, but rather it is
included to establish'thé terms of reference under whiﬁh a large capital
projebt is implemented. Rational decision-makin: for the ?lanning and
control of a cavital project is contingent on a basic understanding of
invesﬁment gbals and the investment environment, Cost/time/value2 are the
variables which determine the benafit of an investment project to the firm.

The investmant models developed in u“aotor IT provids a basis for canltal

project management.

lP 0. Caddis, "The Age of Massive fnz inﬂe“ing", Harvard Business
ReVﬁe“, (Janharf - February, 1941), pp. 138 - 1L5.

°The cost/time/value skaleton is used by John . Hackney in Managenent
and Control of Canital Projects, (New York: John Wiley and Sons, 1955), one
of the few books which considers management of capital projescts on an
integrated systems concept basis, ' o
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The project’birth process is eiamined in Chapter III, - This thesis
is primarily concerned with the construction of large multi-million dollar
plants in the chemical, pulp and paper, mining or similar process indus-
tries, where large plant construction is a relatively common occurrence,
'1but where each project presentsVvariedmand,gniqgeAproblems._ Thefe isy.of

coursz, much common grouﬁd with projects undertaken by utility companies
vwhere large-scale construction may be almost continuous; with projects
- earried out by government or agencies whare the profit motive is absent; |
and with large building or civil engineeriﬁg préjects.ﬁhich ére cohparaﬁle ‘
in magnitude, but which do not have complexities in planwing and design
attributable to complex production;equipmént.' The descriptive model
presented in bhapter I1I is normative, Vhile it is unlikely that any
specific project'wouid follow the modus operandi vresented, the model does
iliustrate the process and scope of a typical largs industrial capitzl
project from idea generation to start-up. |

Scope aﬁd'méthodology of projeét management are examinéd in
Chapter 1V, Tﬁe optimal organizational form and management method for
accomplishing a specific, unique and complex task within estatlished
cost/time/value constraints differ from that abplicable to normal corporate

activity. The systems approach, where objectives take precedence over

organizational form, is indicated. Predominance of professionals, time
‘constraints and limited availability of vperscnnel call for substitution
of human rescurces management in lieu of traditional hierarchal méthods.
Planning and scheduvling of a project requires consideration of a
large'nuﬁher of inferdesendent activities., Conventional Zantt bar chart

N

‘arrays can be used. With traditional methods, hovever, it is difficult
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to take explicit account of dependencies and to establish the effects of
deviations from established schedules as the projebt progresses. Network
methods (PERT/CPM) are considered in Chapter V.,

A case study of a hypotheticél project is presénted in Chapter VI
1o illustrate_the-projec# process. -Although hypothetical, the case is
realistic in ﬁhat the data basé.was synthesized from Seferal actuai‘prdjects
of corresponding scope. Confidential reéuireﬁents prevented the use of a

. single project for the case study.

Methodology

Chapter II is based entirely on a survey of current books and \
periodical articles on investmant analysis and the investment environment,
The remaining chapters are based to a large extent on the writer's indus-

3 Py (%} .

3

trial experience in the implementation of engineering projects, supple-

o]

mented by literature studies, particularly for the chapters on project
managsment and network (PERT/CPM) methods. The data base for the case.
study includes project documentation from a number of pulp and paper

industry projects on which Sandwell and Company Limited, Consultants, have

been engaged since 19€3.



CHAPTER IT
INVESTMENT ENVIROWENT AND ANALYSIS

'Basic‘Probleﬁs

Th?934b33i¢ problems must be resolved ﬁernable eyalugtion of a
" capital investment project: TN . |
1. It is difficult to estimate the magnitude of future
| benefits and the capital cost of obtaining these benefits.
2. Benefits from an investment occur in the future; hence
the realization of the benefits is-uncartain; and the
degree of-uncertainty mast be recognized.
3.. The value of fubure benefits must be compared with
v fequired capital investment, !

Exﬁected future benefits are determined'from estimates of future
revenues andioperating costs. Varied factors - total product demand,
expected market share, selling pfice and so- forth - must be considered
when estimaﬁing future revenues. Revenue forecaéts, whether based on
relatively crude surveys of buyer or sales force opinion or more sophis-
ticated‘time‘series or statistical demand analysis, are generally diffi-
cult‘to:prepare. Oﬁerating costs are developed from analysis of the. -
proposed manufacturing and marketing operations and on estimated costs
of required inpﬁts. Ixpected operating costs can typically be eétimated

with somewhat more confidence than expected revenues.

_ 1lg, David Quirin, The Capital Expenditure Decision (Homewood,
Illinois: Richard D. Irwin, 1967), p. 3.

-5-
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It is generally less difficult to estimate capital costs than
fﬁture.benefits. Initial estimates for preliminary investment evalua-
>tion’can often be-derivéd from'capipal costs for existing plants of
‘ similar»design published in industry or corporate literature. Final

capltal cost asti ﬂata" basad on reaqona“17 conﬁlotn ba ic enginsering
',are genera11" eXpnctoi to be accurat w1tn1n 5 to 13 per centA'
The certainty of investment bensfits is a function»of the preaict-
. .ability of the input and output market environment, and of technological
'idevelonmont The ma jor portion of 1nvostﬂant requlred for larve 1ndus—w“q ‘
trial plant projects is in fixed assets. Obsolescence of specializedf
equipmentvdué-to unforeseen developments can result in rapid erosion of
‘expected benefits. In rapidly changiﬁg, yet highly capital~intensive
industries, uncertainty dﬁe to dynamic changs is particularly significant.

Thé third problem of equatinz future benefits with present cost
can be resolved quite'satisfactorily.by the concept of present value -
discounting'of futurs benefits or cash fléws.

Aséuming-annual vear-end compouﬁding and a constant rate of interest,
the present value of futurse beﬁefits can be deﬁerminad as follows

n

B(PV) = :>: 2(C3t) (b = 1,2,3 .. .1)
. t:l (l'."I‘;E .

Whéfe E(PV) is the Expected Présent Value of T ﬁure Benefits, E(CBy) is the

Expected Value of the Zash Benefit for Year t, and r 1is the Discount Rate.
The flow of funds in the firm is.illustratcd on Figure lf Interest

on debt and non-cash expenses, such as depreciation.and depletion, ares not

. deducted from profits when detérminine annual cash benefits or cash flow,

The cash benefits realizable from an investment are not equivalent to the

‘net earnings determined for financial reporting.,
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Investment Analysis

Three basic methods for determining investment acceptébility or ranking
. are in common usage:  - |
, 1. Return on Investment
'“;‘é;.,ééyb;ck'ngiod' ﬁ

: 3. Discounted Cash Flow or Net Preéent Value
. Rgturﬁ_qn in&estment is the:ratio of the:anhual net or gross.inqome _
Yo the totdl investmént. £} ths magnibude of the anmial incorie varies
~over time, a weighted average is used. 1In comparing return on investment
calculations,.it is imperative that the exact definitions of income and
'investment are known. An exhibit in a study by the Nétional-Industrial
Conference Board illustrates héw the calculated return on investment for
a particular project could range from 16—2/3 per cent to éO per cent,
depending on the definitions used for inéome and investment.2

Ths rationéle'of the return oniinvestment method 15 cénceptually
faulty, in that it'dqes not take into éccount the timing of future benefits.
Profit received in tweﬁty years is.given the séme “welghting as'pfofit
nreceivéd in the next year.

The péyback period is the length of time ré§uired to equate the
future profits to the capital investment. - This method Has a distinct
advantage over the return on investment method, in that it‘recognizes
that profits received in the immediate future are more valuable than . -
profits received at a later date. However, used alone, the payback method
-is deficient in assigning zero weight to pfofiis received after the pay-

back period. Two projects with equal payback periods would be given the

2Norman E. Pflomm, Managing Capital Expenditures: - Studies in
Business Policy, No. 107, National Industrial Conference Board (New York,
1963), p..L3. '
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same ranking, even £hough_the‘behefit stream of ohe project terminated
at the end of the payback pefiod, while the benefit stream of the other
continued. | | |

"Te payback period is, however; useful in assessing the relative
risks. of projects with comparable returns. Forecasts of revenues in the. - ..
distant future are more susceptible to error than forecasts of those in
.the near future.3 The payback period is often used to aid in the assess-
_ment of risk, along with the return on investment or discounted cash-flow .
method of fankiné. | | ” |

The concept of present value, introduced on pagéié, provides thé
basis for the discounted cash flow (dcf)'andvnet present value (npv)
methods of investment analysis., The discounted cash flow method involves
 finding the interest rate - commonly kmown as the internal rate of return -
by which the present value of the future bénéfits is made equal to the
current investment.

In the ﬁet present value method, future benefits are discounted at
a specific interest rate, and the present value of the future benefits is
compared to ﬁhe capital cost. BRoth the déf and npv méthodé are concept-
ually correct, in recognizing the time'distribution of the cash flow.

The intefﬁal rate of return must be determined by trial and error.
For large projects,_the*time and expense for calculation is insignificant,
| and standard computer programs are available. Occasionally if negative
cash flows are incurred in the latter stages of the project 1ife,nthere,
may be multiple solutiqns for the internal rate of return. This is more

an abstract problem than a practical one.!l A modification of the

3Ibid, p. L2.

bpor example, see P. S. Kirshenbaum, "A Resolution of the Multiple
Rate of Return Paradox", The Engineering Economist, October - November, 196,
po 11 - 16' . .
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discouﬁted cash flow methods kndwn as the MAPI system has been developed
by_the Machinery and Allied Products Instituté. This system is intended
primarily for analysis of equipmént replacements, rather than for the
evaluation of large projects,S

- Application of dcf or npw analysisvprqvides a reasonable and opera~
- tional solution to the third problem of investment.evéluation - the
cqmparisén of future benefits with present capital cost - but it does
‘:'ﬁppuprq§;de;ai§§1utippqu;tbe fifsP twq'ba$ip prpb}emsif th§ un¢erﬁ§intyg o
of reéeifing future bénefits and the difficﬁlty in éstiméfing the benefifsv
énd the capital cost. Operational techniques by which explicit account
can bevtakeh of uncertainty and risk are currently being used to a limited
extent; and it is expected that in the not-too-distant future their.use

- will be quite widespread, at least for large projects.

- Trends in Investment Analysis

Uncertainty and risk can be treated in one of three ways:
- 1. Decisions can be based on the most likely single-valued

“ éétimafes of capitalJCOSt and cash flow. This is the.
basis on which tﬁe ﬁajority of cépital ekpendituré
decisions are made. |

2. Decisions can be based on‘multivalued estimates for
capifal cost and cash flow associated with a priori,
discrete dr continﬁous probability distributions. In -
the discrete case, outcome possibilities can be calculated
directly. Vith contiﬁuous distributions, Monte Carlo

simulation techniques can be emploved.

5Pflomm, op. cit., p. L7.
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" 3, Decisions can be based on multivalued estimates of future
outcome under circumstances where estimates of the. prob-
ability of outcoﬁes cannot be made with even.remoﬁev
confidence. Proposals in this sort fall into the category
fbf"épeculations!.rather,than‘investments, and as_such

6

-do not concern us here.

For small investment projects, analysis based on single-valued

.. estimates.is probably ‘the most practical, unless a sufficiently low-cost

ahd eaéy—to-use éomputer program is available. Wﬁere more sophisticated
analysis is warranted, models employing multivalued_estimates are opera-
tional ané are currently being utilized. A gbod example is a Monte Carlo
éimulation model belng used by the'Weyerhaeuser Company, which enables a
probability distribution for the expected internél rate of return to be
f determined. Inputs for this model are assigned subjectively-determined
beta distributions.? | |

David B; Hertz, a director.of'McKinsey and Co., reports that the
results of simulation studies indicate fhe following:

:i. There is a wide gap in finahcial perfofmance between
éome commonly-used investment policies and the best
vpolicies.

2. Policies which take explicit account of risk consist-
ently give better results than single-point determinate

decision rules.

; - 6Gerald W._Smith;’Engineering'ECOnomy: Analysis of Capital Expen-
ditures (Ames, Iowa: Towa State University Press, 1963), p. 33I1.

TR. M. Curley, R. L. Schock and B. E. Wynne, "Simulation Applied to
Project Risk Analysis", in Operations Research and Design of Management
Information Systems, ed. by J. F. Pierce, Special Technical Association
Publication No. I, Technical Association of the Pulp and Paper Industry -
(New York, 1967), pp. 228 - 245,
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‘ 3. Long—rﬁh financial results are highly dependent on tﬁe
risk accepted for a given return or on the return achieved
for a given 1evei of risk.

i npv and def methéds give better results than such commonly
" used methods as average annual refhrn, wﬁich'do not “take

8

into account the timé value of money.

o COSt.of-Cépifai

The maximizatioh of long-run wealth is generélly accepted as the
principal goal of the firm's stockholders. ZHquity funds will be. provided
to the firm by stockholders, who expect that the all—inélusive return
- will be as good or better than that of anybalternate‘available fo them.
The all-inclusive return includes both dividends and capital gain or loss
from later saie of stock., Retained earnings, which are in effect the
present stockholders' funds; should be emplbyed by the firm_if they are
worth mo;e to the étockholders when used by the firm, than if handed over
as.cash to the stockhéldef559

Borrowed funds should be used only to the extent that they do not
detract from the market value of the stockholders! hOldanS.IO‘ Under
-condltlons of certalnty, borrowed funds could be used to finance any-
asset which had a guaranteed return larger than the cost of borrewing.

Under the real-world conditions of uncertainty, the use of borrowed funds

8Dav:Ld B. Hertz, "Tnvestment P011c1es that Pay Off", Harvard Business ,
Review, January - February 1968, p. 105, . ‘ '

9Qu1r;n, op. cit., p. 97.
101bid, p. 97
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is optimizéd when the ratio of débt to équity is such that the value placed
on the equity bybsﬁockholders is maximized. At this point- the financial
risk due t§ any greater use of debt would be considered excessive, and
the leverage COnsidered_prudeht would be fully exploited. While such an
noﬁtimum debtfé equity ratio is,conceptually thainab1§5 in practice itsv
- determination is quite subjéctive, and it can only be approximated.
| >A specific asset or group of aséets één be financed in some optimum
ii@@nnér_pq‘mgx§ﬁ§2é:theistéckholdérsﬂ;equity.:’§im§}aiiy{'g§vqp'a pa?ti@ular_};'f
‘finéncial sfruéture, an optimum.gfoup of asse£s.can bé puréhased’to
maximize the.valuerf equity. The capital-budgeting or invéstﬁent—
decision brocess is basically an attempt to achieve this latter maximizétion.
Helliwell defines the cost of capital as "the minimum return that
will obtain its use".ll Given a particular financial structure and ths
estimated minimum return required for each category in the'structure, the
_weighted‘averége cost can be estimated;
| The qost'of_debt capital can be estimated quitevreadily.- The cost |
is adjusted for the tax deductibility of interest.
K4 ='7(1+T)R'
where Kq . is 6ost of Debt Capital, T is the Marginal Tax Rate, 1and R is
the Rate of Interest - actual for an existing debt, or estimeted for a
potential debt, 12 |
The cost of equity capital is dependent on a complex relationship

‘bétweén the earnings per share and dividend payout, and the manner in

1john F. Helliwell, Publlc Polches and Private Inveotment (Oxford:
Clarendon Press, 1968), p. I

12uirin, op. cit., p. 100.
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which the market evaluates these earnings and dividends. A number of
models have been developed for evaluatlon of market value of common stock,
and hence the implicit cost of equlty capltal. Since no one of the
models is theoretically pure or universally accepted, we shall assume -
" that K = the.Cost of FEquity Capital - is‘subjectivelyAdeiermined,vpos~
éibly-with.the éid of one 6f the valuation models. We shall also make
»-the s1mp11fy1nc assumptlon that the cost of subscribed capltal and
*;?retalned earnlngs are equal. L ' ‘

Other forms of capital such as preferred stocks, convertible deben-
tufes,~and 50 forfh, which are intermediate betweeh pure debt'énd pure
equity, may be considered to have intermediate costs.

On this basis the cost of capital for a simple’hypothetical firm

may be estimated as follows:

Portion of Capital Estimated Cost Weight

Current Liabilities «20 . - : -

7% BondS' .30 ’ : .07 (1-050) 0010 )

5% Preferred : - .05 »08 .00

Capital Stock . 25 .18 ' .0L5

Retained Earnings .20 .18 ' © ,036

Cost of Capital, !'K! .095
“FIGURE 2

TYPICAL CAICULATION FOR COST OF CAPITAL

It must be recognized that the cost of capital calculated.in thisv
" manner is quite subjective, and should be used as a guideline rather than
as an absolute measure.

Firms vhich do attempt to determine their cost of capital set a

minimun standard for capital projects which is greater.than their estimated
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cost of capital. Tﬁis is in recognition of the fact that not all capital
projebté are expected to earn a'profit, and that some will fail.l3

| A large new plant or expansion includes a certain portionlof dis~
cretionaryiand required investment for services, safety requirements,
pollution abatement, and so forth, .Thus the minimum required_returp fgr,;
a major new facility may be somewhat lower than for specific‘qost reduc-
tion, quality improvement, or small incremental prOjects.‘ In the limiting
“case Where.a proposed investment project is to be the sole asset of a
new company, the cost of capital isAb&ldefinition tﬁe iﬁvééfﬁent &ield;
In this case the cost of equity capital is the residual after determina-
~ tion of the éxpected return on the investment and the cost of debt financ-
ing. The minimum cost at whiéh capital can be obtained will determine
whether a specific plant will be constructed by a new company. The.
decision to tuild a major'new_planﬁ by aﬁ existing companybwill be gov—
~ erned by more complex factors; including the firm's existing cost of
capital, the incremental cost of financing the new plant, and.thenlong—
range effect on the firm's cost of capitai as a result of the incremental

financing,

Iniustry Practice

Surveys of the investment-decision practices of Canadian industry,
conducted during recent years, indicate that the level of sophistication
is perhaps somavhat lower than might be expected. Nicholson and Ffolliot

of_the University of Western Ontario mailed questionnaires on capital

13Pflomm, op. cit., p. b1,
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expendituré evaluation procedures to approximately 390 Canadian firms,
~and received replies from approximately 1QO.1h In the order of 20 per
cent of the respondents used the theorstically preferred discounted cash
flow (dcf) method as a prime indicator.of investment profitability,
. although use.of decf as a sécondary measure inqreased~the numberAwho .
.'employed déf to some extent to L2 per cent. Less than one-third had
attempted to compute their cost of cépital. In a significant number of
'f cases, anparent 1nconolstencies, such as deductlon of depreCLation 1n ”;_ .
payback or def calculatlons, vrere ;ndlcated. -
Helliwell reports that approximately the same portion}of Canadién
15

firms ‘employ dcf, but that its use appears to be increasing. Similar

patterns are indicated by the findings of earlier studies conducted in

the United States by Istvani®

and the National Industrial Conference
Board. 7
While accuracy of a mathematical nature is obviously not possible,

sehéitivity analysis and simulation permits explicit consideration of the

effect on the rate of return due to variations of investment analysis

1hJ. T. Nicholson and J. D. Ffolliot, "Are Investment Practices ' '
Inadequate?", The Business Quarterly of'Western Ontario (Winter, 1965), p, 83 - 93;
and J. T. Nicholson and J. D. Ffolliott, "Investment Evaluation Criteria
of Canadian Companies", The Business quarterly of VWlestern Ontario,
(Summer, 1965), ». Sh - €20

15Helliwell, op. cit., pp. 77, 79.

16Donald F. Istvan, Capltal Expenditure Decisions: ch They are
Made in large Corporations, (Bloomlnvton- - Bureau of Business Research,
Indiana University, 1961).

17Pflomm, op. cit.
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“inputs. Cénsidering the cfucial nature of the investment decision,

these modern techniques will undoubtedly become more widely used in
evaluatiné large projects. Precision of measurement is not possible,

but results cén be checked for range and reliability.18 Currently, the
>“diéperéiOnnof the net returns of projects iS'frequently.considered by the .
use of.range eétimates,'by the-use of risk classes, or sometimes mérély,-
. by the listing of events which would cause the cash flow from the project
--mtp'befdifferentszom.thaf estimated.igg‘,w,m.A';'f e .: .. _

| A surprising practice of firms in evaluatingvinveétﬁeht proposéié

is to place considerably more emphasis on the accuracy of capital cost
estimatesAthan on estimates of future cash flow.zo This apparent incon-
sistenc& probably stems from the fact thaﬁ even though capital cost
estimates are often crude, the capital outlays will at least be made in

the immediate, and hence, more predictable future.

Investment Models for Projéct Analysis

and Management

In order to establish paraméters for the analysis and management
~ of capital investment projects, it is desirable to construct a model of
the investment process. The present value concept permits future benefits

to be compared with current capital costs. Two alternate models will be

18yicholson and Ffolliot, "Are Investment Practices Inadequate?’]
op. cit., p. 85, ’ : S

19Hel1iwell, op. cit., p. 48.

201pi4, ». 68.
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presentéd - one intended principélly.as a basis fdr the determinatioh
of the viability of investment projects, and the other principélly as

a basis for decision-making dufiﬁg project implementation. Both models
are based on the aééumptibn that the objective of an inveétment project
"~ is-the maximization of‘long—term'wealth;:' ‘

" The models will be based on the simplifying premise that all dis-

bursements and receipts occur in a lump sum at the end of a yéar. The

5§¢tual,Qash f1owsti113goftCOurse,_haﬁe'a ﬁide_r&nge.6f~freQu§hcy,,hnie!j-‘- N

formity ahd regularity.' The yearQend approximation is almost invariably
‘used in economic analysis, as the accuracy of analysis inputs does not
warrant more accuratertiming. To maintain consistency with commonly-used
evaluation methods, year;end compounding will be assumed.

Negétive cash flows -~ capital expenditures - typically také pleace
over a significant period forvlarge projects of the class with which
We are méinly concerned.. It is common for the pr§ject implementation to
take place over two, three or more years. When analyzing small invest-
ment proposals, such aé.equipment replacements or minor additions or
modifications, it is generally assumed that investment occurs as a 1ump‘
sum at the complefion of the project implementation. For large projects,
however, the time distribution of the capital expenditure should be taken
into account in analysis.

The model inﬁended primarily for investment analysis is illustrated
as follows: where r is the Internal Rate of Return, K is the Estimated
-Cost of Capital, itc is the Capital Expenditure made in Year tq, and

- CBg is the Cash Benefit in Year t.


http://plr.ce
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Find: ’ r

| < L) Zm CB |
Where: - %, — OB
z ¢ ] (1+ r)E

A 4 Cash Flows

A CB
3 2 1 (o

A

I

I

v —~ Casgh F‘lowé

FIGURE 3

INTRRMAL RATS OF RYTURYN (def) ¥ODIL



Z 20 -

The above model must be solved by trial and error. Manual calculé—
tions are relatlvelv 511W1e and computer programs for solution are readily
available, so this does not preSent a procedural problem. The measurz of
profitability which is oproduced -~ the intefnal rate-éf return - facilitates
-ranklnﬂvgf inv pments, and 1is analo~ous to commoniy held concepts of
investment yleld ‘The model is baced on the aseumctlon t at cash recnlptsi_
are reinVnsted at a ylald equal to the internal rate of roturn. This
. ;assumot¢on generallj doos not present azproblem_when‘using‘Uie‘model to
vevaluate oroposalq, Wnich'arc not Hutua]ly exc lﬁéiv;::?ﬁd%évé;;A;}mo}é;.
realistic measurs of reinvestment yiald is desirable for decision-making
during project implementation, where decisions must ffequently be.madé
betweén.alternate vays of accomplishing the same objective (i.e. mutually
exclusive opportunities). 21 3 simple illustration comparingz the results
of the def and npv methods is included in Appendix C.

The preyvnu value of past or future disbursements or receipts is
determined.at a uniform point in time by compounding or discounting,

The rate of return which a firm considers as the minimum acceptable.for an
investment project can be considered as the firm's opportunity cost. If
this opportunity cost is used as the compounding or discount rate, the

value of dishursements or receipts so calculated represents their opressnt

i‘value to the firm,

21"or detarmining project viabil‘tv, the dcf mathod provides a measure

of profitability which can be thougiht of as being compatitle with a corporate
goal of maximizing return on investment. %'hen comparing mutually exclusive
‘pronosals, unresalistic results can be ynneratod by using an unrealistic
reinvestment rate; and hence, the present value method is preferrad., The
reinvestment assumption is the subject of conflicting dlscussion in capital-
budgetine literature. For a synopsis, see G. A, Pollachk, "The Capital
Budgeting Controversy: Present Valus vs Discounted Cash Flow Method",
selected reading included in Robert . Murdick and Donald D. Deminsz, The
Yanagement of Capital Wxoenditures, (New York: Melraw-Hill, 1948), pp, 236 -
LA, ' :
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Decision-making during project implementation frequently involves

consideration of alternate cash flow distributions. The desirability of

a particular distribution is a function of its net present value, detar-

mined by discounting at the firm's oprnortunity cost. The net rresent value

rmodel is illustrated as follows: |

"There:

Maximize:

Subject to:

NPV is the Net Present Value, and ro is the firm's Opportunity

_ Cost.
n » " m
NPV = 1 c .CBy
j__, Tg(14710) © - Z Tt
t= L t=1 °
r0§3 K

NET PRESINT VALUS (npv) HODEL



CHAPTER III
PROJECT PHASES

A normative model of a large capital project from the initial idea
to completion can be divided into seven reasonably distinct phases:
{;1; flgeaﬁeenergtiqn_fijf“.. 
é; Pféliminary Analysis
3. Comprehensive Feasibility Study
L. Projegﬁ Development |
5. Project Implementation

6. Start-Up

7. Post-Completion Audit

TheAphases iisted above are similar to those proposed by Magyar,
illustrated on Figure S The Ppst—Completion Audit, a specific projéct
-activity, has been substitﬁted for the more general operatibﬁs phase.,
.Except for the exploitation of natural resources with a limited life,
~ such as mineral or petroleum deposits, or in the case where a reasonably
- well-defined product-life-cycle is anticipated, the abandonment'phase
inciuded’by Magyar is an unplanned activity arising out of the operating
environment. Since the abandonment phase is not parf of the projéct{s
planned pfogress, it is not included. The inevitability of operatiohs

being terminated must, hbwever, be considered in the determination of

- 22 -
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project viability. _The timing of abandonment on project worth becomes
less significant, the greater the disgount rate énd the longer the opera-
tionai life. At a discount rété,of 10 per cent, a uniform étream‘of
benefits of $1 per annum to_infinity is worth $10; while a fiffeen-year»

. Stream is worth $?3505 At a discount rate Qf,Zingr,ceﬁt, the value of . .
the uniform benefit stream is decreased to &5 and $l.70 for an infinite

and avfifteen-year 1life, respectively.

Hackney descrlbes phases 1n progect conceptlon 31m11ar to those o :.t.;‘

118ted above, and drawo an apt anaTOgy between englneerlng cons truculon
- progects and the flight of a rocket.

- Modern engineering projects-are big, complicated and expensive,
Things happen so fast there is 1little chance for second guessing
e o o condition reporting instruments and control systems for capital
ventures must be sensitive and responsive, they must indicate promptly
and clearly any deviations from good performance and make it possible
to take effective and timely action., Good control can substantially
improve the chance of success. It can all but eliminate the possi-
bility that a Eroject will have to be destroyed in flight because of
a malfunction. '

The brOJect process described in this chapter is a normative model.

Ali_stepé may not always be carried out or required, and preferred methods
may not always be used{’ For example, if the firm is ver& fofpunate, fhel
‘profit potential indicated by the preliminary;analysis stage may be so
‘large that a comprehensive feasibility study will be skipped, and the firm

will proceed directly to the project development stage.

‘Jdea Generation

The -activities in this stage are more diverse and less amenable to

definition than the activities of the other stages. The history and

lYackney, ob. cit., p. L.
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organizational structure of the owner or promoter will determine when
and hOW’ideas for projects are‘germinated. .Some projects such as new
plants or expansions to serve grdwing markets, or projects devéloped to
enable exploitation of'companyhcontrolled resources may be the result of
~ systematic borpo;ate planning activities.. ,Researéh;and development may ..
__p'rovide' the :'Lgnpetus for new product projects. The inspiration for other

‘new products may be based on perceived customer needs.

Preliminary Analysis

The first step in‘évaluating an investment project.is to perform
sufficient analysis to determine if more detailed and comprehensive
analysis in the form of a full-scale feasibility study is warranted.

Data which is available free or at 1i£t1e cost provides the bulk of
the inputs for the preliminary analysis. GCovernment and industry publica-
‘tions are consulted. Relevant firm and personal data and experience are
incorporated. _ W

It is due to tﬁe factors involved in this stage that there is a
tendency for firmS{to concentrate in particular fields or areas. OSince
the outsider's invesﬁigation usually costs more aﬁd takes longer, the
insider has an advantage Both in cost and in speed of decision in those
industriés where changes in ﬁroducts or techhology are freqﬁent;2 The
possibility of using Specialized consulténts at this point may also be
limited; as the scope of investigation is probably not yet well defined,
aﬁd management may not yet be prepared to allocaté specific funds for

specific analysis.

2Helliwell, op. cit., p. 92.
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A primary objectiVe at this phasé is to prepare preliminary estimates
of revenue, operating coéts and capital costs, to permit prelimiﬁary
estimation of the internal rate‘bf return. Preliminéry inveétigatibn
of major variabigs such as the product spgcifications, basic production
- process and key input and product market structure, is required;~
L WhéréVer possible;VCOSts are based on readily availabié induétry

and firm data. Approximate estimating methods consistent w1th the accuracy-

| 31;'ofﬂjhe:daﬁéﬁare gmp1oy¢d.' For example, plant capital costs may be. 1ump~,u

sum estimates derived from scaled costs of existing plants, after adJust-
ment for inflation and varied conditions. Accuracy'expected fof esfimates
~ of this sort would generally not be better than ~ 25 per cent.
Alternatives which are significantly different in major concept

are considered at_this stage. The emphasis, however, is on proving
or disproving the viability of the basic idea, rather than on development
of the idea. |

| If_an'acceﬁtablé.return on investment is indicated by the preliminary
investigations, the terms of referenée must be defined, and the cost of a
full-scale féasibility study estimated. The decision to proceed with a
feasibility study for a-ﬁajor project may.entail a considerablé investment.
Magyar 1nd1cates a cost of from $50,000 to $500,000 for a comprehen81ve
feasibility study.3 The return on this investment will'be zero if the
 feasibility study results are unfavourable. On the other hand, failure
to undertake feasibilify analysié and to proceed.with good projects>may be.

fatal to the firm's long-run future;

JWilliam B. Magyar, "Heonomic Vvaluatlon of Engineering PTOJeCt'"
The Engineering Economist, (Winter 1968), Pe 78, :
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Comprehensive Feasibility Study

At thé beginning of the feasibility study phase a project begins to
take on a definite form. It assumes a name, and gains the recognition of
~ the firm's. executives. Investigations are commenced under the terms of
: féference, which are formulated at the concluSion of the preliminar& a
.ana1y51s. As comprehensive studies progress, the obJect1Ves‘and scope _
-are perlodically reviewed and rev1sed 1f required.4. ’

..... The focus of the feas bility study is ‘the preparation of

1. Revenue Forecasts

2., Operating Cost Forecasts

3. Capital Cost Estimates

.Thg above data enables the estimation of the internal rate of return.
It is assumed that def analysis would be used, and that the inﬁernal rate
of return would be the key measure of project viability. If ény of the
other less-conceptually'de51rable measures of investment profitability
were uséé,‘the scope and objectives of the feasibility study would not be
significantly affected. |

Formulation of a Monte Carlo model of the projeét facilitates
explicit'considgration of risk éhd uncertainty, and enables determination
of the project's Sensitivity to changes in key;variables. A mathematical
model also aids in the consideration of alternates and permits rapid.
updating. |

Revenue Forecasts. The investigation and analysis required for the

preparation of revenue forecasts varies considerably with the product.

The output from large-scale process plants will very likely bé 80ld in
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'relatively“we11~defined industrial or commercial markets. Since.therei
“are typically relatively few suppliers and purchaéers in such markets,

the reactions of competitors and customers to a new source of supply will
have a significant effect on sales and priceé. Thus while the methodology
. of,preéaring thé}salqs fqrecgst may be relatively simple and straigh@%ﬁ

' fofﬁard, considerable sﬁbjecti#e judgment may be required in correctly

evaiuating daté

It 1s 1mperat1ve that the sales forecast be as reallstlc as poss1ble, .

'as the prodhctlon rate established from the sales forecast is the key'to
engineering ana1y81s and estimation of plant and manufacturlng costs. Due
to time constrainté, it is likely that preliminary plant'process design'
will be based on sales estimates produced in the preliminary analysis
phase. Revision may be required if the sales forecast is significantly
altered as a result of more inténsive investigation.

in many process industries, econonic production cannot be achieved_
in plants ofilesé than a certain minimum size. In such cases, the decision
to proceed to even the feasibility study phase may hinge on the probability
of a market of sufficient size to support the minimum economicallj;sized
plant, | |

Alternaté‘chaﬁnels of distribution are conéidered, particularly if
marketing costs are great or if marketing will be a key factor in the
- project's success. Estimated marketing costs will probably be determined
in conjﬁnction with the preparatién of sales forecasts, or will be based
on commbn indﬁstry rétios fo sales;

Preliminary Plant Design., To enable estimation of plant cépital and

operating costs, preliminary basic design of the plant is required.
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Preliminar& flow diagrans and plant laybuts, which take into account majqr
components, are prepared. For existing products, good preliminary'designs
can be based on existing industr& knowledgeo‘ For new products, éxtensiVe

research and development, including pilot_plant tests, may be required to

-formulate realistic:pfeliminary»designs;. The:emphasis at this stage is -

o; pfepafafion of good Wofkable'desighs,Aréther than on fefinéments;

Alternates are con51dered where major cost or operational dlfferences are

.._expected, The objectlve is to complpte prellmlnary engineerlnn for a good;HE.:..'

" plant which will work, but not necessarily the best plant or the plant

which will actually be constructed.

Plant Capitai'cbsté. The purchasevéf major process equipment com-
prises the bulk of the cépital cqst for a process plant., For example, in
the pulp and‘paper industry, purchase of mechanical and electrical equip-
ment and materials typically represents L0 to 50 per cent of the total

plant cost.b

The requirements for major process equipmént are determined from the
preliminary process flow-diagrams; Purchase costs for these items are
then estimated, based on preliminary quotations from suppliers or from
historic cost daté, adjusted as required. Occasionally more detailed and
. fundamental cost estimating may be required for major unique equipment.

The cost of the major process equipment forms the basis for estimating
- ¢osts of minor»equipment, piping, electricél equipment and installation
labour. Ratios of costs for these items to the cost of major procesé'.

equipment are determined from analysis of historic costs for similar

bp. F. williamson and I. C. Innes, "Site Evaluation and Selection",
- Journal of the Technical Association of the Pulp and Paper Industry, ’
(April 1968), p. 57A.
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ﬁrojects.‘ A formal model for cost estimating in this manner is illus-
tfated_on Figure 6.

Site prepafation and building costs may be estimated with suffic-
ient accuracy‘based on the above ratio method, or approximate unit cost
;gm?thods.may be employed. - Building COsts,aré_often based on typicalhcosﬁs-
pér unit of area or volume. Costs for service and traﬁéportation facil- .

“ities may be based on approximate unit costs and assumed designs,.

. 3L;Adju$tmentsjfbf_égﬁrentlpus;desg'gqnditiqné in_the capital goqd;f_' 1;l”

maﬁufacturingﬂindustry, local construction 1abour productivity and costs,
competitive climate in‘the construction'industry, inflatioﬁary trend and
so forth may significantly infiuence the total estimated cost. Hence,
the quality of the capital cost estimate is very directly related to the
‘quality of‘the technical persoynel employed on the feasibility study.
Rapidly changing economic environment may limit the period during which
the capital éosts'are applicable. The accurécy of capital cost estimates
: fof feasibility studies is typiéaliy expecfed to be in the_order of

% 15 per cent. |

Total Investment, Pre-start—upiexpenseé, such as for organizing

and training the operating staff, marketing and promotional expenses,

legal expenses and so forth are cénsidered as capital costs when éalculat;'
ing the return on investment. Similarly, start-up expenses and working-
capital requirements ére included. Although some of these items will be
treated as expenses in company aééounts, for financial analysis fhey
shOuld-bé considered as éapital ouﬁlays, since they represenﬂ the purchase
of a future stream of benefits., Deductability for téx purposes is con-

sidered, however, when estimating cash flow,
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Operating_Cosf Forecasts. Material, power and fuel balances are -
- derived from the préliminary process flow diagréms. ‘Raw material and
energy costs may ﬁe determined from prevailing rates; or for key items
tentative negotiationsvmay be entered into with suppliers, Allowances
for costs of miscellaneous operating supplies may be gstimatedvon,the.
basis pf industry experience.

- Labour costs are based on estimated manning requirements; rates are
. based on industry and local conditions. It is necessary, of course, to
_éllowAfor all required indirect‘as wéil as direct‘labour, and té pro&ide
for fringe benefits and supervision. Plant and head .office administrative
costs éan be estimated oﬁ the basis of indusﬁry experience..

It is often desirable for operatihg costs to be tabulated or shown
graphically to illustrate annual and per-unit costs at various production
rates., This facilitates break-even analysis and consideration of changes
in sales forecasts. |

For consistency, revenue and operating cost forecasts, particularly
for the early years of ihe project operation, should be comparable in
accuracy to éapital cost estimates. It is, however, not uncommon for
_ considerably more emphasis to be placed on capital cost estimates than
-on cashflow_es.f;imates.5

- Alternates. in the early stages of the feasibility study, it may
be neceséary to consider a large number of alternatives. For example,
in the case of a $15 million petroleum pipeline and refinery project,

forty alternates were conSidered, twenty analyzed in detail, and two more

5Helliwell, op. cit., p. 93.
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subsequently added.6 To reduca computational effort, capital and operat-
ing cost estimates are built up in blocks, which may be utilized in a

‘number of alternates. Mathematical modelling and computer calculations -

facilitates ahalysis of a large number of alternates. Those responsible

.. for technical analysis weed out the obviously unsuitable cases, and make.

recomméhdationS‘for the best alternatives; but the final decision on the -

best alternate rests with top management., Failure to consider all reason-

... ‘able alternatives may result in an'erroneousfdeciSion’7‘, :

General Considerations. While.deﬁerminatibn'of-the internal rate

"of return as the measure of project profitability is the prime objective
of the comprehensive feasibility study; in a firm with existing operations,
consideration must be given to the effect on the overall performance.

The incremental cash flow of the projecﬁ, both negative and positive por-
tioné, muét be considered in conjﬁnction.with projections of the firm's
overall flow of funds. The effect of the projectvon the overall company
accounts_may.bé“eQaluatéd by preparation of pro forma financial statements
covering the years during the project's implementation and the initial
years of operation. If heavy start-up expenses and incremental debt
charges result in a significant short-term drop in the firm's reported

. earnings per share, it is likely that common stock market pficesrwill be

adversely affected.8 Evén thouzh the gdai of the firm'svowners - fhe'share—

holders - is generally assumed to be 1ong—terﬁ rather than short—téfm

~ 6uilton F. Usry, Capital-Expenditure Planning and Control, (Austin,
Texas: Bureau of Business Research, The University of Texas, 1966), p. 187,

71bid, p. 185.

‘ 8For a discussion which presents the hypothesis that the optimum
‘capital expenditure program should be based on maintaining a continuous
growth in earnings, rather than simply wealth or long-run profit maxim-
ization, see E. M. Lerner and A. Rappaport, "Limit DCF in Capital
Budgeting", Harvard Business Review, (September - October, 1968),

p. 133 ~ 139.
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wealth maximization, managementlis likely to give some.conSideration to

" detrimental short-term effécﬁs.9

B§ the same token, managemént must consider the shoft—term effééts
on the firmfs human reéources due to heavy‘requirements for managerial

-~ and ‘technical staff to implement and operate a large new project, Project.
go-ahead is as cbﬁtingeﬁt on the availability of the required human
resources:.as it is on the availability of financial resources.

. Consideration may be given to anticipated reactions of govermment,
the genefal public, and the firm's major'éuétomers and éufpliefs; It is
difficult to evaluate these factors quantitatively; neverthéless, they
must be given somé weight. In some cases, significant implications of
this sort may not have been detected at the preliminary'analysis stage,
and may only be brought to light ﬁhen the scope of the project is more
accurately defined during the feasibility study.

Project engineering undertaken in the feasibility study stage
inéludes.the formulation of preliminary basic plansvfor the project
design and construction activities, and the preparation of outline sched-
ﬁles'showing the expected duration of major sections of the work.:

Summary. The results of a'comprehensive feasibility study are
- generally summarized in a report which would typically include the
following:

1. Feasibility Study Objectives
2. Summary of Principal Environmental Factors

3. Description of Alternates Considered

| 9Helliwell, op. cit., p. 85.
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" L. ‘Fbr.Each Alternate Considered in Detaii .
-~ Revenue Foreéast
- Operating Cost Forecast
- Capital éost Estimates
‘.éj;interngl Rate of Return Forecast ‘
5.' Description of Study Methodology and Data Sources
6. Discussion of Effect on Overall Operations of the Firm
. 7+ Discussion on Unquintified and Intangible Considerations
'8.A'Conclu§ions éf Study | | |
9. Recommendations for Management
Based on the findings of the feésibility study, the corpany manage-
ment, probably at the executive committee or board of directors level,
would then decide on ﬁhether or not to proceed to the project development
phase. Although formal and final approval of the project may not be
confirmed until the completion of the project devélopment phase, the key
decision-point is at the completion of the comprehensive feasibility
study. At this point, the relevant key variables affecting the.project's
profitabiiity and desirability to the company have been determined and
Vanalyzed, to the extent consistent with the available data and the objec-
-tives ‘of the'fifm. If a decision made to” proceed with a project is revoked
at a-later date, or if a project terminated at this point is later fevivéd,
it will likely be due to significant environmental or technological changes

or revisions in the proposed method of financing the project.
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Project Development

Work in this phase is usually undertaken.dn_the assumption that

the project'will proéeed, even though authorizatioh to spend or commit

funds may'be 11m1ted to that requlred for the project deVelopment work.

In specific instances, spec1a1 authorlzatlons may'be made for purchase

of land or key items of equipment with long delivery or critical supply,

- or sales cohtracts may be negotlated. However,.such purchases or con-

btracts~are frequently made w1th prov131on for cancellatlon. R

The objectives of this stage are to:
1. Complete basic enginéering.

- 2. Develop comprehensive plans and schedules for detailed -
d931gn, equipment purchasing, construction, staffing and
initial plant operation and marketing,

3. Formulate detailed budgets for the project‘implementation
| and initial plant operation and marketing.

. Obtain firm tenders for major equipment and contracts.
‘S Finalize project financing.

During the carrying out of this work the conclusions, recommenda—

_:tions and>decisions of ihe feasibility study'wiil be periodidally reviewed,

'particularly for the effects of any en&ironmental changes or for the |

- implications of any new data or analysis.

Engineering. Basic process engineering and plant layouts are
compléted, using as a starting-point the préliminary,process flow diagrams
and'equipment layouts developed during the feasibility study phasé.

Alternate process methods and equipment arrangements are considered.
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Investigationé of alternate sites and transporfation’and service facilities
are concluded, and optimum choices made. The objective is to 'freeze!,
as far as possible, the basic plant deéign;

Specifications afe prepared for major items of equipment, and
enquiries are issued to prospective suppliérs. Alternateﬁstructural
systems and building materials are investigated? and best selections made.
Plant electrical, instrumentatioﬁ and service systems are analyzed and
défined. Provision to be made for air and water pollution abatement are
discussed with governing authorities, and approvals obtained.

On completion of analysis df alternates;_the basic design is final-
ized. Preliminary requirements for minor equipment items such as pumps,
compressbrs, heat exchanges, electrical controls and motors, instrumenta-
tion and so forth are determined. Basic site, equipment and building
layouts are completed, and preliminary structural designs are made.

Major piping and electrical service regquirements, particularly_between
plant units, are‘determined. Minor piping and service requiremenfs are
determined later in the detailed design phase. |

The basic ehgineering described above is used as a bésis for prep-
aration of a detailed construction budget. This budget, which is broken
down by é détailed code of.accounts, provides a detailed delineation of
the projeét facilities,vand forms the principal control document for cost
control.during plant construction.

Costs for major items of equipment are based on firm quotations.
Costs for minor equipment and materials are based on historic cost records
or estimated prices provided by suppliers. Building material requirementé
~are determined from rough take-offs from breliminary designs. Buildingi
material unit costs are determined from cost.records and discussions with

experienced contractors. Labour costs are detefmined partially by fundamental
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estimatingiof tiﬁe required, and partially from historic ratios to material
costs or equipment weights. Minor piping and services costs are estimated,
“based on ratios to basic equipmeﬁt costs,

In addition to the direct costs, allowances are made for indifect
”‘coéﬁs’— construction plant and equipment, purchasingVandﬂexpediting,'»~"
supervision and manégement, and so forth. It is.impogtant that all cost

estimates reflect current and applicable site conditions. Factors such

.as climate, local labour prodictivity, hours worked per week and job 'sche=

dule may. have significant bearing on cost.

An allowance for contingencies is provided. This is not intended
to provide for a change in scope, but rather to provide for unforeseen
- requirements which arise during the detailed design.stage.

The construction budget is generally expected to have a +10 per
cent accuracy. The principal justification for preparation of a detailed
constructioﬁ tudget is not for the improvement in accuracy over the
estimates prepared in the feasibility stud& stage, but rather for its
function gs a source-control document. A detailed delineation of the
plant equipment, along with estimates broken down by a detailed code of
accounts, enables management to control the project scope and cost.

Basic planning and scheduling of design and éonstruction acfivities..
is éarried out in conjunction with the compleﬁion of the basic enginéering
and the preparation of the construction budget. The project ¢omp1etion
date, as well as target dates for key milestones, ;re established. Modern
network.methods for planning and scheduling will be discussed in some

detail in Chapter V.
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Contfact Negotiations, Negotiation of major contracts for. supply
6f raw materials, power and fuel, and for sale of production will be.
commenced during the project devélopment stage, Successful negotiation
of acceptable supply and sales contracts may be the key factor in deter-
“mining if the project is to'éfobeéd. -Considefabie'déiays,‘attributable s
to_thé.Béréainiﬁg'taéticsiof the partibibating parties,.may bebéncbuntéfed.
An exaﬁple is a delay of over seven months attributable to a delayed
';'1¢ttér;bf~iﬁ£éﬁf.fofrburcbasé ¢f pléhﬁ_pﬁtput; éﬁcéﬁntereé during'thé;;,fv
implementaticn of a relatively small $2.53 million petrochemical plant
project.1Q ‘

As far as possible, contracts for supply of process equipment and
'plant construction will be negotiated during this phase. Initial negotia~
tions may be based on preliminary specifications, with provision for
revision when final engineering is complete.

Construction dréwings, which will not be completed until detail
design is well advanced, are required to enéble lump-sum price tenderihg
for structural and mechanical-electrical ereption contracts. %hen con-
-struction schedﬁles are tight, cost plus or unit price contracts ﬁay be
negotiated before detailed design is completed.

Operating Plans. Dates for commencement of plant operations are

generally determined by the length of time required to construct the phy-
sical facilities. It is necessary, however, to plan and schedule. operat-
ing staff emplorment and training to coincide with plant construction,

Similarly, the distribution and marketing operations must be analyzed,

10sty, opo Cit., po 1390
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planned ané scheduled, to enable‘a well co-ordinated start-up and efficient
initial operétions.

‘Financing. Finalization of arrangements can now be made for‘butside
financing if required, or in the firm's flow of funds budgeting to provide
for the negative cash flows during the‘conétruction’and_start—up‘period; e
Estimates bf qﬁafterly funds requireﬁents’afe genéfaily prepared at this

,stage{"_

: a'As?with;contractszfor,the'éupply.of=other:re$quf¢es, cpﬁtradts:fbr'»’..-['

financing can be brought to the point where they are ready for approval
and ratification by the firm's board of directors.

Organization. During the feasibility study phase, personnel required

can be -essentially confined‘to a relatively small group of'téchnical
analysts. With the 00mmencement'of the project development phase, partic-
ipation is required from functional departments within the firm, and
exteﬁsive use may be made of one or more groups of outside consultants.

or contractors.. The co-ordination and decisiog—making functions involved
require that the ovmer appoint a senior executive to act as the project
manager at the comméncamenf of the project development phase, |

Point of No Return. Referring back to Hackney's rocket"analogy,'

the project is now on the launching pad, the count-down is complefe, and
theu'fire' button.is presented to the firm's 5oard of directors. Consid-
’eraﬁle.money has been spent to date - almost certa}nly a minimum of several
ﬁundred'thousand dollars for a multi-million dollar project - but this is

a sunk cost and has no influence on the decision to proceed. To proceed

from this point, major firm commitments must be made for raw materials -
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and other plant inputs, for costly process equipment, ahd possibly for
delivery of a product. , ‘
Assuming that thé key contrécts discussed above have been eséentially

finalized and that the decision to proceed is given shortly after the
_:' COmpleﬁioﬁfof'éﬁé pfajeﬁt'aeVélébméntiphasé;.firﬁ:eommitmehté f9f4ﬁajof
.expeﬁdituréé woﬁld be.enteréd intovimmediately after thé decision is
e madéﬂtq.proqeedf ASince,prpjeét'viab;lity_is_now a funétiop of the costu

}niayéomﬁiété'fatééf'fﬁah'6f'fbtéi iﬁ#ééfﬁeht;;fhé ﬁéiﬁﬁ of ﬁé}rétufn7ié'f s

very quickly reached.

Project Implémentation

The 'critical path' from fhe decision to proceed to plant start-up
will almost certainly be.comprised of detailed design, structural con-
. struction, and fabrication and eregtion of equipment activities. At the
beéinning of ﬁhis phase the emphasis is‘on'eﬁgineering design and equip-
ment procurement, and as construction activities get rolling the emphasis
shifts to field construction.

"It is assumed tﬁat the project scope remains essentially as deter-
mined in the project development phase. If major changes of scope are
authorizéd after the decision to proceed, a certain amount of back-tracking
and redoing of project deVelopment énginéering will be required.

In short order aféer authority to commit funds has been confirmed,
contracts for major process equipment; which were negotiated in the

project development phase, arc finalized. Purchase of major equipment
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with critiealll delivery or for which engineering information is immed-
iately required is of prime importance.

Initial detailed enaineerins is focused on the preparation of
draw1ngs and Sy@ulflC&thﬂS for structures and bu11d1ngs, and for spec-
iallzed custom equlpment Flnal completlon of structural de31gn is-
contingent on receipt of englneering data and draw1ngs from equlpment
suppliers, and on completion of equlpment layouts and des1gn. To allow
ifuboth d931gn and constructlon work to. proceed, assumptlons on: equlpment'

layout and dimensions based on prellmlnary data and experience must often
‘be made. . |

Specifications for auxiliary equipment such as pumps, compressors,
heat exchangers, instrumentation, motors and e1ectr1c31 eQulpment are
prepared as soon as possible after the finalization of maJor process equip-
ment requlrements. Purchase orders for this equipment must be placed
promptly to obtain the required'engineering'data, and to ensure that the
equipment is delivered to the field in accordance with the requirements
of the construction schedula, .

The detailed‘design phase is concluded with the finalization of
‘drawings and specdfications for piping, instrumentation, and electrical
‘work. |

As well as the technical aspects of design, project engineering
includes planning snd scheduling of constfuction. Responsibilities for
various aspects of the work must be determined, and contracts negotiated

for the execution of these sectors according to the schedules established.

LlEvents or activities referred to as 'critical' include not only

~ those items which would be on the critical path of a plannine network
(PERT/CPM), but also events or activities for which there is little slack
or float,
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A wiée variety of organizational arrangéments are used in implement-
ing a project. At one polar extreme, the owner's staff may undertake all
of the activities in detail. At the other extreme, the owner may contract .
with an integrated engineering—cbnstruction.company to perform and be
respcnsibleifor éll'ééﬁeéﬁSIOf désign, as'well'aé‘thezcthtrﬁcﬁion and’ -
'start-ﬁp'of the piaht on a turn—kéy Sésis. ‘Between théée two e#tfemes |

there are a large_number of possibilities. .Consultants may be utilized

" for process design, detdiled design, construction management, or start-up . .

agsistance. Segments of the plant may be purchased as complete packages
‘.from specializéd contractors. A general contractor responsible for all
aspects of construction may be engaged by the oﬁner; or'alternately
'specialized contractors may be employed for specific sections, The
optimum arrangement is dependeht on the nature of the plant, the resources
of the owner, and the capability of available engineering and construction
‘companieé.

The characferisticsvof the major forms of contracts for engineering
construction are illustrated on Figure 7.

Control of the three key elements of a major capital project is most
éritical during tﬁe design and construction phase. Successful execution
hinges on good measurement and control of:

o Capital Cost -~ How much is.the project going to cost?
Time | -~ How soon wiiliit start earning money?
Value - That is the relationship between capital

cost and future benefits?12

12Hackney, op. cit., p. 7.
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assures client of dasired quality.

1. Competitive  ecgincering
desiga often resulls in cost re-
ducing fentures,

2. Reduces ov2s-all project

feads to elficient
execution,

4. Alows contractor to in-
creas2 profit by supeiior get-
formance.

project

1. Censtruction w
mence without kno.
quantities involved.

2. Reimbursement
Clearly celined.

can com-
ng exact

terms  are

mence without knowing quaatity
requitemants.

2. Reimbursement
cleatly dafinad.

eims a2

1. Design work can commance
without c2lay of soliciting com-
petitive bids.

2. Construction price is fixad
at time of centract conversion,
vihen project is reascnably
viell-defined.

3. Ovar-2!l design and con-
struction schedule is minimum,
with reasonablz cost.

1. Client may exercise close
contiol aver contractor's exacu-
tion methods.

2 Contractot is assuzed tea-
sonadle profit.

3. Reimbursemant
clearly datined.

-terins are

ALTERNATE

T, Callagher,

ime by overlapping cesign and
_ccnstrucho - .
3. Single- pry responsibility.

Chemical Eneginecring,

Primary
Disadvantages

1. Sepmate design and ¢ca-
structicn facts  increase
over-all project schedule.

2. Noncompetitive ¢2s
result in us2 of over-ce
tive design basts. L

.3. -Respoasidility is divided
between designer  and  cea-
stiuctor,

1. Coatracta:’s propesal cost
is high.

2. Fixed grice is based on
preliminary ¢ravnngs. |

3. Coatract and propesal “re-

.quire cme!u! and ("'n"' chient
1eview, . CE

1. Large quantity-estimaie er-,
rees may rescit in client’s pay-

ing unnecassacily high wunit
costs or contiact extia

2. Extensivz client held su-
pervision is requised to measure
installed guantities.

Extensive client fizld surer-
vision 1s required tomaasuie in-
stallad quantitizs,

1. Dasiga may not b2 optia

2. Difficult to obtain comipa
tive bids, since cthar contiactors
are reluctant to bid againstcon-
tractor who parformed design
ViOrK.

1. Pro;ect cest may not be
minimized.

2. Extensive
sicit is requirad,

clieat supeivi-

FIGURE T7b

"A Tresh Look at ¥

Typical
Applications

Whete client solicits con-
structicn bids on a distinctive
building designed by aa archi-
tectund firm, of where 2 feceral
government bureau soficits con-
struction bids on project de-
signed by an outsrde fum.,

1. Turakay contract to dasign
and construct fertilicae plant,
2. Turnkey contract 1o design

and coastiuct foreign power-
geaeration plant,
1. Gas-transmissicn  piping

project.

2. Highway building.

3. Insulatien viork in process
plants.

1. Gas
project.

2. Highway building .

3. Insulation work in precess
plants.

transmission piping

. 1. Where client has confidan-
tial project requiring a balance
of mintiwn projact-time with
reasonable cost.

2. Whete client seiects partic-
ulat contractor basad onsuparior
past performance.

Management enginsering seiv-
ices supplied by consulting ea-
gineanng ficn,

FORI{S OF CONSTRUCTION CONTRACTS

"l"l\,\.l’“ nz

: Commenls

Clienls are cautioned agaiast
use of this type of coattact if
pioject is notwell defined.

1. Bids should- ba solicited
only froim contiactors expati-
enced in particular held.

2. Ctient should review proj-
ect team proposed by contractor,

" ‘Contactor should define the

‘methods of field measurement
bafore the contract is awardsd,

Contractoer sheuld claarly de-
tine the methods of field meas-
utement before the contract is
awarded. N

Contractors sélectzd on this
basis should be wail known to
client.

Efiminates lengtay scou’-
definitian and proposal-pregaras
tion time.

Construction
(Sentmnwr 11, 1967), p. 221.
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The standard for measurement of each of these three elements is
established during the progect development phase. Capital cost and value
of the project are determined by the basic plant design. The optimum
plant design minimizes capital cost and maximizes present value of future

' Benéfits. The comp051tion of the plant .and the estimated cost of-the

: plant are defined by the construction budget The progect control system'i
v'dis based on the assumption that the plant defined by the construction
i»ibudget is optimal | '

If the control system functions properly, deviations from the con-
struction budget are permitted only if it is shown that the value of the
nlant'can in fabtbbe increased as a result of theldeniation. In many
cases the determination of value is Qnite.subjecﬁivé. Since in general
‘_deviations,from the budget will tend to disrupt and delay design and
construction, chénges should be limited to thosevcases where increased
value is definitely indicated by objective analysis.)3 |

| The construction budget is a source-control documént for control of
design. Bnth design costs and plant scope are constrained by limiting
design to the basin,design established in the project de?elopment phase,
unless approéoval fnr a change is obtained from project managemsnt. Design
costs are also controlled'by comparison nofan engineering cost budget,

also established during the project developnent pha_se.1h

13This system of instituting design constraints founded on an -
established bassline is used by the Apollo Spacecraft Project Office
- (ASPO) of the National Aeronautics and Space Administration (NASA) to
control costs and schedules for the Apollo project. Deviations from
approved plans require exp1101t review and approval by ASPO. A description
'of the "Configuration Management and Control" system used on the Apollo---
- project is included in Richard M. Hodgetts, "An Interindustry Analysis of
- Certain Aspects of Project Management" (unpublished Ph.D. dissertation,
Management Department, University of Oklahomi, University Microfilmu, 1068)

1hFor a discussion on control of englneering costs, see A. L. Spaet,
"Controlling Engineering Costs", Consulting Ensineer, (August 1963),p. 110,
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Purcﬁéses of materials and equipment ér finalization of contracts
are reconciled with the construction budget. Special épprovals should
be required where items are not inéluded in the defined scope of the pro-
ject. feriodic reports are issued comparing expenditures plus estimates
~ to .complete with construction budget allocations. Estimates to complete ..
'-ére based'bn aétﬁai sﬁafﬁs; not>6n:£hé balahce reméinihg'in the budget.

15

J. H. Lutz notes, however, that cost repéfting is not cost controlling.

;”_Whefe:périodicfboét reb@gt?iiﬁdicaté'Signifiqap£ deviation§ from tbg,bﬁde' ._'

get, abprépriate corrective action must be initiated. if overfuns cannot
be avoided, the implications on project value must be evaluatea.
| For constfuctiOn work carried out undef cost-plus or ﬁnit-cost
arrangements rather than on a fixed price basis, it is essential that
compreﬁensive up-to-date cost records be maintained, and that the work
~ be closely controlled to ensure compliance with the scope defined by
‘drawings and -specifications. In essence, primary cqst control on a
cost-plus arrangement reverts back from the contractor tb the owner,
unless cohtracts include bonus incentives to the contractor for reducing
costs. | |
Capital cost and value are also functions of thé duration of design
and constructioﬁ activities. The value of the project waries inversely
as the length of time over which negative cash floﬁs take place.
During the project development phase, a detailed schedule estabaﬁ
lishing start and completion dates for major activities is prepared.
Moderh petwqu (PERT/CPM)=control methods are generally used for large

complex projects,

15J. H., Iutz, "Esﬁimating Project Completion Costs", Chemical
Engineering, (Jammary 30, 1967), p. 16L.
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Very little of the'design and o nstruction process 1is reversible or
slavageable., Hence, it is essential that status reporting and control
procedures enable prompt and effective corrections of deviations from

vestabiished standards.

Start-Up

Durlng the early stages of the project 1mp1ementatlon phase, plant
'organizatlon and manninﬂ are flnallzed. As the constructlon of the plant.
" nears completion, the plant supervisory staff must be engaged and pro-
vision made for em@lqying and training the operating'and maintenance crews.
In a company'with existing operations, the nucleous for the operating
organization is frequently obtained from existing plants. With new
companies, key supervisory and operating staff must be enticed from firms
with similar_operations.

Formal training sessions for area supervisors,-foremen and operators
are generslly required to establish sufficient familiarity and competance
to enable a complex plant to be put safely into operation within an
acceptable time period, and at an acceptable cost.. T?aining sessioss
may be guided or conducted by the nclnnerin pefsonnel who were respon-
sible for the plant process design. Comprehensive operating and msinten—
.ance manuals, prepared specifically for the new plant, are used as source
material for training sessions.

‘ As specific seétions of the plant are completed they are accepted
by the.company, and thé.responsibility for these sections is assumed by
the plant management. dperating personnel are often utilized to aid in

the check-out and commissioning of equipment. v
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Wherever practical, dry-run tests utilizing water and air areAcarried_
”out before initial_manﬁfacturing.operations. Additional technical staff
from the contractors or other company plants is usually provided to assist
~the plant operating staff during the start-up. Normal‘mill maintenance
”vstaff 1s also frequently not of- suff1c1ent 31ze to cope w1th start—up o
-repalrs and modlflcatlons, and must be augmented with outs1de crews,
Partlcularly where neW'products are belng produced or new process methods
“are being 1n1tiated,lstart—up problems may be exten31ve.:~' '

‘Finlayson and Gans cite planning as the key to a successful start-
up. Preparation of detailed schedules, thorough training of operators,
and rigorous plant testing are_recommended..16

Planning, scheduliog and control of pre—sfart—up and start-up
activities~shou1d be carried out in.a manner consistent with those used
for‘design and construction activities. .Irrespective of their treatment
for company account and taxation purposes, pre-start-up and start-up costs
can be considered as part of the capital cost for profitability analysis
and'project management decisions. These activities have a significant

effect on determining when negative cash flows cease and positive cash

flows commence.

Post-Completion Audit

The post-completion audit is included in the project process because
it arises directly out of the preceeding project activities, and because

it can be planned and scheduled in advance. The studies on corporate

16, Tinlayson and M. Gans, "Planning the Successful Start-Up",
Chemical Fngineering Progress, (December,. 1967), pp. 33 - 39. .
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investment.policies by Helliwe11,17 istvan,18 Nicholson and Ffolliot:?
aﬁd Pflomme© indicate that while a significant number of firmé do have
established procedUres for revieﬁiﬁg the results of investment decisions,

- the practice is by no means universal. It would seem irrational, Howéver,
" to neglect to make an overall comprehensive review of such a unique and .
importaht éorporate acfivity as a large investment ﬁroject.

ihe purposes of the post-completion audit cited by the Nationél
.7~Industrial ConférenéeiBoardzstudy are: - . '
1; To verify the fesulting savings or profit.
2;1 To reveal reasons for project failure.
3. To check on soundness of management's proposals.
k. To aid in assessing future capital expenditure proposals.ll .
An objective analysis of a new plant's .performance in reference to
the perceived environment and parameters on which the decision to under-
take the project was based, may reveal flaws invfhe original analysis,

The detection of errors in the analysis may not be of much help in improv-
ing the performance of the project in question, but it may prevent errors
of a similar nature from being maae in the future.

. Analysis oﬁ a project basis may uncover specific areas where planned -

4,22

objectives are not being me The failure in these areas may be due to

17Helliwell,:op. cit.
' 18Istvan, op. cit.
19Nicholson and Ffolliot, "Are Investment Practices Inadeduate?",
op. cit.; and "Investment Criteria of Canadian Companies", op. cit.
20Pflomm, op. cit.
217pid, p. 80.
221hid, p. 81.
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sub—standafd operating performance or to changes in environment. When .
‘changes in environment can be identified, it may be possible to improve
profitability by revising operating plans and standards.
To facilitate comparison with expected project performgnce; the

“plant must achieve normal’ operating standards before the post-completion
audit is tékén. With a compléx ﬁfoceés ﬁlanﬁ,'normal‘operatiohé may not
be attained for several months or more after sta?t—up. |
,za-”JIhe;ﬁpéf—cgmblétibh!audit.CmeléteshtﬁeiiastAof the'ﬁrojéqﬁ‘ﬁhasegz'

introduced at the beginning of this chapter.



CHAPTER IV

PROJECT IANQCJMENT

As the.projeét proceeds. from the prellmlnér/ analvé;s Dhase 1nto;A
the comprphon51ve feasibility study phase ' , the rate of expenditure by the
flrm on tho prowect beglns to accelerauv; and the 1ﬂpact of tbe progpct
. on tbe flrm ] ?Lturo beconos eVer.ﬁoroA31cn1f1ﬂant ff3c1ent uso-of
~resources appiicd to the project and optimizaﬁion of the future benefit
of the project to thg,firm are largely contingent on the direction given
by the firm's top management.,

Project otjectives and constraints must be in accordance with the
firm's long-ternm goals. In establishing the scope for feasibility
analysis, management must ensure that objectives-an&.constraints are
adequately definéd, but tﬁat definiﬁions are not so restrictive that
profitabie opporbunities will be ovarlooked or prasmaturaly discarded.
Recognition must be taken of ﬁhe influence of the new project on the firm's
existing operations. However, care.must be taken to prevent reactions of
affectedvinﬁerests from causing biased analysis.

The goals of a.comprehensive feasibility study are to objectively
analyze'an investment opportunity,‘or a nunber of related alternate
investment opportuniti»s, to correlate the data forminz the basis of the
analysis ints a form which ca:,readily be perceived and re#iewed by the
firm's management, and to formulate conclusions aﬁd racommnendations in a

manner which will permit the firm's management to make objective decisions.,

-5 -
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Decision—méking by thosé in&olved‘in the technical analysis is limited
to determining what information will be directed to management, énd how
it will be presented. Tbchnical‘analysis includes the elimination. of
obviously and clearly inferior and spurious alternates. Conclusions and
“recommendations.-are dravn to aid management decision—making.

Considering that thenfesults of a méjor'feasibility study may hzve
a crucial influence on a firm's future, and that complex considerations
';iﬁfolvinéqekis£i£g:oéefations ahd.fﬁé_loﬁé—term pélicy ofithé‘firmnma§ 
directly and significantly influence the feasibility study scope and
results, it is essential that a major feasibility study be closely directed
and coprdinated by a senior executive. A major feasibility study may cost
several hundred thousand dollars. If the goals and constraints of the
feasibility study are not compatible with the policy of the firm, the
benefits derived from the study will be greatly reduced.

In some cases, outside consulting groups may be engapged to undertake
specific, sections of_the feasibility study; 'Generally where  outside groups
are employed, particular attention is given to establishing their terms
of reference., However, to ensure optimum advantage of the consultant's
output, periodic reviews and appraisals should be carried out by senior
executives of the firm. If several different groups of consultanﬁs are
empibyed, their work must be coordinated.

At the end of the feasibility study stége, assuminz that the decision
is made to proceed with the project, the emphasis for senior m&nagement
reSpdnsibility shifts from considerations pertéining to the firm's. long-

term future to the measurement and control of capital cost, time and value. . .



a.

Key decision points in the critical projec£ development and implementation
phaées frequently bear extreme rewards and.penalties, and once many major
decisions are made -they are irre&ersible. The firm must apply managerial
resources which are consistent with the importance of projéct decision-
‘-maﬁing and ®ntrol.

“As tﬁé SCope of wofk béing carried out ih relation t6 the'pfdjéct
is enlarged,»incfeasing contributions will be required from functional
‘ﬂignouéslwith{h'fﬁe:fifﬁ;tind fhefé;ﬁi}l bé ﬁﬁéﬁea$§d::éQuireﬁents{férv; .
émploying outside consultants and contfactors. Manzgerial control must
bg compatible with the organizational levels witbin the firm at which.
wofk is beingvcarried out, and with the requirements to commit the firm

to contractural agreements with outside parties.

Organization -

To meet these manageriai requirements.for a major undertaXing, the
firm wili almost invariably establish a project group. The control of
cost, time and value for the project will bé assigned to a special project
group, rather than to functional departments. Hodgetts defiﬁes projéct
managenent as ", . . the gatheriﬁg of thebbest avaiiable talent té accon-
plish a specific and complex undertaking within time, cost and/or quality
péraﬁeters, followed by disbanding of the team upon complétion of the
undertaking".l This organizational form is applicable dnder the following

~conditions: | |
1. - The project is a large single ﬁndertakinQ; definable in

terms of a specific end result,

luoggetts, op. cit., p. 7.
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2, The attainment of the specific end result can be easily
recognized.

3. The'projeét is somewhat unique, infrequent, and not famiiiar
to functional management.

i, The implementation of the perect is.complex,‘involving
a_high degree of interdependence and detailed and specific
task accomplishment.

 5.”:Thé.succes ful executlon of the progect 1s of crltlcal 3 ‘;
importance to the comoany.2 E

The construction of a large multi—million dollar plant would essen-
tlally'm et all of these conditions applicable to the project organiza-
tionai form. Organization of tasks and personnel on a projeét basis is
typical of consulting and construction companies which ére continually |
engaged in this type of work.

The centralized contrel of a project organization enables more
‘efféctivg and faster decision-making. Funcﬁional'gfoups tend to be con-
éerned méinly'with their related acti&ities; they may frequently be over-
zealous in guardingz thelr owm perogatives within the @roject; and they
lack the flexibility to change with rapidly changing project requirements.B'
- Project organlza+1on facilitates maintenance of an overall progect per soec-'
tive, and aids in the prevention of sub-optimiiation by participating

L

functional groups.

2John M, Stewart, "Making Project Management Yiork", Business Horizons,

“(Fall, 1965), DD. 56 - 57,

3c. J. Middleton, "How to Set Up a PrOJect Organization", Harvard
Business Review, (¥arch - April, 1967), p. 75.

hDaV1d I. Claland, "thy Drodect fanagement", Bu51noss Horizons,
C"lntor, 106h), p. 83.
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Projects are typically implemented under stringent time constraints.
Thus, although key decisions beér major réwards or venalties, in general
they must be made promptly and ekpediﬂiously. Delays can be tolerated
only to the extent that they are likely to increase the value of the pro-
Jject. . Participating groups and individuals workihg toward SpecificA
' objectives'ét a predetermined péce to meet spééific deadlines build'ub-
a momentun which can be destroyed by failure of project management to
:fﬁakg:prémpﬁtdeciéionszi

Since'a project is by natﬁre somewhat unique, the problems which
‘arise during its implementation will tend to be somewhat unique. The use
of'operational ru}es and procedures is limited in comparison to decision-
making for more repetitive operations, and hence a relatively large
number of 'decision points'! will require management attention. _Project-
type organization facilitates oprompt and effective decisionémaking. The
qualit& of the managerial resources assignsd to pfoject group determines
if the dscisions made are correct. |

If preliminary analysis indicates that thz likelihood of the project
proceeding is very hich, selection of the project manager and key project
personnel at the Starf of the feasibility study stage will enable the
earliest possidble familigrization with environmental, inter-firm and
technical parameters pertinent to the project. Inthe early stages, the.
projegt manager and some personnel may be utilized on a part-time basis
for project dqties. Alternatively,.the formation of tha project group
may be delayed until the comméncement of the projgct development phase.
Although final approval of the project may not be formalizéd at the starf
-of the project development phase, this work is generally carried out on

the assumption that the oproject will proceed.
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To facilitate compatibility and coordination of all aspects of the
.implementation of the project, the-prbject manager's scope should include
responsibility for pre-start-up activities such as organization and train-
iny of operating and marketing pérsonngl, as well as for desigh and'éon-
>s£fﬁction éf tHé phyéicéiAfaci1ities; Pianniﬁg'and“écheduling'qf’étart;up
activities must be closely.coérdiﬁated ﬁith thé fiﬁalvstaéeé bf'constéﬁc—
.tion'anq_operatof‘training. Division of responsibility for directing
féﬁért—up‘défivities betwéeﬁfprojectuahd pian€=opErating,persohnél:wili:.. g 
vary, depending on the organization of the firm and the personnzsl involved.
At some point during the start-up phase, however, responsibility fer the
plant is shifted entirely to the functional operating group, and the
project group is dishanded.

The above discussion is centered on the project organiéational
fequirements of the plant owner. A number of eésentially autonomous
units, such as engineering consultants, equipment manufactureré and con-
sﬁructioh companies, will almost certainly provide eéseptial contributions
tgward the imolementation of é large project. In any one of these partic-
.ipating units the respective undertaking may be of sufficient magnitude
and complexity to justify project status. Within the autonomous unit the
project group;s function is to fulfill the ovmer's requiremsnts, subject
to -the COnstraints'imposed by the unit's management and the contractural
agreement between thz owner and the autonoﬁous unit. The project organi-
zation within an autonomous unit will be similérbin scope and character to
that of the ovmer, and this discussion is applicable to sub-projects, as

well as to the overall'project.
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Leadershig

Few major Drojncts are.evc* successfullv managed érba part-time
bas%g.s It is invariably d851rable for the company to apoo int a2 senior
_execvt1Ve to act as tho full—tlme rrOJect manager for a maJor undertaklna.

' _Mldaleton nggests that an executlve who alreadj has a hlvh p531t10n'of |
responsibility be selected, or that the chosen executive be placed in:a
+-.senior p031t10n N1th1n the flrm's organlzatlon- and tbat the prOJect

nmanaéer be a531aned as 1moortant a sounulna tltle as th050'of fun"tlohal e
unit managers.é

The requirements for a certain position and level of the préject
‘manager within the organization are dictated to a large extent by the
. need to direct and coordinate the work of functional groups toward the
project goals. In projects included in a sﬁrvey conducted by Hodgetts,
the project manager was within two echelons of thas vice-presidential level
in all cases.7 T™e firm's top management can prevent conflict by delineat- -
ing the éyte“t of the project ﬁanager's authority over the éroject, and
by supoo”tlﬁr him in his dealings with functional managersf

The project manager's responsibility is to complate the project
within the éost and time limitations established by the budgeﬁ and the
'schedule. In general, the project manager will delegate by task, so that

the subordinate manageérs within the firm's project group and within auton-

S s . . . cyesq s . . 9
omous units will have essentially equivalent responsibility for sub-projects.-

Sotcvart op. cit., p. 60.
briiddleton, op. cit., p. 78.
THodgetts, op. cit., p. 105,

8yiddleton, op. cit., p. 78.

9P. 0. Gaddis, "The Project Manazer", Harvard Pusinass Review (May -
June, 1959), po 91. ’ ’
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-Personnel within the project groups may formally report to super-
visors who are not activély engaged on work pertaining to the project.
The project manager, aé well as sﬁpérvisors of sub-projects, must sémehdw
obtain the full supvort of these functional people.who afe responsible to
- someone else forvpay.raises,zpromotion,’and-otheruexpected'line superior-

' subordinate relationships, 10
To enable accomplishment of the specified tasks, project managers
_ and supervisors must often Tely on persuasive ability, maintesance of
.rapport vith funétionai supervisors and staff, infiueﬁce inherent witﬁ rank
or technical standing, and informal bilateral agresments negotiated on an
adhhoc basis.ll The traditional vertical functional organization is com-
bined with the horizontal project organization to form a matrix structure
across such funcﬁions as engineering, production, marketing, procursment
and accounting.

Withinlproject groups, =2ven where organizational structures are
estéblishgd along traditional sﬁperior—subofdinate lines, work methods
frequently differ markedlyvfrom the traditional autﬁoritative model,
Project manégeﬁent and engineering groups are composed principally of
pfofessionals and near-professionals, Project leadership must include
explanations of the rational of the effort, as well as the more obvious
vfunctions of plannins, organizing, directing and'controlling.12 ‘Effective
ménagément in this environmment calls for the'hbandonment of the traditional
authoritative model in favour of a human resources zﬁodel,l3 vhere full

participation is solicited in.an effort to maximize individual contribution,

10c1e1and, ™My Project Management", op. cit., p. 8l.
1l7pid, p. Bl |

( 12D. I. Cleland, "Understandinz Project Authority", 2usiness Horizons
Spri IS
ASPring 19‘\/?), Pe. 690

13For an exposition on the Human Resources dodel, see Raymond 2. Miles,
"Human Relations or Human Resources", Harvard Zusiness Review, (July -
August, 1945), pp. 1Lh8 - 163,
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The human resources approach is founded on the assumption that
people, particularly professionals, are willing and able to contribute
in excess of usual and traditional demands. The environment of a large
capital project provides the ideal stage for the effective utilization of
the ‘human resources model.: Miles.establishes the suitability of this -
approach for progoCU manaaement in tho following passage:

.The human resources approach requires the managzer to recognize,
:develop, and apply the full range of resources.of his subordinates. .

~One .0of the major problems.with this approach is that it works.
People develop and grow - they grow rlvht out of their initial’
assignments. This problem tends to solve itself when a partlcular
unit is faced with a large and challenging set of tasks to perform,
The members simply grow into more desmanding jobs with added chal-
lenge and added reward."l

The tyoically stringent time constraints and limited availability
“of trained and competent personnel forlarge capital projects virtually
render effective project managemant contingent on the human resources
approach,

Th° method of accomplishment for pro;eCu tasks must accommodate
time and cost constraints, and extensive interdependence betwesn sub-~
‘groups. Many specific tasks are critical to the success of the project,
and are often unique and highly technically complex. Effective communica-
tions within the project group and between associated functional units

is essential, In the oro*ect organization, elements of the hierarchal

3 is

1o

vertical chain exist, bul prime emphas laced on horizontal and

o)

diag ronal communications and work flow, 15

1hRaymond E, Miles, "The Affluent Organization", Harvard Business
Review, (May - June 1966), p. 112, :

1SCleland, "Understanding Project Authority", op. cit., p. 65.
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Partiéﬁlar 1éadership technijues are indicated for the project

manager aﬁd_supervisors to overcome 'authority-gaps', where personnel
and functional grouns are not difectly and formally responsible to the
project management; and to effectively operate in a professional environ-
ment,~where’communication-ahd_authority—flgw'is multi-directional rather
fhanlvertical. Iﬁvestigétionlcarried'éut.by Hodgetts ihtb préjectAlgader-
ship techniques in.the aerospace, construction and miscellaneous industries
. indicates that prine Smportance 15 placed on nsgotiation, personality and

, persuasivé ability, comp=ztance and recipfocal favours, However, it was
found that whers projects were very large, the"authority gap! was
eliminated, and personnel and functional groﬁps were made difecfly respon-
sible to project management, to reduce ths necessity for unwieldy and ‘time-
consuming human relations methods.16 |

Successful project implemsntation is dependent upon effective lsader-

ship'by the nroject manager, and by the supervisors of sub-projects. In
tﬁe project environment, the optimal organizational and leadership model.
is fluid and multi-directional; dependent upon compstance, particivation,
‘negotiation, persuasion and efficient communications, rather than on the
hierarcihy of traditional pyramidal organization.' In consideration of the
constraints-impdsed by the limited availability of human resources with
respect both to quantity and quality, the ideal of project leadership is
to develop a project team which can 'play over its head' during the rela-

tively brief and finite project duration.

AL ' : ' _
1OR.'M. Hodgetts, "leadership Techniques in the Project Organization',
_Academy of ¥anagement Journal, (June 1969%), pp. 211 - 219,




- 62 -
Summary

A major capital project ipvariably has a significant influence on
the future of a company. During the implementation of the prbject key
decision points, which are essentially irreversible and which must be
“hahdled:ﬁifh:dispatéh;:fégula#ly fééﬁiréAa£teﬁ£idg.;'fgﬁéffiéiéngi&:.
adminiétef é‘majofAcapifal expenditufe; a.competént;éhd sufficient pfd;
jeét.group under a qapable project leader is a necessity. The organizaf,”
v'-itiéﬁal'méthﬁdé én'.ieédershiﬁttéﬁﬁiCS.réquiréd"fér“pfojeéf managéheﬁtfﬁ‘

~are more flexivle and complex than traditional arrangoments.



CHAPTER V

- PLANNING, SCHEDULING & CONTROL

E Tﬂé éritéfion in implementihg a cépital pfojecf'ié héximiiation of'"
the project'é benefit to ths firm, £chievement of this maximization
‘iféquiréévfhé.conﬁrgl-of.éost;'tiﬁe énd value;j‘The«foﬁn@a§i§ngf¢f-cdﬁﬁrblx_
of any undertaking is the establishment of standards in the fprm of
budgets, schedules and specifications, which are based on sound plans
founded on comprehensive and objective analysis.

Initiallplanning is carried out during the feasibility study phase.

This miéht be denoted as 'preplanning'. Based on preliminary market,
éngineering and economic analysis, preliminary flow diagrams and plant
layouts which form a basic definition of the plant facilities are pre-
pared. 7Tnis preliminary plant specificatién‘establishes the framswork
for plant capital cost and future-oﬁerating costs and revenues. The
vaiue of. the projeét is also dependent on the timins of cash outflows
ifor plant constrﬁction ahd of cash inflows resultinz from profitable

operations. Tentative schedules for both negative and positive cash

flows ars prepared during thas feasibility study phase.

(0]

Durinz the project development phase, firm and relatively dstailed
standards for control of cost, time and value are established. Schedules
and basic plant specifications are raviewed and amplified during the

detailed design and construction stages. Fowever, the basic parameters
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are established as far as p0531ale bafore intensive det3119J work is
commenced. Thls ordarly development is, of cou“se,'contlngent on therp
being no major changes in pronect scope once the pro ject develonm nt
phase is complete.

| . The composition of the plant is.the prime determinate of.capitalt,
" cost. The major decisions governing basic plant dssign are made ‘during
the project development phase. In addition to production process require-
';ments, de51gn conulderatlon must be glven to ’1exibility, relvablll by and  ;
efficiency.. A good deal of dlscrotlon and subjectivity are involved in |
designinz for these latter three requlrements. The key to control of
-capital cost is the control of basic plant designll The construction
budget, which was discussed in some detail in Chapter IIIT, pfovides a
comprehehsive definition of the scope and composition of tHe plant and a
detailad accounting of estimated cabital cost. The'pfincipal opportunity
for caoltal cost ﬂontrol is durinzy the formulation of the construction
budget. After the budzet is finalized and'épproved, it becomss the
standard for measurement and control of cost and value.

The major subject of this chapter is planning, scheduling, and
control of the time factor of project implementation. Particular attention
\ . .

is focused on network-based systems (PIR IYC M) as an aid to project

management.,

Project Implementation Duration

The investment model introduced on page 19 indicated that a project's

value could be increésed by reducing the capital cost and/or the period.

lp, p. Sturr“y, "For Rigz Savines -~ Control Costs %hile Defining

Scopa", Chemical “necinaering, (fugust 1, 1967), op. 183 - 190,
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over vhich project cash flows are ncgatlv Capital costs can be broken
.down into two co*qponentQ - direct costs for labour and matorlalq, and
indirect costs for project management, construction facilities, and so
forth., Both direct and indirect costs are influenced by the project
-duration.

‘Direct cost for materials - structural steel, cement, equipment,
piping - generally does not vary according to the construction schedule,
"Qh1§Sé pqrmaitdéliVéry_tiﬁe'is ingdéguétéfand'mofe_prdmpt delivery;entails'
gréater cost,  Direct cost of labour - engineers, draftsmen, equipment
operators and welders - is essentially an inverse function of the time
period over which the Wbrk is carried out. If ten days are required to
erect one hundred tons of structural steel using a crew of ten men, it
does not follow that the steel can be erected in five days by increasing
the size of the crew to twenuvAmen. Due to inefficiencies in workingz
with the larger than optimum-sized crev, dogblinglthe crew might only
reduce the erection time from ten days to six days. This is based on
the assumption that constraints of the job.woﬁld not -enaktle twp ten-man
crews to be utilized. If a man-dary costs 275, the labour cost.for erect-

in

U

the stfuctural stesl would.be‘increased from #75 per ton to $90 per
ton as a result of reducing the erection pe'r'io'q from ten days to six days.
In keeping with this concept of diminishing ﬁarginal oroductivity as thé
_work duration is s‘ortennJ the plot:of project direct-cost vs duration
may be expected to he concave from above.
Indirect cost may generally be assumed to vary as the project

duration on a‘linear basis. In many cases a specific indirect cost would
-be a step function of project duration; however, a linear approximation

for total indirect costs is a reasonable simplification,
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The typical form of direct, indirect and total cost as functions
of project duration is shown in Figzure £, Scheduling a project duration
longer than the period at which total cost is minimized is irrational,

as both duration and cost are greater than at the minimum point.

Cost A

Direct

| Trdirect

s
T
Time

FIGURE 8

PROJECT COST AS 4 FUNCTION OF IMPLRMENTATION DURATION

to is the Implementation Time for minimum project cost. The minirmmn
feasible duration, t,, is called the 'Crash Time;f Eeyond this point,
the productivity of additional resources applied to the project is
‘,aésumed to Be neglizible, The curves are based oh thé assumption that
resources are utilized at normal efficiency. Any point which lies abéve”
the curves is feasitle, but represents an inéfficient utilization of

resources,
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Coﬁceptually, project capital cost can be expressed as a function.
of the project duration and the investment model, revised to include

optimization of the prcject duration,

S S ¢ R L ,.____r,f L __th
. s . CR - \
“WVaximize: . NPV = . -:&—~—7f E I (11-r04
, ‘ Z (1471,/" : be
. : 1= t’c‘_‘

(t=1,2,3..% .n) (bt = 1, 2,73 . . om)
m o

Where: - ' Z Itc =  f(Max -jbc)"
te=1 te=1

Subject to: r = X

Where NPV is Project Net Present Value, CBy ié the CashrBenefit in Year t,
It, is the Investment in Year t;, 1y is.the firm's Opportunity Cost, and
'K is the firm's Cost of Capital.
Meaningful estimation of a capital cost-duration function is contin-
gent on essentiaily complete plans for plant construction. Formulation of
planning.to the‘required degree of detail is not possible until well into

ES

n stage. However, dusz to lead timez reguired for major

e

the detailed desig
engineering and.equipment fabrication.activiﬁies, tentative completion
dates for kew events, including pfoject completion, must be established
earlﬁ in the‘project develbpment pnasa. Thus, dptimization of project
duration according to ths above model is generally 5ot préctical.v

Key completibn détes can be esﬁablished on the basis of Judgment

and experience. Alternatively, crude analysis could be carried out,

based on rourh estimations of capital cost at the extrame minimum cost
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and crash.durations. - If project profitability is high and incremental
costs for ekpediting project complétion,are not excessive, it is feasible
that the crash duration may be §ptimum.

The time required for field construction is generaliy the principal
determinate of the total impiementation duration‘of the project. The
durationléf field consﬁruction is difficult to estimate, Figure 9 is an

example of a rough guide suitable for establishing key completion dates.

System Requirements:

Control of the time factor of project implementation is accomplished
by measuring the actual progress of the project against established

schedules. DPefore schedules can b

0]

prepared, it is necessary to establish
basic criteria for planning, and then to plan the project implementation.

)

Hackney defines plannin

3]

and schedulinz as follows:

<

Planninz is the determingtion of the individual operations or
activities which must be performed in order to carry out a project,
and the establishment of the sejuential and dependency relationships
between them,

Scheduling is the developrment of time requirements for each operation
or activity  and the relating of each to calendar. time,

Good élanning hinges on a clear definition of the ijectiveé and
constraints which govern the manner in which the project éan be implemehted.
‘The majof problems which iméinge on bhasic planning are:

1. Vhat are the major segments of the undertaking and how
are these major segments related to bne anéther?
2. "hat resources are available to camplete various sections

of the work?

2Hackney, op. cit., p. 106,
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OPTIMAL FIZLD CONSTRUCTION DURATION

Source: . J, V. riac"nef, Control ani *Tanagempnt of Canital Prowocts,
- (New York: John Wiley and Sons, 1965), p. 63.
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" 3. How will the availgble and viable resources be organized
and which activities ﬁill be assigned to which resources?
Until tﬁe.ear1§‘1960's, planning and scheduling were generally.
based on tﬁe utilization of Gantt bar charts. ¥ith bar charts it is dif-
~ficu1t-tbgapcount for»dependeﬁqie$4betwéen.activities_gndAtq_sepgrat93_
: theﬂblahnihg»and scheduling,funqtioné.' Control points are established
vby assigning target dates to milestones which are'key or major events,
‘xbaééatoﬁlﬁigﬁnqq;work agqomplishmghtJ._The‘establiéhheﬁﬁl6fftarg¢£f§aies ‘ o
is to a large éx£ent arbitrary, based on subjective jﬁagment and pasf |
‘experience on similar projecté.' |
In the late 19SQ's, two similar network-based systams for project
‘management were daveloped in an attempt to OVercome:the faults of trad-
ifionallsysteﬁs and to enable better control of project wst, schedule
and performance. The first system, known as the‘critical’péth method
(CPM) was developed in 1957 - 1958 by M. R. Valker of DuPont and
J. E. Kelley of Reﬁington Pand., Thé»other system was developed for the
| U.S. Navy in 1958‘- 1959 by the consulting firm of Booz,vAllen and
‘Hamilton, and is knovm as the Program Evaluation and Review Technique
(PmT).3

Network-lBased Management Systems (PERT/CP&)

‘CPM was developed primarily for the planning, scheduling and control
of maintenance and construction projects. CPY is activity-oriented and
-deterministic. Specific durations are assigned to each activity, and a

single expected occurrence date is calculated for each event, PERT was

3Cecil %. Law and David C. Lach, Handbook of Critical Path,
(Montreal, 1965), p. 2. (Handbook for CPf Course.at McGill University).
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developed for cont rolllng vast and sprarllnﬂ weapons system projects énd
R & D programs. The first use of PERT was for the Polaris Missile pro-
ject. PERT is event-oriented and'probabilistic. Multiple estimates
may be fade for activity durations, and a probability distribution gen-
erated for thevexpéqted occurrence timejof;each:é?en@,~ |
f:Geﬁefaily; CPM'is.more'amenable:ﬁoicohstfuction projects where =
resourcés'are essenfially unlimited and a time constraint is imposed~
"”whlle P"FT 1s applled to mllltary anﬂ R & D prowncts where rPQOLrCGS are A' 
limited and there is no ‘time constralnt.h The use of multlple-tlme
estimates in PZRT is diminishing; and PERT is also tending to become more
. acﬁi?ity;oriénted. PERT tends to be organized from the pdint'of view
6f the man at the top,-who is interested in reviewing and controlling
progress, and in the.complétion of major sections of the work. CPM is
organized more froﬁ the point of view of the man at the bottom - the man
who must éctually see that the work is performed.5 The separate systems
are now ?ending-to be merged int§ anonerall énd general system which is
toth activity- and event;oriented, and which cén be tailored to suit the
- specific proj'ect'requirements.6 |
- The following discussion is intendéaﬁto app ly to the more general

PERT/CP? network concept, rather than to a particular SJQten.7

hJ P.. I. Tyas,. Pertaining to PERT, (Ottawa Queen's Printer,
1966), p. 600 !

5Law-and lach, op. cit., p; 252,

6Russell D. Archibald and Richard L. Villoria, Network-Based
Management Systnmq (PERT/CPN), (New York: John Viley and Sons, 1966),
p. 15, ‘ )

TIn the early 1960's, a number of other less-well known acronyms
including HEPP, ICOM, IMPACT, LESS, PAR, PEP, PRISM, SPERT and TOPS were
promoted. These havD now generzlly given way to PERT and CPi{, TFor a
listing and synopsis, see Robert W, Miller, Schedule, Cost and Profit
Control with PSRT (New York: McCraw Hill, 1953),Appendix 3, pp. 207 - 215,
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The relatively rapid recognition and acceptance of network systems
in the building and enginéering construction industry is illustrated by
the foilowing conclusion to a 1962 editorial in the highly pragmatical

Ingineering News Record:

N ~ CPM . » ».marks a major breakthrough for scientific. management
into construction - comparable in its *mpact to a major advance in
[oh"51ca1] technology. It forces builders to substltutc explicit
knowledge, rigorous analysis and clear unierstand1n~ for mental
calculation, rough estimation and intuition., In the intensively

. competative field of construction, progress in-management tecnniques
. as well ac‘ln Lpr31cai1 technolo y'mav vell be a cond*t~on of |
‘survival, 8

Planning

The detailed rules and methods for constructing networks and for
calcuTatlnd expected completion dates for activities, slack or float
times and so forth are well covered in a large number of good and readily
~available books and monographs, and will not be discussgd in detail. The
thesis bibliogfaphy‘listsAseveral recent publications which provide this
information. A simple example'df a network system will,-however, be
presented briefly to illustrate the system attribqtes. This example may
be somewhat difficult to follow for anyonéfﬁho has not had some prior
experience with PERT/CP, |

However, the basic logic of a network diagram is quite simple and
self-evident. Arrovs are used»tq representAactivities. lodes are used
vto represent events, which_are the starting and completion points of each
activity. A network (or arrow diagram) is prepared to show the logical
sequence and debendency of activities and evenis. Fizure 10 shows a

simple network which illustrates the plan for construction of a house.

-,

BAnonymou Editorial ,"CPM and Survival", Znzineering News Record,
(July 19, 1062), v. 116. '
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For example, feferring.to Figure 10, the arrow 7 - 9 represents
-the activity, finalize financing. The node, 9 , represents the event;
finalization of financing. Dotted arrows such as 6 - 7 are dummy
activities which take no time and bonsuﬁe no resources. They are used
nto‘ghow:natwork logic.  The netwgrk is.simply.aAdiggram;showingAthe“h'
'logical'séqhence‘and.dependeﬁCy:of the‘major.activitiés.<'Only eighteen"
activities are shown. 'T%e.number of activities could be expanded many
"'tlmes to show ﬂoro detaml._ Act3v1ty 10 - 11, for nxamol 8, could be

brokan domn to show dPu‘il ed activit ies sunh as purc%ase 1umber, forn
basement, pour concréte and so férth whlﬁﬁ the contracto" must undertake
in order to build the house. The contractor may prepare his ‘own network
to plan his particular responsibilities.

Tach activity which leads into an event.must be completed hefore
any activity which starts at that event can be started. For exampie,

“before the ovner can move into his house - activity 15 - 16 - each of
'the thre: activi es 1ead1nw 1nto event 15 nust be completead. If in
fact the ovmer is able ‘to move into his house with one or more of these
three activities not complete; the logiéishown is incorrect.

Different activities shovm on ths network are the responsibility
of different péfties - owner, architect, contractor, furniture store,. -
The network shows the dependency between the efforts of the various pér-

cipants, and enables the manager to establish the effects of delay by
one part b pant on the activities of othsr participants.

- With a relatnvelv s“ﬂnlo project 11{0 the construction of a new
housé, an prérlenced manager could’ v*suallzo the dppendenc1ns and act

to control the project without the aid of a formal logic network. In:


http://could.be
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effect, he would utilizé an implicit logic network contained in his head,
réther than an explicit logic nebwori drawn on paper. Since.the imple-~
mentation of a large enginesring construction oroject involves several
thousand readily-definable activities; even a skilled and experienced

. manager -or project management team.pan,visﬁalizé_pqu_vgry'rgughly_the'
implementatibn logic ﬁithout eXplicit and thorough anaiysis.'"A‘nétwork
“diagram provides an operational fraﬁéwork for analysié apd facilitates

. display of the logical seguence and depéndepcy»Of projéct_activitig§, 

| The nétﬁékaloéib dﬁéswnot h;ve e#plicitvscieﬁtific, behavorial, or
empirical basis., At no point is ths natwork self-generating or corrective,
The ‘logic of the network can be no better than the logic of the planners
who prepare it,

The network shown on Figuré 10 Wasvprepared without any considera-
tion beinqvgiven to thz time required to qomplete specific activiﬁies,
or to the total duration of the project. The network concept allow
initiai planning to be coﬁpleted beforélscheduling iz commanced.

After completion of the network‘diagram, the expected duration of
-each éctivity can be estimated independently. Considering each activity
: independently in this manner prevents fudginz and biasing estimateé to
meet previously established milestone~dates, .as is ihevitable when Cantt
bar charts are utilized iﬁ planning,

Thé estimated time for each activity is shbwn below the arrow.
Starting at the first event in the network, the earliest occurrence time
for each event can be calculatedAby detérmining the time required for the
longest series of activities leading up to each reépective event. The

earliest occurrence date for the final event in the project is thé earliest

date on which the project can be complated. ‘The earliest occurrence date
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- for each;event, Ty is shown in the upper left-hand corner §f the event
cifcle. The caléulation of the earliest expected occprrencg date for each
efent is known as the forvard pass.

A target date for completion of the project can now be assigned.
:,Ihipﬁr.example, ﬁeswilljaésume,that the ﬁarggt datgqur project comple-

o fién is to be day 220.  This is noted as the 1étest“a11§wablé'occuyrengé

time, Ty, for event 15. Viorking baclorard, the latest allowable completion

;'tlmn for each event whlch W:Ll”l pernlt thn progect to be comoleted by'dav
220 can now be calculated. This is known as tho backvard pass. ' .

If we now look at an activity, for example, 8 - 10, we see that

the earliest possible start for this activity is day 60, and the latest
possible finish which will nﬁt delay the project completion beyond.the
térget date is day 90. The maximum allowable durétion for this activity
is thuS'9QAminus 60, or 30 days; which is 20 days more than the esﬁimated
reﬁuired:time'of 10 days. The 20 days is knowm as the total float? for
activitf’B - 10. This is the max imim number of déys that activity 8 - 10
may slip without delaying project complefion beyond the target'date,
assuming tﬂat all act1v1t’eQ preceeding event 8 are started as early as
poss;ble, and that 211 succeading activities after event 10 are started
as.late.as possible.

The path throuzh the nzatwork which is cbmprised of events having

the minimum amount of float is known as the 'critical path'. The critical
path on {he sxanple network ié shovm as a heavy lins. If the total élip—
oage of events alon~ this path exceeds 20 days, the project completion

Wlll be delayed be"onj the uarﬁpt date.

‘,9'Float' is synonomous with 'slack',
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FVents not on the crltwcal path can be allowed more sllppage without
delayﬂnv the completion date. For example, activity 8 - 12 requires only
130 days ‘and the earliest start is dey 60, and the latest finish is day 21'0.‘
Hence, total float for activity .(8 - 12): (210 - 60) - 30 = 120 days. That
fls, 1F all preceedlng actWV1t1es are started as--500n -as ooss1bln and all |

succeodlnn act1v1t*es are started at thclr lat st feaswlle date, the 4
-duratlon of thls actwvitv is oerﬂltted to be 120 days longer than estimated
~vw1thout delaylnc the. DrOJect
| In ihe examole, tne tarneé‘ééhpléiignldéte fof £ﬁe'§rojeét ﬁés
.establlqh 3 d later than the earlieét possible cémpletion date., It is more
usual fo set the target date as the earliest completion date, and hence
the criticzl path will have zero float. The target completion uate could
have been set earlier than the earliest complation date, and in this case
the. critical path would have had nagative float, " The path with the least
~positive float, or alternatély with the greétest negétive floét, is the
critical path. |

Fréé float, which is the excess time allowed for an activity when
all preceeding activities are compleled as soon as possible and all
“succeeding activities start as soon as possible, can be calculated in a
similar mannér. Independent float is the excess time allowed for .an
activity when all preceeding activities are started-asklatevas possible,
“and all éucceeding activities start as soon as possible.lo
‘The network enables the planner tO'distinﬂu*th between those activ-

ities which are critical to the attalnmpnt of target oo mpletion dates

from those non-critical activities which can bn allo"e"1 to slip. Typvcally

- 10arcnibald and Villoria, op. cit., p. 102,
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no more than § to 15 per cent of the project activities will be on the

critical path.

The functions
ized as follow

'::Ta):

b)

. A_’c_) .4
d)‘

e)

f)

g)

h)
1)

3

11

S:

Tt
10

It
It

It

and attributes of the network diagram may be summar-

»

is the basws for con81deratlon and constructlon of a
1ca1 plan [and schedule] o

shows the sequence and interrelationship of activities,
clearly defln es respon51b111t19s.

seyavatns olann1nv and schech,l:m~r ‘and aids in the

production of a coordinated scheduls.

It

in

1t
It
It
1t

It

aids in the identification of specific problems early
the project. -

separates urgent things from important things.
is a simple and clear communication tool.
allows management by exception.

measures achievement against plan.

enables the simulation of alternatigplans, so that

they can be tested befors usinz them,

~

The planninz summarized by the network diagram indicates when things -

- can be done; scheduling determines vhen they should be done for best all-

around projesct effectiveness.

13 The rescurces which must be scheduled

are manpowver, materials, equipment, and money., Scheduling of industrial

rojects is generally centered on manpower, materials and equipment.
of 3

1aw ang Iach, op. cit., p. 162,

12Tyas, op. cit., p. 6.

13packney, op. cit., p. 12L.
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Honey is generally ﬁade available to suit the required schedule, although
in some case, projects may'be>stretched out due to financing limitations.
Activities on the.critical'paﬁh are given first priority in estab-
lishing schedules. If the critical path has zero float for the given
- project ‘logic gnd‘ggpivity Quraﬁiong, the'sphedule for critical activities
is fixed. ‘Scheduls ¢constraints are also imposed by equipmént1de1iYéfiés'
 and4imposed dates for key milestones. For eﬁample, ﬁhen plants are con-
'qtructed 1n northprn r'pions, 1t is usual to requlro that bu*ldlnrs be

b

closnd in befors the onsat.of cold waatber in the fall to permit equipment

erection fb continue in closea and heated buildings. _There may be more

than ohe»critical path and some critical pathé may terminate at milestones,
The initial network lozic is generally based on the assumption ﬁhat

there are no constraints on the aval lakllltj of manpower Or equipment

-resources, - A possible exceptlon mlaht be where it is known that specific

- resources will be required for several activities. In cases of this‘sort,

. the constraint would be taken into account'in the network. |
‘Non—éritical*activities could be simply scheduled to commence at

the earliest possible time. This would provide the watlmum ava*laale

margin to accommodate slippage. It is desirable, however, to avoid

. excessive fluctﬁéﬁions in the level of manpower and egquipment inputs, and

to minimize peaks. This applies both to total input as well aé to specific

resources. The float availaﬁle on non-critiéal activities is utilized

to prepars a schadule which enables manpower and egquipment levelline.

Delaying the start of activities to accommodate levelling reduces the

available'float, and mora activities tend to the critical state.
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Féirly reasonable schedules can be prepared by trial and error,

but it is desirable, of course, to use a more formalized and rational
mefhod;lh Unfortunately, a rigid mathematical solution is beyond current
techniqué.ls Operational but somevhat tedious and cumbersohe manual
,mﬁtnods, which de in fOTﬂulau*Ou of *ocd 1f not rlg*dls o“tlmum Sﬂhedble
‘are avallable.]é Con51dnr1n~ thab the networ& lo~1c w1ll alwost certa nly
not be’ ontimum, that estimated activi ty duratlons may be 51gn1ficantly
in erfor, and that the sqhedulevwill'generally be revised as phe-project_,~,.
progressés, ‘sich sub-optimization canhot be considered a serious h’a‘vﬁ_dicap;'
'Resource levelling operations must take into account activity
priorities and'desired resource levels, Zven though manual methods are
slow, cumbersonme and‘proné to error, programming resource scheduling énd
allocaiién for computor solution_has had limited application.due to the
complexity of the problem.17 One of the moét sophisticated programs,
RAMPS, developed by du Pont and C-E-I-R Inc., has not been widely used
due to theﬂdifficulty in setting up the required input data.l8
If’tﬁe earliest project completion date determined by the initial
network analysis is nol acceptable to management, a number of:techniques

for 'shortening! the critical paih are available:

1hp, 1, Martino, Project Mansgement and Control, Vol. III, Allocating
~ and Scheduling Resources, {dew York: American lManagement Association,
- 1965), p. 12, '

15I})id, 'po 1ho

16For exanple, see Ibid; or law and Iach, op. cit., Chapter X. A
good description of the heurlctlc programming tec migque fbr project

scheduling is included in J. D. Viest, "Heuristic Programs for Decision-
Making", Harvard. Business Review, (September - October, 1966), pp. 14O - 1L3.

171aw and 1ach, op. cit., p. 238.

18pychibald and Villoria, op. cit., p. 228.
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1. Revision of network logic.
2. Placing preliminary equipment orders,
3. Providing temporary facilities.
h;‘ Elimination of non-essential components.
" 5. Crashing critical activities.l?

?In”déséribihg thé pfeparatidh bf a 1bgié:diégfém, iﬁ'ﬁas strésséd> 

thaf the diagram ﬁas merely én explicit presentation of a particular
’ ﬁagﬂ;od_i é;g_ mplementmgthe 'pro,jec_t,.l If the 'infl_t.:i_al pl.ah'_is' notaccept—
able, it can be reviewed and revised. In particular, critical éctivities
can be closely scrutinized to see if more activities can be ovaflapped,
and to see if all preceeding activities must be 100 per cent complets,
Design activities may be started earlier‘Sy basing initial design on
sound assumptions, where more exacf datals not yet available. Construc-
tion activities may be started earlier by placing preliminary blanket
orders; and by provision of temporary facilitigs. ,Nohfessential activities
may often be delayed until after 'project cémpletion', althougﬁ extra
‘cost might be involved.

- It was shown earlier that total project cost was an inverse function
of projéct duration; that is, project completion time.could be shortened
at:the sacrifice of increased cost. 7o demonstrate this fact, ah éxample
was given of a épecific activity - erecting.strﬁctural steel. Tstimation
.of a'cost—duration function for an entire project is difficult., However,
it is’feasiblé to estimate such a function for a particular activity. A

reasonable repressntation is enabled by estimating ths normal cost and

19Ses law and lach, op. cii., p. 156,
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duration and the crash cost and duration, and assuming & linear relation-

ship. This is shovn in Figure 11.

Cost . JA'""*'

é—Liﬁeéf Approximation
N4

N\
~.

N

FIGURE 11

ACTIVITY COST AS A FUNCTICH CF DURATION

The slope of the linear approximation gives a cost per unit of time
for crashing the particular activity. To shorten the critical path,
critical activities can be selectively crashed, commencing with the activ-
ities which have.the lowest ®st per unit of time gained. 4s critical
activities are crashed, activities which were not on the critical path,
but which had smali‘slacks, will tend to become critical. Manual methdds,
as well as computer programs, are available for systematically crashing

.projects.20

20For a detailed procedure for manual calculation, ses John W, Fondahl,
A Non-Computer Aporocach to the Critical Path Yethod for the Construction
Industry, Technical Report No. 9, Second 5dition, (Stanford, California:
Department of Civil Engineering, Stanford University, 1952), Several
standard computer programs are cited by law and lach, op. cit., p. 167.
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Implementing PERT/CPH

Optimization of the benefits of nstwork-based management systems

is contingent on systematic planning and implemsntation of the system.

WS

The:following'questiong must bhe answergd n'the preplanning stgge:
| -l ‘What are £ﬁe éfojeci objecﬂiveé?: | |
2. Wﬁap ére the majér eiéhents of thé work to.bc pefformed
and how are-these elements related to.dne another?
3. What organizations are available to verforn the work
and how can they be organized?
k. Vho will be assighed reSponSibiliﬁy for various sections
of the work?
S. Yhat will be the information requirements of various
levels of management?21
The planning, scheduling and opsrating cycle'is shown on Figure 12,

A ﬁséable definition of project objectives for planning must be
cdnsideragly more cdefinitive than the broad corncept - to maximize the
firm's wealth - that we iﬁtroduced in Chapter 2. Project objectives are

- developed into initial useable form during the feasibility study phase.
The project specifications, which we now call the projasct 6hjecti§es,
are determined by the interaétion of the markst, product, and production
‘process variables, Project objectives in this sensé are work packages
feferring to specific physical facilities of to tangible services and
systems. Construction of a chlorine dioxide plant and the eﬁployment,
organizatioﬁ»and«training‘of a sales force are examples of sudﬁ definitive

projectvobjectives.

2larchibald and Villoria, op. cit., p. 23.
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Define Establish Define Construct Estimate
Objectives Yiork and List || Metworks o | Activity
*1 Breaxdovm Tasks "1 Durations
Structure
K E b |
. 4 1 1.
j Revise if - " © Recycle if Necessary i
Necessary
1 | L
- (. . i ! I O o
1. 0 Aanagement | Analyze - - | Develop
o 4 Review  Plans and’ .| Schedules
Schedules
Planninz & Scheduling Phase
Y. i
Approve Authorize Accumulate Process Prepare
Plans and 2 tiOTK el Actual Input Reports
Schedule Time Data Data
. .‘r .
Revise Program, Plans and{Decide on Svaluate Anéiyze
Scheduls Yhen Yecessary JAction Project Peports
‘ Status x .
Control Phase
FIGURE 12
(PERT/CP) PLANNING, SCHEDULING AND OPTRATING CYCLE
References: J. P. I. Tvas, Pertaining to PFRT, (Ottawa: Ouesn's Printer,

Aumust 1965), p. 10;

Sohs, 1965), v. 1L3.

R. D. Archibald and R.
Network. Pased Yanagement Systems, (Maw York:

L. Villoria,
John Wiley and
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The major elenents of the work are definad by;a work breakdown
structure, whicn is a detailed listing of project objectives. Pack;ges
in the work breakdown structure are suamarized in levels or tiers of
increasing detail. The level of maximum detail may vary according to the
ghgréctef of,the_work package.__?or exampls,.relatively minorvitgms“pfv,'
equwpment m1~ht be llsted in the datalled accounts of the cons ruction
budget while work packages pertaining to sales fofce operations might
"ibefsumméyized in }e§§ detail. -

.“The wéfk breakaowﬁ structure:
a) Defineé the project tasks to be performsd;

b) GBstablishes ths task's relationship to the projéct end

Q
items and project objectives,
¢c) 3Istablishes the framework for planning and scheduling .
d) _Establishes a framswork for summarizing the schedule

status of the proiect for progressively hirher levels
of management

e) Zstablishes the basis for constructinz the . . . network..

' of project activities and events at the desired level
- of detail,

Ideally, network formulsztion would be commenced at the maximum
lavel of detail, and less detailed summaries would be prepared from the
bottom up. For an engineering-construction project, ota*led definition

c

of construction activities is not possible until detailed design is well
ddvanced. Since initial planning must be undertaken before detailed data
is available, 1ess detailed networks must be prepared initially. As

details become available, these nctvo ks may be 'exploded' to show the

required-degree of. detail.

22Tyas, op. cit., v. 13.
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The level of final detail will, of.course, depend on the circum-
stance. Law and lach suggest that no activity should be longer than one
or two reporting. periods, should‘be no longef than 5 per cent of the total
project duration, aﬁd should not involve more than 5 per cent of the total
project re:'source-}in‘put:.z-3 |

At the maximun level of detail,»it is not feasible on a large ﬁfo-
ject to represent all activities on & single network. 'Subnets' or
‘fraéﬁeﬁs',_whiéh:éﬁdﬂ_ﬁpgéifié.éqrtiéns'6fi£hgiprpjébﬁ, afé Qrépared,
The fragnets are linkéd by common:interface events, and may be summarized
by less detailsd master networks.
| The activity-oriented approach of CPi{ facilitates analysis-at the
maximum level of detail, while the»event—orientafion of PIRT facilitates
network summarization. A key influence on the developﬁent Qf PFRT was
the necessity for summarization at several 1evais of detail. Systemé-
which are activity-based at the maximum level of detail and which are
summarized by events are convenient whers sumnary networks must be pre-
pared'.2h |

As the projsct progresses, actual completion dates ars accumulated
and compared with the scheduled dates. UYhere deviations occur, the
effect is assessed and gqrrective action initiated as required. Period-
ically the network is up-dated by substitution of actualxdata for the
estimated data for completed activities. Recaléulation may indicats thé
néed'for a change in vlans, ACtivities.which wvera critiecal may'becomé
non~critical, and non-critical activiﬁies-critical, ‘'hera the need is

indicated, plans and schedules ars revised,.

231aw and Lach, op. cit., p. 85.
2l1bid, pp. 199 - 205,
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It is inqvitaﬁle that flaws will be revealed in initial plans, and
that expectafions will not be realized. Revisions to plans and schedules
are necessary in every project, so it is essential that plans and sche-
dules be updated to current conditions. Rerlanning and rescheduling at
every reoortln? period. 15 not. likely to be practlcal, but revision should
not be postponed until there ars major changes

The network logic facilitates simulation of proposed plans. As the
,prOJect develops and problnms are encountered, altornatn mothols of attacu-:
1ng tﬁe problem may be testod.

As a typical engineerlnw project approaches start-up, it is usual
for schedules to break down to a large extent; and construction work may
be monitored on a punch-list basis. Completion of final activities is
governed not so much by seguence and dependency constraints as by resource
limitations and priorities. As start-up approaches it may be desirable
to curtail network-hased reporting and conirol, at least on a detailed-
aéti&ity basis, N

If a network has more than a few hundred activities, manual computa-
.tidns are slow, orone to errors, and likely to bte expenSive. Computers
in general, are dsed vhere manual methods are more expensive, or where
manual methods ara too slow -and inaccurate to provide useful results.
‘Network calculations for a large vroject qualify on both counts. In
selecting a computef and computer program, factors which must be con-
sidered.include: a“CeSS’hWIItV, 31mpllc‘ty of use (node number rules,
input requirements, error cnec'1n~, re“ort layouts, culendar dating,
sorting techniqueS), program capacity, and crashing and resource alloca- .

25

tion capabilities.

253ee Law and lach, ovp. 255 - 265,
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Summary

Network-based ‘management systems (PERT/CPM) are powerful tools,
enabllng improvement in the efficiency of projsct management. Hackney
reports thaf a 1965 survey by the Cost Control Committee,_Meiropolitan
x éection; American Association of Cost n‘1’1r'1r1—'>¢=rs, 1nd1cated that 86 |
. per cant §f an~1ne§r—oontraﬂtor)‘ware ugwn;.sowe form of nntworb-ﬂctlvifv
scqedullng,gé A questlonqalra dletrlbuted by Schoderbek at about tne
._.Ssame. tlne to 200 flrwq 1n"1uied 1n Fortunp 'S llst of ﬂxe ton SOO 1nd1ﬂatedl
that approximately one-half were using PERT/CPM. 27 Improved control,
ability to stay on top of the job, and ability to cqmpare progress with
scheduled-géals were the major advantages cited by respondents. The mot-
ivation and training of personnel rather than technical probiems'were
‘generally considered to be the most difficult areas in application.
Schoderbek concluied that:

Déspité its limitations . . . [?ERT/CP&!is a.teéted and workable

"tool for providing management with a maximum of planning and
control for complex projects of a non-repetitive nature.?

R, L. Martino, who participated in the earliest commercial utilization of
network systems, suggests that a 'new breed' of management is imminent:

e ¢ o« Droject management is the function of judiciously allocauing
-resources to accomplish pre-selected objectives accordiny to a plan
‘and schcd1ln, and reactins to deviations between predicted and actual
results to forestall the development of unfavorable situations.

Being a manager requires a balance between subjective ability
. * 4 . . . : . i
and objective {or scientific) method. .

20Hackney, op. cit., p. 129.

2Tpeter P. Schode rbek, "A Study of the &Dpllcatlons of PERT /CPI Y
Academy of ifanazement Journal, (Seﬁtember 1965), pp. 199 - 210

281hid, p. 206.
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We are members of a new breed of management., This new breed
cannot ‘afford to opsrate on its wits alonz as management in the past
wvas able to do., %Vhether we like it or not, as members of this new
breed, we 2are compelled to understand and to use all th: new manage-
ment techniques at our disposal. Ve cannot launch a new product
(whether it be a toy or a missile), we cannot erect a structure
(vhether a house, a bridge, or a gigantic industrisl complex), and,
indeed, we cannot successfully complete any project unless we. plan’
and schedule the work and then control its completion. It is no

-longer a question of will we use new techniques,  but rather of when,.
The when is now! ' '

29R. L.. Martino, Project Management and Control, Vo, II, Anplied

, Operational Planninz, (New York: American Hanagement Association, 190l),




CHAPTER VI
CASE  STUDY

5A ¢éSe‘éfudy éffa'hypothéticgl‘project'will‘bg'uSéd.in'fhis_chépter

to illustrate the comprehensive feasibility study, project develqpment,'and
'lpfijCt_imglémenpafipﬁ ?Hééeg discﬁségd in Qhap#égNI;I.iiThg”éase wiillﬁé‘“_;f
bésed on actual projects, for which Sandwell and Compahy'Liﬁited has been
reSponsible for the engineering analysis andAdesign and a major portion of
the project management activities. Sandwell is a major consultant special-
'izing-in the forest products industry. An excerpt from a companyvbrochﬁre,
included in Appensix B, illustrates the range of services offered by
Sandwell,

It is hecessary to use a hypothetical rathar than an-actual project,
Ias ﬁork carried out by Sandwell is confidenﬁiai betwaen tﬁe company and
its respective client. Neveriheless, the case is realistic. Actuval data
_ffom SGVerél completed projects was used to synthesize the data fdr the
‘hypothetical préject. The data base includes Sandwell project files ard
'first—hand-ébservationé by the author, who has been employed by Sandwell,
sincé’l963; Typical exanples of key items of project documentation are
included‘in-Appendix A,

In the Canadian pulp and paper industry, operating firms frequently
employ‘engingering consultants to carrj out major comprehensive feasibility

studies, to perform engineering and design for major capital projects, and

-9 ~.
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and to assist in project management, éhysical facilities are generally
erected by construction firms, under direct contracts with the ownér.

The 'turn-key' arrangement, which is common in some other areas - partic-
ulafly in the petroieum refining and chemical processlindustries - Eas
__notvbggp WidelyjuSed iﬁ the Canadian pulp'and paper induétry,A With a ..
»turnfke arrancexont the ownﬂr contracts with a comblnpd erglneervn
construction firm to des”rn and construct the facility and to put it into

p°rau10na1 condxtﬂon. e .' P

©o

mo enaolp vse o? tho turn—key arran ement, the owner must be able

to prepare relatively accurate specificationsof pl inputs and outputs,

ol
[\
3
o+

~and of the intent and scope of the d951red plant fac ilities. The relatively
limited use of turn-key contracts fof pulp and paper.plants is attributatle
to the difficulty in specifying‘requirements.at the beginning of the project
development phase with sufficient accuracy to permit competitive bidding

by enginoe ng- construction firms.

The owner-consultant, relatlons 1ip Dresented in this case is tynlca1
of more than a dozen projects of similar function and scope, on which
Sandwell has been engaged since 1963. On the basis of,in&ustry'literature
and intelligence, the case is very likely typical of a large number of
major Duln and paper prOﬂpcts vhich have bean undertaken in North America
in the 1ast decade. |

An outline schedule showing duration of major phases of the work is-

“shown in Txnibit A.l

1:11 exhibits referred to in this chapter are included in ippendix A.

<

.
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Feasibility Study

The Hypothetical Forest Products Company (HFPC) had held rights to
an extensive block of timber in an undeveloped région of Canada for a
number of years. Pulpwood in limited guantities Via s ha;vgstéd fronm this
-;”afeé aﬁdzéﬁibééé ﬁj:r;ii'fo.ékiﬁﬁiﬁg:HFPC>mjiisf”3§éri6diééliylthé'gﬁm@;ny ’
had studied the viability of cénétrﬁcting-a majof_ﬁew fécility in the area
to.enable betier‘utilization of the. controlled resource. The long-range
company plans were to provide a processing plant if the drea; although the
ltiming and product were not finalized. ) |
In early 19¥0 HFPC reviewed their 1ong;range plans in light of
federal government legislation, which provided tax incentives fo; industries
located in depressed areas.  Preliminary analysis indicated that the tax
.indentives were sufficiently attractive to warrant serious consideration -
of the construction of a plant to produce kraft pulp, newsprint or liner-
board. Prompt action was required.. To receive the benzfits of the tax
iﬁcsntive; the plant was reguired to be in operation by'the énd of 19X3.
In June HFPC entered into discussion with and engaged Sandwell to undertake
a'major portion.of a comprebehsive feasibility study according to the

following terms of reference:

" 1l. The following cases were to be considered:

Case Product ' , Capacity

1 Bleached Kraft Pulp 750 Tons/Day
on Newsprint | " 500 Tons/Day
2B Newsprint 1000 Tons/Day

3 Linerboard v 6OOFTbnS/Day
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- 2. Sandwell wasto develop“preliminary engineering'plans and
estimate capital costs for each case. Capital cost
estimates were to have an'eXpécted reliability of + 15
per cent.

3. All cases vere to be.based.gn a‘;pecific sitgAlqcation:
wnich had been tentatively selected by HFPC.

i, Sandwell was to develop a manufacfuring cost estimate
for each case, based bﬁ’ppérating at'maximpm.mill;§apa¢ipy.

5. :The coétﬁéf.pﬁiﬁwodd delive?éﬁvté tée-miil vias t§ be pro-
vided by HFPc; The cost of all other raw materials, as
well as the cost of labour, fuel, power and so forth was
to be estimated-by Sandwell.

6. Sandwell vwas to develop an estimate of annual gross profit
for each case, based on mill net prices provided by HPPC.
and operating at maximum mill capacity.

7. Sandwell's work was to be completed by 30 December 19X0.

The.following discussion briefly deécribes the work carried out by
Sandwell to achieve the feasibility study ohjectives.

Pfeliminarybprbcess design was'carried out for each case. Rough
specifications were developed for sach major item of equipment, and prelim-
inary'materiél and energy balances were prepared. An outline process flow
diagram was prepared for each mill department. In all cases, process design
was based on most common and accepted industrf practice. Cost saving>or
quality improvement alternatess whizh wefe not thoroughly proven were not

considered.
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_Upén completioﬁ of basic process design, preliminary mill and
building layouts were prepared. Service and electrical distribution and
instrumentation requifements were'determiged.

As the study proceeded, it becamz evident that addition of 35 0 tons
. per day of newsprint capacity to Case 1, a 750 fon per day kraft mill, vas
an additional feasible alternate. ,Fbllqwing discussion, Séndwell was
instrucied to consider this additional case.

A relat1V°]y detalled capltal cost estlmato was prepared for each
éaée. Suppllers for major 1tems of equlpment - paoer nachlndh, bollers,
digésters, kilns - were contacted and in some cases requested to submit
'preliminary proposals. In other cases the cost of major equipment was
esfimated, based on purchases of similar items for recently-completed
projects; Tump-sum estimates wers made for minor equipmént requirements
and piping, basea on similsr prdjacts. ‘Flectrical costs and building
costs were based on estimated costs per instélled horsepower znd per cubic
foot of building volume, respectively. Vherever possible, canltal cost
estimatas were grouped in modules which were applicable to several cases.

~Manufacturing cést estimates were grouped into the following cate-
gories:

1, fPulpwnod
2, Other Raw ﬂate‘i als
3. Fuel
L. Power
5. labour
6. Administration and Overhead

Te Hlscellanoou and QOther
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Pulpwood was By far the most significant single manufacturing cost,
‘comprising over 25 per cent of the total manufacturing cost in the kraft
pﬁip and linerboard cases. Requirements for raw materials, fuel and power
were bassd on the'preliminary material and energy balances developed for
_each:case,, Major supoliers were contacted and'requesped to. make preiiminary‘
ipropoéals.‘ Severél meetingé were conducted with the hydrd;électric‘company
to establish conditions of power supply and tentative rates.

”*;f‘iébour épst espimafes, éiﬁilar tolfhathhOWﬁ’in EXhibiﬁg?é:wéré_-'
developedifér each mili department. ﬁhenevef oossible, departments weré
defined in a manner which allowed a specific department estimate to be
used for several cases. A tentative mill supérvision roster was used as
a basis for estimation of administration costs. ZILump-sum estimates
established on the basis of general industry experience ﬁere used for
assoclated Selling_and head office expense.

A1l communication with HFPC was channeled through the company's
vice—pres}dent in charge of planning, who kept technical, marketing and
financial persqnnel édvised on develqﬁments of work being carriéd out by

-Sandwéll. Concurrent with Sandwell's work, HFPC functional personnel: were
preparing sales forecasts and estimates of start-up costs and working-
.capital requireﬁénts relative to each of the cases.

~ The pulpwood costs provided to Sandwell duringz ﬁhe early stages of
the feasibility study were based on existing company operations in the
area, and on'open-markét pulpwood costé. Yhen it becamz evident that there
was a significént possibility that pu?pwood-har?estinq operations would be
expéhded; the HFPChforest division initiated a study of their operations to
determine optimum methods for larger-scale production, and to establish

requirements for capital for excanded operations.,
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Since the site was in a remote underdeveloped area, it was necessary
for HFPC to develop preliminary plans for the provision of extensive new
housing facilities at a small village near the proposed mill site. It

was contemplated that a suiteble arrangement could be negotiated with a

=réa1:estate develogment‘c¢mpany to provide thes bulk of ‘the required capital

' for 1living accommodation and services. Nevertheless, some capital outlay

would be required to assist in housing development, and to provide recreas-

"Ltiéh31 féqili£i¢s:esﬁenﬁial”fof;attfaﬁtibﬁ;of‘mill'Staff;;' 

A rough draft of Sandwell's feasibility study report waSQtﬁrned over
to HFPC early in December. Several minor contentious points wers reviewed
and discussed, and the final report was completed shortly before Christmas.

Plaﬁts of this nature are extremely capital-intensive. The estimated
plant capital cost for each of the alternate cases was in excess of
£60 million. After the inclusion of capital requirements for woods opera-
tions, tqwnsite, Start—up expenses, working capital and so forth,the total
investment required was in the order of élOO million for any of the cases
considered. In no case did annual mill net sales exceed 50 per cent of the
total capital'investment.

During January and Februvary 19X1 a financial analysis an? review of

Ty

.the alternate cases was carried out by HE'PC., 4 decision to proceed with

Case 1, a 750 ton per day bleached-kraft pulp mill, was confirmad at a
board of directors meeting late in February. To ensure that the mill could
be put into operation by the end of 19X3 as required to receive tax bene-
fits, Sandwell vas instructed to proceed immediately with project develop—

ment work.,
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Project Develormant

Szandwell commenced detalled process design, using the preliminary
'plans oreviously prepared as a qtartlvl"r—nmnt The preliminary process
‘design Had been Hasod esqentnallv on most common Jnﬂustrj pract;ce, with

.

ionly é mlnlmal conqlderatlon b.lvg g re to p0331ble alternat ves, partlc— f
-ulsfly where-technology was not-ﬁéllfproyen.' .

_.It vias nqw.necegsarg:to ppnsidgr,in dgtail altarnate‘process arrange-
ménts. For'example, tne feasib‘inﬁy ‘study had been based on the use of

2

batch digesters,© although continuous digesters stere relativaly common

in the indﬁstrj. An extensive’analysis was now carrizd out, compéring
capital and operating‘costs and expected operating characteristics between
~the two systems._'This detailed analysis indicated that the contimuous
‘unit was a better choice,.and a decision was mide Lo design the plant on
this basis.» The results of major design analyses were presented in
~relatively formalimemorénda, to facilitate decision-making oy Sandwell and
HFPC management, and to provide a record of basic design.criteria.
Specifications were preparad for all major items of equivment, and
enquiries wére issueﬁ to prosnective suppliers requasting firm proposals,
Reprasontatlve sp cifications were preparsd for standard items such as
‘pumps, motors, controls, and so férth;iwﬂere exatt requirements could not
‘be deterﬁined untillthe detailed design stage. urchase enguiries wers
issued and proposals analyzed on the basis of}these tentative spacifica-

tions, to enable selection of standard mill equipment and to aid in canital

kJo

cost estim

mating.

3

v 2 digester 1s a pressure vessel in which wood chips ars chemically
cooked to separate the cellulose fibres from the liznin and resins,
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The téntative mill sité which was used as a basis for the feasiﬁility
study was actually only one of four suitable locations. Each of these
sites was now examined in detail. TFactors considered included: soil
conditions and natural drainage and relative costs of site preparation,
‘sérvices, and effluent disposal faqilitiesf ~Provision for effluent
"disposal was. a major cdnsideraﬁion in'cthSiné‘the’bptimnm»éite;'

Once the basic process had beesn established and the 'site location
“Zcon’erad 1avout of thn m111 equiompnt ani bu11d1ng= was comn]etcd._
Bulldlnrs for pulp mills are essentlally equipment enclosures, and lay out
priority is given to the equipment arrangement. Altern;te structural
systems and materials were now compared, and best selesctions made. Struc-
tural design criterﬁa was established, and basic design commznced.

A capital cost estimate brokan down by a detailed code of accounts
was preparéd. Purchaée costs of all major: items of equipment were based
on firm quotations received from suppliers. Auxiliary ejuipment costs
ﬁeré based oﬁ verbal quotations or Sandwell'cufreﬁt cost records. Pur-
chased equlnment comprised almost 50 per cent of the total estimated capital
-eost. Estimated piping, wiriﬁg, installation lsbour, etc., costs were
based on Sandwell experience and records from other similar projects.

Striictural estimatss were based on preliminary designs from-vhich required

m

quantities of materials were developad. The unit costs for structural
construction ware based on recent bids for similar vorky adjusted for
current conditions. An exanple page from a capital cost estimate is shown
in Bxkivit 3f' Capital cost esulmatns were compiled on Szndwell's IPYM 360-L0
computer.

Relatively comorehensive oplans for detailed design activities and

field construction were developed during this phase. An example of an
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oufline.GPM hetworkAis shovn in Exhibit L.

The objectives of the design development phase cairied out by Sand-
well were to:

1. Make comprehensive studies of alternate process éystems,
__site;lgcations,Qmillzarranggments,ist;gctural matefials
and so forth, to enable an efficient plant design.

2. Complete basic engineering and establish a firﬁ-and

' complete. definition of the plant facilitfes,

3. Prépare.a detailed gstimate of.plant capital coét, broken
down by a detailed code of accounts to facilitate cost
control.

L. Develop a basic plan and schedule for implementinz the
project.

The design development work established a baseline for the project
implementgtion. The resul@s of this phase were summarized in a report
known as the Construction Budget, which included the following:

1. Summary of Tstimates

2. Description of Plant

3. BRasis of Tstinates A '

. ‘Construction Schedule

5. Time-Yoney Schédule
6. Detailed IZstimates
7. Basic Process Flow Diagrams

8. Drawings of Basic Plant layout
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Project Implementation

The detailed capital cost estimate of the Construction Budget
compared closely with the estimate prepared for Case 1 of the feasibility

.

=study. THe capit a] raqalred for tha m111 was'in excess of p60 mllllon,

S“and tha- total canltal requlred for tne progect approached 100 mllllOﬂ.E
-The - total cost of work carried out by Sandwell to this point exceeded
.$b00 000,

The nro1eét status wvs given " a “second’ review by HFPG ﬁdp'ﬁanageméﬁt;
and1in late August 19X1 ths HFPC board of directors authorized the capital
exoondlturn required to implement the project.

The work breakdovm structure for the complete project is shown in

“ .

Figure 13. Items which were tha prime responsibility of Sandwell are

indicated. Only tbo;e varticular items will be discussed in detail. The
organization established by Sandwell to accomplish its section of the work
is illustrated in Eﬁhibit Se |

Im’ned1 telf on receiving direction to procesd, final Spécifications
were prepared for nagor items of equipment for which delivery was critical
orkforvwhich engineering data was urgently required. Requisitions were
prepared and issued to HFPC for approval and issuance of purchass orders.
A11 purchase orders were reconciled with the Construction'Budgéﬁ, and
justifi catlon and approval was obtained for all itens whers budgeted cost
‘was exceedel or for which provision had not been made. Regquired delivery
dates were stipulated with all purchas: orders, and an expediting proaram
was established to review prosress and to ensure that raquirsad dPllVDry
dates Would be malnta nad,

Initial design activities were concentrated on the complation of

equipnant and buildinz lavouts to enable detailed structural design., A
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_target of early January 19X2 had been established for issuance of bid
~specifications and drawings for civil construction. For the purposes of

this bid it was not regquired that drawings'be complete in every dztail,
but the intent and scope of the workAvés reauired to be well_defined.

Discussions wérelheld wiﬁh a nuﬂber of gen§r§1.qontrac§ors "o vere
experienced in industrial plant éonstruction.- After a review with HFPC,
it vias agreed that tenders for the civil work would be limited to four
contractors. Bid documents were issued to the selected contractérs eafly -
in Janﬁary 19X2, ana tenders werg'received in mid February. After review
of fhe proposals, meetings were held with each of the conbractors to recon-
cile any apparent conflicts. A contract regquirins imﬁediate start of
construction and eésential completion of all main structures by November
19X2 was negotiated with the chosen contractor. |

To énable commencement of general civil construction as early as
possible in the spring of 19%2, a separate coniract had been let in Sept-
.ember of 19Y1 for general site preparation and the construction of temoorary
services.. This work was completed in December 19X1.

As equipment lavouts were finalized and engineering data became
available‘on‘process equipment, detailed design of piping, electrical and
instrumentation systems was commenced. A target date of the end of
June-l9X2 nad been estabiished for the issuance of bid spécifications and
drawings for a general mechanical-glectrical contract. A& general
méchaﬁical-elactrical contract was negotiated in a similar manner to ‘the
civillcbntract; |

Séveral major process pnits wers purchasad on a supply and erect

‘basis, Thesz items ware excluded from the mechanical-electrical contract.



- 103 -

The general contractor was resﬁonsible, however, for providing certain
stipulated site services to independent contractors employed directly by
tﬁe OWner.

At the peak of construction in the‘summef of 19X3, the total field
fq;cefnumbered over.lioo_mgnmb;Ib“enab}grédherenfe to_schedule apd,ﬁq aid ..
. cohtfaétqrs'in'enticing men ‘to thg reméﬁe location, al}ucontractors:WOrkéd"

a fifty to sixty hour week. & field construcfion camp was established for
:£§8 96mmoﬁ.usé_q£la11-gopﬁraétofs%”" -

Sandwell brépéred é.master CPu network-fqr.ovefall plant.constfuction.
'Eaéh of the prime contractors engaged by the owner was responsible for
.preparing and maintaiﬁing a detailed CPM fragnat covering his own activities,
The detailed networks were based on exploding activities from the master
network, subjiect to established interface and milestone constraints.

Shortly after the stard of civil ronstruction, the cdntraétors' detailed
fragnets were intsgrated with tha master network. jach contractor was

still fésponsible for reporting od_ﬁnﬁ maintaining his owﬁifragnet;'hoﬁever,:
master reports wzre also prepared on a projact basis under the direction of
the Sandwell field staff.

CPH reports'were prepared montnly, =sxcept for a fovr-month period
In . early 19X3 at the heigﬁt of mechanicaliconstruction, whan reports were
preparad every two weeks; In June 19¥3 whan construction was approaching
completion, CPY raporting was discontinuasd, and from this point the project
. was monitored on a puncb—list basis,

The Sandwell field staff also prepared concise weekly reoorts on
construction progréss. These reports served a duél function of keeping-

"HFPC and Sandwell management informed of progress, and constituted an-
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outline project diary which could be used in event of any litigation
arising on project completion. EHach month thevfield staff estimgted the
percenta e completion on each contract. These estimates formed the 5asis
for vrogress parmnnts to the contractors.

e HFRC head office Pinancial group had overall responsibility for
pr§jec£ cost1accounting.and'chtrol of disbursements. The field staffjf
.aséisted by recording recéivals, freight charges, extra work authorizations
pand 50 forth ‘ Monthly statemenus Wore 1ssued ‘showing exonndluuros, estl—ﬂ‘
ﬂat9a to comolatn, and eVDactod over— or Lndprruns for.eac -acéount.

The field staff wzs responsible for checking out all facilities to
ensure adherence to drawings and specifications. Personnel from the mill
operating-maintenance staff were used to assist in detailed chack-out of
mechanical and electrical équipment. A systematic procedure vias imple-

. )

mented, utilizing cards attached to each piece of equipment, which were
then signed bj inspectors responsible for specific areas and functions.
As individual sections of the plant wére‘completed; they were accepted
from the ;ontractors and responsibility for the area was assumed by tha
mill operating personnel., Yhers possible,.dry runs were initiated in these

areas, using water and air in lieu of process fluids.

Start-Up

“During the late summer of 19%3, HFPC completed hiring of the mill
-operating,staff, and conducted classroom training sessions. Operating

manuals had previ ou¢1w been prepared by the mill suvervisors, assisted by
Sandwell process enginecers. These manualq were used texta for the

classroom training sessions.
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,Start;up operations were under the direction of the HFPC mill manager.,
"Additional technical staff to assist supervisors and foremen during the
difficult stert-up phase was obtainad from 6ther HFPC mills and from Sandwell.
Sﬁpplementary mechanical and electrical crews from the contractor vere
retalnnd to ald m111 malntenanco staff in maklnv rQQLerd modlflcaulons.
| Aopr&y;matelv one nont was requlréd to produce thp erat saleable

product Durln" the nnxt two ﬂonths, equloment was de%ugpod and crews
galan operatlnd PXDeTanCP, untll by the end of December 19X3 the mlll
“was_operating at 70 per cent of maximum design capacity. Operating effic-
iency was further improved over the next éeveral months, and by mid 19%L,
vapproximately'four years after the commencement of the feasibility study
phase, the mill was fully operational at maximum design capacity. This

was the approximate turning-point from negative to positive cash.flows.

Summary

-

The above description, while hypothetical, is illustrative of the
scope and timinz of activities required to imolement a large capital project

in the pulp and paper industry.



CH4APTER VII

CONMCLUSIONS & RECOM

ENDATIONG

In thls tnés;g, caoltal 1nVestment in 1argo 1ndust£1a1 plaqus has
~been- considech in-a hlghlv pragmatic manner. As far as possible within
'i-the lﬂmlted scopn of. the tqesis, the approach has been on.an 1ntord1301p11n-
 ary or systens concent bas:s. The 1ntenu10n nas been to dpvelop a brlef

overall analysis, rather than to focus on specific aspects.

An outiine overview of in&estment_goals and priﬁciples of investment
analysis has been included to enable deﬁelopment of simple def and npv
investment process nodels, These models, which take into account ﬁhe time
distribution of bbth negative and positive cash flows, provide an opera-
tional baSisvfor capital budgeting and dp0131on—ﬁakln~ during Canlta1 project
implementation,

Thé internal rate of return derived from the dcf model is a useable
parameter for determining project viability for capital budgeting purveses,
However, the assumn ion which is inherent in the def model taat cash
.benefits afe reinvested at a yield equal to the internal rate of return,
can result in erronéous decisions when mutually exclusive proposals are
considered.

If cash benefits from an investment are used to purchasé assets -
either cﬁrreﬁt or fixed — which are productive, a return on investment will

Legs!

be realized. lnis'retufn is the reinvestment yield. Clearly the reinvest-

ment yield bears no direct relationship with the internal rate of return.

- 206 -
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Only if the'internalAratq of return is representative of the profitability
of investment projects available to the firm, will the internal rate of
return and the»reinvestment yield'be equal. The rate of return on available
“projects is the firm's opportunity cost (of capital).

If the inﬁernal rate,ofnretqrn_is_1essnthan'theAQppqrtgnityAcost,4a
project is hot viable,‘_If'the internai.rate ofjreturh.ié-greater than the -
‘opportunity cost, a project is viable. However, in choosing betﬁeen mutually
-exclu51ve oroposals, tho best altprnate doeq not noCPssarllv haye‘ﬁhé.gréatést
1nterna1 rate of rﬁturn. oelpctlon betweﬂn mutually exclusivé.proposals _. |
should be based on maximization of npv. Investment decision during project
implementation generally'involve consideration of alternatss; hsnce the
npv model is preferred.

.In.the literature on éapital budgeting consulted, the only sign ifiéaht
constraint on the set of viable investment projects, generally considered,
ié the avaiiability of funds. Yhen the capital investment process is
examined on an integrated basis, it becomes clear thaf the avaiiability
of human. resources to manage and implement projects is a comparable con-
‘straint to the availability of capital. Similérly, non;financiai considera-
tions and considerations which cannot be quantified will impinge to a
significant des'ren on cap;ual-anostwe 1t decisions.

“Modern techninues such as Yonte Carlo simulation, by which explicit
account can be taken of risk and uncertainty, are essential to thorough
andvrational analysis of major investment opportunitiss. Hertz writes:

« « « The 1less certainty thers is in an average estimate, the. more
important it is to consider the possible variations in tnat estimate.

Further, an estimate of the variation possible in a factor, no
matter how judgmental it may ve, is always better than a simple
average estimate, since it includes more information about what is
known and what is not known., It is in fact, tnis very lack of
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knowledge which may distinpuish one investmznt possibility from
another, so that for rational decision-making it must be taken
into account.

Tnis lack of knovwledge is in itself important information
about the proposed investment., To threw any information away
simply because it is highly uncertain is a serious error in
analysis which the new approach [monte Carlo Swmulatwonl is
designed -to correct,l - oo S

'Implemehtation of~simuiation techniquésvis depéhdent 6nvtﬁe:s&étéms

aoproach to the management of capltal 1nvnstment. Harketing analys“s,

‘-yengineerin, nalys s, and fnnanc*al aﬂaly is. cannot be carrled out ky

.

separate fﬁnctional groups with minimal inter-communication. The trad-
itional feasibility study approach 111ustrat°d by the case StUdJ in r‘Hapter‘

VI re uires rev181on.

The project organizational form is an example of the systems approach,

Personnel are obtained and organized to accomplish a specific task. The

~organization is tailored to suit the task, rather than the task moulded to

suwt tho organization. Mockler defines a system as follows:
e o o-an orderly zroupins of separate but interdependent components
for the purzcse of obtaining some predetermined objective.,  Three

important aspscts of systems are implied by this definition.

~ The arrangements of componsnts must be orderly and hierarchical
no matter hov complex it is, ‘

- Since the components of the system are interdependent, there must
~ be . communication among them.

~ Since 3 system is oriented toward an objective, any intsraction
among the components must be designed to achieve that objective.

1David B. Hertz, "Risk Adversion in Capital Tnvestment" Harvard =
Business Review, (January - February 196L), p. 101.

'236bert J. Hockler, "The Systems Approach to Business Organization
and Decision Making", California Management Review, (Winter 1968), p. 53.
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Prgsently the éystems approach is generally confingd to the project
development and implementation phases, and frequently only'#o selected
sectors of these phases. To achiéve overall capital project optimization,
énvexpansion of the systems approach to encompass the whole of the capital
 investnent process from idea genera_.t.,ion'. to start-up is indicated. The

ystems conceot 1s requlred to avold suboptlmlzatnon and fragﬂented dnvelop—
~ment. Thn organization of tasks and personnel are structured around project
o obJectlveq and 1nformat;on flovs, ratber than autnorlty and respon51b111ty
unlts. | | . . | o |

Networy (PERT/CPM) planning, scheduling and information system methods
are an example of the application of modern management 'science techniques
to capital project management. Application of network methods is rélatively
‘recent - the first commercial applications wers made in the early 1960's.

In the short interval since their introduction, network.methods have under-
gone considerable development and have come into widespread use. However,
‘there are areaé, particulafly in improving resource allocation metnods,
where operational imérovemenbs are requirsd and expected,

For practical rather than fundamental reasons, the application of
advanced technigques like PMHT/CPM and #onte Carilo s11u1at*on is dependent
on the use of hiﬁh—speed, high—capacityvdigital cémputers. Without computers,
large-scale utilization of such methods would be infeasible due to the cost
and time required for maruwal calculations.

The. advent of high-speed, hich-capacity computers has made pféctical
a number of management;science techniques, which are or could be used in
managément and impiementétion of capital investment projects. A study

conducted in England during 1967 indicates that management science techniques
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e . . / "
are being applied in the construction industry by consultants and con-

tractors in the fellowing areas:

1. Statistical analysis and forecasting.
2. Resource utilization and scheduling,
3. Location planning and vehicle routing. .
li. Production planning., Productivity ahalysws.
5. Simulation of dynamic systens.
6. Cost analysis.
" 7. TEconomic evaluation.
8. Stock Control '
"9, TIngineerinz design optimization. Process control.
10. Information retreival and sorting.
11, Replacement and malntenance plannlnﬂ

In the field of eﬁgineering des ign, computer progfams are being
-utilized in areas such as stress anélysis of structures and piping systems,
where there is sufficient repetitive work to énable amortization of the
high cost of programming problems for computer soiution. Project enzineer-
ing involves a considerable volums of data processing. COxputnrs are being
utilized in procassing of budgets, repcrts and schedules. The future will
undoubtedly seé greatar machanization of routine calculation and data
processing; This will allow more resources to be devoted 0 enginearing
analysis, thus raising the.efficiency of capital investment through
reduced capital cost and increased value.

Research into the methodolozy of selecting‘and implementing large
capital projects is indicaﬁed in the following two areas:

1. Further analysis is resquirs into the effectivenass of

the fully-integrated systems concept approach to capital

'1nVQstmnnt management; in comparison to the current

»-‘CQLentlj—fragmented approach to problems in economics,

finance, engineering.and administration.

3constrnetion Industry Studv droup, "Review and TvaluatZon of Current
Opsrational Resaarch Work in the ,owctvuct*on Industry", Opsrational

Y T —_-’1-——‘_—-———
Research Tuarterly, Vol. 19, Mo. 2, [June 1963), pp. 185 = 199,
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;2. Further gvalﬁation is required of the scope for éfficient
application of modern techniques in management science,
information system desigzn and data processing to the
selection and implementation of large cavpital projects.

. Considerins the increasiny size and complexity of industrial instal-'
iiafibns.anditﬁe fféﬁd £0 m§fe éépitai—ihfénsivevﬁrb&ﬁcfion pfécésses;‘
economic growth wiil_be ever more dapendent on efficient use of scarce
’ reséurceé;aev§téd tdf¢épitai in&esﬁﬁéﬁﬁ;i Thefé-is.obviéuéiy sc6péT£qf:
improving 6n current methbdolqu, and the future ﬁill see more efficiant

Management of large Capital Projects.
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L SANDWELL

SULPHATE PULP MILL

Position

Tour Fdremen

Pulping Group Co-ordinator
"Senior Operator

1st Asst. Operator

2nd Asst. Operator

3rd Asst. Operator
-.Qperator

.| Assistant
| Night, Shlft Differential

_Total.

‘Labour - 1350 Days |
.Additional for Sunday Operatlon
Salaries

Total

Labour

PULP DRYING PLANT

Machine Tender

Back Tender

Scale Man/Tyer‘

Utility Man

Car Loader/Shipper
Warehouse Man

Night Shift Differential

‘Total

Labour - 350 Days

Additional for Sunday Operatlon
Salaries .

Total

Labour

Recausticizing, Kiln & Water Plant

"Recaust1c1zlng, Klln & Water Plant

TXHIBIT 2

TABOUR COST BSTIMATE

12 -
: o ' ) o Totél: v
Rate MH/D Cost/DayA Men/Tour Employees
$1,000 - $ - 1 L
4.10 2k 98.L4o0 1 L
3.70 2l 88.80 1 N
'3.60 ok 86.40 1 I
- 3.10 2h 74 .40 1 5
2.75 2l 66.00 1 b
'»,;3.16; 2k 7584 1 SR
286" oy 686y 1 Sy
(o 135)(112) -~ 15.12 - -
. -$5z3.6o- 8 33
s . $ 201,000
: 15,000
48,000
$ 264,000
MH/A 58;800
$3.88 24 $ 93.12 1 5
- 3.33 oL 79.92 1 Y
S 2.73 48 131.04 2 8
2,50 2k 60.00 1. L
2.75 48 132.00 2 9
-2.50 2k 60.00 1 L
(0.135)(128)  _17.28 - -
192 $573.36 8 o
$ 200,700
15,300
$ 216,000
MH/A 67,200
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~ IV ACCOUNT-=~===  DESCRIPTION=—==mm—mwmmm ~ (25~
COMPUTER]| . ; o o | : , , ‘
REPORT R ITEMwmme—eesn DESCRIPT JON~mme e e e = BUYLOGE T mme e =T OTAL COMMITMEMTS~~ ESTIMATED TOTAL  VARIANCE |,
U _ ) TRANSFERS~mmmmmwem——e AL LOCATED ’ , . CAISY TO ESTIMATED AVER(+) .
N SUB [TEMm=——== DESCRIPTIONS~=~—= T £ T ep—— == AMOUNT  —==AMOUNT  PoOs Nlo== =~==AMOUNT =COMPLETE omsw- COST ~ ~UNDER(=~)
421.38,000.00 PROCESS CGNTRGLS'(C@MTINUED)
NTROL VAL VES, PANES, TUBING (CONTINUED)
A 09 LABUR 16250 14250 14250 -
A 10 TOTAL 139640 139640 139640 -
A 421.38,900.00 EXTRA WORK . : _
A 06 SUR-TOTAL MATERIAL _ - = = -
A 07 SUNDRY MATERIAL - - - -
A 09 LABDR - - - -
A 10 TOTAL - - - -
ﬁZl 38 ,000,00 © TOTAL ACCOUNT. : ' -
06 SUB-TOTAL MATERIAL 123490 123490 123490 -
07 SUNDRY MATERIAL 1900 - 1900 1900 -
09  LABOR 14250 14250 - 14259 -
10 TOTAL 139640 139640 139640 -
B %*4621.4]1 ;000,00 =MOTORS
B ¥421.41.001.,00 ¥UNBLEACHED PRIMARY KNOUTTER NO 1 ‘ , . ’
B 06 SUR~-TOTAL MATERIAL 421.51,001% -20% LO0=A% !
R L C QO0~01 =A%
R S 1010% ‘
B8 : o . 1050% -
8 : , . » TOTALLO6 =20 % 1500%. 1720% 1500% 3220% 17204
B 07 SUNDRY MATERIAL 421 441 ,800% ~-20% - | 20 20% 20+
A 09  LAROR - - ; - - -
B .10 TOTAL -40 1500% 1720% 1520% 3240% 17404%
’ |
B %421441.002.00 *UNB!EACHED PRIMARY KNOTTER NO 2 _ f
B 06  SUR-TOTAL MATERTAL 1520 1010% 147/0% 5% 1520 -
R . D7 SUNDRY MATERIAL 421441 ,800% -20% - o 20 20% 204
A 09 LABOR ‘ ’ - - - - ~
B 10 TOTAL -20 1520% ° 1470% 70% 15403 204+
B #421.41.003.00 *UNRLEACHED PRIMARY KNOTTER NO 3 , ; :
B 06 SUB-TOTAL MATERIAL 1520 1010% 1470% BO% - 1520 -
8 67 SUNDRY MATERIAL 423 .41 .800% ~20% - 20 20% 2043
A 09 . LABOR : - - - : -
A 10 TOTAL -20 - 1520% 1470% 70% 1540% 2043
B ¥421,4),004.00 ZUNBLEACHED PRIMARY KNOTTER NO 4 _ _ .
B 06  SUBR-TATAL MATERIAL 1520 1010% 1470% 50% 1520 -
B 0T SUNDRY MATERIAL - 421 .41 ,800% -20% - ' Y 20% 20+%
b © B9 LABOR . - - A - - - .
R 10 TOTAL -20 1520% 1470% L 15403 I 0
: ‘ } . SAMPLE MILL
o~ TYPICAL PULP & PAPER CO. LTD. APPROVED COST RECORDING AND FORECASTING
SANDWELL | | o : © EOUIPMENT-DETAILS
: VANCOUVER CANADA LAST ISSUE } HGMAYES ACCOUNT 421 .38-421.41
ITS CONTENTS ARE S’ECRETTH;:DRE:OONRF:D’ENYTTAELT:RAONPVEF:L;::MS:'TOD:VE;BLT::VNioMUaiT IBNZ::CTYUIZ:E?)FTOT:;NEZVPE:;:TO;jf‘L)U.:i; 8L USED FOR ANY OTHER THIS ISSUE FRIJUng Y5000 . T 22 EX}-\\B\‘T 6 R
THAN THE SPECIFIC PURPOSE FOR WHICH ITS INSPECTION 1S AUTHORIZED BY SANDWEL: . SANDWELL NO - SHEET CLIEHNT MO N

— o . i




APPENDIX B

COPTR ' ;
S O % OF STRVICES OFFERED RY SANDWELL

- 126 -



- SCOPE

OF :
SERVICES

Flexibility and diversified experi-
ence enable Sandwell engineers
and staff to provide the following
professional engineering services
on a regional and world - wide

C _baSiS._ A

e et Sanl

'Senior personnel with wide prac-

tical experience are available to
advise upon:

- 'Planning of new developments

-or_plant improvements for pulp
and paper mills, sawmills, ply-
~wood and particle board plants,

' thermal and -hydro-electric in-

stallations, industrial and chem-
ical plants, and environmental
pollution ‘problems

- Management aspects of inte-
gration, the design, construc-
tion and economic operation of
plants and their maintenance

Over the yéars an increasing
number of clients have continued
to retain Sandwell to study and

report on the technical and eco-’

nomic feasibility of a wide range

of industrial and utilities projects. -

Usually such feasibility studies
include all, or some of the follow-
ing typical areas:

- Management and field surveys

- Integration of operations

Appraisal of forest or other raw
materials resources

- Site selection, geological con-
ditions and water supplies, pol-
lution studies and effluent con-

. trol

. Powér studies

» Supervision of reseafch, puip
testing and pilot plant work

- Preliminary. process and plant
designs

. Estimates of capital require-
ments, labour, operating costs
and profits

Financial analyses

Sandwell feasibility reports are

-usually prepared in sufficient de-

tail to serve as the basis for dis-
cussing the financing of a project
and are recognized by leading
international and national finan-
cial organizations.

Sandwell engineers provide all
design and engineering services -

- required for the construction of

industrial and utilities develop-
ments. Such services normally
include:

» Detailed process flow diagrams

+ General site and plant arrange-
ment drawings o

. Establishment of plant and
equipment specifications, com-
parison of tenders and recom-
mendations for purchase

Detailed structural engineering,
mechanical and electrical draw-
ings; bills of materials and spe-
" cifications for construction

~In addition to carrying out engin-
" eering for major projects and de-

velopments Sandwell engineers
undertake design engineering
and engineering for minor pro-
jects, frequently in collaboration
with a client’'s own organization.
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The _P.L'xr"c”ha'sing Groub is staffed

by experts with many years of
experience in all phases of ma-
terials and equipment purchas-
ing, inspection and expediting,
which include: :

- Preparation of prospective ven-
dor lists, purchase enquiries,
analysis of tenders. Preparation
of purchase requisitions or or-
ders ‘

Expediting and inépection .of
materials, plant and equipment

in all parts of the world

Traffic and routing by the most’
satisfactory and economic me-
thod

‘Preparation of data for import
licences applications and as-

sistance in negotiating customs -

duties and sales tax [evels in
all parts of the world

« Receiving and warehousing of
materials, plant and equipment.

Sandwell staff includes personnel
with wide experience in the man-
agement and supervision of con-
struction work such as:

+ Detailed construction schedul-
ing and progress

. Co-ordination of contractors
work

Inspection and acceptance of
contract work

- Continuous cost analysis and
budgetary control

. Certification of accounis for
payment.

Sandwell's evaluation of current
technical and economics devel-

opments in the pulp and paper,-

forestry and forest products in-
dustries is not confined -to as-
signments undertaken for clients.
Qualified members of the staff
maintain a world-wide review of
fibre resources, technology and
economics. Reports on these
subjects are embodied in Sand-
well development memoranda

-and research papers which are

published at frequent intervals.

Sandwell staff, experienced prin-
cipally in the management and
operation of pulp and paper mills
and plants in the forest industries
are available to provide manage--
ment and technical services de-
signed to bring projects into full
operation and up to capacity
quickly.

These services include:

» Selection and training of key

supervisory and operating- per-
sonnel '

« Management assistance to im-
prove efficiencies of existing
mills and plants or particular
sections and departments

. Development and integration of

either manual or computerized
systems for production control,

maintenance control, cost con-- . -

~trol and stock control.

Experienced personnel are avail-
able to conduct market surveys -
for clients throughout the world,

‘typical projects being:

+ Background studies for a pre-
liminary market assessment

+ Detailed surveys of market po-
tential, competition, prices and -
consumer acceptance

« Statistical analyseé "‘and long
term forecasting.



APPENDIX C

_ COMPARISON OF def AND npv MZTIOD3 OF AMALYSIS

ihé fﬁlldwing simple illustration is intended to éﬁow'hpw the’
assumption that investment benefits are reinvested at a yield equal to
;iﬁe intérnai;raﬁejof.rstupn{céﬁ;ieéd ﬁ5.ahféfrbhéouézdebiéiqngfbw .

Consider two simple projects with the folloﬁing cash flow distribu—
_tions.; Project 'B - Af is an artificial project representing the differ-

"ence between Project A and Project B.

Year
0 1 2
Project A - 1000 2000 0
Project B - 1000 0 3000

Project 'R - A! ' 0 2000 ' 3000

The internal rate of raturh and the net present value of these pro-
jects can readily be calculated, and the results ars shown.as follows,
A discount rate of 12 per cent, assumad to be representative of a firm's

after-tax opportunity cost, was used to calculate npv.

Internal Rate Net Present

of Return Valus (12%)
Project A - o 100% 790
Project B . 739 1380
Project 'B - A' | 50% - 680
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If the projects are not mutually exclusive and if the firm's oppor-
tunity cost is 12 per cent, both projects:should be undertaken, assuming
that sufficieﬁt finanecial and othér resources are available,

waeﬁer, if the projects are mutually exclusive (i.e. represent
“ different Ways°of‘accomplishing the;same?dbjective),~orvif sufficient .- -
resouvrces afe not available to undertake both‘projeéts; the 'best! project
‘must be selected,. If the decision were based solely on the internal rate
f’.bf }étﬁrnl(iif),:?ibject.A ﬁiﬁh‘anii%r’of ;60_#55'cént;‘ésv§pp§éed'to;J -
Project B with an irr of 73vper cent, would be seleﬁted. The artificial
Project 'B - A' has an acceptable irr of 50 per cent, indicating that the
incremént in gbing from Project A to Project E is desirable. %When the cash
flows ars evaluated using the firm's opportunity cost - the npv is calculated -
Project B is also shown to be more desiréble than Projéct A, Clearly
Project B is the .better project, andié decision based solely on the irr would
be erroneous.

In order for the sams benefits to be obtaiﬁed from Project A as from
Project B, the %2000 received in Year 1‘muét'be reinvested to yield ﬁBOCO
in Year 2. A reinvestment yield of S0 per cent is reqﬁired., If the 12
per cent oprortunity cost is represesntative of the investment possibilities
open to the firmAin Year 1, it would not be possible to obtain the sams
benefits from Project A as are available from Project 3.

Ndw looking athroject 3, it would be necessary to borrow £2000 in
Year 1 against the $3000 which will be raceived in Year 2, in order to
oBtain the same bensfits as are obtainable from Project A. Providing that
borfowing is avaiiable at a'fate of less than 50 per cent, this is possible.

Hence on this basis, Project B is also suoerior,
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The best project is indicated directly by the maximumlnpv. Projéct B

" has a npv of $1380 as opposed to $790 for Project A, .and heﬁce_is preferable,
In this caée, the time ﬁalue of méney is calculated using a realistic rate

of 12 per cent, rather than the internal rate of return which may or may

not realistically represent the time value of money to tﬁe firm..

'This simple iilustration is unlikely to be representative of actual
invesfment possibilities, and certainly not of 1afge cavital projects,
vwhich-ére'the focus of this thesis. It does, however, show how the feinyestv
ment rateventeré'into evaluatipn of investment proposals, and how use of the
internal rate of return as the sole parameter for investmeﬁt analysis can

lead to erroneous decisions when comparing alternatives,



