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ABSTRACT

The‘objectivé of this technical paper is to report éapita]
c65£ estimating approaches u;ed by.a“major proj?ct management com-
pany to'prepare”caé:ta1 cost estimate for the constrd;tion of heavy
’ industrial plants. In Fhe first chapter, a descript{bn of factored
capital cost estimating approach is given. In chapter two, the role

(9

R , of capital cost estiﬁating in the management of construction projects

o«

is examined and the classification of ijferent types of cost estihates ¥
according to the level of estimate requirqd are described. In chapter =
C. three, capital cost estimatipg approaches,. applied tp heavy industrial |
. ) plants afe presented. Con§>£gency and Escalation — two of the-ﬁbst.
1mportaﬁt‘facfors in\estimation at this early stage of project develop-
/ e ment — is 'discussed in chapter four. Chapter five ana six contain ‘
! f

general discussions of risk analysis and project financing which play

important roles in engineering economic decisiongl%n today'§ competitive
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-market for heavy industrial construction. In.the ladk chapter con-
clusions and recommgndat{ons are made concerning fhe'strong and weak

péintS*of this estimating technique and suggestipns for possible

improvement of” the approach described herein. \ -
I »
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¢ . . o

_ INTERNATIONAL CAPITAL COST ESTIMATE
"> FOR HEAVY INDUSTRIAL PLANTS

1. INTRODUCTION

'Present-day const;uction projects; barticular]y those in '
the international scene; represaht a-Qery real cha]lengewin the /
forﬁuiation and control of capital éost. Accurate'é§tim;tiﬂ§ of '
1nitia1‘heavy industrial plant cost is becoming more\difficult évery
day due to changes in constructioﬁ size and cémp1exity, remdteneQS‘of
construction site, escalation costs as well as eﬁ?ironmenfal aspects.
Changing engineeriég concépts which might range ?r&m a few words and
sketches to a highly-developed design package are becoming more
complicated. International Capital Cost Estiﬁate must cover careful

studies of the local market\and the many components of the construc-

. ® ¢
tion estimate such as eéquipment and material, labor, indirect costs,

contracting, shipping, taxes and duties, currency fluctuations,
escalation, schedules, finance and profit. Good capital cost estimat-’

ing results. in favorable manégement decisions for feasibility study or

‘

overall capital planning and budgeting of an international construc-

tion project. ‘
i { ’ ! o . ay

‘ . ' B ! ' ) °
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Tﬁis papef will examine the factd}ed-estimating approach.used
in the preparation of;a proposal-type (Design-Construct) estimate
for-capital cost of heavy induétrial projects in the internationél
scene. The approach, aﬁp1ied to Mineral. Processing, Petro-Chemical,
Pulp and Paper-and Nuc}ear Thermal Power Plants will not prqducg a?
good estimate without the personal feeling and judgment element needed
| for fhis type of estimate. Contingency and Escalation — two of the .

* most impgrtant factors of the estimate at this very early stage of
prdject development —-wii] be discugsed. A general discgssion of Risk
Analysis and Project Financing will be 1ngiuded since they play im-

. portant roles in engineering economic decisions for today's competitive .

market in heavy industrial constrhction.



~ e Chapteh 2

CAPITAL COST ESTIMATING IN PROJECT MANAGEMENT

<
9

The objectives of this chapter are:

(i) to classify different types of estimates based upon the

degree of accuracy and the purpose of\the estimate

(ii) to examine the ihportance of<papite) eost~estimating

in cohstruction;project management
n (ii1) to define the role of the est1mat1ng funct1on in a

prOJect team.

" Capital cost estimating is ohe of the most fhpprtant Project
Management tools useq in planning and aEhieving the opttmum balance
between Quality, Cost and Time — the three interrelated parameters
in every construct1on project — each of which 1nf1uences and 1s
1nf1uenced by the ‘other two. Fig. 1 illustrates the basic obJect1ve
of Project Management. ’

Efficient capital cost»estihating mugt help project manage-
ment to optimize the re1ationship between thesée three parameters so
that the accomp11shment of the project 1s attained at the Towest
pract1ca1 cost and in the shortest practical time w1th/acceptab1e

quality. ' '

/
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. oo The role of capital cost estimating in Project Management

is a con%inuous process of cost andlysis and evaluation from
. . ’ . - - I
feasibility, proposal, through the design, procurement, construction ° ‘ J

L A

and commissioning stages, to completion of the broject.‘ T
Fig.‘z gives an pverall view of eﬁtimgting functions in the

management hierarchy of an EnginEEriﬁg-Procurement-Constructionr

Commissioning Project. p

.Thus, project organization is based on the principle of -a

_task force under the Teadership of a project'manager who is ultimately

;ésponsible fqr'scopé, quality, cost, time and resources on his assigﬁed
projeét. The project ﬁanaggr coordinates the efforts of the\engipeer- ~ _ / |
ing, prochrement, con§¢ruction and commissioning managers using the | |
%do]s of planning and control provided té him by a project estimator, . |
I . “ a project planner and a ﬁ?oject cost controller assignéd to his

project. The project'team‘i; supported, if necessary, by senior

members at the diyjsiﬁna? level a@d functional. levels at the corpo?aFel

level of the comdany. Fig. 3 illustrates the overall interaction of

a Project Task Force in an Eng?ﬁeering-Procurement-Oonstruction Project-

— .

- a project in which commissioning work is not under the jcope of work

of the engineering firm. ' : . ' '

-
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2.1 TYPES'OF . ESTIMATES. ' . .

The classification of estimates by “typesJ is basgd upon the
degree of éccuracy ana the purpose of the estimate, which are in turn
directly related to the amount and detail of the 1n%ormation available -
and the proceddre followed in preparing the eséimafe. Various types

of estimates are described as follows:

.. 2.1.1 QORDER OF MAGNITUDE ESTIMATE

- . During the initial considerat;on of a new project, .

an orderiyf magnituﬁe gstimate"is usu;]]y deve]opgd in order to eﬁab\e
fhe owner to decide whether the study of the project should be con- .
tinued or not. If the decision i§ to continue, a feasibiléty study

will be done. An order of magnitude estimate is prebared'by factor-

ing techniques, with minimal input information. This technique consists
~of multiplying the calculated costs by factors, estab]ishéd from
historicai data for similar p;ojeéts in the past. Its purpose is to
prqyide a quiqk and informal figure to roughly hsseé}tthe cosf of a
project or part of a project. Accuﬁacy range is no gétter than plus,

or minus 20% -The estimqte accuracy is the re1ationsh3p of the estimate '
cost to the actuai cost f&r the same facility described at thg time of |

k3 l.H . 3 ( ‘
the estimate and hence is all inconclusive.

(%

[" 2.1.2 PRELIMINARY ESTIMATE

.- -/

The preliminary estimate is a more refdined factored

—



~ . v .

estimate: It is normally prepared as part of a feasibility study
aftér pre]imﬁnary flowsheets, pre1iﬁinary sketches and preliminary
equipment 1ists'have been prepared. In 5reparin§ a preliminary
‘estimate, it is normal to obtain approx1mat;‘p?:2es from suppliers LA
for majon;items of equipment and to estimate (or "guesstimate")

—miror equipﬁent by experience on past'projec%;. Other costg*are' n ‘ L
estimated by factoring. Accurac? range should be within plus or
minus 15% to 20%. This type of estimate is intended to pfovide a
preliminary budget for a project and is adequate to enable the owner

¢

to decide whether he should p}oceeq to the next stage in the develop-

-

ment of the project ... i.e., the preliminary eng%neering.

2.1.3 DEFINITIVE ESTIMATE

v
* o

~

Its purpose is to definf tHe scope and the cost of
a proposed project with suff1c1ent accuracy to provide a sound bas1s
for deciding whether to proceed with the detailed design and

' eventua11y with the -construction of the prOJect. If the perectﬂ

. does get approval to go ahead, the definitive estimate becomes the

j—

guide for the development of the design and the yardstick fof

2

- evaluating and controlling costs. It is prepared when preliminary

engineering is shb%tantial]y comple%ed (eduiva]ent to about 20% of

+

final design), usfﬁg~a combination of quantity take-offs, conceptual

‘quantity eva uafion and faétorizationf Accuracy- range within plus




A%
LY

Minimum information required for preparatipn of
a . .

a definitive estimate are as follows:

Y

Flow sheet§ - = e
- Equigment lists, motor lists, instrument 1ists
- Fairly completed equipment {gyouts ' ~
- Genkral arrangement of piping layout - '
- Electrical single-line diagram’

N

- Fairly compieted site 1éyout.withlground‘elévations‘

- Soil tests and determination afﬁtypes of fouﬁdations;
sketches of major fourdations ‘ .

- Structural sketches inc{uding cross sections of buijdings' ‘

- J&pe and extent of finished areas in bui]diqgs '

¥

General indication of utility and other services required

s

Design-and-Build Estimate T ‘

\ . A ;
. A design-and-build estimate is in reality a special type of definitive

1

estimate. Its special character'is that it is the basis for a construc-
Fion contract carrying a "firm price" or a "quaranteed fmaximum price"

and this involves a substantial conitment by the engineering firm

'Bidding for the job.' The capital cost estimate discussed in this

paper falls into the -category of design-and-build estimate.
The ‘information available for the preparation of a design-aﬁdfbui1d
estimate is frequently less complete than that required for the

definitive estimate because the‘estimate is prepared at an earlier

10

A
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\pr due to difficul

the necessi

stage than the definitive estimaté. In fact, only after ‘the enginee%ing
fim is selected to build the plant based on the design-and-build .
estimate can the preparation of the definitive estimate begin. There-
fore, it is necessary to analyse the inform?tion thorougb]y and to use‘
great caution in eva]u%tion of the contingency allowance. ~ ' o
Furthermore, a designigkd-bui1a estimate must include an a1{owance to -
cover the risk factor which'is inherent in all ‘construction contnqcfs.
This risk factor allowance which is quite‘distinct from, and in addi-

tion to, the contingency allowance, will depend upon a ngber of faétor§

such as: the possﬁQle effect of unusually bad weather during critical

parts of the conatfhction

in recruiting skii]ed‘ia ror tb non-delivery of

fmportant itemy’ of equipment, ineffﬁciency and/ additional cost due fo

of crowd1ng certain port1ons of the work into a schedule

\ ——

wh1ch may be actua]]y too t1ght, ‘and other hazards~assoc13£e with the

: perférmance é§~the construction work. The risk factor must be taken

1nto cqns1derat1on carefully because this is a special type of estimate

where a\high commitment from the engineering firm is.involved .o 1.l

© to offer to the client a firm-price contract.

a0 \ . ‘ ) . y . .

In a desigp-and-build estimate, the scope of work and the standard of
quality okahe project will usua11y be defined partly by prbfiminary
or rud1mentany drawings or sketches and partly by a statement of per-
'formance requ}rements 1ncorporated in an out11ne spe;1f1cat1on

\ 1
Because of the*f1nanc1a1 commitment involved, it is extremely -important

V
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; -
,ghat thgse documents be carefully checked against the estimafe, ;ofdl
6n1y by the estimator bhé’also by the design engineer, to enéuf% that
’they are completely combatib1% and sufficiently specific. Later, %‘~
when thg‘aorking drawings ‘are being prepared, it will be the duty‘of
the des}gn engineer to follow them closely to enéure that the design
does not go beyond tie §pecified'réqu1rements ;nd that the most "
economical' means are adopted t& meet these requirements. T
The design-and-build egtimaté is to be used'as a basis for a proposal
(hegge, proposal-type estimate as sometimes refe}red to in this report)
“which involves a financial commitment by the engineering firm inlthe
form of 'a "firm-price” or "guaranteed maximum cost" proposal. In this
. case, xh;'estimate should be reviewed by a committee consisting of the
top-management-officers, the project manager and the project estimator7

The purpose of this review is not to relieve the project estimator of

his proper responsibi]itj but rather to enable the individuals who will

T be—responsible for setting the price to acquire an appreciation for the

——
—_—— v

risk factor involved in thg financial commitment of tHEREBEEHEYT“ThTs~—‘-mﬁ~T___ﬁ_ﬁ

kind of review is not necessary for other kindé of estimates. Site

visit by the project estimator in the case of design-and-build estimate .

M v

is a must. °
- }

Ac&uracy range of design-and-build estimate should be from 10% to 15%.
the degree of accuracy is based om "in-house" information of the

estimating department at Montreal-baseq s.N,c. Group.
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=" i) to develop designed quantities and to compare them with

13

Target Cost Estimate ‘ Ve

The target cost estimate is the end result of a Definitive Estimate as

approved by the client. It represents thé capital investment target
. - Cf

within which design, p;ocurement and construction mist be carried out
4 v

to achieve the optimum ba]ance‘of quality, cost and time in completing

Ed

the scope of work established in the definitive estimate. - : -

Control Estimate

)

N o . a L ”
This is a cost estimate of a par{lof a project prepared at appgopriéte
‘intervals, or for the ent{re design as detaiTed“design progresses to
assist designers to Eontfo] the design so as to keéb it compatible with

the scobé and cost established in the target. This estimate is based

.on the design drawings. Discrepancies between the definitive estimate

) ‘
and the control estimate may initiate revision of the des¥gn.

The control estimate is also for use in making monthly cost reports.

The purposes of the control estimate are:

basis during the definitive estimate
ii) to éstimate the portiohs of the project apd compare the, cost
with the equivalent cost of that portion carried in the
definitive estimate
\  11i) to provide the construction site with a fist of the latest

\\‘. J T

n
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quantities of the portion of the project where‘design is -
substantial]chomp1eted ‘ v .
iQ) to provide fhe cost control department yith the "Estimate-

complete" — an estimate of additional expenditures to a

committed amolnt necessary to complete a work item — for

cos; reporting purposes

v) to prﬁv’de the Project Maﬁager with a tool to assess

§eviations and take measures to cprrect or minimize these

deviations 5
Thus, the definitive estimate defines the scope of the project as it -
was conceived at the time the decision was takén to proceed with it,
and the énticipated cost‘bqsed upon this scope. The control estimate,
on the ofher hand, indicates the ;nticipated cost-of carrying out the
project as'actua11y designed and taking into account the conditions
(insluding labor rates and availability, ;ransporthtion,prob]ems, e $
foundation problems, etc.) pertaining to a part%cular site at a pa;ticular‘
time. fhe definitive estimate always includes some factoring‘whereas
thé control estimate is prepared from a.fully detailed quantity take-
o%f and is'in "cost-unit oriented" format. |
Control estimates are prepared when detailed design has progressed to

about 50%\ to 75% of a specific cost paﬁckage.' :

-

Tender Check Estimate

A tender check estimate is a detailed cost estimate prepared for each



N

’

"cohtract.package" to ensure that'thg'designZWas, in fact, compatible
with the equivalent amount of cost carried in the target for the scope
of the'package in question. It is & detailed estimate based on complete
drawings and specifications of a Broject or part of a project (package).
It is intended to be used as a tool:
i) to verify before te?der calls if the design of the project
or package has conformed to the equivé?eﬁt scope and\target
Jcost estab]ished in the de%initive estimate
ii) to evaluate a cohtgactor's bid and make recommendations
iii) to make decisions on award 6f contract
Tender‘cﬁeck estimates are‘méde when detailed desfgn has progressed fo .
about 90% to 95% of the contract package. Types of Capital Cost Estimates
are indicated in Fié: 4.
Different phases of a properly-managed project are concept, feasibility
study, pre-planning, planqing, engineen/procure/constrﬁct (EPC) and
commissibning. Pre-planning is an organized approach to the development °
’of a ﬁ]an for the project. The following figure indicates the degree of
estimatiné involvement during these phases of the project. Fig. 5

illustrates different phases of a project and the estimating input

through tthe phases.

-~
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2.2 THE IMPORTANCE OF THE “DESIGN-BUILD® ESTIMATE IN THE DECISION- -

\

-MAKING bROCESS OF CONSTRUCTION PROJECT MANAGEMENT

g J'l'h,e'lcapita'l cost estimate for a pr-o;)osal is extremely important

¢

since its early measureMant of the project cost isl"made at’a time when

] /\ea\ﬂi/ management decisions have the greatest potential impact on

project performance and when resource commitments are low. - The .
N v ‘E . ' :
following chart indicates the importance of.the capitfa] cost estimate at d

"

the early stage of a project (Fig. 6).

Thus, early décisions have the greape;‘t potential impact

+ on project performance and total cost, and are made at a timé when

,resouu‘ce commitments are 16w. Management's ' power to effect project

econpmy drastically decreases as-the project moves into design and
. M : ’ . .t R

construction stageés. . . .

> * N

The cost of making.changes to a project will increase drama-

tically when resourte-commitment is high (Fig. 7). ; : e . i -

\ >
» w
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Figures 6 and 7 are schematics onlx{aédﬁ%o»attempt has been made to

show relative orders of magnitude of expenditure in each phase.

- \

N
hY

2.3 THEﬂROLEggF‘ESTIMATING FUNCTION IN A PROJECT PROPOSAL TEAM

1

In a project prbp&sal team, i.e., a project team whose‘functibn
‘is to prepare a des?gn-bui]d proposal to present.to the client, the,
rolé of thé estimating function is t& ensure éhat ﬁhe Project Manager '
and other team members are provided with a consistent and efficient '
estimating service for the planning and control of cost during the
injtial manééement’ofiprojects. ) - “ ‘

| A typical company's proposal team and its interaction with the

N )
estimating .function is shown as follows: ‘

3

i
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CAPITAL COST ESTIMATE FOR INTERNATIONAL.

/

HEAVY INDUSTRIAL PLANTS

B

3.1 CLASSIFICATION OF HEAVY INDUSTRIAL PROJECTS
. LS

! v
L4 '

The objectives of this chapter are: ' C-

J

» . ’ Ll
(1) To classify different types of heavy industrial projects
. : , . y
studied in this report. -
(11) Identify important factors which must be taken into

consideration in estimating capital cost of an interna-

L

fional‘project.

(‘(iii) ‘Describe capital cost estimating approaches with respect to:

Mineral Processingﬁzlants

Chemical/Petrothemical Processing Plants

»

Pulp and Paper Plant \ O

[

A

‘ v Nuclear Power Plant
y

a —

The demands of a growing industrial base, the need for improved

public utilities for technology-oriented industries, the enormous wealth
and poverty created in the aftermath of the 0il crisis and perhaps even
the desire for the luxuries of the modern era have all contributed to

the growth of international projects)in recent years, particularly in



[P N

. the developing Third World countries. Canadian engineering firms,

Sa

&

with their North American technological expertige, have increased

their efforts to win foreign business.: Two factors which con-

tribute to their exdébtiona1-éffort in overseas business are:

- Firstly, a slow-down in domestic activities. ODeclining prospects
at home have resulted in engineering firms seeking- fore1gn contracts
for the first time, while others have 1ncreased the1r market1ng

|l

.efforts abroad. ‘ B

o

- Secondly, the increase in size of consulting engineering firms,

usually through acquisition or mergers, to the point where several
Canadian firms or groups are nowflangeAenough to match capabi]ities\'
w{th those of their most diversif;ed foreign competitors. |
Highly specialized engineering skil]i-qre offered by Canadian
engineering firms to foreign'markets depend{gé on the stége of Qeve16p:‘
ment of the local economy, the types of natural,resbuhées available and
the priorities o% local government. Table 1 and 2‘inqicate international

bus1nes§/voﬂumes of the Canad1an engineering f1rms by industry, as

well as&@he bulk of eng1neer1ng specialization by potential c11ents

\.

~
<@
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Forestry, etc.

. Mining & Heta]ldrgy

Power
Plant Process
Municipal

‘Other: -

Transportation
Buildings

Air & Sea

" Petroleum & Natural Gas
Te]ecommun1cat1qgs

Dams & Irrigation
Miscellaneous

. !

. Table 1:

(From-“Consu1t1ng qu1neer1ng in Canada - 0verv1ew and Prospects"
prepared for the Department of Industry, Trade and Commerce and the
Association of Consulting Engineers of Canada by Peter Barnard

A§sociates of Toronto in April, 1978).

1

i964~
$ millions

4

—_ ) -

%

* 40
10
20
10
10

10

fr.

1977
$ million

34
33
29
34

10

— W O ~N 0 W O

60

International Bi]lings by, Industry [19]

%

17
17

15

17

DA — W W o -

Average ’
Annual Real

i

"y

25

P J

Rate of Growth

29

12

23

22

23

9,

35

<
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4/” % Total Non-U.S. ’ : ),,r ‘
Area . Billings* Sector *% of Total
Latin America 25% ~ Power o 25y ’
Mining & 9%
( Metallurgy 24%
Africa g 24% iPower 24%
e : Transportation 19%  49%
‘ ‘Miscellaneous 6%
Far East | 16% Power 32%
‘ Mining & )
Metallurgy (‘ 24% 67%
Transportation 11% .
Middle East 14% 1 Municipal Services 28%
x Mining & :
Metallurgy 22% 61%
Transpor;ation 11%
Europe 12% ‘ Mining &
\ ) Metallurgy 47%
Petroleum & oo
’ Natural Gas 17%
Caribbean . ' 6% ' Transportation 32%
L ' Power 23% 67%
' Plant Process 12%
Australia 3% . Forestry, etc. 75%
Mining &
. - Metallurgy 12%

Table 2: Engineerfng Specialization by country (19]

Of all those indystries listed, this paper will examine the

5
Ve

estimating approach towards thelfollowing plants: '
*: Pgi;%;tage of engineering work not to be carried out with US technology.

/

»

~—



&
— Mineral Processing Plant (Mining and Metallurgy)

}

P]anté used primarily in the processing of hineraTs extracted .

from mines. Operations of the plant may include crushing, screening,

washing, flotation, mixing etc. ... and other operations customarily
done at the mine site, or as part of mining acti&ity. Development of
mining properties are included. Commpn minerals produced in mineral

¥

processing are zinc, copper, asbestos ... etc.

— Petro-Chemical Plant (Petroleum and Natural Gas)

1

Plants primarily engaged in chemicé] pkgcessing operations
producing Jubricating oiﬁs, residual fuel 0ils and other products
, from crude petroleum and its fractionation products, through stréight
distillation of crude oil, redisti]1atio; of unfinished petroleum

derivatives or other processes. ¢
« + '

— Pulp and Paper Plant (Forestry)

Plants primarily engaged in the manufacture of pulps and basic
papaers from waod and other celjulose fibers, They are also used to
manufacture paper and paperboard ahd convert these into products such

as paper bags, baper boxes and envelopes.

— Nuclear Thermal Power Plant (Power)

Plants with nuclear reactors to generate the heat required for

/

the deVe]opment of commercial power generation in thermal plants. It




L4

. B
is. the CANDU reactor, which uses a natural uranium fuel with a heavy

N

water moderator to facilitdate the handling of spent fuel.”
p ¢ N i

3.2 INTERNATIONAL CONSIDERATIONS IN CAPffAL COST ESTIMATE

Al proifcts are unique and to‘gxecﬁgg them correctly requires
time. Thus, differences in location, timing and technical scope will

o

lead to many other specific differences. /Iﬁ? capital cost estimate .

AN

" will serve as a tool to evaluate hoy this unidue combination of
resources and‘circumstances will react at some point in the future so
gnax\QsFisions will be made on it. Regafd]ess of what kind of pfoject
is to be executed and where and when it is to be accomplished, the two,
basic p;incip1es apblied for international projects are:

- The components of resources and services required to build

the plant are similar for any particular type of projecf.

- No rules govern the way these components interact or the

basis of costing at home and abroad. «

Before preparing the estimate, it is necessary to ‘have a site
visit (see Appendix B) by an exﬁerienced estimator, to the countr& con-
cerned)to meet the client, meet and Eelect suitable local partners
(consu]tanf firm, agentﬁ, etc...), obtain cogt data Ey talking with
various local or foreign contractors who have worked in the area,
obtain information on local tax laws, currency exchange regulations,
work permits,’ guarantee bonds, local fivtng conditions, costs of

exﬁatriate field staff, etc... Major components of an estimate which

v



a

have to be analysed in terms of resources and time required are:

a) MATERIALS AND EQUIPMENT _

13

While construction matérials and equipment are very easily
supplied by sub-contractors in a domestic project, nearly all of
these are imported for an international project in Third.World countries,

i.e., refrigeration plants, vessels, generators'and many other heavy

equipment. Medium-sized electrical or mechanical equipment (i.e., pumps,'

e1evatqrs, piping and fixtures) often come from Europe o} Japan. Rough
materials are usually available Iocally (i.e., concrete aggregates,
cement, ceramic ti1es; and brick). The quality of fabrication and
manufacturipg, in many cases, is not up to standard because competitigﬁ .
is nil. Commonplace items, such.as nuts, bolts, sc;ews and nails can
be a problem. Other materials, such as plywood, formwork, expansion.
joint filler or form ties may not be available in the Jariety or
quantity required. In Latin America, concrete a]ﬁost certainly will
not be available in reaay-mix trucks from local Bgighxplant, SO one
will have to be set up on site. b ‘

Material costs may vary up or down depend{ng on cfrcumgtqnces
(see Appendix C). Some of the usual reasons are:
- different climatic cdnditions; requiring different material specjfisn-

tions and special weather protection

29

- Tocal government regulations, such as safety standards o 7

- local so&ia] customs thatxrequire special facilities



-]

quality, and often

30

- ability tq buy from an internatipnal market, which increases competition
- use of indigeneous materials, for political or financial reasons, or

because local tradesmen know how to handle‘them:

- Toss dye to deterioration particularly where long and hazardous

a piece of equipmen N

o .

b) LABOR

Like materja]s, the shortage of trained labor in‘a"foreign‘
country is much more severe than that in a domestic eroject Research
on the labor market has to be done to see if. the requ1red 1abor for a.
particular Job is ava11ab1e as well as the quality of -the available
labor. However, the labor situafion is much more complex because many'
factors have to be considered, sueh as productivity, avaiﬁhbi]ity,
emp1oyhent regulations, ﬁorma1 working hours, local-trade practices,
government restrictions on mob1l1ty, wage rates and fr1nge benefits.

The product1v1ty of 1abor is the most difficult factor to assess

~

because there are so many separate causes .that effect it. Firstly, the
basic skjll of the worker must be assessed. Thie depends on: the trdin- .
ing he had‘beeﬁ given, the tools Be uses, hjs physical aptitude and the
social-attitude to work. This basic skill will be modified by the man's

motivation which is affected by meﬁy_factors; which themselves have



»

different relatige importance in different countries. The most important~
of thé%e is the quality of supervision, which is not a diréct producf of
the location, but rather is determined by nationa[ factors.:

“fgrim, mandna, demain" are some favorite eipressions indicat-
ing the desire of workers to stoﬁ working until the next day in maﬁ§ .
of the Middle East and South American countries. Sleepingxon the job
for new employ§es whé have never worked shifts i very common. Perform-
ing religious acts during working pours happens often, particularly in I
countries of Moi}em ré]igioni ‘ ° -

Other important local facths that inf]uénce motivation are:.

-.employment conditions '

- working conditions

- rate of pay |

- - climate

- work flow - - T

- union éctivity and restrictive practices

- trade practices f

Io a certain extent, the remainder of the factors that affect
labor cost are somewhat easier to evaluate, but they are §11 interde-j
pendent to a certain extent, e.g., in Nigeria, only minimum rates are
quoted and ac;ya] wage rates vary depending on the skill andcefficiency
of the tradesmen. En mafy other countries, the really skilled work

force is far smaller than would appear, and yet there_ are restrictions

over the introduction of expatriate tradesmen (e.g., Tunisia), Some

.
v



count;ies have such complex regulations governing the hiring of men
that it is'virtually impossible to ﬁi}e them (e.g., India). In
Co]uﬁbia, fringe bebefits can equal the Basic wage rate [31].“ There
are g%ses where an unski]]ed/man has to be~emp19yed)as a helper for
. each skilled man, in addition to the men genuinely needed for unskilled
' jgbs'(?.g., South Afrigg). As a result, the employment of labor ade-
qudte to complete a project on time is almost always more comp]icaged
and more expensive than would appear on initial(inveitigation. ’Do not
assume -that local tradesmen are less efficient than our standard in
North Amerijca. Specific trades jn specific countries are at 1e$st as
efficient as our local labor, and, -in their own environment, may even
be more efficient. Examples of this include Trinidian and Lebanese
welders, carpent;rs in certain African countries, Polish prickglayers
etc. Another point worth-mentlin1ng is the danger of extrapo1at1on
from one country to another-and even within one country For example
Lesotho is a small country completely 9q“§ougged bx~South Ar1ca but
‘1ts cond1t1on for the employment of labor is very different. However,
in general, broductivity is lower than North American stdndards. If
there is not enough tr&ined labor available locally, plans mu§; be set
out to get this labor force in order to efficiently staff axproject. n‘
Mechanical/E]ectrtcai trade personnel, which is a]ways'needéd, comes *
mostly from Europe. | ;

Pipe fitters, cement masons, welders and iron workers may be

in short supply. However, carpenters and brick-layers are generally

LY

" 32
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| s
available in fost countries!

Some specialist trad? workers, such as automation tﬁchnicians
or lead bdrnérs, may be aTmo#t non-e;istent. it is frequently necessary
to bring in expatriatelsuper#isorshto train the‘]ocal'tradesmen‘in
specific ski]1s.f Recently, especie]]y on M;d-East construction projects,

. . ' r
~much of the trained labor\hhg usually come from South Korea or other Far

-

o - .
Eastern coﬁ;Erieg;w;gjving crnd1t1ons usually are quite different because-

of climate and local customs|. Imdﬁrted labor is usually obtained through

-«

an agency, with contracts fqr two-years or longer. To 'maintain good/\
morale among the work force, recreational activities must be arranged

as-part of the working agreement. In addition, the higher cost of

1iving expenses, such as ho%siﬁg and schooling for employees' children
_are iﬁc]uded.to As a result, the author believes that in order to

minimise labor problems in an international project, one has to have a
X !

good know]edge of the po]itﬂcal, cultural and social structure with

‘ oA .
respect to labor factor in foreign countries. ¢ .

‘Thus, even though labor cost rates'might be a fraction of

s

domestic scale (see Appendix C), the labor factor in an international
proaect is very complicated Fnd requires careful study and 1nvest1gat1on

by an exper1enced estimator hav1ng good knowledge of the 1nternat1ona1

6

scene.

|
|

¢) INDIRECT COST S T .

1

'7\\ /kl" ’ . t .
Indirect costs are Gtems of cost associated with the project

]
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wh1ch‘cannot~be conveniently charged directly to s1ng]e est1mat1ng
Uaﬁcount These costs can skyrocket on an overseas proaect since, for
the purpose of capital cost estimate, these costs agg often expressed
as é percentage of the direct costs. (Meteria]s, Equipment, Labor).
Indirect"costs - for transportation, communication, site services,
accomodation and supervision — include the transport to and from the
site of all materials, men and supplies, the communication sysfem as
well as the p}anning and operation of all field services and mainte-
nance facilities. Indirect cost can skyrocket in cases where the
transporting of materials and men over 500 miles can Se coﬁsidered as.
an abngrmal cost, in contrast to,a domestic project for which such a
problem is normal. .

) Thus, consideration must be tdken concerning the time required
to reach the swte sh1pp1ng costs, SPans -shipment delays, charges and
dues weight and size ]1m1tat1ons of equipment, c11mat1c cond1t1ons
Sometim?s, roads are inadequate (e.g., extremely inadequate roads for
the, presently-proposed Copper Sme1tingdand Refinery project in the
.area of Leyte, Phillipines) or harbars have insufficient unloading
capacity causing the time required for un1oading~and customs c]earaﬁce
to be excessive. Major equipment can take six to eight months to reach
the site 'from the works. Deliveries can be halted by c]imatic condi-
‘tions, such as hedt and rain. Red tape is hard to avoid in some |

countries, all materials and»equ1pment must be packed and protected to

. sit on site for 18 months since no work can go ahead until a11

-

<

‘o
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equipmeht and supplies have been delivered and checked. Quite often,

the construction of warehouses is ngeded to allow for very early sy

ordering of material and equipment in order to have them-available when

"« required. The worst situation that can happen is to have very expensive

labor sitting around and waiting for material deliveries. Cement in
Korea cost $50 a ton delivered on site, while in Saudi Arabia, a ton
costs*$l40., Problems for Erahsport of labor and staff, such as timé
and co§t of initial and final transport, daily transport needs, govern-
ment re;?:ictions and delay eSpecially on expatriate personnel must be
takeh into. ctonsideration. Communicatjon systems, such as a daily
_courier system, telex system or even telephone system must be set up.
N 'The cost of adequate housing,‘schooling, medical facilities, transport
“and vacation for all expatriate staff~and their families must be-

carefully assessed.

d) TAXES, DUTIES AND CURRENCY FLUCTUATIONS

T Taxes and duties are changeable. The rates are often different

for exporting countries. Thus, it should be bepeficial for ‘the
engineering firm working abroad to make these rates as part of the'
contract.

It is also necessary to review the exchange rate fluctuations -
as related to the.Canadian or United States dollar during the last
two or three years, and naturally predict ahead as well. It is better

to close an agreement in the Canadian dollar currency if the major ,

~ &
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weather, .customs or beliefs. Inflation has an important effect on ¢

.
P v \
, ,
<

‘material and equipment sources for the project-are from Canada.

_e) ESCALATION
*

Escalation is defined as the increase in costs which can be
attrfbuted mainly t6 inflation. Escalation wf]] increase as the size .
and complexity of the project increases. To arrive at the most prob-
able trend, a careful study of the construction activities in the area
must be done. Considerations must be. taken when additional labor is
imborted'at three or four times the cost of local labor. Overtime yofk

and shift work seldom produce acceptable productivity, due to local

escalation rate. In some countriegfbescalation can reach as high as
50 percent in one year.' QOne of the past best approaches.ié to store
histgrica] Qaﬁa,\plot it_gn graph paper anﬁ predict the trend. However,
this appfgach seems to bé less effective particularly in recent years

when the rate of inflation is unpredictable.

f) LOCAL FACILITIES

. —

Y.} ‘ ¢
The transportation system in many foreign countries is not

usually up to North American standards. Railroads cover only par%s of

the country and, in general, trucks carry all the loads. Power supplies

are poor, which leads to "start-up" problems later. Shortages of

practically every item can be expected, §hch as food, staples, fuel,

- cigarettes, gasoline,ltires, spare parts, water, etc... These shortages

\

36
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g) CASH-FLOW SCHEDULE ‘ L -

will be hand]eq'more,effectively if théy are not on the right track.

make the construction.of an industrial complex extremely difficult.

/

‘ —

- Td avoid eventual financial prob]éms que to bad payment by

v

the client wh&yp?efers to make only a limited number of 1argé°payments
% \

per year of the project life, a well-analysed cash-flow has to be

prepared and all the important factors must be considered in the es-

timate, especially construction time, since international work takes

mucﬁ‘iggger th@n domestic, and heavx equipment must be putchased ’
early, ‘epending on the project. A typica} monthly cash-flow is ' ‘ *
widely used since it will help to predict the financial status of the
project and detect possible financial problems during the construction

of the broject. fhus, with a cash-flow schedule, financial problems

h) PROFIT

Profit should be estimated after taking into consideration all

the risk factors/éffecting the capital cost of the estimate. It is,

Ao

in fact, a risk-based factor. Risk analysis, as a result, must be ~

'

Q)'
. . L . L
done so that the profit can be estimated as correctly asiossible,
Depending on the market activity, profit can be estimated and. achieved
with good management. .y
i) Miscellaneous components ' o

Other components of significant impdrtance with respect td/the
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estimate of an international job can be described as follows:

\J
1 \ i

1)/ Growing interest in many countries to develop their own
technological skills. Thus, engineering contracts will generally
include a requirement to magimise the use of local sub-consultants,
ysua]]y in the areas of foundation anq some of the cjvi] engineering
work as well as mechanical engineeriné detail draftiﬁg. It is
extreme]y jmportant that sub-consultants' work is closely controlled
by Canadian technical staff. This interest reflects one aspect of

the feeling of nationalism existing in all countries. That is clients

L

—in developing countries do not want to just watch North American

¢

technology and experience create a new plant or factory for them.

) They want to participate in the project, learn the management fechniques,

‘and feel the satisfaction of knowing that it is their project accomplished

by their local forces and that they have developed new capabilities inw q
C

’

the process of doing the project.

2) P]anhing techniques used in North America may not be
appropriate. It has been found impractical if a computerized CPM

system is to be used and the necessary hardware and soft-ware is not

avai]able in the foreign country forcing up-dating information to be

\ \
sent back to Canada each time. _ ' n,

3+

. 3) A basis for the divfsion of costs into local and offshore
categories mu§§ be drawn up. 'This division of work applies to dollar

budgets, -as well as the local currency budget and it must be established



.
ha!

' Algeria, Tunisia, Turkey, Chile, Peru, Ecuador, Yugoslavia, Egypt).

-project.

® »

before pricing tﬁexprbpoéal. Cae Y,

-/
4)+« Most countries in the Third Nerd have central planning

committees who determine on a macro scale what is to be 'built. (e.g.,
So, the reaction toward foreign firms and technology of these central

planning committees must be observed before seriously bidding for any

5) Training for local employees who will operate the plants
will take longer than the recommended period suggested by the client.
Sometimes, these employees must be seht‘to 5 foreign country for "on-

the-job" training in a plant similar to the one they will operate.

_6) A familiarity of local customs and culture is a must.
(e.g., social structure, local customs, local laws, local ethnic grodps;
social aspects, driving habits, food, religion, acceptance of women,

ca]endars: holidays, etc.)

7) The governing language of the contract, i.e., whether or
not the foreign language is the one that governs the contracting
document's content. ' | ) ‘
Allowance for expatr;éte personnel and their families, such
§STS§135y pfemium, hardship allowance, 1iving af]d@ance, automobiles,
reloéﬁtién”cos paséportsi visas, work permits, medical and psychological
:%re, education for children, personal taxés, additional |

testing, furgi
v "
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leave benefits, cémpassionate 1eav;, emergency evacuation, etc.

In conclusion, only by having thesezasove-mentioned factors
considered can we arrive at a confident and acfurate estimate in the
%nternationa] scene. It is possible that there might be other factors
affecting the international estimate as time and sftua%ion change.

However, those discussed above are beﬂiévea to be the basic and the

most important ones for an international capital cost estimate. Appendix

B is a[so used as a guide check list in collecting information required:

to prepare a reasonably accurate estimate of the capital cost of an

international project.

" 3.3  INTERNATIONAL CAPITAL COST ESTIMATE

'3.3.1 BASIS OF PROPOSAL-TYPE ESTIMATE

Purpgle: To prepare a capital cost estimate to be presented to an
iﬁternational industrial corporation in a 1ump-sum contract. The
estimate should be considered as a preliminary estimate to be used for
the purpose of appropriation for expenditure of‘éapita1 fundg and the

award of engineering services.

Information availability:

i) Plant location an&\site conditions: General information on soil,
access to site, local weather, labor force, economic situation, wages,

cost of raw materials, etc. - ' /
N
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ii) Plant size and its products: The capaci}y of the plant must'be
well-established becaose this is the basis for calculating equipment
. and utilities. The plant's main prodocts and by-products must be
determined since sohe by-products may even require special process or i
auxiliary facilities. ' ' '

iitf) Process flowsheets: A set of process flow speets is: developed
indicating all major and probeb]y minor equipment; all maior lines,
valves, and controls, major utility requirements such as‘water, steam,
gas or probably instrument air. Product handling and 1oad1ng of the

1ncom1ng raw/ﬁaterwals must be included.

l ‘
iv) Equipment sizing and plant.layout: With the process flow sheets—

developed, process engineering can calculate flows, temperatures and
pressures so that mechanical engineering can size all the process and
mechan1ca1 equ1pment Those calculations will form the base for equip-
' ment pr1c1ng, plant and piping layout, supports and foundation. It is

- very important that this equipment list is as comp]ete as poss1ble s1nge

other parts of the estimate will be estimated as a percentage of process

equipment costs. “Thus, it is. important that the cost of process equip-

ment must be as accurate as possible.

v) Material specifications:' The equipment and piping specificatjons
must be based on the process, temperatures’, pressures and products to
be handled. Plants that may use many different or uncommon materials

cost more than conventional plants.

9.7
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vi) List and size of buildings: Process buildings, shops, garages,
. 4 /
administration buildings, hospitals, living quarters, warehouses,

whichever required, musf be listed with their sizes.

vii) Information of "in-house" past projects. ‘ .

Accuracy of the estimate: The accuracy of the estimate will be-in the

range of :10% to +15%. It is worthwhile to mention that'the accuracy of

the estimate predicted is a useful indicator for management people to

arrive af the firm-price charged to the client. The firm-price must bé\

defined after takihg careful consideration of contingency and escclation
allowances. The accuracy of the estimata, ho@ever{ is not in%ended to
arrive at an extra charge at a 1cter date towards the client if the
cap1ta1 cost of the p]ant is overestimated.

In other words, the engineering company which bids for the “firm- pr1ce;
contract will have to perform the work as described by the contract

under the guaranteed firm-price regardless of the final outcome of -the

cost to build the plant. -

3.3.2 CAPITAL COST ESTIMATE

‘ Capital cost estimating for an 1nternat1onab/broaect
proposal presented here will enable engineers to rapidly assémble a
wide variety of reasonably good cost-estimates in order to arrive at
the cost of a future installed plant, recognizing that therc\are
Af1uctuat10ns and uncertaintiesiq conceptual work due to a minimum of

design information. Purchasijng is to be done on a world-wide basis
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many months or years in the future and labor cost must be estimatéd

for a remote \foreign area. .

Q

- - #
3.3.2.1 PROCESS EQUIPMENT (INCLUDING MATERIALS)

The base for the estimating procedures is the cost .
of major piéEes of process equipment. Once the major pieces of this
equipment have been defined, the estimate will be proceeded with for

cost information. There 5re two types of process equipment: o

— Major process equipment: Equiﬁhent in which process materials unde%go

a change of state, condition or composition; or equipment in wﬁich process
material is stored, e.qg., circu]atiqﬁ pumps , contafner fabricating equip-
i - D .
ment{afurnaces, silos and storage tanks, water treatment equipment, paper
Machiﬁe, rewinder, etc. h

N a,

— Auxiliary process equipment: .Equipment associated with major process

s

.equipmeny for material movement, instrumentation, procéss‘contro] and
electrical control, e.g., blowers, controTv;alves, conveyors, iﬁstruments :
and controls, pumps, vibrating feeders, motor control centers, overhead
craﬁes, weighing devices, etc. | | .
! THe best gbyrce is to obtain quotation§ from the‘luppliers of
the equigﬁent required. Quotations are also requeéied from some poten-
tial suppliers on a competitive basis from certain de&e]oping éountries.

These sub-contractors will give equipment prices as accuratély as

possible with details concerning firm prices, gsca]étion clauses, del;wery‘

vy

. N
o
I ‘
'
. . «
\
. Y
\
»
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'timef:etc. Ihese'equigment prices wii] be Qerifigq.gnd checked‘bﬁ'the

‘purchasing, engineering and estimating departments with respect to their

quality and costs. Effect1ve cross -checking can be done through an "in-

house" rgtrieva{ system conta1n1ng past-project equ1pment costs. 'For
equipment which is not quoted by suppliers, its prices can be obtainéd
from the files of past .purchase orders from previous jobs wh1ch may be -
‘present in the Purcha51ng or Procurement Department. These prices must

be corrected to the current cost index: A common price adjustment

.practice, obtained from JU]y/August 1977 publication of The American-

Associgtfon of Cost Engineers (AACE), is suggéstea'?or price adjustment
in the light of changes in labor ~and materiaimprice indices. These

- - N
price changes occqrred after the date of the original quotation in some

European countries, E§A, Japan and South Africa (see Apéendix D). For

common -types of process equipmént,‘such as tanks, pumps, heat exchangers, -

crushers,- boilers, etc., the capacity and.cost of Homogeneous items of

equipment are often related in the form:

CosT RATIO = (SIZE RaT10)f

where the exponent of "f" is a factor ranging usually from 0.5 t6 0.8

for proqpss equipment. A typ1ca] list'of capacity-cost exponents of .

process equipTént is shown in the table 3., For additional exponent

vgluéﬁ, see Appendix E. Judgment, based on years of experience, should

“" be exerciséd'in se]ecting‘an exponent that suits the situation.

s ' =&
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to 80 cfm °

Exponent - . Exponent
Equipment Description - Capacity or Size f Range ™ Equipment Description Capacity or Size f Range
Blowers: cenuufug;llmotor to 10 hp 0.15-0 40 Filters, plate and frame
. 15-500 hp 0 60-0 90 Cl, alum., PVC, rubber to 650 sq. ft. 0.55-0.70'
stainless to 450 sq. ft. 0.80-0.90
Blower: axal/motor to 5 m, cfm 012-0.35 \
! to 15 m, cfm 0 30-0.40 Heat exchangers, kettle type ) .
r to 50m,cfm *  0.50-0.75 JU-tube, 150 ps1, c.s. to 10 m, sq. ft. 0.45-0.60
" . to 20 m, sq. (t 0.60-0.70
Boilers. package to 4 m, lbs/hr 0.90-0.98 to4m,sq. ft 0.60-0.75
. to {15 m, Ibs/hr 0.65-0.80 .
to 50 m, lbs/hr 0 40-0.75 Floating heat, 150 pst, c s to 600 sq. ft. 0 30-0.50
to 2m,sq ft 0 55-0.75
“waste heat to 5 m, lbs/hr° 0.88-0 93 300 psi, cs. to 600 sq. ft. 0.35.0.55
to 25 m, lbsfhr 060075 to 2 m, sq. ft 0 50-0.75
Compressors: centrifugal . Heat exchangers, shell and tube
Motor dnve. to 100 hp 0.90-1 25 Fixed TS,cs, 150 psi,
Steam turbine drive to 2000 hp 030-0 70 ¢.s tubes : to 400 sq. ft . 0.50-0.60
- Turbo, 3500 rpm to 2000 sq ft. 065-0.85
Process service 500-2000-hp 0.60-0 80 s.s tubes to 300 sq ft. 060-0 75
Compressors. reciprocating Floating head, 150 psi,
Motor drive, air to 500 hp 0 80-0.95 Adm. tubes to 400 sq ft 0 60,
' to 5000 hp 0.65-0.80 to 2000 sq. ft. 0.8
Motor dnve, process to 100 hp 0.70-0 90 ¢s tubes to 400 sq. ft 0.55-0.70
- to 1500 hp 0 80-0.95 to 2000 sg ft. 0.75-0.90
Gas engine drive - 0 80-0 90 "
N U-tube, remove bundle, o
Compressors: rotary c.s shell, 150 psi, ,
Motor drive to 500 hp 060-0 70 Adm tubes to 1000 sq ft. 0 75-0.90
‘ c.s tubes to 1000 sq ft. 0 65-0.85
Dust collectors. bag filter (only) . ///\ 5.5, tubes L to 1000 sq ft. 0.80-10 '
Shaking type to 10 m, cfm (D 50-0 65
Light duty to 40 m, cfm 090-1.0 Kettles, cast iron, jacketed,
Heavy duty to 20 m, cfm 4 080095 100 pst : to 800 gal 0.30-0 40
R to 2500 gal. 0.40-0.60
Dust collectors. centrifugal Glass lined, jacketed to 800 gal 0 35-0 45
Impeller, includes hopper, only to 2500 gal 0.55-0 75
Dry type to 20 m, cfm 0.60-0 70 .
to 75 m, cfm 080-1.0 Mixer, agitator —
Wet type to 20 m, cfm . 0 70-0.80 Propelier ar turbine type
fa 75 m, ofm 0.80-1.0 with motor, s.5 to [0 hp 0.75-0.85
K . to 20 hp 0.50-0.70
Dust cdliectors: cycione . to 30 hp 0.20-0.35
No frame and mounting ! Side entening, w/motor T )
Light duty to 10 m, cfm 0406 Gear drive, c.s to 25 hp 0.40-0.60
to 20 m, cfm 0.80-1.0 Gear drive, s.s to 25 hp 0.40-0.65
Heavy duty to 10 m, cfm 0.60-0.80
3 to 40 m, ¢fm 090-1.0 Motors: induction, 440 V.,
Exp. proof to 20 hp 0 60-0.85
Electrostatic precipitator 1800 tpm, 60 cy., 3-ph. to 200 hp 0 80-0.95
utomatic Open drip-pr. t0,20 hp 0.60-0.75
ange of all types to 100 m, ¢fm 0 60-0.90 to 200 hp 0.80-1.0
to 200 m, ¢fm 0.65-0.90 TEFC to 20 hp 0.55-0 65
to S00.m, cfm 0.30-0.85 to 200 0.85-1 0
Scrubber, water spray Motors. induction, 2300 v,
Light to 20 m, c¢fm 0.60-0 8S exp.-proof, open drip-pr ,
Heavy - to 30 m, cfm 0.60-0.85 TEFC 250-500 hp 0 65-0.85
to 50 m, ¢fm 0 80-0.95
- Vessels ©
Ejectors, range, single, C.1. to 2m, cfm 0.45-0.80 Flat head ,
N Carbon steel to 1500 gal. 0 65-0 85°
Ejectors, four stage, C L. cs glass lifed to 1000 gal. 0.40-0.60
Barometric type, ar to 80 cfm 0.40-0.60 .., Jacketed to 1500 gal 0.65-0 80
Surface type, air 0 45-0.65 stainless steel to 1000 gal. 0.65-0.85

-

Note: M = 1000;c.s. ® carbon stesl; 5.5, ¥.stainless steol,

Table 3

. Selected

Cost Capacity Equipment
for Cost Estimating [1]

AL

Exponent Ranges
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Costﬁind1ces to capacity-cost re]quons can be used to estimaté

'current prices of equ1pment from obso]ete prices. A cost index is the

ratio of costs at & part1cu1ar‘t1me to costs at.a specified base year.

Where tbe priée of an item ae some time in the past is known, the currenﬁ

price is estimateﬂ from:

PRESENT COST = (COST IN THE PAST) ——LCOST INDEX NOW) . )
. N " (COST INDEX IN THE PAST)

t

Cost indices are based on mean costs over a period of time.
fhey ha&g an accuracy of *10 percent and‘they are1used with equaf to

or better than this accuracy when the tige lapse is less than ten

A

{

Of the various cost indices available, the following are

¢

commonly employed in the process industry: (1) Engineering News-

fa

Record construction index (ENR), (2) Marshall and Stevens cost index

(M&S), (3) Chemical Engineering plant construction cost index (CE),

and (4) Ne1son'Ref1nery construction cost index (NR). Each index is
based on specific information suitable for its purpose [1].

| Current va]yes of cost 1nq1ces and other ec%gggpchlpdicators
are published in various jéurnals, such as Chemical Enginéenjng, 011
énd Gas'bou?nal, Engineering News?Record. “ Table 4 and 5 1is£ the ENR,
M &S and CE cost index values for the year-1976 and the period from
1950 to 1975. S - 7
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Average
*" Jan
. Feb

Mar .

May
June
- duly’
Aug
éept
« Oct
‘Nov

Dec
. Base Year
.f

Table 4:

} /
47
. S v
N
ENR &onstruction Index M&S G
2400 a2 BRI
a0 - . 187
| 2310 . 458 188 |
. L 231 : - - 188
2327 - 189 -
T 2357 ; i6o. 190
2410 . - 192
2414 - 193
_ 45 - - 477//< 14
: . 2468 | - - 19
' ars - 19
2086 . 485 197
2490 - 198
19132100 " 1926=100  1957-50=100
, |
Cost Index Va]ues'for Y%gr 1976 (5] | _
' !
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Table 5: Cost Index Values from 1950 to 1975 (5]

T w&_/ 48
Year "ENR Index M&'_S {A11-Industry) . M&S (M‘ianﬂHng) CE Index
. \ T L] [ . ! )
1950 510 168 17 74
1951 543 180 181 « 80
1952 569 181 182 \\5> 81
1953 600 183 184 - 85
1954 628 185 : 187 86
1955 660 191 193 " 88
1956 692 209 216 9%
1957. 724 — s 228 99
11958 759 229 234 100
1959 797 235 . " 237 102 -
1960 824 238 241 102
1961 841 73 239 102
1962 872 239 200 102
-1963 . 901 239 ‘ 240 102
1964 936 242 1283 103
1965 on 245 205 104~
1966 1019 253 253 107
1967, 1070 263 264 110
1968 18 213 213 115
1969 120 - 285- . 286 ny
1970 1380 303 - 303 126
1971, 18T * 321 - 321 132 -
<1972~ 1726 332 o 332 137
1973 1897 344 343, 144
1974 2019 398 394 - 165
1975 444 - 451 182

R il e S
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gggmélg; Find ‘the cost in July 1973 of a)é 500 1b/hr steam boiler.

A comparab]e boiler, hav1ng a caﬁac1ty of 5,500 1b/hr cost $10, 560 in
July 1966.

ENR construction cost index for Juiy 1973 was 1924, while for July
1966 was 1050. Hence,'cost of 5;500J1b/hr boiler in July 1973 becomes:

«
| ‘923 x $10.560 = 19,350

C o : -
Capacity rate: | 3,500 _ .
F5og = 0-636 }

AAssume: Capacjty cost exponent = 0.6
Cost ratio = (0: 636)0 6 < 0. 762 .
V Estimated cost in July 1973 of 3,500 Tb/hr stean. ‘boilgr is
R 0.762 x $19,350 = $14,750
Ano ther method of estimating equipment tost %s to use t?e equip-
msnt cbst curves developed by maintaining a private co]]gction)of cost
data and from these correvﬁﬁions arriving at cost charts.
Appropriate cost esca{ation must be applied to suit the time
of use of the data aﬁd, if applicable, taxes, crating, freight must be b
added. Great care must be exercised to examine the age, applicability,
completeness and accuracy of the data before it is used. Appendix F will
give typical cost curve$ from Marshall and Stevens. This collection of’
cost data includes many items used to make preliminary plant cost_

estimates.
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3.3.2.2. LABOR \ L

‘0 | This part of the project cost must be considered very ¢
carefully, for it may completely change the profitab%]ity of the entire
project. Information on productivity-manpower availability, union
influence of the country concerned, other contracts in the area, .

availability of general and specialized contractors and distance from

’

the Tabor source must be obtained. - . -
Labor costs, espe&ia11y for installation of equipment .
and piping, are subject to consi&erab]e variation and cannot be determined
with the same degree of adcurapy as material cost. Thus; labor costs
represenfdzgz 1argest:eTement of risk associated with the project.
—— _ Low productivity, overtime work, wage rate increases,
and labor disputes during the period of constrﬁction may have a disturbing.
effgct on labor estimate. The basis of estimating labor cost i3 the
amount ‘of labor-hours required to perform the work, i.e., the evaluation
of manhour'broducfion is of ;reat importance. At this stgge of the
project, where there are many unknown factors, particularly for a foreign
project in a remoté site of another country, it is better to evaluate
the amount of worklthat a man caﬁ.broducé per hour on an avefage basis,
‘inc1uaing periods of both éeak and minimum performances. This basic,
productivity is measured in the form of units such as. "Manhours per Ton
of Equipment" or "Manhours per linear foot of pipe" or "Manhours per
/Byttweld“, efc. The ;ources of information for;éva1uation.of the basic

pro?uctivity can be summarized as follows: .

" e,
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-~ Personal field expefienbe ’

- Actual laboi cost and production reports

'- Estimating handbooks, manuals and other pub]ﬁcations sugh
as Page, Means pub]icatiqng

- Tébleé and d;agrgms developed from historicé] data of projects
executed in the past. -

As the conditions surrounding the work influence the
productivity (in fact, productivity must be measured while it is happen-
ing); the basic m9nhour§ must be adjust;d for productivity. Judgment

*and personal experience must be used to consider all factors affecting
the efficiency. Most of these factors can be judged based on the site
visit mentioned earlief. Somérof the factors are: .
i) Job schedule and ovegtime requirement (the longer the hours, the more
_ scheduled work time iosi'through absenteeism. Injuries are also
increased as hours are'increased, not only in absolute numbers, but
Valso in the rate of incidence. ﬁxperience ha§ proved that over a
prolonged per{ad, 6 to 8 weeks or more, crews working 60 hours per
¥ week produce less work than those working 40 hours per week; i.e.,
20 hours of double time is expended with a‘resultaﬁt reduced —

7

productivity [20]).
ii) Local weather conditions

’ v
111)Remoteness of project, .and living conditions

iv) Anticipated ekperﬁence and skill of workgkorce; based upon

o~
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v)

vi)

vii)Current labor relations in the area

i)

ii)

i)

e

7

evaluation of resources available in the area from whiqh labor

/
* 4 /u

will be recruited. "

. . .
. -
v " , "

Method of const;uction, complexity of work

Field supervision, working facilities, access to work

" ’ P -

3

Moreover, the following "file1d-1abor" f&ctors.must'be

- borne in mind:

Labor,in the civil trades is generally predictable in terms of.
productivity. - However, fqr the hard-trades - millwrights, |
pipefitters, electricians and instrumentation specialists - it

is difficult to have a reasonable accurate productivity

]

‘- measurement [211].

/

Sometimes, where union regulation permit; plant production cut-

backs make it desirable to use operating personnel for construc-
tion work. These men are good at their own jobs, but inexperienced

in construction work thus requiring additional .manhours.

22

Variation in output may be expected in different sections of the
world. Construction worker output in larger cities tends to be
Tow. Sdme variations ‘are due to a current temporary tightness of

the labor q‘{ket. During boom times, inexperienced workers are

hired because nothing better is avijéablg [6].

I4
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iv) %31111ngness to work of labor force as . affected by job trad1tions
and union rules, '

A study of the most recently comp]éted project is

the best source of 1nformat1on to estimate. the labor cost 1n any

specific country qnvolved. The f0110w1ng study illustrate this concept.

»w

-

T e e faes

-* BUILDING . ’ ; o
\ ) 4: o Product1v1ty Factor
W Ru Argentxpa (Used North American as a basis)
# s
Earthwork 4438 12454 - R I .
Concrete 41684 . 84955 . .44 :
Struct/Steel * 26809 80585 B X
Architectural 11294 29514 .38
Works (glazing,
floor finishing, AN .
etc.) ' ,
. Sub Total 84255 207508 - L .39

* PROCESS EQUIPMENT

Productivity Factor

Rust \ Argentina (Used North American as a basis)
39.3 ' 75 .53

44,2 90.4 49
92 187.9 ' .49
92 347.9 26
245 480 51
825 1156 no
1028 1650 63
) 40.2 87.8 46 ‘
35 58 61
, 43 68.5 .63
Washers | 35 9 e .38
Pracess E?uip. | .52
Average . ‘ ’

|
1

~
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Table 6:

* PIPING ‘
Rust =~ Average in Argentina Productivity Factor
Carbon Steel 147340 169380
Stainless Steel 226200 . 324500
Sub Total 373540 493880 .76
-ﬂ'
* ELECTRICAL . )
Electrical Motor A
Deleted -
Cables .87
Wire Pulling ¢ .63
Galvanised Conduit , .52

Rigid . o N . '
Industrial Fixture ‘, o +36
Cable Tray - .80

’ —
. *, INSTRUMENTATION
C. S. Piping .67 .
Trans Tubing .87
Cable Tray 1.09
Temperature . Type \ .65
Level Type .50
Flow Type X .48
Pressure .38
"‘Misc. 50 -
Panel B. D. (Deleted) ‘ -
Running Multitube Mounting .

& Connecting (Deleted) -
Transmitter .28
TRC 42
Panel Mounted ' . .85
Average for a Total - \ s

Job per Equipment .40

Average .51

Installation Manhours Comparison Study

Argentinian v/s North American
(A study completed in December 1978 by Rust Engineering

Co. Birmingham, Alabama USA)

54
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Productivity Factor per Discipline

Civil .39
Process Equipment .52 .
Piping .76

\ Electrical .60 ’
Instrumentation . .51

2

7

Table 7: Installation Manhour Comparison Study
Summary. Argentinian v/s North American

The productivity factor in this study represents the relative
. . installation manhout performance of an average Argentinian to that of '
a standard North America worker in the same trade. It is reported in

"real-time" terms to perform a similar specific task. -

@

| 3:3.2.3 INDIRECT: COSTS

The two major categories of_ total-project cost are ’

PR

the dirght costs (Equipment, Materials and Labor) and all other costs:
," which are identified in thi§ paper as %ndirect costs.
- ' There are many items of cost associated withlﬁny L
construction project, which cannot be convieﬁtly ;harged directly tO/,z
. a single estimating account. These items are common1y§referred to
as indirect costs. The indirect cost accounts include indirect cons-
truction costs, professional services, client's and other charges,
) cgptingeﬁcy reserve and escalation cost. For the gurpose of the
prppogal-type estimate, these items are expressed as a percentage of the

q ?

direct cost. (When detailed construction cost estimates are produced

-

i . N
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later in.the project period, many of these items can be priced out

," individually. .However, they are still considered indirect because of

? L their multi-purpose nature). Indirect field construction costs include 4
facilities, equipment and services required to directly support the

construction operations. The follpwing {tems must be considered aqd

included:
\ «

"Indirect Construction Cost

)

i) ¢ Field office and labor expense inc]udgs the cost of providing
the field offfée building, furnjshing and- equipping it with
office equipment. This also includes the field office operat-

\\ ) ' B ing expense, such as janitorial service, utility services,

| ) stationary supplies and reproduction costs, as well as commu-

nication costs. The costs associated with the employment of

s safgty.equipment, labor admin?stratfve costs are also included

in this category gf inqirect construction cost. If the project

is at an isolated site requiring a construction camp, the costs

of -developing and operating the camp would be inctuded here.

ii) Non-manual labor costs, such as wages and benefits for inspec-

tors and technicians, c]erks;\typists, draftsmen, timekeepers,

messengers and such-other field personnel who are usually
[ £

locally hired. Construction management personnel are not

included here.

L
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iii)

vi)

“ section of the estimate. 9

)
1
! Ne———
{

Cost of temporary construction bui]diﬂgs which includes change
buildings, warehouses, workshops and assembly building, toilet
buildings and all trailers and buildings used by service

engineers.

Cost of construction tools and equipment includes the cos% of
prochring.and mainta{ning heavy equipment, automotive equipment,
and special equipment renta)s as required. The source of supply
of such equipment -is not considered significant for'estimating
purposes and could be c]ient-furnisheé, or leased or furnished "
by contractors working on the job. The cost of small tools is
also included, although thesg are usually furnished by the
contractors who are responsible-for controlling their use.

Specialty equipment required for equipment intensive work, such

-

~as piledriving and earthwork, is included in the direct cost

Temporary facilities include tbe installation of temporary

utility distribution.systems (water, air, gas, sanitation,

re]ecfricity, etc.) and temporary transport facilities, such

N

as roads, railroads and parking areas. Special provisions for
inclement weather protection, including enclosures and services

(heat, light, etc.) are also included.

Ekpendabie supplies includes charges for dti]ity services, fye]s,

oils, and Tubricants used during construction. Gas and chemicals

A}

A
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. Contingency

- ) ) . \
are also included in this category.

o

(Y

vii)® Construction service costs such as testing laboratories and

surveying, security services, toilet rentals, trash disposal.

¢ ! ‘ :

" vif1) Premium payments for time not worked such as inclement weather,

show up ;ime{ paid holidays, paid absences, sick leaves and

a1lowances for lost time due to labor disruptions.

Y

ix) Cost of insurance and bonds includes the premium paid for 311‘
risk, builder risk coverage, public 1iability and property

damage bid and performance bonds. " _ .

©

Professional services

o~
a

Professional services include the following activities: Project

management, preliminary engineering, detail engineering and design,

—

. ¢ : Ly :
construction management, procurement services, architectural design,

&

shop inspection and expediting.

Client's and other charges | &

<

.Charges include genéré] office expenses, client's field staff, _-
legal fees and capitalized start-up cost, spare parts and special tools

for operation and maintenance of the completed project.

~o

’

Allowance for costs which maysbe incurred as a result of factdrs

58
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which cannot be specifically anticipated and, thus, cannot .be included{
tn the direct account: Ttems such as unknown site conditions, unfore-
seen construction}prob]ems,‘engineering uncertainty and variances {n
labor productivity  are included. In recent years, it has also been
necessary to consider the effects of an uncertain and tapid]y changing
economy. Contifgency dees not include. “force majeure" or major scope

changes.
Escalation

The cost-of majo% internationai projects of long duration is
affected greatly by the country's ecenomic conditions. Therefore, the
project estimate must be prepared for the current year and the cost must

be escalated to. meet the project schedule.

3.3.2.4 CAPITAL COST BREAKDOWN COMPONENTS

The capital cost/estimate will be based on the following

cost breakdown.components:

" PROCESS EQUIPMENT ) ) ‘ D

© = Al1 process and production equipfient - material handlirig, vessels,
" tanks, thickeners, crushirg, grinding, flotatiom, electtic eotors
and drive components.
- Mobile, shop and maintenance equipment, cranes, pumps,IEEt' iabotatory
and testing equipment should be included.

A1l costs of local freight to plant site.are included, (ocean freight and

g
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1nc1godta1 ;ost'is a separate, individual cost addition).

, piping - such os building heat?ngz potable water, drainage - is not

o

\
e

EQUIPMENT IN: ON

- Cost of all labor, construction materials and supplies,

"

as well as construction equipmént’}equired to install the above-mentioned

process equipment; . - ‘ [

-

"PROCESS PIPING . | .

' “ !

Cost of alkl piping f1tt1ngs, va]ves required for the

‘.
‘operation of piping aqﬁ process equ1pment - labor, mater1a1s, construc-

tion equipment soaffolds, p1pe insulation and covering. Cost of ‘service

“in the category of process piping. - ) .

‘ ‘ /.,

" ELECTRICAL = -

I'd
<

. proooss equipment F incTuding all labor and {nstallation cost.

. INSTRUNENTATION

Cost of all maaor 1ncom1ng power sw1t§hgear and trans- J

a

formers, high vo]tage and Tow vo1tage distribut1on duct banks, unit sub-
stations, power wiring and motor control centres for all piping aqo
/f'j‘ﬂk“' Bu11d1ng 11ght1ng is 1nc1uded in var1ous categories

of building structures - not in e]ectr1ca1 component
~

A -

. . y 4 ‘ -
. - Cost of a]l instrument control va]ves computen\k\\ M(///J

. > 4
v o o
- s, "
o ! N . y L

' ’ ’ B, .
. ..
- . -
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B -
{nstaljation for process control whether it is electrical or pneumatic

operation, including all baB]ing, cable tray and installation labor.

-PROCESS BUILDINGS

by

Complete erected-cost of all buildings  and sfructures
.. * - '
to. house or support process and pﬁgduction equipment, including all
founddtions, super-structure, interior finish, plumbing, heating, -

‘ veﬁtﬁlation and lighting.

u

AUXILIARY BUILDINGS B S .
A

]
Erected costs of all administration 3 d service buildings,

warehouses, maintenance shops, pump houses, boiler and compressor houses

(excluding equipment). , ..

PLANT SERVICES . ;

Installed cost of service- systems, such as water supp]y
and d1str1but1on - potable fresh and salt water cool1ng, f1re protection,
storm and sanitary drainage, effluent treatment and disposal, compressed
air supply and distribufion, steam plant qnd distribution piping ipc]ud-
ing- condensate return. U )

-

. SITE_IMPROVEMENT

¢ Cost of all site grading, fencing, in-plant road
systems,fin-plant rail Iines,ayard 1ighting, landscaping, parking areas.

/

v
0 4 9
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FIELD CONSTRUCTION INDIRECT (FIELD EXPENSES)

Costs of all field expenses relfted to constructiom
'manegemént. not directly chargeable to a specific account, include §ﬂcn'
. costs aé:‘ Lo T
- Cost for temporary water, nower; sanitation and heeting
- Supply and maintgnance costs for job duration
- Temperary offices, warenousing, etc...
- Guards and watchmen
- Job clean up and bulk material handling
"- Insurance, bonds, taxes, etc.
- "On-site" -or Field Office Job Management

- Small Tools and Equipment Rentals

- Cost of client's field staff, 1Ega1 fees, etc.

PROJECT MANAGEMENT (Including Engineering, Construction Management)

f -

Costs for the fo]low1ng

. ENGINEERING: 1nc1udeséba51c and fina1 eng1neer1ng

.
]

PROJECT MANAGEMENT: 4ncludes £st1mat1ng, P]qnn1ng and -
Schedu11ng, Cost Control, Procurement

CONSTRUCTION MANAGEMENT: Construction superv1s1on, 1nc1ud1ng

. co-ordination. w1th two previous ‘e
disciplines.- |

. \ ) . . '

The folﬁowing tables indicate the plant component cost ratio method

for various types of ‘heavy industrial plants.

o
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3.3.2.4 A MINERAL PROCESSING PLANT

. % OF.TOTAL -

PLANT COMPONENTS - PROJECT COST
EQUIPMENT 30-40%
EQUIPMENT INSTALLATION 593
PROCESS PIPING , 2-10%
ELECTRICAL- : 4-10%
INSTRUMENTAT ION ) 1-5%
PROCESS BUILDINGS > 10-20%
AUXILIARY BUILDINGS 2-6%
PLANT SERVICES 2-6%
SITE IMPROVEMENTS -7
FIELD EXPENSES o s [ 3-5%
PROJECT MANAGEMENT . . 9-13%

TOTAL " 100%

-

RELATIVE COST

JO_EQUIPMENT

1.00
0.17-0.23
0.07-0.25
0.13-0.25
0.03-0.12
0.33-0.50
0.07-0.15
0.07-0.15
0.03-0.18
0.10-0.12
0.30-0.33

\ 2.30-3.28

Table 8: Mineral Processing Plant Component Cost Ratios [22]

NOTE: Adjust to suite the special conditions applying to each of the

components as they may be known at the time of the study.

Table 9 tabulates typical percentages of total cost and

plant component relative cost to equipment of different types of

Mineral Processing Plants. Thesé,figu}es are developed and averaged

‘%rom past studies and actual project cost records-of Montreal-based

a5

i
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S.N.C. Group. Great care has beeﬁ taken to ensure that the work included

under each component was identical in each case.

2 The wide variance between tHe range of results aﬁtained

in component costs 9f asbestos projects compared to cement pfant or
zinc refining or copﬁer refining projects emphasizes the\importance of
classifying projects by types of process. It is observed that individue]‘
percentages‘of components in each group shows a general relationship that
can be usefullin the early stages of a project. ) y

Equipment costs are approximately from 30% to 40%,
equipment installation costs range between 6% and 9%.. In the case of
cement plants, an adéitiona] component has been added to idgntify the
cost of silos which are of significant magnitude, although silos must
bé considered as pieces of,proéess equipment. This s fhe reason why

the percentage of equipment cost of cement plants seems to be low in ‘,

comparison with the others.

- H
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Australia
Austria
Belgium 7
Canada

~ _Central Africa
Central rica

China

Denmark
Ei
Finland
France

Germany (wgst)

Greece
Holland
India

Italy a
Japan
Malaysia
Middle East
Newfoundland
New Zealand
North Africa

I B
Norway -

Portugal
South Africa

South America (
South America (South)

Spain

Sweden |
Switzerland
Turkey

U.K.

u.s.
Yugoslavia

4
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3.3.2.4. B CHEMICAL/PETROCHEMICAL PROCESSING PLANT
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Table 10: Location Factors for Chemical b]ants of Similar

Function o ’
(Chemical Engineering, Nov. 5, 1979) by A.V. Bridgwater
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For Chemical/Petrochemical Process Plants, effects influencing geo- °
graphical coét variation can be rétiona]iied from results discussed
with 1nforme& experts ' froma4nany countries, as well as from published

data. Tab]e\]O, "Location factors for chemical plants of similar

,Two bases are given:

- A U.K. industrial center such as Teeside and a U.S. center such as
the (riul f Coast |
- Capital Cost at a new 1oéation can_be obtained{by‘hultiplying the
known caﬁita] cost o% one location by the ratio of the‘lopation
factors at the new and old location. |
. The table figures are approximate and do not take into
account any special local facfors, such as the’status of the economy
or pol{tics For typical Chem1ca1/Petrochem1ca1 process plants, Table
11 gives its percentage distribut1on of cost

The factors app]y to Capital Coats of new Chemical

Process Industry projects within 100 miles of a major industrial or

iﬁport center, or both, in the designated country. If the new site is- -

i

situ;ted away from major industrial or import centers, over and above
the 100 miles already included, a 10% increasg for each 1,000 miles or
part of '1,000 miles must be included in the new cost.* It is possible

to allow for known special effects, such as import levies or tariff
v (7 ,

L f
. kd
)

* Bridgwater, A.V., Chemical Engineering, Nov. 5, 1979

67

" furiction" is ﬁpblished in the most recent issue of Chemical Engineering. °
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barriers, e.g., in Indian and Spain.

\

Materials or labor that are

imported'cost considerably more than if these were indigenous. If

their share of the project's value is known, it is possible to account

proportionately for the two effects.

3.3.2.4. C PULP AND PAPER PLANT

o

9, .
PLANT COMPONENT

PERCENTAGE OF

RELATIVE COST

TOTAL COST TO EQUIPMENT
EQUIPMENT* 37.0% 1.00 -
EQUIPMENT
INSTALLATION 10.5% 0.28
PROCESS PIPING 9.0 0.24
ELECTRICAL 7.0 <0.19
INSTRUMENTAL ‘ 3.0 0.08
PROCESS BUILDINGS 15. 50 0.42
AUXILIARY BUILDINGS Included with -
process building
*PLANT- SERVICES - 3.50. 0.09
SITE IMPROVEMENT 4.00 0.1N
FIELD EXPENSES Included with site -
. improvement o
PROJECT MANAGEMENT 10.50 0.28
TOTAL - 100% 2.69

»

* Percentage of cost can go up to 50% due to h1gh1y—expensive paper

machine cost.

Table 12: Percentage Distribution for Cost of Typical Pulp and.

Paper Plant (23]

i

PERCENTAGE DISTRIBUTION FOR COST OF TYPICAL NUCLEAR‘PONER PLANT

components ‘which are widely known in the nuclear power field will be.

For a nucﬁgar power plant, particular cost breakdown

" 69



AL TIPS w5 s
o W AT ARSI v T TR A R
.

o ——— S

described as follows: [8]

SITE IMPROVEMENT: Same as-on page. 61

. BUILDINGS & STRUCTURES: Complete erected cost of all bui]ding;\éwd
structures, such as reactor building, turbine building, coo]fng waté}
structures, service buildings, auxiliary service structures, as well as

auxiliary structures, i.e., complete erected cost of all process and

L

auxiliary buildings.

REACTOR, BOILERS & AUXILIARIES: Complete cost 6f labor, process equip-
ment and materials required to erect reactor, moderator system, primary
heat transport system, auxiliary system, fuel transfer and storage,

boiler steam and water systems, as well as cost of fuel and heavy water

management. .t

TURBINE GENERATOR & AUXILIARIES: Complete cost of labor, process équip—; ’

ment and materials required to erect turbine- generator, condensing systems,

feedwater and auxf1iary systems.

ELECTRICAL SYSTEM: Cost of all major power systems, such as main station

rd
conaections, standby emergency generators, primary and secondary d1str1bu-

tion stat1on service systems, uninterruptable power supply systems, light-

ing and bu11d1ng service systems, cable conduit and cable tray, grounding

and cathodic protection, eletrfc power systems.

70
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CONTROL AND INSTRUMENTATION: Cost pfall control -and instrumentation

systems for s1te buildings and structures reactor boiler and aux1]1ar1es' :

turbine generator and aux111ar1es e]ectrwc power systems, cohtrol center

_ . equipment; common processes and services and safety systems.

— v

COMMON PROCESSES AND SERVICES: Cost of all water systems; heating,

P Sttt

cooling and ventilation; miscellaneous common services; égﬁpressed gas

and vacuum services; material handling; maintenance handling; T

@ ae e

-2
miscellaneous equipment and radicactive management. '
N

) !
K

CONSTRUCTION PLANT:

Cost of construction facilities, cpnstruction

< L N i , 4
equipment and inventory accounts. o

‘t PROJECT MANAGEMENT (Inc]u&ing Engineering, Cons;ruction Management).

Same as on page 62

’,
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.3,3.2.4 D NUCLEAR POWER PLANT -

T

PLANT COMPONENTS .

PERCENTAGE OF INSTALLATION
& SUBCONTRACTS

PERCENTAGE OF
PROCESS EQUIPMENT

SITE AND IMPROVEMENT

REACTORS, BOILERS &
AUXILIARIES -

H

TURBINE GENERATOR &
AUXILIARIES -

ELECTRICAL SYSTEMS

CONTROL &
INSTRUMENTATION

COMMON PROCESSES &
_ SERVICES

CONSTRUCTION PLANT
PROJECT MANAGEMENT

i -TOTAL

BUILDINGS & STRUCTURES |

- 3.9%

22.6

5.6

1.5
2.9
1.3

<

3.6
39 - ‘
-23.3%

68.6%

13.3%

8.9
3.1

2.5

3.6

31.4%

Y

.Table 13:. Percentage D1str1bution of Cost of Typical Nuc]ear
] - Power Plant [24]. ,

72

It is noted that the percentage éfAProject‘Management Cost

in Nup]ear Power Plants is much higher than in other process plants be- _

-

.cause special engineering effort'1§ required in all phases 6f designing,

“;procurehenf, const?uctibn, compared to more simplified engineering work




«

iy R Y A ST I e IR R RN 8 s s,

+

? J
f .
‘ ) _ cow

in conventional construction. The cost of Buildings and Structures is

also high due to the-higher concrete cost caused by -the higher component
’ cost of cement, sand\ and aggregate as well as the higher cost of formwork

due to high special lumber ¢ost.
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81 CONTINGENCY ALLOWANCE - ~

- W
compensating factor for i nacc

i.,( A}
L “ L ‘, ) .\ 0‘
. q‘ »~ b\,
J e e i’ ‘ .
:‘i
;s Chapter«d =, b
' S - L ¥
. ‘CONTINGENCIES, AND -ESCALATIONS TN - o, )
‘ ' . GAPITAL COST ESTIMATE. '

3 . /
\

P

Tne\opjectives§of;this thapter are: ° .
(1) To identify the contingency and escalationtallowances
which have to be taken into conSideration in cq&ita]

. cost estimateL

"~ e

(i1) To describe the nature of the role§ of contingency and |

escalation in the preparation of the cost estimate.

(141) 7o describe the methodology for. estimating cdntingency
. .. / ,x'

and escalation "allowances. e
‘This is an allowance for ‘unforeseeable elements.of;cogt,iwhich

from the relationship of previdus estimateQ;and actual costs have been

/l

shown toqbe statistically likely‘to occur. Contingency allowance is °
an integral part of the esti@ite: It is not to be considered as a

racy in estimating nor s it intended "to

cover such items as any’ potentia1 change . in Project Scope, Act of God,

o
prolonged 1abor strike activity, labor disruptione beyond the control

the’ ProJect Manager, durrency fluctuation revxsion to Financing Loan.

Y A

‘& .

of

e PR

. Agreement, cost escalatibn[lO].\ %?

a

€
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: pha; cpu]d'cost the project time and maney .

upon whose point of view is be1ng expressed:

I take care of

'uto spare, is an j

. his c}mpany in one of two extreme1y poor posit1ons

+

TN
. s
»

This‘fundiieg:ces project nisk and should be sufficient to cqver all

11kely_onforeseen and unpredictable everits, conditions and occurrences
"Like the safety factor in design,work; every estimate has to
carry this contingency factor, which r} looked upon differently depending
- " ow
~ For the estimating department cont1ngency is a fund that will cover |
possib]e lack of 1nformat10n in est1mat1ng the cap1ta1 cost of the

plants concerned, and any of the_ hundreds of small -things: that can

delay a project.

- For mahagement people, contingency is money that if not spent'wilf

(]

become profit. ‘ . « !

Y

Yy 7 ) L
“Some of the typical 1tgms contingendy must cover are-lack of

{

| 1nfonnat1on regarding e1tﬁer'the process or ﬁﬂgN}ocat1on, cirrections to s

erroneous ssumpt1ons or items not defined in suffigient detail in the .

&

éStimating stage. A reasonab{\\contingency, which is the right amount to

1 unknown and unpred1ctab1e occurrences with very 1itt1e

dicator bf sound engineering pract1ce

)

L

It is the e t1mator 3 responsib111ty to recogn1ze "what the known

¥

and unknown faccors re, and‘calculate the amount of cont1ngency based

{
~

- He might overestimate, wh]ET would result in a few d f1cienc1es,

S et e e

¥
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but might keep the company out of ventures which have.l&ng;term
profitability. | S o \

‘

- He might underestimate which would have the adverse effect ’ ‘
: of’placing ;pe company in unprofitable business. ' : )
' For projects ;; the conceptual stage of devglopment, "soul-
searching" techniques must be done to come up.with appropriate numgeﬁs
.for contingency. The amount of contingencx reflect§ the confidence ‘j;
0 " that the estimator has in his figures or in the defjnition of the }
projeqt. This &Epends on the nature 6f the project, and'chaages wiéh.
time auring the progress of:the Project. For example, projects such
~as hydroelec%ric power plants boﬁld have continéency.requirements

.i? " different from those of steam geqerqting electrical plants.
.“ﬂ ) 4;,

4.2 CONTINGENCY ESTIMATION IN CAPITAL COST ESTIMATE

o The more detailed and qualitative information that is available
" ! a S/ .
‘ o at the time the estimate is made, the smallel the contingency allowance . R

Y+ 07 may be, and vice versa. ‘ ~
N -+ .In determining the magnitude of the contihgency allowance y 1

"y

o~

requ1red in.a particu]ar case each of the main e]ements of the est1mate . ; s

} shou]d be rev1ewed and the degree ofcuncertqgnty evaluated to. estab11sh
’ .l

the appropr1ate a]ﬂowance for each e1ement. These individual allowances
@ . .+ added together Eompromise the contingency aJ]oWance for the éstimate
ds a whale. 0etgrm1n1ﬁgzthe sen51t1v1ty of certain areas of the estimate

o !

U . 4s a musk in. estima
' o - L

"

poqt1ngency a]lowanceg. ‘For example, the :




©

cont1ngency problems of material and 1abor for a process of proven
technology with which we are thoroughly familiar m1ght well be reduced
to considering delivery, and- future productivity. On the other,hand,
if the process is one in which we have no dire¢t experience and in which
technology is not readi]y available, ¢ﬁé contingency would, in addition
\ - to those ment1oned contain allowances for process "know how". A change
3 ' in type of plant, aside from the.question of process des1gn prof1c1enc1es,
* can have s1m1]ar effects on our contingency numbers, e.g., we'may know
from eéxperience the material and labor mix in a plant of type A,
but are forced to assume the mix for a plant of type X. The fact -
that type A plant estimates have the bdcking of proven experience, and
/,,——~\\\__';ype X does not, should suggest a closer scudy of our contingency.rate. .
Exam%%ing h?storica] records ofrpast projects which indicete
v the difference‘between actual costs and estjmated costs (in constant
doTlars) provide a good indication or guide as to what contingency to ~
dse for‘iq}ure jobs of similar nature. i
Table 14 1nd1cates h1stor1ca1 records of different K?nds of
past projects studied by the Montreal- bgsed S.N.C. Group regarding the
average d1fference between actdal ‘costs and estimated costs These
proqects‘were handled dur1;g the. past few years on which fu11 responsjbil-
ity of Cost Qontro]‘was part'offthe scope‘o? services of the S.N.C. Group.'
* Thus, measuring wes possible. Hoyever, for a }ac;or-typed estimate at

the proposa] stagey a 15% to 20% contingency a11owance is suggested

The cost variances weﬂe recorded and averaged ‘for different types of
’ contracts such as "cost p1us",,"un1t{cost" and "firm-pr1ce" contracts.
. f\/’ -' \: f . \
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TYPE OF PROJECT COST VARIANCE % TYPE OF PROJECT COST VARIANCE %
-* NUCLEAR POWER PLANT -~  +3% * EXPLOSIVES PLANT EXPANSION - +5%
* MPTAL FURNITURE MANUFACTURING . * NYLON mzqmzzmug>ﬁmm.vr> +4%
~ PLANT -9% - . .
* SHOP EXTENSION - SHIPYARD - +10% , * CHEMICAL vr>za EXPA) uozm +4%
* COMPUTER CENTER o -9 . _ * CHOCOLATE -2%
* DISTILLERY EXTENSION " +5% o * INTERNATIONAL AIRPORT - -10% -
- * BAKERY EXTENSION -10% " * POLYPROPYLENE PLANT . R B b
* CHEMICAL PROCESS PLANT +3% , * WASTE TREATMENT PLANT -10%
_* LIGHT MANUFACTURING PLANT B * ASBESTOS FIBRE PLANT , -2%
COMPLEX +11% . :
* TIRE MANUFACTURING PLANT . +9% % ZINC REFINERY T L3y
* SHOP & ADMINISTRATION mcHrc_zm -8% " * FERRO-ALLOY PLANT ’ -1%
* MULTI-STOREY.OFFICE AND . * AROMATICS .FACILITIES =11%
HOTEL COMPLEX ML * PULP AND PAPER PLANTS L 3%
* ASBESTOS FIBRE RECOVERY . | .
PLANT -8% . ! .
_* ENGINE MAINTENANCE PLANT +1% 'OVERALL VARIANCE - 3.8% -
* HOSPITAL . o 0z - .
— i , VS \ : -

3
v -~

Tablé 14: Target Cost mm_mwmam vs. Actual Construction Cost on Projects *oq which M.z.m.

had responsibility for cost control
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- not represent a maximum figure but is still subject to the "plus or minus"

_accuracy tolerance indicated in‘Fig. 3.

4.3 ESCALATION ALLOWANCE - T

~can be determined at the t1ne the estimate is prepared [6].

79

] K
As a result of “%e study of past experience, a’' method of calcula-
tion of contingency allowance in which an overall percentage is app11ed
to the based estimate is very .popular [28]. Actual costs are compared
against estimated costs for entire comp]eted plants to obtain the
percentage of contingency allowance requ1red The final percentage to
be applied to tne estimate is viewed in the011ght of "spec%al knowledge"

drathe lack thereof. It must,be recognized that even after the addition

) of/the contingency allowance to the estimate, the resulting fptal does

.

1

1

o

A,

The cost for the duration of the project must be projected once -

the plant cost is estimated. Thus, for each new project, an escalation

s

a]]owance reflecting the costs. withln the estlmate, including contingency,
when reallgned frofi the estimate date to the center of gravity (usua]]y

the midpo1nt) of each activity period, must be included [10]. The

forecasts of escalation will include increases in pr1ces due to anticipated

P

‘materidls: andd;abor shortages, contractor work’ baghog, etc., if these

’ A

(1) Under generally stable economic conditions, the escalation

allowance refers to cost increases-for the prtncipa] input

components df a project. ‘For proaects of short schedules from

1] .« -3
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| one to three years, eséaiatioh can’'be forecast with relative
L accuracy and included where it belongs. Mos£ labor cost S~

1ﬁcrgases can be predicted for two or three‘bears into the
future. Mbst of the equipment will be delivered within a |
:t{me span ,where costs can be'pred1¢ted rather acc;rately.
However, for projects that take much longer, prediqting
escalation is. more difficu]t.bécéusg most suppliers will not
qhote for equipment to be delivered three or four years %n the
future and’Jabor contracts may be negotiated two or three times

during the life of the project.

i

ij) Under inflationary conditions, cost incregses for the principal
input components aré swamped by the cumulative effectvoﬁ general
cost ihcreases/throughout the economies of the wor1d: Inflation

+ effects have a significant impact'bn the costn riskiness apd
profitability of projects. These effects arF'a1so difficult
.to predict reliaﬁly since the rate of inflation has generally
acce!er;ted-in recent yeary, and is both more rapid and more
variable in the less develaped countries of the world. The
situation is further complicated by the fact that inflation

usually ‘affects manufacturing costs and sale price differently.

4
The basis of the esclation procedure is the selection of a

ﬂ series of escalation indices for the project e.g., labor, concrete,

lumber, energy, etc. They should be based‘on published indices that
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wi]l be readily avai]able throughout the course of the prOJect tach
1nde5 can be ass1gned variable rates of escalation over varying periods

of the expected proaect s duration. Where some e]ements of the project

_can not be sat1sfactor11y associated with one of the basic indices, a

composite index composed of a precyse]y specified mix of two or more
standard indices can be incorporated. ‘From these cost iﬁdﬁces, escala-
tion values of princiﬁal input components of a project can be forecast,
taking into consideration,all possible effects, such as 1oia1 economic
and po]itica] factors. The impact of economic and p011t1ca1 factors
requires'specia]'effort and judgment in forecasting, an acch;te escala-

tion allowance. For éxample, in 1974: the 1ifting of price controls in

! .

the U.S. resulted in tremehdous demands placed on the steel and steel

~

fabrication-industries due to the energy crisis. This factor, tégéther

with the large contractor backlog of energy-related projecf work, created

a climate for rapidly increasing costs. = Shgp capacity was ﬁothavaifable

to meet the demand and late deliveries became a horma1'occurrence. By

Al

‘1ooking at procé§5'p]ant construction cost trends over the past 60" years,

it was difficult to ful]y'énticipate the dramatic cost increasé that

occurred in 1974. Prior to mjd=1973, process plant costs continued to

rise each year in a relatively stable manner within a range.of 3 to 5%

5nnua119. A drastic increase in, various p1ant component costs started
. i

in the latter half of 1973. Demand surged prices rose, and de11very

time lengthened for both»f1nished equipment and phe materials and energ;

for making>it. The cost of p1§n£s rose 15% from the beginning to the end
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of 1973. The rise continued on through early 1974, and took an upward

(= . Lo P N
turn in May 1974 after all wage-price controls were [ifted. The infla-

tion continued to. gain momentum until the'fall of 1974. The overall

\

" increase in 1974 accounts for 40% [27]. ' :

As a result, who could predict price.rises in 1974 of 100% for
I N . M -
carbon steel pite, valves and fittings, 75% for reinforcing steel and .

_ 70% for pressure vessels? It is.a hard question to answer. A best

Jjudgment of an experienced estimator derived from "in-house" informaiion,

historical data, market bredictibns, at least, will enable us to attain
: , y .

a reasonable escalation allowance.

1

4.3.1 INFLATION AND ESCALATION

"

Inflation is an increase in costs due to price Tevel

changes qbe§ a pérfod of time. Escalation, in fact, is the suitable

A

allowance for cost increase of a particular item due to the effect of

.

inflation. As a graphical example,'stee]'pﬁices have risen 502 in the

past six months; suppliers cannot meet the demand; and deliveries are
uncertain. A1l these conditions contribute in their turn to increased

construction costs, or escalation! N

AN

Therefore, it is of utmost importance to set up a

AY

project estimatg base date and the center of gravity of eachsactivity

‘period in assessing)esca1qtion allowance to compensate for unknown price

increases (10].

L Ly
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4.3.2 INFLATIONARY TRENDS FOR INTERNATIONAL PROJECTS

The impact of inflation of the capital cost estimate for
international projects can hardly be overstated. The escalatjon provi- -
sion has.the aim of making a suitable allowance in the cost plan for
Cost increases mainly due to inflation. Inflation is en important

part of the real world, and in recent years, the Fate of inflation has:
v : ‘

accelerated particularly in developing countries. Continuing upward

9

pressure on price levels is expected to come from the rising costs of
energy and other limited resources, the need to restore prof1tab111ty
through higheroprices in basic industries and an intensifying struggle
for-incope distribution in an era of slow economic growth. This results
in p;rticular uncertainty in forecasting inflation in many parts of

the world. However, inflation forecasts baeed on extrapolation of

the present experiénce, modified to some extent by an opt%mistic or

pessim1st1c bias, can g1ve a more confident approach to international’

\

plant, cost escalat1on “In-house" information con;ern1ng inflationary

3

’trends must be developed to keep frack of the plant cost escalation in

‘lﬁfferent countr1es Fig.'7 shows 1hf1at1on rates for some se1ected

countries durwng the 1970-1979 per1od This figure shows doubTe-

- digit inflation 1n Great Britain and Mexico, which, since 1973, has
_ ranged between 10 fd 20 percent annually. The U.S.A. inflation rate

showed only single digit escalation until 1978,when it jumped to 10.3

percent and eventually reached the 1979 Jevel of 13.3 percent. One
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country with an uncontrollable inflation rate is Argeniina whose inflation

siﬁ@é 1976 has,éxceeded 406 percent and varied\widg]y since tben. As a

‘resﬁ1t, inflation has jeopardized the tragitional practice of measure-

ments by'u;ing past experience as the starting point and'basis‘fbr
estimating further plant costs. |

Construction cost escalation in the i98015 will be
dominated by uncertainties. over the rising costs of‘gnergy and interest
rates. ‘ . ,

Thus, although many inflation foPecasts tend to move
in the same direction, there is offen a discrepancy among the various
measures. As a rdsult, there is no single correct measure for in%1a-
tion. In addition to inaccuracies and heasurement problems which can
serve to distort.a particular inflation index, the different“scope of

indexes will often’lead to different inflation rates. Carefully

. selected components of pub]iéhed indexes are %requently the best data |

Svailable,for resolving specific cost and escalationh questions.

4.3.3. METHODOLOGY FOR éSTIMATING ESCALATION ALLOWANCE

L
. N
. The following methodology is based on the procedure

used by Montreal-based S.N.C. Group for estimétion allowance:

I

i) Prepare .the most accurate and detailed estimate poésible based

[

, on present-day costs. It is of utmost importance that atl costs’

have the same base date. (If a common date is not used, any

£

)

] b

o i
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the percentage of component bregkdown may be:

problem areas for special consideration later.

4 .

#jii)

components of the work. .

A © -]
o

N ' ' .
overall application of an escalation rate loses accuracy. ; -
Further, subsequent revision to an estimate becomes unnecessarily

complicated if the time base is not fixed). . A

Determine the percentage cost bréakdown.for the different major -

a) Materials and Equipment: Delivered cost, including -

Ltorenais e v s o

freight and taxes. Include tooTs, equipment and -

AT b

consumable supplies.

‘b) Labor and Associatgd,Costs: Inc]ude all construc-
" tion labor and labor-related chargesl
©

c) ‘Engineering and Project Management

This breakdown is obta1ned from the basic estimate.

In our examp]e, Tet us take a ref1nery and petrochem1ca1 plant where ‘

Materials and Equipmént 63%
Labor - ' 25%
Engineering and Project . : ,
Management J12% .

- G { : :,
It is possible, at this stage, to also identify possible:

. - . &
. ’ \ " ’ (
To assign escalation rates for each of the cost components. These

rates are obta1ned from coqpany records, pub];shed cost indices 7
from the countries concerned Engineering New Records, Chemical .

Engineering, 0111qnduGas.journa1s, Engineer1ng and Process

[



i

& / ‘ ) "

. Economies, etc.,y;nd checked with actual suppliers, minufacturens,

etc. For international projects, esca]aﬁion rates are'dsua11y
more diff%cult to obtain and cons%derab]y less -reliable. 'égzrgncf
reevaluation may cause,pb;ﬁpé changes in the ecoriomies of an area,’

-and political changes can cause a wide swing in the business climate.

“ .- Let us assume.that the escalation rates to be used are

~

{

as fol1ows:”

Materials and Equipment ’12% , X

’

- Labor re 6%

i

VYo

Engineering and Project
Management ' : ;n - 8% ', a

A project scedule is now prepared. From this and the
cosf estimate, the mfd-point for each of the subject Acpivities is '
determined. (Assume that fhe commffment gurve for a cost category is*

" symmetrical about the mid-point with respect to.time; éqd that the

escalation rate is uniform dhring thg'projecfl Thevérroré introduced

by these assumptions have been neglected on all but the most unusual
projects). 'lséumg project duration to be 36 months and present‘::y
project is es?imateﬁ'to be .$150 million. ‘

2

q

Materials and Equipment ; ¢
J; : ;Pfocurement - \ 18 months -
L " ‘Labor - - 24 months )
L)Epgineéringxadg Project ' , a ‘
‘ Managément L . is months
' ’ * T

. .
' os




n ‘ . . h -
. From the above information, the actua] escalation allowance is ca];;}ated:

o dnbaiaa K d e e e e e rew v o e .

- \

L]

Materials and Equipment: $150~m11110g\< 0.63 % 0.12 x 18/12 = 17.01 pil

Labor’ $150 million x 0.25 x 0.06 x 24/12 = 4.50 mil.

.

Engineering & Préject

!

Management - . $150 mtTlion‘x 0.12 x 0.08 x 16/12 =_1.920 mil

® 23.43 mil

(15.62 %) say
15.6%

- TOTAL ESCALATION ALLOWANCE

o

\ “ Escalation‘is the biggest single,prdblem in estimating

iniecnationa] Capital Plant bosts during recent years. The size of the .

" problem arises not so mﬁéh from its complexiiy - it is, in fact, a rather

simple prob]eﬁ'- but rather from the obscureness of the causés,'the
magnitude 6f the changes and the uncertainty of the trends. Theré’is
sufficient evidence to indicate that, despite the best effort of the
world's Financial and political leaders, igh rates of inflation of® .
pErhép§ 12-35% could reappear in many more parts of the world, particu-
larly if’the price of oil cqntinues to }'ise. Moreover, the demand f'or
fulf employment in the ;hdustéia]ized countries and for an increased
share of thq cake‘from underdeveloped“countries could easily put a

strain on the present monetary,systemdthat can only‘be relieved b;‘

high inflation. As a result, -the art of estimating escalation allowance

"will depend greatiy on a company's good retrieval system of past’

projects, the estimator's judgment backed by ybars of experience, an

0
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Chapter 5, °

A

. RISK ANALYSIS

The objectives of this chaptér are:.

(i) To descriﬁe,the ﬁrqcéss of ris?’analysis for a cgpit;a qost.
estimate. ' ' ’
(i) To identify risk ana]yéis for “firm-bgjég" proposals.
(iii) To outline the méEEEBb{g?X of risk‘analysis in capita]_cost“
estimates. v ' ) \
Internatiog;L construction projects.dea1 with the future which
is full of uncertainties. A‘primary consideraEfon of manﬁgement in
making business commitments is the risk of the proposed project since,
within the‘ponfines of corporate policy, innovative strategies needéd
“fbr;thé project cannot be made by senior levels of management unless
they know the causes of ;ources of risk as well as their monetary valuegl
' Capital cost estimates, which are less than 100% accurate, fore-
cast the future; conéingency }s added to miniﬁize risk; and business
commitments are made on the resulting numbers. As a single number for
the estimated to£a1 project is presenteH tg management, they are left
in the dark as to the chgﬁces of doing much Petter or much worse than

the number ,presented. Since every one of the many parts that make up

- a cost estimate is subject to some uncertainty, management needs to see

I\
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what the’effect of the uncer;ainty surfounding each of the signifiEént’

. barts has on’the total cost estimate.

0o Should management decide to bid or not to bid on an jnterﬁationq]

a

project based_sole]y on the capital cost estimate? This is the main

reason why a consistent and cﬁmprehensive riskK analysis is prepared
to review by management. A good judgment of risk, as a result, is an
important ingredient for reaching a "best" decisipn, sidqe f} is ab1é
to form a measure of the riskiness of a project. Thus, while a risk
analysis gannof possibly devise ways to eliminate all risks, it can ?
advise management on how td_gamb1e if necessary. And, in today's un-

certain world, management must reconcile themselves to. gambling. ¢

5.1 RISK ANALYSIS FOR "FIRM PRICE" PROPOSALS ' . "'
Ly o

Risk analysis for. "firm price" proposa]é is a technique involving

a methodical approach to identify, eva]uate and measure uncertainties

due to.variables which are not conmerc1a11y insurable, in order to
1

apply avaiTable'counter-measures and remedies to reduce or eliminate
. 1 : /
them. The technique is prepared for proposals involving supply of '

equipment, material and hpma office services on a firm price basis.

.-

Variables, which usually are commercially insurable, are not cavered by
}

the above-mentioned risk analysis. These variables are blockage of funds

from abroad, inconvertibility of funds from abroad, war, revolution,

.insurrection, riots in buyer's-or seller's country, cancellation of -

J

non-renewal of imposition or restrictions on export/import permits,

9N

v

[
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Acts of God, interference or harassment of staff abroad, imposition of* |,
foreign taxes, owner- insolvency, marine transportation -risk, as well

as owner contract cancellation.

-

5.2 METHODOLOGY OF RISK ANALYSIS IN CAPITAL COST ESTIMATE .
( ' «

The metnodology consists of a simple sensitivity analysis,

based on preparing a realistic cost estimate of the scope of work

.b

conforming to the contractual documents, under the most 1iké1y condi-

X tionsl/and by carrying throughout the analysis a judgment on the possible

range of each variable from,the most pessimistfc conditions to the most
optimistic conditions. The total exposure under the most pessimistic,

the most likely and the mbst optimistic cond1t1ons are deve]oped and

_compared with the available money carried out in the realistic estimate

to compensate for the most likely exposures. If requ1red Judgment is
used to recommend a risk factor over and above the realistic est1mate to

cover such total exposure. The procedure resgmbles that‘of the PERT-

\

type activity planfiing.

Although it is a fact that there is little 1ikelihood that all
v;riables taken into‘considerat;' will end up at the extremes of their
ranges,‘a11 at the same time; to simplify the methog, no'attempt is made .
to aggregate the‘unoertainties at this time.

| The detailed procedure of risk analysis is beyond in the scope
of thisireport. 1However, forms used for presentation 3f_capita1 cost

estimate and its related risk éna]ysis is included in Appendix G for

reference purposes.



" Chapter 6

-

PROJECT , QNANCING
L4

1 j

“

, ~\Thg objectives of this chapter are:

~—

» . introduce the concept of project financing for

’

ternational work. i '
(i1) To identify djfferent sources of financin; available,
their related-oﬁératihg agencies.
, (111) To describe the conditions and procedures to follow to -
obtain pos§ib]e financing from‘thesé sources.

The financing of an international construction broject haé a
considerable influence on its final Egﬁj%a] cost and in getting the
project off the drawing‘boards and into reality. -Project Financing
can be accomplished by one or a combination d?’%ollowing formats:

- --VNholely financed by the client using his local curyency

V- Partially financed by the client, usiﬁ; His'local currency \\f
and with one o; more financial instruments: such as credits
- or finance provided by the‘se11er's country. The major
saurces of such financing 1n'Canada are EDC (Export Dévé]op-(
ment Corporation), CIDA (Canadign International Development

. \Agency), Canadian-based banks.

. For present-day international projects, the engineering firm has

o

93




to arrange the financiﬁg for the client from EDC, CIDA, Canadian_ banks,
etc. TThis represents specfa] and c9£p1ex prob]emsﬁﬁn many diffe}qnt
areas,:rénging from crgd{t po{;cy;‘ﬁarketing iechﬁiqués to different
natiqpé] borrcwing.condftjqns and export payment guarantee programs.
The fact that two countries (or more) are involved automatically
X increages the complexity, introﬁuc;nglthe factor of exchangé risks,
. the possibility of having «inadequate knowledge about the financial
streng?h of fgfeign customers, as well as the Qroé1em of specfa] financ-
ing costs. ‘

Most of the developed nations have established their own export-
" credit institutions for various types of déve]opmeng and projeét f{nénq-
ing. Since every government promotes exports, many countr%es have‘
programs to reduce expgrting rist. These programs give the exporting
engineering firm the option o? hav%ng government aéencies proviQingQ1ong-
. term financiﬁg gt reduced costs and of 1nsur1?g various types of }1sk§
such as po]itiéa],,cbmmercial and currency ones. Consequeﬁtly, the
competitiQe race for export orders, pérticularly for'capital equipment,
which requires long-term éaymedt arrangements, as'we11 as'the’efforts of
governments in industrialized countries to capturg'é 1argéhshare of this
market for théir nationals have enhanced the role of public financing
sourcgs. In Can;da, the impressive growth of EDC. in the past few years
jndic&tes the important role of EDC iﬁ ;oday's projeéf financing.

Besides public financing sources, commercial banks are the most

o

'importaﬁt source gf ihternationg].project financing. .Over the pasﬁ'

¢
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few years, banks have vasi]y expanded their international financial

A 4

services to cope with all aspects .of project,fﬁﬁancing. "With theirf

"‘7\/ \
huge capital bases and their flexibility and ingenuity in public and _

p}ivate financiné. commercial banks have. combined their lending activi-
ties with their ekcﬁange market cap;Bi1i£ies to offer credits that can
be drawn or repaid in a variety of currencies. They pave been e
1ncreas1ngly tailoring cred1ts to f1t their cuétomers demands and have ‘
been granting larger cred1§ pagkages as.well as more diversified f}nanc-
ing facilities. They have moved into internaiiona] cash and exposure
management, global project analysis and financial'counselling. Banks

have aléo restructured pricing systems and have reduced profit mardins

.

in respomSe to increased competition. Thus, they have taken a dominant

role in becoming invoTved in long-term project lending.
1"
. '

6.1 PUBLIC FINANCING (

E Genera]]y, an excellent export f1nan§1ng scheme can be obtained

- from the Export Deve10pment Corporat1bn (eEDC), a government agency. EDC

was established in October 1969 under the Export!beve]opﬁént Act éroT '

claimed by Parliament, as the-successor to the ExporE“CrediqS Insurance
: Corporation (ECIC) which.commenced operations in 1944, ‘It provides‘
financial services to facilitate and expand Canadian export trade and
create'employment ;t home. It provides term ioans to foreign purchasers
of\anadian goods and services, guarantees private léans to such pur- ;

[y

chases when credit cannot be obtained on reasonable teﬁms from commercial
" ‘ \
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\;ouFEes, and insures’ foreign ihvgstments by Canadian residepts. However,
‘the faci]jtiés provided by‘fDé do not subsidize expoftérs. Canadian |
firms compete in foreign:maikets on the normal commercial basis of
price, quality, delivery and se}vice. EDC faci]i?{es are widely used
by foreigh-owﬁed affi]iq&g§ in Canada. EDC has an operating capacity
of 26 billion Canadian dollars, and %ts assefs at the end of fiscal
)1978 exceede&‘$2.3 billion [32]. Its long-term financing ceiling is
: Ci]O 611116ﬁ, but anotber C$2.5 billion is available, subject to govern-
\ ment approval. In 1978, EDC's hysiness volume roSg to C$6 billion more
}'tgan’double the 1977 amount. The Corporation Jrrénégs andbbuarantees
1b§ns to buyers of capital equiphent ahdvtechnicgl;§ervices. It often
works closely with the banking coﬁmunity to provide internationally
competitive financing.i.ln_de§1s jointly fjnanced'by the EDC and com-
mercial banks, the EDC usually provides the major part (abou; 70%) of
,the fuqu. Converse]?,‘the bank§ provide down payment, construction—'
period and local cost financing-ﬁot“negm?lly covered by EDC lending.
Although Toans are made to the foreign buyer, applications are
genera1{& ;ubmitted by the Canadian exporter, who receives the djsburse-
. ments directly. ’In.1978, a record was set in the extension o% a €$1.2
billion line oflcredit to Algeria. This line can fund any project under-
takén'by“Canadian suppliers who meet the EDC's eligibil{ty criteria. In 'é
May 1979, an eveq'bigger line-of credit, for C$2 billion, was'grgnted

— -to China. Examples of loans or guarantees made during 1978 inciude U.S.

$667 million guérantees to Bechtel Canada, to design and build a gas-
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‘) . ,
gather1ng system, treatment p]ant and réjection system for Algeria's
Entrepr1se National Sonatrach (the EDC's main f1nanc1a1 partner in th1s
deal was the Toronto Dominion Bank) [32].

To qua]ify for EDC assistance, an export transaction must provide
sign%ficant profit to Canada, such as enhancing Canada's technical feputa-
tion abroad, increasing industrial stab{1ity at home, gaining bettér
accésé to world markets, gdining actual high do]]ar”va1ue of Canadian
gguipmgnt, materials and services involved’in a project. Maximizﬁtion
of Canadian content is a requirement for all transactions supported by _
EDC. -‘»

To apply for EDC financial assistance, Canadian engineering
firms requiring ]ohg-term financing to obtain'a major order of capital

equipment and engineering services for. an international project abroad

must submit’an application with the following information: a

a) oInformation concerning exporter

- DescriQe.equrter's corporate history'and sperations including sub-
sidiaries, affiliates, major shareho]dérs hnd<parent company (if any).

- In case the exporter is a subsidiary, does it have complete freedom -
to iqi}iate export business? If not, what limitations are placed on
its operations by the parent company? ’ “

- Attach audited financial and gnci1lary statements of exporter for the ‘
past five years. ‘For each of the past five years, list exporter's

- total domestic and expozi‘iil;s, domestic and.export sales of equipment

/



of the type requiring pre;ent fjnapqing. / )

- On the Basis of gxisting firm capacity, state in dollar value:

maxi%um«outbut. optimum output, pregent‘output, level of output if

[ proposed project ynder?aken (i.e., Manhour x Cost/Hour).

} . = Show Fhe number Sf ;hployees of the-company as of the latest
avai]ablé date and as of at least one year ago. Give the company's
average annual employment over the past five years. . |

- Describe the employment situapion in the area where production )
faci]itiﬁs are located, giving the 1ates;‘number and percentage of‘

- ~
unemployed, and for the last three years. - ‘ ‘

b) Information concerning borrower

. - Describe borrower's corporate history and operations, including

subsidiaries, affiliates, major shérehc]ders and parent company

(if-any).

’

- Attached audited financial and ancillary statements of borrower for

i the.past five years, including details of payment terms and interest

?

rates of borrower's present.outstanding debts.

- Attach borrower's forecast: ba]ance sheet; income statement;

statement of source and applicatjon of funds including working

capital; capital expenditure/schedu]e.( %orecast should cover the
. period of construction and extend for a further period of at'least
, five years. .

oy 1

- Provide detafls of addifiona} equity and debt financing contemplated

7




v -

by the borrower during the above forecast period.

v

- If ‘the borrower is undertaking a new venture, or entering a new
field of activity, supply in complete detail provisions which will

be made for supply of experienced management during the first five
\
‘years of borrower's proposed operations.

c¢) Information concerning project

Describe_the project fully, giving detailed 1nformat16q on
the foliowing: Nature of the project, location, economic and technical
. soundness, viability, national and regional importance in the importing
couqtny, further engineering before construction commences, project costs
to be paid in Canadian or U.S. dollars? ;

It is essential that satisfactory feasibility studies, .tender .
specifications and other reports concerning the project be presented‘;ith
the application to espab]ish the technical and economic soundness of
‘the transaction requiring financing.

" Four important factors to be mentioned are:

i) TIME: State the anticipated periods and dates related to the project
for completion, start-up, construction period, delivery period of the
equipment and material at site, placing of orders, signing of contract

agreement.

ii) COST: Provide details of project costs such as total cost of

project, 1oc$1'costs and how to finance foreign exchange costs (Caﬁadian),

‘)\1?
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%oreign>exchange costs (Non-Canadien) and how td finance foreign agents'
commission, fees end royalties (if any)_and how to‘finance the company's

anticipated net profit after income taxes.

[N I

jii) CANADIAN CONTENT: State the overall percentage of Canadian content

of the project calculated according to EDC cr1ter1a Ind1cate the equwp-

ment, material and services to be supplied by the company and by his main

I

suppliers, giving names of suppliers, and\dplaar values. For,epuipment

or materials purchased in Canada, those which have non-Canadian content
. P .

must be' considered when computing the overall Canadian content of the

. Y
o

project.

-

Ay

. €
iv) TERMS QF FINANCING REQUESTED: State clearly financing terms required

for project, supply detailed and verified information_ju;tifying terms
requested, i.e., What is foreign compétition offering? State name’ of
ageney or department of government which will provide guarantee of
principal and interest, state name of eentral bank, etc., thch wi]]

provide guarantee of faoreign exchange avaf]abi]ity.

v

d) Information concerning benefits_of the project to the economy of the

importing country

4

- Describe the economic Benefits the importing country wi]i derive as
"a result of this proaect coming into production with respect to .
employment, use of domest1c raw materials, additional revenue to the

f,’ K}
government concerned and foreign exchange saving;, etc.

100
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~ 1 If the importing cduntry has a National nge]ogwgnt Plan,.attach
. v . \ '
‘a gopy of the Plan and give the priority of this project under the ~
K " PTan. - B Y

! '
3 - e 1

) e) . Information concerning'benefits of the transaction to the Canadian

o
- . ' - Y

economy , : '

[}
L]

.- Descﬁibe'any special industrial advantages to bqueéived from this
> - ¥ S .
v , .
‘transaction in terms of utilization of labor force and plant capacity,

of assistance or encouragement jﬁ developing new designs or lines
: 7

of production, and of increasing Canadian.manufacture;of equipment

" or component parts. .

- Specify the export.trade‘pﬁomofion benefits that may be expected .
to result from this transaction with regard to direct market’ﬁeve]opk
-mgnt'prospects in the‘country of bhrcha;ing area as well as countinu-

/

ﬁng market for rep]acement parts of Canadian origin.

- ,Describe ghe direct and‘indirect labor effects in Canada for the

~ applicant company, e3ach of the main associated firms &nd sub-contractgfs

and for the total project tranéaction as a whole.
. Q !

Another source of public financing is CIDA (Canadian International

30eye]dpment=Agency) whose sponsored projects offer a means by which

Canadian-based ehgineering firms can obtain international exposure ina

”

non-ihternatjona]]y combetjtive environmﬁgt [11]. It is an agency

. " 'designed to support the development of foreign countries by funding "

. N foreign-basﬁd projects in developing countries. Thus, foreign-based
. . . . A
- ’ ‘ - L4

IR




projects de]iveres )and operated on a joint venture with Tocal engineering . |
firms-are eligible for CIDA support; those delivered on .a turnkey basig
b} Canadian engineering firms are ineligible. The tanadian-?ased engineer:
2 ing firm must h?ve a majorjty Caﬁadian ownership to be eligible for CIDA-
supported projectg. To award a contract to a Canadian firm,.CIDA con-
siders the‘fo1lqying criteria:
- "Track record" of the company for a miniﬁum period of three
| years. ' - . o
. - The rules of the host country where project will be executed.
- The competitiveness of tHe bid.l
Furthermore, during the decision-making p;ocess, CIDA -consults

with the foreign post, Department of Industry, Trade and Commerce, EDC .
and the Canadian chartered banks. )

The largest source of financing for international projects is

the World Bank, whose lending and investment activities are directed

to promoting economic development invfhe less developed countries of
- the world - mostly in the Third World. The bank provides fipancia] and
] . technical assistance fof projects in a wide range of economic sectors.
| It consists of three main financial institutions: the International
Bank for Reconstruction and Developm ﬁf: which ﬁékes loans a£ nearly

conventional terms for projects of high economic pfiority; the Interna-

, +tional Development Associg;iéﬂf/which provides credits on concessionary '
. N i L i e .
. terms to countries that might otherwise not be able to obtain financing;

—_— re

and the International Finance Corporation, which finances various projects
/ N

////// | \ g h
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in the privatg sectof through loans and equity pérticipation. The "Warld:
Bank requ1res 1nternat1ona] bidding for the goods and services they
f1nance Although most loans and cred1ts are denom1nated in ;k\\?rs, 1 ’

actua] disbursements may be in any of a number of currencies. Eng1nger-
ing firms engage&\in international projects may benefit from th \WOr1d
Bank's activities in a variety of ways such as supp]yiﬁg to projects in
developing countries for which the bank disburses billions of dolldrs,
\borrowing from the 107 development financia]ajngtitutions that the bank
has assistb@ finqnéia]]y and téchnicﬁ]]y, befﬁg beneficiaries of an
* improved business climate resulting f}om thelﬁorld Bank's general and
‘specific activities in developjhé countries, e.g., upgrading infrastruc-
_ ture and technigal capabilities, improving economic‘managemeqt and reliable
,inventor%es of economic resources as well as being récipient of the World
wBanklfinancing for joint projects with local business\in developing its
ﬁember countries. The World Bank is currently helping to prepare 30 oil
and gas projects; §pprokimate1y half.are in cobuntries where annual per
capita income is bé]ow $500 U.S. Of these projects, 22 are expected to
be formally considereg'for financing between 1979 and 1981 [32]. Five

—

1oans for cna] production proaects are also expected to be conswdered

There is no standard cr1ter1a for the award1ng of world Bank financing
\

of a project. However, certain information is required to dec1de if a

projecf proposal merits a contract award consideration, such as:
- A description of the proposed project and of the company.

- The company's legal status and its financial history.



- Thé company's preseht and proposed operations.‘

- The amount of financinglnegged and thg purpose for which it
+ s required.

- xFiqancia] foreca;?s of operating resuits.
/ ~ - Information on the cost and avai]ab{lity of raw materials
and other inputs, together with a review of technical
assistanEe or other agreemenfz in developing the couﬁtry

]
concerned. -

4

6.2 COMMERCIAL BANK FINANCING
— %

. ~ Commercial banks are important so of Project Einancing.

Canadian banks have only established specialized project financing depart-

ments since 1974 and this éeneréfly was a reaction to the emergence of

large energy-related projects resu];ing in the need to marshall a substaq-

tial sun of money {33]. Project Financing, in the commercial bank's

-~ "Viewpoint, is the finand?ﬁﬁda?ﬂaahEBon\gconomic qndertakipg primarily on
the étrength of the economic¢ viability of the project, underpiﬁned by
credit support arrangements thaf seek to protect the lender against ‘
§pecific project risks while limiting the bank's recourse to.the project

. sponsors - e.g., it is a loan that is to be repaidvprimari1y from the
earnings of ﬁhe project in a situation where both the lender and the
sponsor are trying to minimize their respective risks. The commercial
“banks, thus, want to avoid a company who wants to assume as little ‘of

%he'project's risk as possible by hjnimizing their financing contribution

A

i

104



and by-passing as many of the riskS'as possibae to the 1énders, their
Fupp]iers, their prospeqti@e customers and, in some cases, to the gqvefn-
ment. Aé a result, the negotiation of a project financing between an

. engiheeringtfirm and a commercial bank is the negPtia;ion of which risks
the parties to the.tfansaction.are going to assume. The majof service
of Canadian banks is, to providé debt finéncing for a use qf funds with’
domestic, risk, such as Canadian-sourced production, as well as bid and
performance bonds. Canadian banks generally do not provide debt
financing for a use of funds with “non-Canadian” risk such as civil work
in the host country. The arrangement of financing from a Canadian bank\

follows these stages: \ D

a) If project financing is requested, the commercial bank will deté}mine
whether or not the project can‘be delivered in t%me, accordinﬁ to
technical spé&ifications and at estimated cost.

b) The bank will next determine possible financing for the firm by doing
an independent risk-profi]e analysis of Fhe firm which includes:

1. The company's track record - e.g., experience on previous
projects. :

2. The firm's manégerial capability - e.g., Does the company
have the techn?ca],«marketiﬁg'ana managerialfexpert{se
required to bring off the project?

3. The completion risk of the project - e.g., Will the project :

be comp]efed within the cost, time and quality parameters

as originally envisaged taking into consideration factors™
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such as inflation, inadequate financing, material shortages,
| S .
labor problems, serious technical préblems~in start-up?

4 4. The company's fjn%ncial;strength < e.g., examine the company's
" intome statement, balance sheet, statement of accountstreceiv-

able, schedule of contract, values, etc., covering the last

1

four of five years.

In other words, in the risk profile analysis, the following
: / 5. .
'\ questions concerning the engineering firm must be answered satisfactorily

before the bank considers‘possible finante for the project:

¥

Does the company utilize executive staff with previous 1nte%na§iona1

experience?

Does he uses-a local partner who:
) (1) Understands and is invo1yed in the construction market
(i) &s well-known and reputable
- "(i11) Can help solve payment ﬁroblems and visa problems through
working experience with the government? -
- Can the. company perfo}m without local subconstractors and does it
obtain ﬁrime guarantees from them if it does use them?' \
- Does the company base its bid prices oh a dekailed survey of the
market and utilize contingentf and overhead al1owah&es which reflect
the pecularities of the specific market?
- 06é5}the company’bid’hjgh'enough soyfhat the returﬁ on a project it

wins will be large enough to match its risk and effoﬁg?

\ , Co o ,
) ,
. _ . x
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1l

“- Does the company take projects.involving cost components with which

it is familiar and over %hich. it can maintain certajp control?
- Does the company start mobi iiation as quickly as possible upon e
signiné the coptract? . - . . - ;
- Has the comp%ny nfade a]]oWEﬁEES for potential inflation?. R ’§~\Nf‘
- Is the company's financial bﬁse; cgsh flow and financial management
rgt}ong enough to support its operation? What happen§ 1f,prob1ems
develop?
- Does the compan§ manage its foreigniexhhange correctly?
- Is %hg company's prior international track record good enough to

justjfy the scale of its planned international project?

" - Does the company maintain an adequate dialogue with its bankers -

about operatiods, fgture plans and currént developments? '

Thus, from an international engineefing'firm‘s viedpoint, maximum
credit will be available from the banker if the comp;ny can provide
commercial banks with detailed information on tEe ffrm‘s management,
operations and past experience on contracts, as well as on the general
irends and conditions in the markets where the company wants to opérate
sinca, the only way commercial Banks can measure the company's strength

- an inexact science - is to understand the entire context of the engiheer-

_ing-firm's operation, and then determine the sufficiency of the company's

financial health and its management abitity.

c) Before the financial funds‘aEe advanced, the bank generally redui%es

-

the‘compiny to provide adequate collateral - e.g., the bank attempts _



W

-

© to protecf itself by having'the account receivable assigned to the
bark, as well as by securing the personal guarantees of the firm's

4 owners and key 1pdi§idua1s. .

. ’ Besides, political risks associated with a foreign project such
§§ war, unilateral expropriation as well as tthe at home such as changes

1qztax and royalty treatment, changgs in environmental fbnsiderations,

are also studied by commercial banks. The four Eiggest commercial banks

1n'C€nada provided project financing for international prejects are the i

mmerce, the Toronto-"

Royal: Bank of Canada, the Canadian
. ) '
Dominion Bank and the Bank of Moptreal.

érial Bank of

-
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ro. : Chapter 7 ' - ‘

CONCLUSIONS AND_ RECOMMENDATIONS

A . A
The generation of new business abroad is a distinct and conscious

development effort where time, cost and qua11ty involved are the main

factors to the effective pursuit of 1nternat1ona] prOJects Good inter-

’ 'nat1ona1 cap1ta1 cost estimation results 1n‘the eventual effective
planning, est1mat1ng and cost control functions in Project Management
where the inter-related parameters of Quality, Cost and Time are of
utmost s1gn1facance from inception to completion of an engineering
venture. International corporate decisions are based on effective
capital cost estimate whose information provides a basis for management

- decision;making.

) The international capital cost estimate procedure presented in ‘
this\feport.is a fast method to prepare a cost estimate for heavy
industrial plants for international bidd}ng purposes'where information

v related tq the project is minimal at this stage. -<This estimatiqg X

S approach. - one of many approaches - is directed to meet the above- |

N mentioned factors where answers must be reached within the stortest

' possible time and in the most efficieht manner despite the ever-

Y

increasing comp]ex1ty of processes, the increasing change in techno]og%b

_ e ‘and the remoteness of plant s1te It must be emphasized that . the
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‘ éstimating approach'preéentéd in th%s reﬁort is {n no way‘inteqded,to‘
rgp]ace a ﬁore detailed definitive e§tjmate where more infprmation
v is available, althoudh it may help to‘double check the detailed
definitivé estimate and pin-point va}jations that.mg& need further |
%nvg;tigatioh of dgsign or 1ayout decisions. - ‘
International Capital Cost Estimate for heavy industr%af,plants
is, thus, one of the esséntia] and useful tools of todéy's Project
quagemenf’in the development QE construction engineering business
abroad. It involves preliminary judgment and great risk at the early
stage of a-project when project iqforﬁsiion might be changed easily.
Good ?easonab1e accuracy ot the estimate can be obtained when the |
pr&ﬁect concept is clear and the 1imits of the estimate are known.
The study of capital cost estimagtion defcribed hereiﬁ should be improved
;o‘eliminate certain drawbacks ®f the/approach. Attention should be
directed at: ’
(i) 1improving the measurement of risk exposure especial{y . \
"during period of gregt economic uncertainty
(i¥) refining the calculation of escalation changes
(iii) incorporating the impact of financing charges in the \
désign;decision making process A
The following topics are suggested for consideration for those pursuing.
further research work on capital cost estimating for heavy industrial
plants

1. Standardized computér capita1 cost estimating for heavy

. ) : \ {

\J



industrial &1ant§; ’
Effective method to predict the e§ca1ation tfénd for process.
plant construction; &
Standardized mathematical approach in estimating contingency -
allowance and escalation a]]oQance;

Detailed and"systematic rigk analysis for capital cost
estimation;

s

Scientific methodology in assessing capital cost accuracy; and

Preliminary capital cost estimation for heavy indus;ria]lplant

/ /
- domestic versus international project.
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SUBJECT

PURPOSE

~

DETAIL

USE

INTRODUCTION | SR

Foreign Cost and Site Survey Manual

To serve as a GUIDE CHECK LIST in collecting information

‘about a project in a foreign country - mainly information

which is required to prepare a reasonably accurate estimate

‘of the capital costs.

While the check 1ist is detailed and elaborate, it is
recognized that, for a specific project, information on
some items would not be relevant or required. In other

. situations it may not be detailed enough.

Since it is intended to e used-as a guide, the person

responsible for providing the answers should use his

discretjon in determining which items are to be pursued
and which dre redundant.
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GENERAL DATA
~ PROJECT (for which this survéy is undertaken)
CLIENT ...... P he retite st eene e eesesantsennsnas N eeecevserrseniosotasesaans
................................ CRLRREP PR PP PEPIPPEPRPIREPRRY
COUNTRY it ittt iene i raeosonsocenseeosnceasasocesenasosasnasananoensnan
.......................... R
LOCATION AND SITE (Sketch)
\ R
PERSON RESPONSIBLE FOR PROVIDING. INFORMATION
(or, ESSENTIALLY COMPLETED BY)
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2.0 CLIMATE
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Prevailing R L ERTPRPRTR B
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'3.0 GEOGRAPHY (Special Conditions of Terrain or Subsurface)
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depth, dewatering) ............ ;;ib ...........
.

4.0 LABOUR

ricklayer .........ciiiinnn.. S eeeeeeearae e
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Equipment Operators )

Truck driver 1-1/2T i viiiiriiiirnrnrennencnns
Tractor 100 HP it
-Labourer ... beseasaas
MiTlwright ... vvitiiin it iiianraecnennoanenns s,
Painter ........ e ee et treeeenereesasaasaneanrtnn
Pipefitter ...iviieeiiiiinneneennnn Ceereea e
Plasterer ........... f et teecasiieteaeaeae e
ol T 0=
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Sheet Metal Worker ......ccviirieiiniinneeennnenns
- Structural Iron Worker .....ccoivvnennrnneeeafonnnns
Tile Setter ...... i eereseeeateereertrtsannannons
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4.1 Basic Wage Rates (Without any Fringes - See Items Fo]]ow1ng
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Are these rates tied to an official cost af living index? .....

4.2 Escg]at1on Rates

Calendar Year 19 ........ Ceenes N Ve
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4.0 LABOUR (CONT'D)
4.3 Working Hours
Normal per WeeK .....iveiiierveroeseronococennanans cereaens
Prevailing per week ......... eeee ceseenss ’.:......:......',

-+ 4.4 Extras (To Basic Wage Rates)

Overtime Premium ......... eereececessennans eeeeenne ceeann

Tool or "dirty" money ......cc..... R Crieeeecreaens cees

Others: .....cceeeee. e eretenenaaees e i eeeeeneennnnenas

4.5 Fringe Benefits S
Unemployment Insurance . ............. Cereneeennes Cereeenes ‘
Workmen's Compensation .....,..........voeus PO AP

Health & Welfare ..... '.ﬂ...............:.J...:......; ......

Holidays ..civiieniiiii i ittt ieaens
Pension ............... P T

Education Funds ...... S
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e 4.0 LABQOUR (CONT'D)
-, ‘ 4.6 Social Benefits
Room & Board ...... ferieretaeea et i

Transportation

POTNE OF HIre 0 STEE torierierveeeenenenesneeseseananns

Travelling. Time .......... e terereneeeeen, e
Overtime Premium ......oeeveveeeennonacnaonenns e
’ Guaranteed Time Premium ............... Ceeeneeaen eienes ,

© BOMUSES -evvveonneoenveeenensnsnranees e, :
Retrenchment Payments ........eceeceeeeceeiorsnnnn AR

Others: .......... P Cetetiaans cereeaes eneeasegeene

. : 4.7 Productivity of Labour

Express opinion

MH reg'd in loc'n under study
MH-reg'd in Canada

Ratio

to de the same job

* MH. - Manhours ...... i e, [PUPPUU etenes

°

Quality ..... .....J.:..L.......;;.h.g...........: ..........
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4.8 Availab111ty of Labour . - . .
. Genera] market conditions for labour supp]y cereripreenens R
Any other project competing for limited Iabour
TESOUICES . .vucueonresonsenneoasnsasoacosnsoasssnasensess .
Numbers of workers avai]abje | -
. a) immediately adjacent to Site .........cveveen.s Jouu
b) within daily traﬁ;port range? ..T..a...,..........;:'
Level o% employment D )
CaE}enters .;..:.5.......l........Ha.;......:.:.: ..... .o F
" Electricians ......... e ceeenen e ....:..
Labourers ........ Cheeeiseeaanas Ceedsesscansenrennanns oo
MHTIWPIGhES < eeeneennnnnn, SUTTUUTUPRTTRUOPUPRRPRTRT
; Pipefitters ............. Ceseseen P 7.;;:?..:.
: Struct'l Steel Erectors ...veev.veeeeestnn.. :tl}.u;u¢,,.
Staff (Local) ’ ’
| » Availability .ueevereennnn.. T SRR S
= Quality «...... . Cereenees e
. Suitabi]!ty for clerical, accounting machine - - b
operation ............ ceeeanensisrantaaae eieeaas eeeen.
. SeasonaLle Variation ......... cesanes vieases ...;..::ﬁ ......
8.9 Incentives
Nature and exfént of local incent1ve system, 1f any ...
4. ]0 Unions F - ) T \gmfilﬁzl
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4.10 }Unions (Cont'd)

‘ Unions in operation? ............. e, R
’ Extent of influence dver Tabour ............... ETTR Voo
. \ - " Basis a “ "
i 4T VL3 4 o A
- Trade .......coinennen cerenenens Ceesesrassesarnenasanrres
\, - :
. - Local ........ B Ceeeeeaas Cheeesenaad Crereeenas
N ©" Strikes ’
m; Fré&uency ......... R S P
* Duration ........... eeens {....:.........:7...; .........
L Cfassificat1ons *
' % . ~ Local peculiarities‘...:L.............;.....;, ......... .
3 .« .
‘E n 4.11 Imported Ski11§ . \
‘ ff i wWhich skills, if any, have to be imporited? ... ............
¥ ? : At what premium? ............. Cereeecereens e
’ t From what country? ....eoeeeeeeeepmenans G eevreessoannns .. .
1% i‘.~ 5.0 MATERIALS AND EQUIPMENT
-(u{ . ) 5.1‘,Most Commonly Used M&teria]s‘ﬁvai1aple Locally ..: .......... s
- ’ } ....... rereeiie e, Cerreaeiraeies e
) ;ﬁ -t . 5.2 Domestik Vs Importé
h What ratios of materials and equipment ,
J - are produced domestically? ETTRY ceeaas ";”'°"';"’f"5 ...... .
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5.0 MATERIALS AND EQUIPMENT (CONT'D) - _ /

/\ e

5.2’ Domestic vs Imports (Cont'd) _///

"\

+

s\'

What are approxiﬁate average duties on imports?'....x .........

ITEM

Mater%&_:_::)y 9 o . s 0

Cement TP RIS
Steel - Structural

Reinforcing

',Piping Supplies ...

Efectricéﬂ Suppjies

Installed Equipment

---------

Air Compressors
‘Electric Motors
Boilers ..L....

Crushérs

Instruments ...

DOMEST?C

\%l

ccccc
ccccc
cccccc
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Fans ....ceceeel.n..

Transformers .....%..1.....

8

IMPORTED
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) 5.0 MATERIALS AND EQUIPMENT {CONT'D) i 7
| | -5.3 Costs of Mater1a15 & Equipment (Be spec1;1c about descr1pt1on,
quantity, and F.0.B. point)
Structural Shapes .........cciveiiiirirnncnieniornnnaeennss
RETNFOFCING BAIS - .e e s evesneeee e ee e eeeneee e, F
, Cement Poffland ........................: ..................
Lumber, 2" x 4", 2nd Class ..... Seusensucinansassantannnses
Gravel ..J ............................. x.‘ ...... tecesreceenae
Sand (Nafhed) ............................;; ............... |
) | Cables, conduit ....:...covvnvnnnn... :..........: ........ .
5.4 Escalation on Materials ......uvfiiiiiienronernnnnnronioeennas
| Equipﬁent .............. ‘! ..... e eserecerrasetsateneadenn
" 5.5 Purchasing Conditions ﬂ P
Market conditions generally .iiiiiiiiiiiiiieoratireeiecteenonien
. Any 6ther,project competing forllimited resourqés .............
Import restrictions et e et e raa i,
Local pe?u]iarities inubuying ....... evsean e ettecsteecrennees
_ Local THCeNSiNg .eeeererrnereenenrennninnss ST U N
\ \ . \

T 6.0 CONSTRUCTION EQUIPHENT |
| PR % B AVAILABLE | FREQUENCY , 4
‘ LOCALLY? OF “USE RATES | BASIS OF RATES
Trucks ...... ) ....{;.......................: ............
TRACLOrS vovoleneneneinnalereiiiennnn. b oeenanas b eenereeans Ceeen
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6.3

6.4

7.1

Mechanization (State Equipment Used)

-
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AVAILABLE | FREQUENCY | e
LOCALLY? | OF USE  |RATES | BASIS OF RATES

Earthmovers ....le.ccecerecaborenenacneshonnns 1Y

Concrete Mixers booeeeeeeeealeirenencenaabones N U o leenans

PUInpS -.o----gn-b'--.o;uot' ooooooooooooooooooooooooooooooooooo . . ‘,

Air Compressors }...... U SEPERY } ..............
P '
Local Agents

Service Facilities ........ © e eeeeeneentenenaanctanacnnnean

Capacity ...ooceeeen \.....l ......... A S

R Stocks of Spares ..... '........................1 ...........

Domestic vs Imports .............0 . See section 5.2

General .....eceeviiicnennennnans e saseaanesiaanns Pessreas

Foundation ........ccvinnenens tecoveas Corsascsenvonas Cerasse . /

'

Bldg. Erection ...... Cesessrcsecesesasnaanas teesresesearene ’
Concreting .o.oeeieieeeeereeioecceacsossnnonnns teveseaneans :
Heavy Equipment, Inst'n .......cciiuiiiiiennnninnnnns PR .

\
Highway Equipment .............. eteerrennens Ceveeearetaees

7.0 TAXES

/

National .....vivevceccoannnns Medeeenceses b eeeeennssas eeeeenes
)

T
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7.0 TAES (GONT'D)

\

R ;
7.2 Local .......... irieeseee ceeens tesesesseseseianen ceeetenaese .
7.3 Other ...... [ U PRPPRR
Are any, or poﬁtionsk recoverable? ......iiiieeieiieiennnn. Ceeeeeees

8.0 TRANSPORT

\\ 8.1 Railhead , s
Nearest railhead - distiice ............ et etenteeereeaean.
Railway gauge .......ccevvneeecocs et eeieenaaaann '...,.;.
S}ding capacity available .......cveeerueenss e eerresnannrnon
Cranage capacity available ........... S [
Is space avai]ab]e;for a new siding, if required ....... cee

Max'm weight & dimensions of load which can be éﬁrried el

8.2 Deepwater Port

Nearest port - distance ........coeeeees P, Ceieeaenn .

Cranage capacity available ....... Teestaanan Ceetantesananann

-Is-lighterage necessﬁry ........................... teaenian _

Any special or seasonal limitation on capacity ............

-

.~ 8.3 Airport
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8.0 TRANSPORT (CONT'D)

8.3 ‘Airport (Cont'd)
CAPACT Y ittt ieerntetenennssacansoensconsosesnansannnenns |
Limitations .......... R

Description .....c.cvviieennns et eetneeeeeeatt it

" 8.4 Roads

.

‘\\\Distance of site from nearest town (ést'd S128) vevevnnnnns
Railhead .............. Yerernnnn. e ireeieneeiaaa, e

\

Hazards FROM N TOWN | RAILHEAD AIRPORT| PORT '

4
. Culverts ..

Bridges ...
Lands1ides

Snow drafts

.....

------
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oooooooooo

..........

----------

oooooooooo

oooooooooo

-----------

ooooooooooo

Bridges to be strengthened

Limitations

Security in transit .: ...... leseaneoesosnnns Ceetacrsseasans -
Speed of delivery ...v.ieveeeenreneccnnnncns eesreriereaninas

Intensity of exis. traffic «v.evuiieinvnnnacs Cveean Teenens



) 8.0 TRANSPORT (CONT'D)
8.4 Roads (Cont'd)

Suitability for staff travel ......... @t eeeeensenensteseaatenns

8.5 Freight Rates .....ccceiiivrrennnncennse eecaseensas teeresenanas

--------------------------------------------------
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9.0 DUTY

9.1 Import Restrictions ‘
. — /
B T8 ol 1 T R Ve

Quota ooooooo ese e e ‘e 000 vc0 e 0t cs e v 0080000000000 sP SNBSS EES
/

9.2 Import Duties ......... et etpeene e st naseneranareranns e eeees ‘

9.3 Port & Customs Dues
Handling Charges .......ceevvuven s ..:.7.;.... ..... ....:
DEMUITAGE v everveereerneneeenoaeasnensenancnns Cerennenns
- Cranage ....;............;.............: ...... u;....bz .....

Clearance & forwarding Charges .......oeeeceeeeeereeeeenes ..
Q .

—10.0 LAWS \
10.1  Labour Laws

Operation of existing legislation particularly
with respect to industrial disputes ........cceveeveeinenn.

e
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10.0 LAWS (CONT'D) ', L/
10.1 Labour Laws (Cont'd) _
Industrial Laws (Factories Act) ..... feeesecorncannn ; ......
10.2 Building Code )
SMOW LOBA triieereveeeeroonuneonnneseneeionensasasanns e
Nind Load ........... € ectecscacsancsecaroacceasatreasnrse e
Eartﬁquake ................. e, N eeecsececvesssassoranans
' Frost COVEr uvvienvneronncnosocsecsanans Ceeerereieeeeiaaes
10.3 Pollution Laws
8 e
Water ....civeeedeccnnns N eecessenccnns teeceratesesssesnnes
10.4 Vérious Laws
Transport & Storage ) fe -
v Inflammables ....cveeveeeececcocnes e,
EXPlOSTVES toiiirieeereersrososesssossnnsasaconnnsssns .o
Fire Protection ........cciiiiniiiiiiiiiiiiiieiainans, PO
T Electrical WOrkS ....eeeeveer... e, eeeeeieaaee
J {
\ Vehicle TaxXation ...cieieeeeeeeerstacesosaassssssssacsssssee ‘
INSUranCe ...evevevnvreecnnnnnne e eeesseneennane it eeneeen
/ .
11.0/CONTRACT S (FREQUENCY OF USE) : \
1. Lump Suf )..........: ....................... e g ceves
11.2 Cost B‘ys L Gebeeeas evesesere M eeeeesesscenanns feerena
-

e e Ot o
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% ~_11.0 CONTRACT FORMS (FREQUENCY OF USE) (CONT'D)

137

11.3 UNTt PriCe vvveeevececececcenneeseenos ,.}..;........Z..;; .....

11.4 Joint Venture .......... ereaness peecseateneeanes

11.5 Contractor's Fees (Head Office Overhead & Profit)

11.6 Contractors (List & Rating)=

For: Temporary Structure

--------------

.
------------

f Permanent Structures ‘
Heavy Construction Prepare list on reverse
side indicating
Mechanical
' a) Name
Electrical

/

Machine Shop
c) Quality
Haulage

- d) Capacity
Plant Hire

.‘ équip. Hire

12.0 INDIRECT COSTS (FIELD)

12.1 Labour Assessments .......... e eereacans ceraeneas

12.2 Labour Expenses ........c.c.. :.." ................

12.3 Indirect Labour & Supervision

\ Estimate the ratio of the following CONTRACTOR'S

FIELD personnel

. , Non:Produd&ive {a) vovneennnn. }.....: ...... e

Productive (b) /

} e) Suitability

‘b) Address (or location)

...Section 4.0

....Section 4.0

ooooooooooooo

¢ ' - (a): Supervisioﬁ, Office, Accountants, Warehousemen,

Safety, Security, etc.

(b) Personnel engaged in work which advances the

physical completion of the project



" 12.0 INDIRECT COSTS (FIELD) (CONT'D)

4

12.4 General Office Expenses )
*Indicate what Contractor's values would be for
the following, expressed according to whatever /
formula is generally used (e.g., % direct labour,
% of total direct cost of his work)

Communications ....... Certeecnseesenaanans eeaeicestmaane
. &

Licenses, Permits .....ccevuvnen ereces Cerenoee teecenns veee

Reproduction ....ccveeviinnennnsn Ceeseasenas feeteettcaeaven

138

Stationery & Supplies ....cceieiiiienriesecnacnnnsnenes cers

Bank Charges ......... ceneaes R R T RTR R R TR
\ ffice Equip. & Furn. ....iv .. eevvnen Cerererenanes ETTYEY
Municipal Taxes ..... veireeesanesrranas .:. ........ Cereecans
Other Taxes ""“3"?";"i"';""‘"""""""""'i"

INSUrance .....c.oevvvrernnnns e eereeeene i S
\ .

12.5 General Construction Expenses

7 *See Note in 12.4 4 /

Small Tools ..... cieeans cenesasns Cesesvensone .......;...?/?5

/ i .ot
Consumables ...cceveevevenvnsnne Cessesesasienaann iereacans

/

Climatic Condftions Ceeseseanens teesecenens .;.. ......... oo

C"ean-up ----- see et esersenve RN “asrcevsse 00."!..0.‘-0' ooooo ' .

Temporary Buildings .....c.ceeeeiiiiennienniniiaeiionanens

ServiCes ....eeviiieneiecrtstearsiataascinisecenas

12.6 Unallocated Material Expenses

*See Note in 12.4



12.0 INDIRECT COSTS (FIELD)(CONT'D) - .
. 12.6 Unallocated Materiql‘Expenses (Cont'd)
Transportation .............. tevees P R R

Loss on Damaged Goods ............. Celesrnennens P

Cancellation Charges .....eeveveveenenns et eearenananeen
oo Devaluation of SOreS ....veveepesens e deeenreeereenenees .

Inventory Adjustments ............4.. reeee Nebereens SRR

. 12.7 Construction Facilities

- : ) ’ _ Camps -

No. of men available locally ...N\......... eeneeeeen See 4.8

Any subsistence or separation allowance
payable? L....ciiiiiiiiiiiiiiiiieiei i See 4.6

What charges can be made to the men? ........ teneseans e
Accomodation for families? ......ccciiiiienronencvnnnecanees

. Any special péiering arrangements required for
, religious or "local customs" reasons? ....cs..eciheaeeennnnn

Any local customs which must be observed? .........sz ..... )
Accommodation available locally o )

/ For Hi0 Staff .......... e e
| For Tocal sta%f e bereaiaians ‘

For general 1abour ......cocveevenrnccans S
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12.0 INDIRECT COSTS (FIELD) (CONT'D)

12.7 Construction Facilities (Cont'd).

9

Shops

Are the shops in the area adequate to’

handle needs of project? ..........c..coiviiiiiiiiiiaiiiiy..
Rates, Charges ..iveeeeeiveneenecenneanannns [P SR

Quality ‘

Capacjty’ ..... .:z....f.... ....................... Cieeneeens

+

Will new)bui]dings have  to be construc%ed on site ....... ..

or

Are buildings available for transport to site
on purchase or rental basis? ........ceevieneienens. Ceeeans

Services (Available at Site)

L

Water Supply

/

' Quantity ......... Cetecsesstseentatrseanaetans Ceeimrecatane

. Seasonal Variation .....eeeiveccecesocacessonans Crrenenaaes :

4

Charges .....cocieevrnceeanns Ceesetesecensrireaevastsrnaanen

Electricity

Frequency

ooooooooooooooooooooooooooooooooooooooooooooooooo

Supply voltage ............ Neeeecreecaceaeetnns faeersesseane

Supply capacity .......... S cediens

- Nearest pick-up point ........... ..., Geectecesresesanennns

Main transformer supplies ....:................ ........ ceee

v
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12.0 INDIRECT COSTS (FIELD) (CONT'D)
12.7 Construction Facilities (Cont'd) e "
Communications
Near:est telephone availdble ......... ‘
{Distance away ,
_{Nearest ,post OFFice vovunenn.. e /
Distance away,...: ........ cerane R R REERPTRETRE
Nearest cabling facility ...... eeedibeeaiinn '
\ {Distance AWAY crierecrnnans J ..... teseteceseseasens )
T .Prch)duct Plants | o ) ‘ . Y ’
> Will any be “neceésa'ry‘?' ........ ‘ .,0 .......
Type§ & Capacities (estimate) T
Material Handling Facilities (At Site) K
What faciligies are available? J .......
On what basis? ...eeeevvennereenans, Jevarniann. ceeees
) ' What others have to be p‘roy‘{duéd?" ........ [T e
13.0 CONCRETE AGGREGATE . '
COARSE  © % FINE |
Type .‘." ...... eeeaven feneans L eesesiesecasiassesenes ,
'NSource ........ Ll h ..... /
Distance away ... —/ o ,/ :
- LTransport. (type) vevvivennne |
Royal:tieS‘payaMe? ceeeeenaanan te ceenens /
: Is wasﬁiﬁg required? ........... ' .....
L/ onailabil’iES/ of water : /
:POWETr ¢ iivenns
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13.0 CONCRETE AGGREGATE (CONT'D)
“. COARSE ,
© Disposal of dirt ............

Quarry overburden

Type of crusher required,
any indication

Suppliers- (Ready-Mix)

g o I o - - .
7. ’ ' 4.‘” 3.
Quality ....... | SR et eeresresnoensarvreonnrrasanns eee - . |

--------------

142
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FINE R
y

o

Consistency Of SUPPIY veverreevennnenannns Cetescneesuaes Cereeee

5

Max'm rate of SUPPTY vovvvrnvennnene Ceveiveasaarseccecnrsnne e '

" 14.0  ENGINEERING

Types of contract most commonly used ........ Veosoianersssaanen

-

L

Adequacy or otherwise of local transport ........... Cerisevenas

Charges n-'t-;--vcncccoo;_,o'-‘-.. ---------------------- vevs et s eviee

AVETTADTTIEY ©uvreeiesernienenenerieenseneanenernennennenan . .

QUATIEY veereeeernrrenrernneennnnnes et e e,

Division of Responsibility .......

15.0 SITE - SPECIFIC

Topography

‘Natural Drainage .................... .

Existing Habitation ....... fetritisetriatecatacssttetattaennaen

----- es e e

4t e carttsat et st seensssseornataaBRRERbeadansse Rt AEn

.Vegetation ...... Cerieaseaaane Ceeriiseiseaiirenraaees PR

N !
o ’
ceesensns IR EX) A
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~15.0 SITE\- SPECIFIC (CONT"D)- ‘

X ' - ' Existing Services e et ettt e

| .
\ . . .

’ 'l" : Oriéntation UQDOO-o.‘..‘oll'ol.'0...!.‘0‘..0.0.-..--.\0...-!..'.
P ] B 'Site Clearing rgquired f e e et eeetan et reeaaaentearaerenaraee -
et t . < .

; J" ' h Genera] So-i] cond‘itions .l. 'ENEEEEREEENEERENE NN N A I A N I I I R ECE BRI B BN "
. . ~ o
i X - , .
W i _° 16,0 CONCLUDING REMARKS (Mention any pertinent data or opinions not

: ) .- ~ appearing elsewhere in report) '
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APPENDIX C .

. INTERNATIONAL QUARTERLY &0§T 'ROUNDUP

FOR LABOR AND MATERIAL
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APPENDIX D

" PRICE ADJUSTMENT PRACTICES
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WNTRODUCTION

The lollomn; notes cover, price
adjustment pracuces in Aive EEC coun-
tyies and three others, US.A.. Japan
and South Africa. The usual referencs
is to coatract prices and the price
adjustment formulze quoted are lor
price adjustment in the light of changes
in labour and materials price indices
after the date of the originai quotation.
The formulae are not intended for use
in {orecasting.

BELGIUM

Quoted Prices—Usually subject to es-
calanon, except for short deliveries
(say up to 5-83 months).

’Typn of escalation formula—

when used. is in following form:

P,m P (@10 + a M /M, +b!./l.,)
where

P, = Final Toal Price.

P, = Quoted Price. 9
M, '= Material Price(s) last published
in the “Prix de Reférence

-~ Travaux Pubhcs—Canféden-
tion Natiooale de la Coastruc:
tion™ (rates esublished in

) agreement with the Belgiao

government) at the ead of the

agreed period for material
supply.

M, = Material Price(s) last*published
at date of quotation.

Li = Average of *“Fabrimetal”

‘ salary rates”and social chargs
percentages during the months
of fabrication.

(Nou that rates vary from pro-
vince (0 province.)

L, = Salary nate and social charge
perceatage last published at
dats of quotation.

a and b are coefficients dcpaadmg on
the division of the price iato
materisl and labour compo-

nents.

Buying out of escalation—usually pos-
sible 10 negotixie fixed prices for the
life of the order without payiag a pre-
mium.

FRANCE

Quoted Prices—Usually subject to et
alatioa.

.

Price Adjustment Practices
£ ULLMAN, BADGER-LTD., THE HAGUE

Type of escalation formaola—

P, = P, (0-10 + a M,/M, + bS/S)

where

P, w= Final Toul Price.

P, == Quoted Price.

M, = Uscally the Mueml Index last
published in the govemmental
monthly * Bulletin official des

Services des Prix ~ (B.O.S.P.) at
end of Arst two-thirds' of order
period (note that sometimes
more than one materisl indes
is used, e.g.. for some tubula:
equipment the sweel plate index
is used together with the_sweel
tube indsx). ‘

M, = Material Index last published
at date of quotation.

S, = Usually the arithmetic mean of
the values during the last one-
dnrd of order period of the

* Indice S de I'Industrie Méca-
nia\u et ique " published
S the Insmud; Ean'gnal de la

tatistique et tudes Econo-
miques (LNS.EE.).

S. == Salary Index last published at
date of quotation.

a and b are coefficients depeading on
the division of the price iato
material and labour compo-
nents.

Buying out of escalation

Possiblity exists, but not common. and

no reliahle percentage availabie.

W. GERMANY

Quoted Prices—Usually subject to es-
qlation.

Escahdn formula — Not noruu.lly

Bwyiaz out of escaltion—Usually pos.
uble 0 negotiate fixed prices foc the
life of the order without peying 3 pre-
mium, except for electric cable the price

of which is tied tq the price of copper
on the London Market.,
HOLLAND

Quoted Prices—Mostly subject to es3.
alation, depending on type of equip-
ment or material, and the defivery time,
some vendors advise they are grepared
to ix material costs and escalaie labour
only, and some the ceverse.
Type/ ol uuhﬂo- formuls-—When
has following typical form:

P. P, (0 jo 010 +a

MM, + b 8,/3)

where

P, = Final Total Price.

P, = Quoted Price.

M. = Average ol wholesale price
indices for the mazerials m-
volved, as published by
Ceutraal Bureau voor de Suus-
tek (C.Bg.) applicable at an
agreed time from the start or
be:lor;e ltlhc en;:;d. the coatrac-
w very

M, = Similar average of indices for
the month (or the month prior
to that) of the quotation.

S; = Index for adult wage mtes in
the metal industries as pub-
lished by the C.B.S. and appli-
cable at the contractual deli-
very date

the average of the same index

values for the agreed latter

gut of the order period.
imilar index for the month (or
the moath grior to that) of the
quotation.

a and b are coeflicients depending on
the division of the prics into,
material aod labour compo-
nents.

Buying out of escalation

Fabricated equipment—usually possible

to negotiate fixed prices for the. life of

the order without paying a premium.

Mechanical equipment—sometimes as

for fabricated equipment, sometimes

necessary to pay about 0.3 to 0.9%

per moath.

Se =

ITALY

Qmmd Prices—Usually subject to es-
calation.

Type of escalation formula~—

P, =P, (010 + a MM, + b L /LY

whete

P, = Final Toul Price.
P, = Quoted Price.

M, = Weighted average of the mate-
ml price indices shown in the
“ Listino dei Prezzi™ of the
magazine * LTodustria Meca-
aica (official moathly publica- «
tion ol the AN.IM.A) nor-

mally during the ficst two-thirds
of the-order period.
(Note that sometimes two or
more materisl indices are used
together.)

147



(PHICE ADJUSTMENT PRACTICES [Continued]

M. == Material index last published
at date of quotation.

L, = Weighted aversge of the mini.
mum hourly rates for a 3rd

category mechanical skilled

worker as publishzd in L'Indus-
tria Meccanica ™ nonmlly dut-
ing the last two-thirds of
order period.

L. -Houﬂym:hnpubhshedn

ol quotatioa.

nandbmmcdepeadhgou'

the division of the price into
material and libour compo-
nents.
Buying oot of escalation
Sometimes paossible o buy out

rproxmmdy 1o 14% per enonth, or
alternatively o fix a “ceiling " per-
ceatage and use the formuls.

JAPAN

Quoted Pﬁcu—-Us\nﬂy firm afd not
subject to escalation through the life
ol the order, except for Copper and
Nickel materials, where price variations
are based on official internatioaal price
levels.

SOUTH AFRICA

Quoted Prices—Usually subjest to es-
calation.

Type of escalation formula—

PL= P‘IIOO 10 + I Ly=2/1,

+ o M=2/M,
where
P, = Adjusted contract price.
P,m= Price.

Labour Cost (All Hourly

Paid Employees) at date of
uotation.

L4~2 = Similar index at.a date two
months prior to the date
when goods are ready for

© 7 despateh.

m = Percentage of quoted price
to be adjusted for material
cost changes (Commoa per-
centage is 35%)-

M, = Relevaat index and/
or price of materisls at date
of tion (example —
ISCOR Steel Price Index).

M,~2 = Similar index or price 2t 2
date two m ths prior to
the date when the goods are
ready for despatch. W

Buylag out of escalation

Possible, but very expeasive and not

recommended as an alternative to open

escalation bv formula

UK
Quoted Price—Usually subject to es-
oy y ject

Type of escalafion formula
VaS(A@~L)L, + B
(M, =M,)/M ) (i=F)
The most commos formula as shown
below is that established by the
B.EAM.A. (British Electrical & Allied
ufacturers’

industry it is now 'used by * mechaai-

cal " industiries for whick material and

labour indices are also available,

where '

V == Value of CPA (Contract Price
Adjustment) claim.

‘= Contract

A = Weighting allocaced to labour.

B = Weighting allocated ‘to mate-
nals. Note: A + B = 1.00.

L == Appropristt BEAMA labour

(From July/August, 1977 Americah Association of' Cost Engineers Bulletin)

indices (Depanmeat of Employ- |
‘ment). '
M = Appropriate material indices '
(Department of Trade lnd
Industry).
F -Amount of fixed clement in

Buying oul o’i escalation

Possible, but dificult and can cost up
0 2% per month. Allernatively pos-
sible 10 negotiate ceiling escalation per-
centage.

US.A

Quoted Prices—Usually subject to es-

calation.

Type of escalation lormuls—

EP = OP a My/M, + b L)
where

EP = Esnhn:d price. .

OP = Original quoted price._

M2 = Maierial wholesale price index
(four blnhjl industrial  class)

monthly by Bureau
d Labor Statistics), at date of
shipment.

M1 = Similar index at date of quo-
tation.

L2 = Average hourly earnings (stan-
dard industrial code) (pub-
lished moathly by Bureau of
Labor Sutisics), at date of

shipment.

L! = Similar index at daws af quo-
ation.

s and b are percentages for material
snd labor - portions of totl
price.

Buying out of escalation

Possible, but very expeasive (¢can be up

to 20%) and not recommended as alter-

aste to open escalation with formula.

.

/
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SCALEUP EXPONENTS FOR SELECTED EQUIPMENT



Scaleup Exponents for Selected Equipment

/

T AR e L LT SO TN
1

Equipment Sca]euﬁ Basis Exponent f
Boilers, packaéed S A '
team capacity: 0.70
complete, to 250
psig 1000 1b/hr
Boilers, field Steam capcity: 0.80.
erected complete, 1000 1b/hr
to 400 psig
Cooling towers, JL GPM 0.60
field erected
complete/pumps,
basin cooling
range, 15°F v
/
Coolers, air; field sq.ft. area; 0.80

erected complete
/motor; supports

Heaters, direct
fired 500 psig,
c.S. tubes field

. erected

Heaters, process
furnaces, 500 psig, c.s.
tubes \

Process gagi compressors;
/drivers;lito 1000 psig;
applies td' centrifugal
and . reciprpcating types

i fugal with

Pumpé, cen
Tete

dri v1er; o
. \'\
Tanks,, storf@e; to
40,000 gald; tank
only vertigal API _
conical light gage .

Tanks, storage; above
40,000 gal.; vertical
cone’ roof, field
enected

| 1
f

]
L

A )

(Calc. Area/15.5)
\

Absorbed heat, Btu/hr
Also see Figure 5-9

Absorbed heat, Btu/hr

4

\

_'Brake
Horsepower

(GPM) (PSI)

Gallons
~ Gallons

Gallons

-0.85

0.85

0.82

0.70

©0.30
0.28

0.63

150
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Scaleup Exponents for Selected Equ}pment (Cont'd)

Equipment : Scaleup Basis _ Exponent f

Thus, size ratio =

Refrigeration, mechanical, Tons
erected; complete, with refrigeration
centrifugal compressor

- __ f

Example: Find the cost of a 40,000 gal. cone roof tank.

for a 20,000 gal. cone roof tank was $5,000.

e

40,000 qal
20,000 gal

= 2.0

-

¢

Assume: Capacity-cost exponsn&5 F=0.45
Therefore, Cost Ratio =,(2.0)Y-%2 = 1,336 "
Estimated cost of 40,000 gdl tank:

$35,000 x 1.336 = $46.760

0.70

A recent bid

v
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‘ ¢
The cost curves of seme of the major process equipment were

. o " obtained from‘“Handbook of Major Equipment Costs for Factored Capital
Cost Estimationg“ by A.L..Mu11ar, published by The Canadian Institue
of Mining and Metallurgy, 1978.

The cost curve information has been supplied and verified by
many major equipment firms ang engineering consultant firms in the
process industry at the time of writing (October, 1977). Thus,
inflation rate variation has to be taken into consideration to obtain
equivalent cost at present-day rate.

Estimated prices Bf equipment costs given in this handbook

are approximations and must bot be considered duotations from any -

_ particular company or manufacturer.

8




Crushar size,

Area of Feed

inghesxinghes DOpening, Sg.in 3
15 x 24 360 /3
15 x 30 450
24 x 36 864
30 x 42 1260
48 x 36 1728
"48 x 42 2016 s
60 x 48 2880
72 R T T e I o I
& \
< ) )
- +
= / | :
0 . !
© i
I
b :
I ex ) :
O — .
@) 7 -
) X T
u N
7))
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O 1 _
g {
. .
Q. ~,/ ,
' | :
| .
L
' -
|
| E
. X 3
3 ! MsS Index: 500
- 10y umummmuulduuuumw3 i
10

AREA OF FEED OPENING, SQ.IN."
. Y

ng Crusher Costs. Price includes drive; eJc]udes motor

NOTE: The cost of crushing machinery has~been related graphically to the

dimensions most commonly used when referring to a particular crusher.

Graphs which relate size to horsepower and size to capacity have been

included so that,. given a'jiigf—honsepower, or a capacity requirement, ‘

cost of the equipﬁent cal b& found.

(From "Mineral 5¥ocessing Equipment Costs and Preliminary Capifal Cost

Estimations, by A.L. Mullar,

Mining and Metallurgy 1978).

I

Published by the Canadian Institute §f
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: jaw crusher is 2880 in.

Other eqﬁipment'for crushing

and grinding are included with

graphs for similar purposes.
Example: The area for a 60 x 48
2. Thus,
the cost of this unit is

$290,400.

A11 cost in this appendix is
baséd on the pr{Ee of the
equipment purchased in Canadian
funds. At the time of the writ-
ing (October, f977) the exchange
rate in use was $1.00 Can.=0.93
U.S. A correction sﬂou]d be
applied if this exchaﬁge

rate varies.

o

-

HORSE POWER

AREA OF FEED OPENING, SQUARE INCHES

~Jaw Crusher Horsepower
Requirements .

8

CAPACITY, TONS PER HOUR

o 0

AREA OF FEED OPENING, SOUARE INCHES

Jaw:Crusher Capacities
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DOLLARS’

PURCHASED COST,

Nominal| Capacity, Width x Length, 4
tph* ftz
100 24 x 42
200 30 x 42
3oo 30 x 60
° 500 b2 x 54 M
800 k2 x 60
1400 54 x 78
2000 60 x 84
-3000 90 x 102
5000 120 x 102 ) ¥
*Based on a3 matarial with a bulk /]
density of 100 1b./ cu. ft.
/ /
4 /
10
o
103 MS Index: 500
(4

10 .

WIDTH X LENGTH, FT?

.

Vibrating Feeder

= .

B - s ma

PRl

* Include Motor and Drive

At By Kninle. £

Costs.*

ey
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motor base and guard.
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’ MAXIMUM CAPACITY US GAM
. Diaphragm Slurry Pump Costs. °
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6 x & 5.
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PURCHASED COST, DOLLARS

~

10°

10

10°
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-w-H\ .
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10°

MIXER VOLUME, GAL.

Mixer-Settler Cbsts.
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125 psi Uorkin-g Pressure
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0
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MS Index: 500 j
eolugbod 150000 uulunshaos
10 ) : 10° ‘
NOMINAL CAPACITY, GAL.
’ Pressure Vessel Costs. = °
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Belt Gonveyori

\ . |
. COST PER FOOT OF LENGTH = a(X), in dollars

. { where X is the width of belt, inches.

/ i
.

Length of be]t,\ft. Range, width of belt, in. a b
0100 ) 36-84 23.9  .778
500 | ) 36-84 2.66 1.18

1000 ‘ 36-84 4.47 1.03 . /

Cost includes idlers, head-end drive, head frame, pulleys, gravity take-
up on tail pulleys, belting, and simple ground mounted steel structure.

Estimation covers conveyors carrying a material weighing 100 1b. /cu ft.,
with a surcharge angle of ZO‘, at a belt speed of 500 fpm.

LURLLEA IT' LARALILLAA HHI"II,"I“"" UL AR RARRI RLALELLALE 1L

DOLLARS

Al

t /
. 500 \/
Cost based on the horsepowar
required to drive beit at a 1000
spaed of 500 fpm when carrying

a load of material waighing
100 1b./ cu. ft.

l HLURLLL !r”””” ""l""'""l"" ”HF"[ ml‘"" 1]
L]
N
st o ouduunodeat e o bt nubuals

URCHASED COST PER FOOT OF .LENGTH

3
[

/ 10° B oo oo gbud s ol uulnumnlmL"“ Index: 500
10

WIDTH, IN

. .Belt Conveyors Costs —



PURCHASED COST, DOLLARS

Y
Settling oy W’é
N Area, square
Material feet/tpd
{approx. )
Cu. Conc. 2-20
Cu Tailings 4-10
Fe Conc. ] .2-.8
Fe Tailings 4.2
Co-Ni Conc. 10-20
Lead -
-Nf Conc. 25
In Conc. 3-7
U Leached Ore 2-10
U Ppt. 50-125
Mn Leach 100-200
Residue C
. | Mo. Conc. 10-15 . .
]
/ ¥
10
p.:. N A .
4
3
3
. MiS Index: 500
1d* okl 1l dyonkesad il
10 102 , o
TANK DIAMETER FT )
) /
Thickener mechanism Costs.*
*Cost includes thickener mechanism, excludes tank. : .
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(28!
NOTE: Another most w1dely—used method of estimating
by calculating the tank's we1ght* and from its wejght; obtain the
tank's cost. . T

Example: Estimate the cost of a reactor tank with the following preliminary
) information: .
It was fabricated with 316 s.s., diameter: 8'0", height = 9'0"
Top and Bottom Ring Angles 3 x 3 x 1/4, Rubber Lining and Acid -
- Brick Lining; 4 interior Baffles;

m™x 8'0" x 9 0" Wall = Bottom area = 50 ft2 @ 5/16" thick 2
' = 640 1bs. (i.e., 12.81bs/ft")

: Wall area 226 ft2

Top & Bottom Ring-Angles 3 x 3 x 1/4"
e r \

@ 12.8 Tbs/ft% = 2880 1bs
2 x (rx8') :

50" @ 5-1bs/ft

250 1bs.

v
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4. Interior Baffles 1.6' x 9' x 3/8" = (1.5 x 9) x 48 15 1b/ft
(approximate weight for 3/8" thick) -

= 810 1bs.
. L : £ .
Thus, total weight of tank 4580 1bs ‘\\\"
add wastes, parts, etc., @ 12% - . 520 1bs
Use 5000 ]bs

For 316 S.S. tank, approximate price per poind is $U.S. 3.00/1b (Jan. 89)
ost of tank (exclude Rubber and Acid Br{ck Tning):
5000 1bs @ 3.00/1b = 15,000

Rubber interior lining (50 + 226) ft2 @ 12.00/ft2

: s = 2,300 .
Acid brick lining (50 + 226) ft°.@ 25.00/ft° = _6,900
. l
TOTAL COST OF TANK $24,200

(*) For better method to estimate process equipment's weight, refer
to "Hydrocarbon Processing", September 1979, by Mustafa El1-Rifai.
v 14 .’* - o
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‘ APPENDIX G
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PRESENTATION OF CAPITAL COST ESTIMATE
AND ITS RELATED RISK ANALYSIS .
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' The attached forms are recommended to be used for presentation

“of Capital‘CBSt Estimate and its related Risk Analysis: /
. ‘ . ) . N ! / ’

"> Form A-1: Presentation of Cost Estimate for equipment and material -

}he format is tailored to include relateqd information which

/ will help to assess the qualitative and quantitative nature of the ]
: . . [ y N
recommended firm price proposal for the supply of ‘equipment. and

material.
F—‘V.‘

Form A-2: Risk Analysis for equipment and material

k]

a) A check list of sources of risks are listed for guidance

b) The "mostpljkely?'co)umn covers_generally what was 1nc1uded‘iﬁ
the realistic cost estimate: '~ : )

c)r,The "most pessimistic” column would gererally include probable
overruns under the worst cases e g

d) The "most optimistic" column would incﬁude probably ovarrdhs as

well as.probable underruns under'the best cases. A negative sign-

_should be used for ﬁrobably underruns.

Form A-3: Summary of Risk Analysis“for equipment and material

o

a) The exposure in the worst case, the most likeIx exposure, and the'’
exposure in the best case are the reSpective differences between the
“ total exposure as analyzed and the amount available in the estimate

to compensate such exposure. !
, ¥

a

S o e v po st




%
I

—

b) The exposure in the worst case is the gap needed to add (or deduct) .
s - in order to approximately break &ven under the most pessimistic
conditions. This gap or a part of it depehding on the marketability

of the proposal is the recommended "Risk Factor" added (or deducted)

from the total price, as per management“&gcision.

' " Form B=1: Presentation of Cost Estimate for héme office service

* T

The format is tailored to include related information which
will help to assess the qualitative and quantitative nature of the

recommended firm price for the services carried out in the home office;

4

Form B-2: ' Risk Anaiysis for home office services

.Same as 5.3.2 above.

Form B-3: Summary of Risk Analysis for home office services

’

Same as 5.3.3. above. . L ‘ j
[ Y . ¢
\ .
[
|
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PRESENTATION OF i
COST FSTIMATE FOR HOME OFFICE SERVICES

NI DrromuTION

- Dacs of contract scazt
« Total Duration of Sarvices
= Durstion of Eoginesring

« Mumber of Escimaced Drawings
(equivalent siza)

-, Sarvices Manhours
= Project Masagemenc

« Project ﬁlun“a‘n: Sazvices
- Enginearing ¢

- Procurement

-, Construceicn

- Commissionning/Traiaing

’

Total:
~ Recommended mark upt ..icec.

SALARY COST AS OF .ocvvvorenncnans
< AVarage : ...ce00ss 3 per Maghour

C9S] _ESCALATION .

+ = Applicable Duration : ......Mmmths
(To cencar of gravity of sctivitiaes)

- Lstimated Rate : .....2 per year

a

i

SALARY ADOTTIVES

v

\
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teesees Monuths
sesseee Dravings

eeevess Manhours
veenese Manhours

i

seessss Manhours
tessees Maubours

vessses Manhours

—

teseess MRuhOurs

e s 1000

Ceeecananseae

Subtotsl Salary Cast " ‘

‘ - Frings lenefits ca (1) cleessd (2)
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- Rate ....% om (;?\M (§))
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- Adminigcracion .....3 included

CONIINGRNCIES
. -~ On marked up salaries : ....%
. = On Howe Office expenses : ,....%
w t
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