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I. Introduction

The purpose of this paper is to outline certa‘n prachices
and procedures in the evaluation of industrial projects wuich have
been fcund essential from the stanupoint of tne engiieer or technical
expert. A proposed industrial project is usuall, evaliat~il t.r
technical, economic and financial feasibiiity. Iu tlosr s that ohe
evaluation process usually involves the services of an «rineer,
an economi~* and a financial =expert,.

There 1s a tendency in many quar‘ers Lo neatl;, draw a
line between the respcnsibilities of the engineer ano tucse ~F the
economist and tne financial expert in tiae evaluatin process.
Kxperience has snown however, that Lhe training, experience and
capabllities of tne average engiuneer may well ve enplcyed (n man,
aspects of the econcmic and financial evaluaticon as well as in the
purely technical evaluation of industrial projects. This intepration
of capabilicvies and of responsibilities can, ¢ coarse, work hoth
~ays5, with the ecinemist or financial expert tein well versed in
tue relative importance of technical decisions ang developments.

I'he complexities of tue average ind.-rial projiect
aswtomatically bring atoat arn iategration of recpons.tilitvies ana
functions in the evaluation process,which strunyly involves the
engineer.yet (s of consiaerable concern Lo the eccnomist and tne
financial expert. A. an example, let us consiuver tne questions
of cap..al cost, profitability and management of an industrial
project. ThLe principal elements of tue capiial cost «f & project
are usually buildings, infrastructure and equipment. These are
elements witn which the engineer i< vi.tally concerned. His first
consideration with respect Lo tnem s whether the tuildings are cf
tue proper desipn and rize, and reasvonabl, costed; transportation
facilivies, icusing and utilities are adequately provided for; and
the eguipment lists are reasonably complete, adejuately specified
and cocsted. These considerations mase it mandatory that the
capital cost of any industrial project become a prime concern of
tne engineer,

In th~ matter of profitability or benefit-cost ratio,
the engineer is again vitally interested. Paralleling his concern
regarding tecnnical feasibility of the propcced process is his concern
regarding the availability and cost of raw materials, labor, power,
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water, vverating supplies, and warking capital The gntic.pated
gemand and tre price which can ressonably be ewpectel tor Lne final
product are ol equal interest tc him.

Good menagement, is, of course, vital to the ticce = v
any indastrial progect, and the engineer ie among the first 1
recognize thiu fact. His fir.v concern mg;, be witn the Lechnircal
capau.iliti2e of the management orzacization; whetuer r ool ot
include. engineer. or tecrnnical expert: who can determ. e Liv
rearonaplenecs of capital cocty, tne efficacy of a manufacturiny
process and the probable ceost of pridactiun dsing that prece. o

This doe. not mean that he will not also ccacern bhim e!f J.to the
overal . management organizaticn, the chain of autaoriny, toe
treining and experience cf xey financlal snd -ale. per- nel, 4o
well ac re, technical per-cnnel, for he i: fully avare of the

{mportance of a well-roundei management team

The fol.owing cutline of tne evaluation pruce s
place primar; emphe. - on the roie cf tne encineer;, nowever, 8.
indicated mbove, this work +ill require the ci.re cocjerativa ant
contrioation: of tne econumist arnd financisl expert tc prolice @
complete analy:is. Because there cen be a conrideranie ranke in
prectices and proc=dures in prcject evalaation, t ir propured
trat we eramine tne eval.uation precess from tre -taaipoint of
a developing countr, taxing an ldeal approac:.

“
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II Pro ject Evaluation From the Standpoint of a Developing Country

Since any propored industrial project mist chow evidence

of economic, financial an i technical soundnes:, the ‘evel "pme-*

a viable project must begin wiin rome form of feaeibil o <t a0,

The feasibility rtudy ie, therefore, a fundamental Focamen: 'n tie
pragect evaluation and approval procers.  The prel ' m nar;, €:..g 1eer -
contained in such ctidie muct be stequa*e ' how ta' che or o Cece

i« technically fea ivle anc to form the baris from wii.c . 8 rea: nahl.
firm er* imate of coet can be made When combine « with the re ol¢

of economic, financial and otner studies, it chould conttitite @&

clearcut exposition of the remsons why, ingcofar as technical :ound-
nesc, econcmic benefits and costs are concerned, the pr.ject is
feasible.

” A project can be considered tecnnically round if: (a) all

pertinent technical aspect:c of the project have been taken into
account in the analysis, (b) the planned conctruction or procurement
conform to accepted engineering standards anu practice, and (c) the
estimated cost of the project is as low as any other reasonably
avallable alternate which would produce the intended resulte.

Tne preliminary engineering plans chould extend only ac
far as will give reasonable assurance that all foreseeable,excersively
coctly ana time-consuming factors which may occur in the cource of
final design and construction have been eliminated. They rhould
1nciades

(a) Preliminary investigations and surveys sufficient
o identify all cignificant problems, ectablish
the locatiocn, and fix those general criteria and
standards of construction whicun will have a major
effect on the final cost.

(o) A justification for the specific location, criterias
and standards recommended, as compared with available
alternatives.

(c) Preliminary designs in sufficient detail to permit
8 reasonably accurate estimate of work end equipment
quantities and qualities.

(d) An analysis of the required conctruction and erection
operations in sufficient detail to provide a sound
basis for the cost estimate.
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The preliminary cost estimate referred to in the precedlng
paragraph, as in the case of tne preliminary engineering plans &nd
designs, should be carried orly to a point which will inczure that
all significant factors which will determine the total cost of the
project have been taken into account. Construction in developing
countries is subject to unforeseen delays and built-in impediments
due to local customs, laws and regulations which affect the cost
materialiy. All such contingencies should be evaluated as
completely as possible, but to the extent that their probable
effect on the project cost cannot be firmly establiched, they
must be provided for in a contingency item. In addition to the
cost of construction and equipment, the cost estimate shou'd
include the costs of working capital, final engineering, design,
and supervision of construction, and any other coste for services
in connection with management and training activities to be
performed during ccnstruction and initial operation cf the facility.

A major factor in judging the economi~ and technical
soundness of a project is the completeness of the planning with
respect to management and organization for operation and main-
tenance after completion of construction. With competent
management a project may be cuccessful dezpite inadequacies in
the original concept. But no project, however, well conceived,
can overcome the handicap of poor management. On the other hand
no manager, however competent or experienced, can succeed without
the necessary per:onnel, equipment ani meterials required for
effective operation and maintenance. The feasibility study must
chow that these matters nave been given thorough consideration.

If the project is of the public works type, to be
operated by a government department or ministry, the feasibility
study shiould give a description of the departmental organization
and strength, {ts budget, and its experience in managing projects
of the type in question. In particular, it chould bring out in
detail the suitability and adequacy of the field organization for
handling the operation and maintenance of the specific pruject,
with particular reference to maintenance equipment and personnel.

Of equal importance with the management and organizational
structure is the planning of the manpower, materisls, end equipment
requirements for successful operation of the project. Manning
tables should be submitted, showing types and degrees of skill
required for both the operating and maintenance functions. The
availability of local manpower to fill all key positions must be
explored, and plans must be presented for the procurement and
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training of all personnel lacking, either as to numberr or sckills.
An adequate supply of special tools and equipment, and particularly
of repair parts, must be foreseen and provided for. Where tle
opersation is dependemt upon an uninterrupted flow of some vi‘al
material, all possible causes of interruption to the flow must be
theroughly enalyzed and guarded against.

Projects which involve advanced technology or are new to
the area will usually require operation over an extended pe-iod
under the direction of qualified contract personnel in key positions.
The overall cost estimate for the project should include realistic
estimates of the cost of implementing the plans for handlirg problems
of management, personnel training and maintenance.

’P The engineering aspects of the evaluation process, including
- essential financiel aspects, are treated in detail hereunder. Infor-
tion required is itemired under each numbered heading. 1

1. Nature, Size and Lecation of the Project

a. A general description of the project, showing
the specific nature of intermediate and final
products and the daily and annual production

i terget.

b, Deteils of the site, including area, bhuilding
locations, geographical relationship to raw
material sources and to principsal markets,
availability and position of transportation
fecilities such as harbors, dock facilities,

~. highways, railways and airlines A scaled

. location map would be the ideal means for

illustrating detells of the site.

2. Funding of Project

a. The estimated total cost of the project

b. Amount,cost and source of funds to be supplied by
the owner for foreign procurement and/or locsl
procurement.

c¢. Loan terms and amount of funds to be supplied by
international lending egencies for foreign
procurement and for locel procurement.

Lu B - N




—
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Amount, terms and source of funds to be
supplied by others for foreign snd/or local
procurement.

Extent to which the government will waive or
defer payment of taxes or import duties
affecting construction and operating costs.
Neture and smount of any subsidies sllowed.

Currency control regulations and effective rate
of exchange.

3. Estimatec Capital Cost

This section shoula include the following coste, broken

down into foreign and local currency requirements:

Land, right-of-way, water rights, etc.

Site preparation, buildings, infrastructure.
Equipment, including installation.
Engineering costs.

Contingencies.

4. Working Capital Requirements

[S g p—

Amount required st startup of plent and at the end
of the first, second and third years of operation
to cover payrolls, maintenance, raw materials,
spare parts, auxilisry materials snd supplies,
goods in process, finished inventories, accounts
receivable and cash on hand.

Sources and availability of local and foreign
currency requirements.

Occurrence of seasonal peaks in working capital
requirements and method proposed to meet such re-
quirements.
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5. Production Costs - I .cluding Distributing and Selling

This section should include the foliowing items
broken down into lucal currency and foreign exchange costs when
appropriat=:

a. Estimated direct cost of producing each of the
major rroducts and any intermediate product:,
supported by detailed calculations.

b. Adopted wage rates and prodaction factors used
in the cost analysis, taxing into account legal
wage and salary scales, including all fringe
benefits such as soclal security, vaca:tlion
pay, medical allowances, separation allowances
and travel pay.

¢ Poovisions for personnel facilities sich as
transportation, housing, subelstence, recreation.
medical care, etc.

d. Number of shifts and days of peration per year
used in calculations, and basis for determination.

e. Government allowances taken into account cuch
as exemption from or deferment of any taxes on
products, and corporate or local tares, and any
special depreciation allowances for tax purposes,

f. Estimated cost of distributing ann selling the
products including advertising and administrative
expense,

6. Profitability (Economic factors of vital interest to
the engineer).

a. The proposed selling prices in domestic and export
ma-kets based on careful technical and economic
studies.

b. Anslysis of predicted profit and loss and forecast
of earnings, receipts and expenditures

c. Estimated level of production ani sales at the
break~-even point.

d. Estimate of net annual foreign exchange earninge
from exports, if any.
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General conclusions as to commercisl profitability
of the enterprise, including percentage of returns
on total investment and on owner's equity.

Design and Engineering

Plent layout, including storage facilities for
rav materials, goods in process and finishea’
products, tie-in with transportacion system:s,
and provision for poesible expancion

Number, types and sizesof principal buildings and
structures.

Number, types and sizes of major equipment items,
explanation of the function of each and justifi-
caticn of the units and processes selected

(Avoid both obsolescent and experimental
technology).

Auxiliary capital equipment, including standby
units, spare parts, transport and materials
handling units.

Process flow sheet.

Patents and licenses involved, if any.

Designed capacity and planned build-up of output
after startup.

Utilities Rejulrements

<8

Power availability, cost, and requirement in peak
KW demand and annual KWH consumption. Compere
relative advantage of purchasing as opposed to
in-plant production. Illustrate electrical system
by single line disgram covering major power uses.

Fuel for heat, steam and plant processes.

Water availability, cost end requirement  Discuss
problems relative to water trestment and disposal
of effluents; including any which may be noxicue
or dangerous
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9. Raw Materials

Quantity, specifications, source and availability
of raw and intermediate materials. Detail reserves
as in the case of minerals.

Estimated costs, possible ccst variations, custom
duties if any, and details of any contracts or
agreements for major raw materialc and ripplie-

10 Engineering and Construction Plans

Plan for cbtaining necescary engineering service:
for final design, preperation of specificat ons,
preparation of bid documents, evaluating bids,
awvarding contracts, and sup~rvising construction,
including expediting, inspecting, testing and
reporting.

Preliminaery plans for all construction work in
sufficient deteil to permit calculation of work
quantities

Preliminary specifica*t.ons for equipment and
construction, defining those standards of quality
which will have a significant effect on the cost
of construction, with specific justification for
any unusual standards ado>pted to conform with
local conditions.

Manpower requirements and availability, including
skilled and unskilled labor, technical and
supervisory personnel, and lccal subcontractors

Local availability of cement, steel, aggregates,
water for concrete, building stone, lumber and
other construction materials.

Types of construction equipment required fcr the
work, indicating what is available locally and
vhat must '‘e imported.

Allowance for climatic conditions, especially time
and length of wet and dry seasons ac they affect
construction schedules, equipment use and maintenance.
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Genersl plan for construction and execution of
project, including work to bl wone and materials
and equipment to be supplied by the owner, the
equipment suprliers and the construction
contractor.

Proposed methods of obtaining bid: and contracting
for construction if work is n)% to be done by
force account (Cwners work force)

Provisions for performance bond and nature of
performance tests on completed plant 2

Nature of equipment and production guarantees to
be required..

Planned engineering, funding, and construction ~‘D'
schedules.

Organization and Management of Operations

Description of organization thet wil! manage the
business and supervise its operation, accompan.ed
by orgenization charts.

Experience record, number, and qualifieations of
management and technical perconnel available,

Number, qualifications and availability of
operating perconnel required,

Plane for recruiting and training.

I )
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IIL Problems Frequently Encountered in the Evaluat:on Process

The preceding »utline ftor project evaluation from the
standpoint of a levelcp.ng country woild largely satisfy
information requirements of an :nternati nal lending agency. The
engineer's task in a lending agency is made o mpler and his
contribution made more effect’ve when the prolects presented Lo
it have been studied as thorowghly ar. prescribed as completely
4 a5 the resources of the prospective torrover perm ¢ It is with
: this thought in mird trne: tne foregoing cutline is presented.
There 1is no dearth or projects for which capital is required
There is a dearth of good projectrs, gcufr.c.ently developed to be
worth further study and ultimate financ ng.

) It is the purpose f h.c cect on III, to bring out roume
\l'P' problems in the evaluaticn process wiich an international lending
agenc, frequently encounters and w.s* “e prepared Lc mee*. Among
these are the following hypothetical cases:

1 A government agency or privare firm which is
otherwise well ctaffed, ma, not uave ‘he experience
or &nowhuw for prepara“ion of a complete feas:-
bility rtady in suapport .t an application for
a loan. Never:relegs, (i submits Lo the lending
agency 8 stud, end appliration which may be partially
responsive to the agenty's requiremenie, but leaves
a number of quest ) .ne :nanswered. The lending
agency nas three a teruat . ves, nam-ly; (1) point
out the neficienciez [r detail and request the
applicant tu suoply the needed information, (2) re-

\ quest the appl.can' Yo sngace a competent,
consulting engineering £ rm Lo sipply a complete
. ‘ feasibility st iy, and (3) provide loan funds for

financing a complete feasivility study. Each of
these three procedirec has advantages anc dis-
advantages 'n terms of cost, financing and time.
The firs. slternative (& often unsatisfactory
because of the lengthy correspondence invelved
and the incompleteness of the information
submitted. It can be justified if the applicant
has a competent staft wil' experience in such
matters, and the scope of work does not warrant
the cost of employ ng & consulting engineer
Either of the other twe slternatives would be
satisfactory vui the; can be justified only if
the proposed pruject appears Lo be basically sound
and potentiall;, desiravle
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A government agencv or private firm is inadequately
staffed or lacks experience in evaluation work

but is convinced that a proposed industrial project
is basically sound or essential to the economy
Accordingly, it makes preliminary inquiries to a
lending agency. The latter's investigations bring
out the fact that the services of an experienced
consultant is needed for preparing a satisfactory
feasibility study. The solution lies in the
engagement of a competent consulting engineering
firm by the applicant to make a complete feasibility
study in support of a formal loan application.

A private firm makes preliminary studies and

investigations of & poseible industrial venture and )
on the basis of the information obtained,approaches ’h
an international lending agency for financial

assistance. The latter's engineer makes @ pre-

liminary analysis of the material submitted and

finds not only that it ie inadequate to establish

feasibility of the project but also discioses @

pasic weakness in the whole scheme which preclades

any possibility of success. Under these circumstancer

the applicant is advised of the findings and the

application for financial assistance is declined. '

Wherever possible,a prospective borrower should arrange for
early discussions with the financing agency to determine the best
approach to an investigation of the feasibility of a proposed project;
what skills and experience are required, what points are to be covered;

J
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IV. General Limitations of this Paper

As the title and focus of this paper have indicated, 1t i:
concerned primarily with project ewaluation from an engineering
standpoint,

It should also be recognized that project evaluation should
be undertaken at the post-completion stage to assure that the project
meets its stated objectives, This, of course, is covered by another
egenda item and will not be discussed here,

Finally, this paper has been prepared from the viewpoint of
e developed country lerding agency. Where the lending egency is a

developing country government agency or development bank, there 1s always

the opportunity for obtaining from the Unit ed Nations or the developed
countri es, when appropriate, spscial ized assistance in the performance

of the project evaluation function.
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