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PROBLEMS ENCOWTERED IN IMPLEMENTING INDUSTRIAL

PROJECTS IN DEVELOPING COUITAIES

This peper analyzes the problems most frequently en=
countered in the implementation of industrial projects in
developing countries, It has been said tinme and again that,
although industrial development plaaning is generally well
done these days, plan implementation is almost as generally
not, Yet the industrial development literature is crowded
with books and articles on planning, and quite lacking in
anything on implementation, The intent of this study is

partially to redress this imbalance.,

The implementation phase, for the purpose of this paper,
is taken to be the work starting with detailed project planning
and design, through construction, to the time when the project
is functioning in a satisfactory manner. Thus, the decision
to invest is assumed to have been made; the product, general
prooese, scale, market, financing method and general location
have been decided upon. Government approval is assumed, at
least in principle, and the investment funds, including foreign
exohange, are assumed to be allocated and available, .1t this
point implementation begins, It includes site gelection,
detailed design of the project to accommodate it to the site
and to final engincering changes, bidding, contracting and

procurement, construction and start-up,

The problems of implementetion do .ot differ markedly
between private and public projects, Frivate projects may,
on the one hand, expericnce greater difficulty in obtaining
approvale and allocutions, espcoially of foreign exchangej
but the public project may, on the other hand, suffer more
from organisational confusion and dclays in decisions. All

in all, their problems are perhaps about equally burdensome,
This paper includes both public and private sectors without
distinoction, except in detail, as noted from time to time.
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Most of the problems discussed here are those encountered
by large-scale industrial projects of the size that show
individually in national economic planning, These are the
projeots whose delay can upset a development programme or
whose costs, when Cxcessive, can disturb a national budget,
It is also the most visible scctor of industry, and most
politicelly dangerous if mishandled. The whole world can see
& half-built steel mill, to the embarrassment of those
responsible. The medium~ and smell-scale projects, although
no less important to national development when taken together,
individually present fewer implementation problems than do
large-scale projects. They rely less on foreign exchange and
imported technology, tic up less capital during construction
and are less likcly to attract criticism and interference,
Nevertheless, some problems of this sector will be discussed

and suggestions madc for their solution,

Although the problems discusscd here will differ somewhat
from comtry to country, they will be more marked by their
general applicability to all developing countries, This is
beceuse the origins of the problems, the sources of their
roote, are the same, and are to be found in the very definition
of ”devéloping country", The peverty of means and skills, the
lack of foreign exchange accompanying dependence on foreign
equipment and tcchnology, the absence of an industrial bage,
these are at the source of implementation problems, and they
are common oharactcristios of practically all ncy nations,

In the analysis of problcems that follows, no distinction hasg
been madc, therefore, on the basis of country, We start with
& discussion of some common problems that cause delay and then
prooecd to analyze the cost of theso delays.
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SOURCES OF DELAY

The implementation werk of an industrial project divides,
roughly, intc three phasvs: 1) projeot planning, including
site selection, detailed engineering design and cost
estimatings 2) the bidding, contracting and procurement cycle
and 3) construction and start-up. Thesc are, of course, highly
interrelated activities., Ovcrsights in projcct planning can
oause delays in construction. Poor contracting procedurcs may
lead to inefficicnt and costly starteup. With this intcre
rclatedness in mind, we shall use this three-phase division of
work as the principle for organizing the great variety of
problems crcountered in the implementation of industricl projoots
in developing countrics, |

!!o]ect Planning

Much thought has been given over the past several yoars as
to how developing ocountries can achicve the most efficient
alloocation of their scaroce resources, and considerablc skills
have beon developed in the seleotion of the potentially most
profitable projects from among an array of altcrnatives; but
in the planning of individual projccte the wise and frugal use
of capital, especially foreign exchange, is sometimes not given
adoquatc attention. This oversight, where it occurs, may be a
scurce of problems that bodevil the project throughout its
implementation phase,

Over-capitalization ie, perhaps, the most frequent of
these errors. Local costs of labour and capital are not
realistically appraised before meohanized systems and other
ocapital intensive production methods are imported from abroad.
Boonomies cof scale are not well understood; some products are
eoconomiocally produced only for vast markets and arc better
imported until the market grows. Imbalance of production
faoilitios ocan lead to parts of a plant being perpetually undere
used. Foilure tc estimatc the market correctly may lead to
over or under capacity. The economic consequences of locating
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the projuot in a less than thc mogt oconvenicnt place are
frequently not defincd and measured, Adequate attention
is somotimes not given to assure.that the manufacturing
process employed is technically stable, and yect not in
danger of obsolescence.,

Haokney mokes the point ‘forcefully when he writes:

The success of a capital investment is
irrevocably detcrmiged during the relatively
short and usually hectic period between its
inception and initinl productive usts During
this period its valuc is cstablished., The location
of the facility, the products it is capable af
making, the proccss it uscs, the type and quality
of equipment, tle ¢fficicnoy of layout — these
and gimilar project decisions will strongly affect
operating costs and incomc throughout the facility's
potential working life of ten to fiftcen and more
years. It is thercfore important to enaure, as far
as may be possible, the corrcetness of capital
investmont project decisions. l/

An illustration of the quality and intensity of planning
that is requircd if subsequent implcmentation problems are to
be avoided is provided by the procedures of a Dutch Company -2/
that &m established severnl plants in developing countries.,
Paotories are adjusted both in product and manufacture to the
economio scale, labour supply and skiil of the host company o
A pilot opcration in Utrecht stimulatcs the manufacturing methods
$0 be used in the subsidiary; manufacturing methode are

‘designed to suit the looal situation, somotimes with the result

y ~ Backney, John W., Control and %&mnt of Capital Prohgn,
Now York: John Wiley & Sons, Se Ped
y *0ld Fashioned Technology in Developing lands®, Rusinegs

Jaterationel, Feb. 10, 1967, pua7
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that methods, previously thought antiquated, arc uged,
Plants oan be put into operation on location with amaging
rapidity; the Conge plant was built in a week and put into
operation four days later,

Inadequate astimating procedures are another prime
source of errors in the planning phase., Cost cstimating
for capital prcjects is a complex and difficult procese.,
Failure to adjust cost clements to the local conditions ef
developing countries, and to consider the reletionship of
project costa to delays in impicmentation, perhaps account
for the majority of estimating errors,

A full discussion of estimating proccdurcs is beyond the
soope of this paper, but the following items suggest

potential sources of under-estimation:

= Additional costs of remotc site, including power
souroc, other utilities, construotion oolony,
freight costs and roads,

= Cost of first-time cffort is alwaysn higher than
subsequent similar projects beoause of learning
effect.

= Difficulty of anticipating at the¢ $ime of the
estimate all of the installations and featurcs
required to accomplish the purpose of the projecet.

= labour est:matcs must be adjusted to lecal
productivity and manning patterns.

= 8trike and work stoppages.

= Cost of ancillary construction and sorvices must be
included in plant cost (such as, housing colony,
auxiliary power source, fire protection and scourity).

= Allowanoce for price escalation., Published prioe
 indexes suffer from reporting-time lag and lack of
. sengitivity,

= Poesidility of devaluation.
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« Adverse olimatic conditions; interruptions for

monsoons, etc.

« Difficult maintenance conditiofk for construstion
equipment; need for spares inventory.

= Cost of delays caused by need to import equipment,

including oustoms clearance,
« Customs duties for imported equipment.
« Need for a general contingency allowance.

« Need for a restricted reserve fund.

Pew projects reach completion without meeting unforeseen
diffioulties, and the estimates must include sufficient
allowances for such oontingencies as changes in design and
wexpectel construction problems. In this regard Hackney has
the following advices

The coat in lost time, oonfusion, mistakes, and
ineffioiency produced by changes in scope must be
oonsidered, A project in midoareer has tremendous
momentum, It takes a substantial expenditure of money
and time to change its directicn, Sometimes the cost
of disrupting the work to make changes will be found to
outweigh the real but lesser benefits to be derived,

In some cases it is best to oomplete the project as
phnne'd, making the necessary modifications at a later
date and as a separate operation,

Attention should also be given to the source of cost
estimates. There is a natural optimism on the part of progject
planners that has to be discounted by others,

Miding, Qontrscting and Proourement

This phase of project implementation includes: 1) sending
out bid requests to qualified contractors or vendors; 2) analysis

y Jom W, Hackney, op. cit., p. 16,




-1-

of bids; 3) comparison of the best bid with cost estimatess
4) oontraoting or placing orders with the lowest qualified
bidders; 5) follow—up on contractor performance. There are
well-gstablished procedures and gencrally accepted conventions
on bidding and contracting that should not bc violated without
very good cause. We will nol go inte these here, but will
only point out certnin mistokes to be partioularly avoidcd by
dewveloring Sountries,

Therc is a rather common tendency to solicit bids from
sources with which therc is no real intention of placing the
oontraot or order, This may be done, for exampfe, to satisfy
legnl or politiczl requiremenis for world-wide bidding, when

in faot the development funds arc a loan ticd to a source of

supply. Or it may rcsult from simple ouriousity about a
variety of sources, or the desirec to get additional oost data,
although & preferred source is alrcady in mind. Whatever the
reason, this is poor practicc and is self-defcating in the
long run.

Therce is also a tendency in dcveloping countries to acoept
the lowest bid without refcrcnce to the qualifioctions of the
bidder to provide goods and servioces at the required time, and
of the required amount and quality. At this point a consultant
may bo neoessary, not only to usint'in preparing the
specifications and invitations to bid, but also to advise on

- the bidder {0 whom the oontraot should be awarded. |

Hackney warne ageinst these mistakes in the following wordss

Whether work is performed on a cost-plus, fixed-
price, or any other basis, thc owner must take
procautions against getting the wrong contractor for
the jod at hand. This calls for pre-selection of
oontractors so that the low bidder will be acceptable.
Inolusion of bidders on the list who will not be
scocpted by the owner, even if they submit tho low
bid, is indefensidle,
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Contractors should not only be experienced
in the type of work to be pcrformed, but the size
of the project should be of the order of magnitude
%0 which thcey are gearcd. A organization which
ordinarily handles very large projects my be
ineffectivc in building smell units unless it scts
up ¢ special part of its orgonization for this work,
8imilarly, a small centractor may gct inte
difficultics if hc attcmpts work which is too large
for his organization at its currcnt stage of

dovelepment,

Contracting mcthods vary from the turn-kcy contraoct,
including start—up, on the onec cxtreme, to contracting for
delivery of plant only, on thc others The varications and
oombinations of appronches are almost limitless, and the
appropriate method depends on the specific conditions,
inoluding: previous cxpericnce in the ind of project involveds
availzbility of manngerial and tcechnieal personnelj nced for
specinliged equipment that o contractor may provide; time
pPressurcs; desirc for training of local mansgers and techniciansg
teolnical complexitics of the projeet; and political
oonsiderations,

John P, Iewis points out that 2 halance must be struck
bet\iacn meeting time schedules aud heiving the project provide
8 mecningful learning expericnce for the develeping country's
porsomnel, Hc states:

The bcst objcct lecsson 1 know of on this can be
draw from thc compnrative experiences of the three
m?lan putlic-sector steel mills, one built under
Western German ocontracts at Rourkcla in Orissa 8tate,

" & second under a Soviet contract at Bhilai in Madya
Prodesh, and the third by a consortium of British firme
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at Durgapur in the Damedar Valley region of West
Bengal, These all arc large steclemnking units
with initial designed capncities of zbout a million
tons of ingot 2 ycure. Although thoy will ;iroduec
different product lines by significantly different
processes, . o o ticy arc 11 designed to turn out
satisfactory . rades of stccl with moderi. equipment
and mcthods; and whilc each fell behind ite original
schodule « . . and coch vnccuntered some uncxpected
technical difficultics o+ . ., one snthers th~t all

sooncr or l-ter will work,

Yot these three stecl projects hmlc received
redically diffcront ratingé ag to their success from
most Indinn and forcign obscrvers. . . o The
differences are not duc to any inhcrent differcnces
among the German, British and Russian :intionalitics,
or between Sovict and Western ccononmic systems. They
wore largely the predictable result of the widely
different contractunl arrangemerts intce which the

govornment of India had entered in the threo coscs.

At Rourkclna, thc first of the three projects to
be wndertakoen, scperate governmenteof-India contracts
worc signud with as many as thirt¢yfive individual
Germon firms, and the entire burden of coordinating
the project fell on thc Indian management. « « o The
end result of thc Rourkela project will be o substantial
success) but thce distressingly awkward manncr in which
the work was orgaoniged probably can be blamed for some
of the tcohnical fumbles and certuinly is responsible
for unneccsseary delays, unexpectedly high coets, and a
ocrtain amount of bad feeling,

At Durgapur, the last of thc three projects to be
started, contractual arrangemnts were carried to an
oppositc extremec; the govermment of India entercd into

a single contract with an ad hog consortium of o dosen
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British firme (which in twn did conaiderable sube
eontracting) for a finished, operable stcel plante
Durgapur, in other words, whs o ‘urn-—key job; full
respongibility for coordinating «ll aspccts of the
oonstruction lay with the consortiums The latter,
evidently thorcughly mindful of .he need for a
unitary operation, was carrying forward its work
cfticicntly. o « o But the Iadizns on the 8CENC,
comprred with tloir colleagucs at the other two sites,
scoroely felt like participantse Lackiig rcsponsible
involvement in the construction as such, they found
that the latter gave them little preparation for the

problems af opcration,

What struck me most fercefully at Bhilai, having
ooine dircctly from the other mills, « . o wes the
oxtraordinarily .igh morale of +thc Indian participants
in the projcct, They were not only c¢normously proud
of the relotively good rocord tint thic work at Bhilai
had nndc; they were com:letcly convinecd that this was
substanticlly tlcir accomplishment., Sh~ring fully, us
they saw it, in cich step of the work, they had
gnined 80 mucl. inescrvice training and experience during
the projuct?s planring and cons<truction phases that they
werc thoroughly confiient of thcir ability to move to
an entircly Indian opcration of the plant in very short
order,

e « The procedurnl success of Bhilai wog ¢ssentially
the result of faithful uxecution of an astutcly drawn
oomtract — 2 single oontract in which the Sovict

government undertook to provide all rcquired imports

- and forcign personncl in timel, feshion, to provide

training tor Indian operators, and to supply all of
the technical guidance necessary for building & plant
of the specificd capabiliticsy but, at th. samc time,
the contract stipulatcd thet all linc decision making,
a8 to design and construction as well ag to subsequent
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operations, was to be the exclusive perogative of

Indian project personnel ., . . .

Superficially tiiis was a curious contract in
that each party obligated itself unilaterally to
responsibilities that it could not in fact perform
without the co-operation of the othery but precisely
this, of cource, was its particular strength: the
contract forced detailed partnership, explicit bi-
national co-operation and agreement at every stage
of the project. It was thic characteristic of the
arrangement that, as widely reported, was mirrored at
all levels of the project organization by the dual
posting of Russiar and Indian counterparts to most
pupervisory and technical positions. Iach pair was
required to work as partners, fcrmally always with
the Russian in the advisory, the Indian in the decisione
making capacity, actually with the Indian assuming
more and more of the joint initiative as the work

proceeded.

Songtruction and Start-up

There are two aspects of the construction and starteup
phase that provide the source of most of the problems that
oocur during this last stage of project implementation,
These are the general management and organigation of

construotion, and the scheduling and control procedures.

The first essential condition for effective management
of construction is unity of command in a single person,
the project manager. He should be as close to the scene
of action as poseible, in the early stages at the engineering
office and later at the oonstruction site. Remote control of
projects in the implementation stage does not work.

j/ lowis, John P, gQuiet Crisis in Ind?. Washington D.C.s
The Brookings Institution, Asia Publishing House,
Bombay, 1962. pp. 295-295.
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The shortage of managers capable of taking on full

responsibility for project implementation ies one of the

main difficulties in the way of industrial development.

It is sometimes compounded either by an unwillingness to

employ foreigners in management or by the scarcity of suitable

foreign personnel., There are various contracting and oonsulting

arrangements for getting around this shortage, and although

most may appear costly on first sight, they usually pay for

themselves in time savings and the avoidance of costly mistakes.

The following account from Korca tells how a capable

oontracting firm, in spite of a scrics of staggering problema,

managed to bring its projeet to timely completion through

skilful project menagement.,

In April, Korea's Ministry of Commerce and Industry
ocommissioned Universal 0il Products Company to conduct
8 preliminary engineering study for the proposed
refinery. This study was completed in July, and
negotiations began to select a firm to build the

refinery.

A corporation, with worldwide experience in
engineering and construction of graas-roots refineries
suoh as the one planned near Ulsan, guaranteed completion
of the project within 16 months, and on October 17 won
the contract for the project,

The firm's overscas experience enabled 1t to foresee
most problems associated with projects in other countries,
but it faced additional obstacles unique to this Korean
Job=sitc; roads leading to it were poor; no communications
network was available; lumber was practically non-
existent; and sand and rock sources had to be developed,

In addition, the contractor had to provide power for
oonstruction, establish security and fire protection
services, furnish housing for personncl — in effect, make
the site self-sufficient. Recruiting and training e native
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work-force (which eventually numbered nearly 1,200)
was another responsibility cof the contracting company.,

After establishing a liaison in Seoul, word was
sent immediately to the contractor's home off'ice,
where engineering work began within 10 days and

proowrement of cquipment began within a month.

Arrival of the greneral superintendent at the Job=
site in December helped in planning site preparation.
Engincering and procurement, meanwhile, continued on
schedule in the home office, By mid-Fcbruary,
oonstruction equipment was on hand, temporary buildings
had been constructed and the first supervisors had
arrived to help organize thic many construction

aotivities and train workers.

Problems in site preparation caused the company to
miss its intended start-up date of March 1 by nearly
two wecks, and construction did not begin until March
12.

Korea's rainy climate, taken into consideration
during ariginal scheduling, surpriscd . o . and Korcans
alike, 8till striving to regain the two lest weeks, the
workers encountered more delays when unusually heavy
Bpring rains —— the licaviest in Korean history — fell
on the job-site in April and continued through lay.

The rains not only hampered all construction activity,
but actually caused a cessation of work on several
ocoasions.

For example, four inches of rain fell during a 10-
hour period on April 18, completcly flooding the project,
burying materials under mud and causing excavations +to
oave in. Ry the end of hay, the company was 30 days
behind echedule.

In June, still 2 month behind, 13 inches of rein
. fell over a five=day period and the project was occmpletely
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floodcd again., Good working wcather did not arrive
wtil August, though the industrious Korcans =
willing to work and capablc of working in adverse
weether conditions — had helped the oompany regain

some of the lost time during July.

By September, the peak work-force ef craftsmen
was at work on the rcfinery, Aiding this effort were
8 minimum of design changcs, ocooperative vendors who
supplicd equipment on time and a lack of ma jor shipping

delays,

Shipping of equipment across national borders,
often & mojor obstaclc in construction progross of
overseas projccts, wes expedited through an agreement
with thc Korean government for passing oonstruction
materials dircctly through customs unopened., This was
the first tine Korea worked out such an arrangcment with

a private firm,

Meanwhile, the urgcncy of completing the task had
been relayed to the workers and to the sub=contractors
responsible for offshore facilities,. tankage and pipee
lines, Their responsc and a lack of major delays
oontributed to the amazing specd with which the Job
oontinucd, Near the cnd of October, work was nearly

85 per cent complete,

On Dec, 21 == 58 days carlier than the ocontraos
callcd for — the contractor placed control of the
refincry in the hands of Korca 0il Corporation. -6/

Many construction projects fall behind because of inadequate
sghedulin; and control proccdures, Progress rcporting from
projects under construction is frequently inadequate, A
typiocal proccdure is a rcport in two parts, one a narrative
seotion desoribing phycsicel progress, frequently done in

- general terms and sometimes without reference to specifio
taygots, and the other an expenditure~to=date Bection that shows

§/ Russler, Walter L. "An Boonomio Renaissance Ocours in
Korea®, Korcan Report, Vol. IV, No, 3, April-June 1964,
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how fast the project is managing to spend money, without
reference tothe efficiency or economic timing of that
expenditure, Although planning charts of thc bar typc,
showing the sequence of activities to be accomplished by
given future dates, are frequently prepared in the planning
stage, thoy are far less trequently cmployed as control
cherts in the construction phase. In a later part of this
paper presenting suggestions for improved practice, the
network scheduling system ic recommended and described.
The system is not ncwj it is widcly uscd elsewhere and has
beoome  the prevalent scheduling and control system for the

oonstruction industry in the devel:pcd countries.

Start—up problems are somewhat differcnt from those
of oonstruction and require special consideration. Most
’importa.nt is to have the right people on hand in the right
numbcrs., One way to train thc key technical, production
and maintenance staff is to have them work for a time in an
operating plant of the same kind. There should be a start-up
manager on hand, apart from the project manager and the
future works manager. As a specialist in the start-up phase,
who has becen through it rcpectedly before, he will be
prepared to rcact quiokly and correctly in the event of
trouble,

The start=up of a plant using secondhand equipment and
machinery is partioularly chancey and difficult. There are
obviocus ciroumstances under which the purchase of seoondhand
equipment is a good idea, When, for example, thc technology
in a given ficld has nade great advances, it is possible that
she displaced machinery can be put to profitable use in a
ﬁcveioping country. An advantage in the purohase of used
machinery is thot it can be delivered more quickly than
new machinery, Most manufacturers require from six months
%o two years to supply new meohincs, whereas used machines
can usually be acquired immediately and installed quicklys
Used machinery generally ocosts from one—quarter to one-third
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u. much as new machinerr of most rccent design. Usod
machinery, howcver, is no bargain if it does not produce
satisfactorily. Thless the produot it producos is
competitive in quality with other aveilable product, the
machinery is a poor investment,

When secondhand plant and machinery is to be used
in an industrial project, certain precautions can be token
to prevent difficultics and delays occurring at the time
of installation and stort-up. As a general rule 1t is well
for the buycr not to try to go it alone. There are three
oourses of action he can follow in sceking help, First, he
oan engoge managers or consultunts from abrond who will help
him by and install tho ecoondhand machinery, A second
method, and perhaps the safest of all, is through a joint
business venturc with the firm that is selling the seconde
hand equipmente This has been done on many occasions with
oonsiderable success, If neither of these alternatives is
available, the buyer should cngage an independent expert to
examine thc machinery he ig considering buying. There are
gome companics that do this ag a rcgular service,

No matter how the buyer attempts to protect himself
against the purchasc of wnusable machinery, there are
8till dangcers in the practiccs lMachinery must be tested
under power and in opernting conditions to makc sure thnt
it works properly. Mercly the sight of a machinc that appears
to be in good condition is not adequate to wderstand it,
The purohaser must alge find out if the machine has all of
8he necessary attachments ang accessorics., Many machines

&Wﬁf

sold "as is" arc not useful unless the accessorics oan be

found. There is algo the problem of disrtantling, packing,
shipping, and re-assembling the equipment., Many pieces of
oquipment may operate in their old location, but never oan
be put togcther to operatc suocessfully elaewhem. For
these rcasons it is well for the buyer to have some recourse
or control ever the situation until the machincs have been
put into production, |
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TIE COST OF DELAYS

Although much has boen said and writtcn about the
ocosts of dclays in projcet implementation == the tied-
up oapital, the losg of carning opportunity and the
immobiliging of scarce foreipgn exchan ¢ = little data
exists on the magnitude of these ocosts, or their relation
to various rates of time discount. 4 study + reccntly
'eonpleted in India provides the first orpranized information
on this subject, T study points out th-t developing
countries should usc high rates of time discount in
oaloulating the present value of committed funds.,

The lew rate of substitution of future for
present oonsumption . oy the relative ovepe
suPly of labour and also the peliticel detormination
%0 accelerate cconomic arowth by rapid increases in
the level of investment, 21l tcnd to determine high
rates of time discount, These high rates emphasige
the importance of obtaining maxinal returns from
investmonts, and put o heavy weight on the returng
obtainable during the first fow years of project life,
Yet, in ¢ o e many , . . developing countries, one
sncounters large sums tied wp in projects with
extended gestation pPeriods, widespread and oonsiderable
lags in pro ject completion, and substantial undore
utilisation of both new ang exisgting facilities,
These rcpresent a large loss to the nation in
potential income and potential savings for re-
investment, 8

"

I/ T™ie section drawe hoavil,;/ upom the dootoral disseriation

of Moders C, Ropetto, (9
Depar tmen onomice, versity,
Ca y Mmss., Ooctober 1967,

& DD 5. 1. '
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Table I gives the length of time from approval in
prinoiple to full production for 41 public-eector oapital
projeots in India, The data are necessarily crudej in
some cases they are based on estimates. They serve, however,

to provide a sense of dimensien. The public scctor is used
for this illustration, not becnuse the private sector has
necessarily fared any betier in kceping its projects to
schedule, but beoause the accounting procedures of the
publioc sector provide open information on this gubjecte.
Almo, it must be emphasized, that the Indian crhse is used
not becausc it represents either poor practice or good

| practice, but decause it is the only case availablo,

The average lag from initially scpedulcd production
start for these 41 projects is about 1i years, The total
average time to go from the first project approval to full
napacity oporations ranged from 74 years for thcrmal power
. projeots to 10 /4 yeurs for nitrogenous fertilizer plants.
; In many cases the funds, both foreign and domestic, for
";‘ these projects were committed, and immobilized, at the
time of project cpproval, The ocomts of these under-utilised
resources is a mujor source of inadequate rceturns to
investment,

Eve——

R Teble ?ﬁreentn the results of discounted cash flew
o caleoulatione which show the effects of morc rapid project
mhtim end attainment of full capacity production on

the net worth of individual projecte, Two sets of

i ‘ alternative assumptions about finoncing mecthods are medes |

i i AspumptionNo.l: Investment costs coincide in time with
investment outlays. The cffect of this

[ Pay~as-you~gn assumption is to minimige

the orst of lags in the construction
period, since such lags defer both benefits
and costs, This assumption is usually
invalid, for at lenst the foreigu capital

26 bl Mot st 3

e, 7.

y Por tho oaloulations leading to Table 2 see the Appendiz
%0 this paper,
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oompomest of investment, which is
typically allecated before the projeot
is undertnken, and ig tlicreaftor une

availablc for other projects,

Assumption o0.2: Onc=half the capital is committod at
the time of project approval; thc rest
is Pay=ig=you=ge,

The production life of all brojsets is assumed to be
fiftecn yeers, with no subscquent scrap valuc, The start
of production is assumed to occur aftcp 750 of tic total
investment is disbursed, a conscrvative assumption,
Disoount rates of 74 and 15% bave been used,

The results, as shown in Table 2, although roughly
drawn and intcnded to be notional only, indicatc that delays
in reaching full capaoity have g particularly strong impact
on the nect value of pProjects at both high and low rotee of
disoount, Under assumption number 2:0f¢ ecobct of dalay in
reaching full capacity production is about thc same for
both discount rates, sinoc the higher operating margins
and higher discount ratcs tend to carocl cnch othur out.

Table 2 shows, for example, thet at a 15% discount
rato, a onc=year leg in project complction can reduce the
not worth of an industrial projeot by cbout 8%, and a delay
of one year in roaching full oapacity can rcduce the net
worth of the same projeot by anothoer 125,

If one puts thcse figures together, it appcars that
thoe oombined effcot of more cconomical financing mcthods,
acocelerating completion by one year, and attaining full
capecity one year earlicr would savc an amount equal te
roughly 154177 of investment ot o 7% disoount rate, and
about 22%4~24% of invcstment at a 15% discount rate.

This comperison shows the grcat difference efficient
mansgemcnt can make in the utilisation of scarce oapital,
This differcnoe is at least of the same order of magnitude
as differcnces in costs duc to locational factors,
economies of scale and labour productivity,
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SONE BUOGESTIONS FOR AVOIDLIG PROPLE!S
OF IMPLLIENT~TION

As thc provious soctions of this paper huve indicatcd,
tho Lest way to avoid problims and delays in the implimente
ation phasc of industrizl proj.cts is througzh mcticulous
projcet planning and continuous attcntion to the cost of
time, liost of the kinde of prgblnms itemiz..d and discusscd
here arc avoidable if ~nticipatide os dcve loping countrics
g3in rupcated expericnce an pregect plinning and implemern te
ation they loim. to avoid thusc problems, and the quelity of

performance improvec,

Purhops the grentost single cpportunity for improved
praotice in implumcnting industrial projecte is in the area
of projuct sch.duling and control mcthods. Powerful
tcchniques arc nvailable that have not been brondly applicd
in dcveloping countricase imong thesc is "critical path

schcduling”.

I&EPOVUQ §chcdu1}gg and Control

Critic~l path schcduling is bascd on the conocept of

discovering, and paying particular attcntion to, the longest
time=pnth through o nctwork of activitivse The system is
not ncwy it is widely uscd clscwhere and bas become the
provalcnt scheduling and control sysicm for the construction
industry in advanced countri.s. Althoush most users of the
mcthod employ computers in its usce, this is not an c¢sscntial
aspuct of thc methodes A prpir=and=pencil adeptation can be

worked out appropricte tc the ncuds of developing countricse

., The basis of critical path scheduling is the application
of th¢ concept of nctwork analysis to thc planning end control
of time scliedulcse The conccpt of nctwork anclysis is similar
%0 that uscd in com-unications ana clcetronics. Plonning a

projoot ae a nctwork of nctivitices allowe tic application of

precise %ochniquus to the problem of plinning the time schcdules
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and thc cost schedulce of the projects The planning of
performance is tihe planning of the physical activities

and scqucnce of opcrations neccesary to achieve the project
objectives., The planning of time schoedules is the corrclation
of the performance plan to calundar dates in order to insurc

mecting dendlincs,

The first stcp in the planaing of operitions begins with
the definition of the project's objectives and ite scope,
The projcect is then annlyzed into the activitics requircd,
The aotivitics should be broken down into the smellest unit
that has to be scheduled =ind controlled,

The important data ncoided are the activitics, their
estimatced timecs, and some way of showing cfficicntly the
scquence of activitics roequircds. The logical analysis
required to draw up the lists of activitics and to establish
their soquence relationships provides in itself an advantage
of the system. Exhibit 1 shous an cxample of the mojor
activities rcquircd to build a house. This list is, of ooursc,
groatly simplified as compared to the list of nctivitics which
a building contractor would want to usc; however, tho simpii-
fied listings of activitics is more approprinte for cxplanation
heroe  The Exhibit 1 shows, in addition to the listing of
activitice, thc sequencc of activitics required and an cstimate
of the normal time for complction of cach cctivity in dayse
Thesc sequences are imposed by the technological requircments
of the activitics. For cxample, onc cannot pour the

foundations boforc oxcavation.

From Exhibit 1 we can now preparc the arrow diagram or
projcot. graph shown in Exhibit 2, In this oxhibit the ociroles
reprosent aotivitics and the arrows represent sequences of
activitics roquircd to ocurry through the projecte Tho rules
for constructing thc projcot graph arc simplce Arrows indioatc
dircction of flow, and activitics gonnectcd by an arrow
indioatc that the second in tic sequence must be precceded by
the first, If it ie possiblc to tracc o circular nath through
the masc at any point, somc mistakc has becon madc in dotermining
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tho prccedence relationships or in prepering the diagram.

We oould ocnumcratc 22 uniquc paths from start to finish
through the diagram. Thc shortest path requires 14 days by
the soquince in a=b—cer-vew=x, The longest path through the
system rcquires 34 days, througl the activity scquence
febmgeie jok=lenet-gs-x. The latter is the critical path,

It dctermines the over-all minimum projuct time and indiocates
whiclk activitice are critical in mecting this minimum time
schedule, If tlic controctor attempts to complutc thc house
in less than 34 days, it would Le nccessory for him somchow
to shorten thc time rcquircements for onc or morc of the
aotivitics along thc critical paths It would bec uscless to
shorten the timc requircments for jobs not on the oritioal

path,

Dctormining the critical path for a projcct graph as
simple as the one for Exhibit 2 is neither difficult nor time
oonsuming, sincc we necd only to compare timc rcquiremunts in
the alternatc branciius to determine which path takes naximum
time, For thc complex projects for which oritical path
scheduling is designed, howcver, the critical path is not
obvious, and it usually requires somc ocaloulation to discover
it,

Although nctwork analysis provides a highly systematigsed
and logiocal mcthod of planring, it docs not relieve manage--
mont of thc rcsponsibility for control, Nctwork analysis docs
not provide nutomatic oontrol or zutomatic planning. It docs

providoe a highly ¢fficient tool for planning and oontrol,

‘:I‘he first point wherc control has to be oxeroised by
management is in thc definition of the projcct objectives,
and this should occur in thc planning phase, before the list
of the oomponcnt activitics of the projcect is drowm upe The
1list of activitics should be agreed upon by all those involved
in the particular projccte The prevalent oustom sccms to be
to delay approval of the list of activities until an arrow
diagram has alrcady becn prepared, since the development of
the arrow diegram itsclf helps to verify the list of aotivities.




-25 -

Exhibit 1
Boguwence and Time Requircmonty of Jobg
ip Building a Houpe
Job Immcdiate ::::s '
No. Description Predecessors  (Days)
a Start o]
| ] Exoavate and pour footcrs a 4
2 Pour concrete foundation ® e
d Erect wooden frame including rough roof ° 4
. lay drickwork . d 6
4 Install basement drains and plumbing ¢ 1
F] Pour basement floor 4 4
h Install rough plumbing 4 )
i Install rough wiring 4 2
J Install heating and ventilating 4,8 4
k Paston plaster board and plaster 1300 10
(including drying)

1 ley finish flooring k 3
R Install kitchen fixtures 1l 1
n Install finish plumbing 1 2
o Pinish carpentry 1 3
p  Pinish roofing and flashing . 2
q Fosten gutters and downspouts » |
r lay storm dreins for ro:i.n v ter (] )|
(] Send and varnish flooring (4 ] 2
$ Puint [ W )
w  Pinish eleotrical work ) 1
v  Pinish grading ' W 2
v  Pour walks and complete landscapiag v 5
x  Pinish W WY 0
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Approval of the arrow diagram is probably the key control
function in the planning phase. This approval really
meens approval of a detailed plan of action. If modifji-
cations or changes are later irtroduocd, they can always
be related to the original diagram,

A series of rceports may be generated during the oourse
of the projeot to control performancc. With the basic data
provided in the schcdulc (carlicet ond letcst start and
finish times, and critical pnth), many variations of these
data may bc obtained by sorting and tabulntion. The strotegio
footur in controlling performance is maintaining the schedules
An information systicm can be set up so that revised schedules
produced puriodionlly will reflect the lotest revisions in
time cstimates and the latcst actunl times for activitics
oompleted, This type of updating procedure fulfills the
needs of project management, In addition, the head office
should be told oxnotly how each rcvised sohedule departs from
the 'originnl plan. Especially at the end of the projeot a
comparison of the original and the final sohedule actually
acoomplishcd is desirable in order tc dcterminc what should
be modifiod in the next projcot so that mistakes arc not
repeated,

ed b o

This section suggests two engincering approuches to
foster project implemontation. They are not mean$ to be taken
%00 seriously in themsclves, but are presentcd as ideas of
the sort of thing to which more attention should perhaps be
given. The first has to do with standardisation of plant
design.

Once the procoss to be employed has been adapted to looal
oonditions, the next task is thc enginecring design of the
pPlant fooilities, Individual plant design is an expensive
proosdure, amounting to an estimated 15% of the total project
oost, and it provides wmlimited 6pportmities for mistakos,
delays and over-runs on construction costs. Detailed
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engincering and construction drawings, specifications, and

lists of cquipment ~nnd materizls nceded, all phased in the

proper order for delivery on the site are required for the

prooessing cquipment, thc foundations and building, and any
auxiliary scrvices ncededf

Normally this work is handled by a consulting enginecring
firm, who must have experience and particular ccmpetence in
thc industrial process, and thorough intcgrity in dealing
with thc numerous supplicrs of machinery cud construction
services, Wcll and properly donc, this process resulte in
satisfactory construction and operation, but it is difficult
and expensivce to perform and the number of qualificd firms
is iimited. The alternntive is standardizcd plant design.

The advantage of standardization is that, when once
constructed and operated at onc location the same plans and
prooe lures, corrected and improved whcre nccessary, can be
employed at known coste and known rcsults in other areas.
These known costs and rcsults can be transposcd to make the
planning of other projccts of thce some type immeasurabdbly
cagicr and the implementation much morc certain, The difficulties
with stindardizced plant design arc with the site requirements
and variations requested in production volumc, but floating
concrete slab foundations arc gonerally usablc on all sitcs,
rogardless of s0il conditions, and modular design can usually

offer definite steps in planncd production output,

One company, for cxample, has designcd six sizes of
standard paokage pctrolcum refinories specificully for sale
%0 less developed regions. These are self—sﬂfficient unita,
built to generate thuir own powcr and supply their own steam
and water treatment facilitics, so thcy may operate at sites
removed from centrcs of industry. The company provides a
detailed proposal on opuration, with guarantced volume and
quality specifications for thc output, on-sitc construction,
and oven supervision in operation and meintenanoce, if dslirbd.
This very completc "turn-kcy™ concept removes the burdens of
organisational and administrative responsibilitics usually
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borne by the purchaser in multiple-contract bidding, and
permite thc contractor to accept wide responsibility and
penalty clauscs in regard to performance, withcut charging

a wide mergin for uncertainticse The cost and time savings

%0 thc purchascer of atandardized design can thus be very
substantial,

Another cnginccering approach to frgter project
implomentation is prefabrication. 48 with standardized
design, this idea of profabrication ie meant to be notional t
and suggcestive only, to indicatc the kind of thinge that
might be considered.

Tho construction of process facilitics on-site in the !
less developed countrics is an awkward und time consuming
process, Construction matirial may well be of uncertain
quality, of diverse standnrds, and difficult to obtain on i
schedule, or diffiocult to obtain at all. Matcrial problems, '
willing dbut unskillcd labour, unusunl climatic conditions .
and difficult transport in a rcmote area, combine to delay ;

projects and over=run costs.

As local contractors mhy be unqualificd for industriesl
projects, which require a considerable measure of expericnoe '
and managerial organization, the use of internatiomal
oonstruction companics has become common, Theuse firms aoccept
the responeibility, oftcn with ponalty claucas, for
porformancc to standard specifications and schedulcej they
provide the mrtcrial, the supervisory personnel, and the
oonstruction mochincry required to build the plant on the site,
but even with oxpericencc and cquipment the wor: is demnnding.

An alternative to on-sitc oonstruction is the usc of

prefabricated plonts., Thesc arc compect industrial processes |
4hat oan be built complete, at oonsiderably recduced cost, in

an industrialiged nation, with skilled labour and fobricating,

maohining and handling equipment availablc, and under ;
experienced engincers and cost an.. quality supervision.
Prefabrication is a now industriai technique. It may be |
either in the form of a completely self-contained wnit that -
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is shipped disnssemdbled, but requircs no skilled labour
for assombly, or a component package of perts rcady fer

assembly with some skillcd labeur, but no local material.

An cxamplc of the prefabrication tcchnique is scen
in the recent install tion of a petrolcum re finery at Pert
Bregn, Libya. Thic rcfincry, with o copacity ot 8,000
barrcls per day, which is adequate for Libyan roquirements
of kerosene, gasolinc, dicscl and fucl oil, was built with
modular design on a concrutc barge at the shipyards at
Antwerp, and thon towed 3,000 milcs to the sitce. The bargce
wos then sct in o drcedget inlct, with the concrcte base
forming thc permancnt foundation and linkcd to o tank farm
on the shore. Delivercd on time, it was ready fer operation
) days latcr. The projcct was considercd sc succussful
that o number of other standard ond prefabricated rcfineries
are plonncd, and a barge-mounted power station, with two
furbine goncrotors of 12,500 kw capacity, has been ordered
for Port Bruga, tc be installcd next to tho refinery.

ial tatee and Preparcd d

another way in which developing cownirics oan avoid
prodlems in the implemcntation of industrial prejects,
ospecially mediumesizcd and smaller projects, is by

providing them with industrial cstatcs or preparcd landse.

An industrial c¢stete is o tract of land which is sub=
divided and developed for the use of industry. Provisions
are normally madc fer etrects and ronds, transportation
focilitics and the ncoessary utilities. In some industrial
estates factory buildings arc «rected in advance of sale or
lease to the occupants. In other industrial cstates omnly
the land is subdivided and preparcd for industry.

Although all sizcs of cuterprise bencfit from locating
in industrial ecstatcs, the benefits appear to be greatost
and most otwious for small- and mediumescale foctories.
larger industrial cnterpriscs often have the finanoial and




managerial ragLurcee t¢ duvelop the property themsclves,

Industrisi cstotes assist ‘in many ways to prevent
or overcome the problime of project implementation.  First,
they save the tirce cad coust normally necded in thie sclection
of a sight and the purchese of lande Problums of industrial
soning and lrcal *°Xis arc armnletely oliminateds, Progress
necd net be delayed while the basic utilitics arc provided.
Water, cléctricity and scwige lirposal frequently present
& major problem in the preparation of a plant site in
dcveloping countricee Mony cstates provide training scrvices
to preparc the work force for enployment buforce tho factory
is completed. This climinates the neeessity cf in-plant
training, which:frequ.ntly slows down thc rate at which
the factory is brought into full production. Whoere the
¢state provides both land and the buildings on 2 lcase boasis,

the financing of inaustricvs is considirably casicr.

fhe devclopment of on industrial cstate is in itsolf,
of ocurse, the implementation of an industrial pro Jjcct,
and all that has been said above about tihe importance of
time applies equally well to the industrial cstate. The
most important cost clement is speed in congtructing the
project and hoving it fully occupicd by industrial plants.

The sooner development funds arc recoverdd the more quiockly

they can be uscd for othes things, and, converscly, slow
development of the estrte retards the income gtream from the

investment and hurts the fineancial succes: of the projuot.

e
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To illuminatc some of the problcms involved in the
implemonting of industrial projects in doveloping countries,

and to show how some of them may be overcomo with time, the

Portiliger Corporation of Indis woas chosen as & gignificant
cose stuly. FCI is a large, multi-plant, public-sector firm
prescntly contributing more then half thc total output of the
Indian nitrogenous fertilizer industry. It, or its
organisational predecessors, have during the past twenty yoors
partiocipatcd in eight major new pro jects, including fouwr now
(1968) in various stages of implementation, as well as several
substantial expansions. The general direcctive governing
PCI's ocurrent expansion plans is to b preparcvd to undertake
4wo new projects during the next five years, in addition to
those now under way, In some of their past projcots, they
have experienced serious diffioulties and long delays in the
completion of work, sc their growing capacity to oarry out
their heavy rcsponsibilitics is & matter of considerable

intcrest.

Problems Epoountored

The problems the Fertilisor Corporation of India has
faoed are, in feot, very much likc those unoountered in other
Indian industries both public and -~ %o an extont = private.
A genercl skotoh of the most oritical problem areas follows:

1. Projcots, especially in the public scotor, have beenn
oomsistently delayed by the prolonged process of deoision
making regarding essontial features of the undertaking: sise,
looation, prooess, output mix, mode of implementation and
financing, etc. Often, even in priority projects, this process

i)/ Tis is o ocondensed version of o oase prepared by Roberd
¢, Repotto, and presented in his dootoral thesis. OPpe
oit. pp. III-4 to III-25. (Used with pormission of the

author ).
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has taken longer than actual implemcntation. The reasons
are meny. One is the instebility of the cconomic environe
ment — including, of course, conditions surrounding foreign
credits ~ and the un-zerteinty regarding the state of the
merket after thrce to six Jears, when the project would come
on stream. Scme of this is inherent in an :conomy undergoing
rapid structural changc. Some of it is due to tight rcsource
const:pa.ints managed by rigid dircet controlse In fact, long
,gestafion periods inercasc the forccasting problem, to which
the oonmcientious recaction is further study to refinc the
data availablc for decision, which further lengthens the
gestation periode In ccrtain projects in the past, tris
oycle c¢f re=-definition and rc—study threatencd to continue
indefinitecly.

Another problem has been the diffusion of responsibility
for project planning and decision, and the extensive provigions
for reviow which have prevailed. Thig has been largely an
attempt to enswe conformity of the individual project with
over-all rirancial and sectoral plansg and policies, in the
context of rapid structural change, It has also been, in the
public scctor, a roflection of some lack of confidence in the
oapabilitics of management in the onterprizcs to plan and
define new projeccts, when, in fact, management in some
enterprises lacked the experience and staff to do so, It has
been, in the private sector, a reflection of Government's laok
of confidence in market signals and the prico mechanism, when,
in fact, relative prices have been both volatile and distorted, :
The result, howsver, has beon o time—consuming process of
deliberation, clarifioation, rcvision and review by a \
multitude of aguncics. |

2. A related problem has been frequent revision of
projeot plans aftor execution has begun, entailing considerable
loss of iime. Bomctimes, new conditions or informetion have

— O g+ i

arisen to enforce changes in plans. Sometimes, however,
inadequacies in planning nave been at fault, These have not
only delayed deoision-mmking, as sketohy planning work is

g ox
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elarificd and amplifiid in the review procces, but havo
also led to regrettable and costly changes later on.
Also, inadcquate attertion to 'he cost of time has
gometimes permittod chang.s in secpe whore not absolutely
nceesoary, in order e effuct marginal cost ceoncmics or
to meet additionz} lemards, -t 2 pri~e in lost +ime which

would be fomd to outweigh the real benefits to be gained,

3, 4 third problern hag Toen dlelay in procurcement,
encompassing lund acquisition, contract awward and approval,
import licensing andt foreign cxchauge releasc, and proourement
of scarcc dom stic m~t rials. Lend ccquisition, .specielly
if mony ownerc °r tenants oceupy the desircd site, has
frequently buoen o protrict.d precess of nciotiation of
adoquate compensation, appeal through the courts, agitation
and local political skirmishing, and problums of re-=settling
the "outsces". These problems touch complex legal and social

isowes,

Numerous difficultics have similarly hampered the lotting
of contracts: accumulatior of dat: needed for the preparation
of tender invitations, which often rcst on submissions by
design consultonts or cquipment supplicre; cvaluation of bids
with wide divergence among bildders in scope, design, foreign
exohange component, and sc ong somectimes problems of finding
qualificd hidders within the country for domcstic scrvices,
or in the country of origin for country=ticd aid=financed
prcjectsy problums of nugotintion when, for onc rcason or
another, therc is lcss than adcquate competition among bidderss
problems of fixing rcsponsibility narrowly enough to avoid
Simo=consguming revicw or committee deliberations. The result
of all these problems has been that iclnhys, sometimes as long
as a yoar or morc, have not infrequently occurred in finalising

koy contracts, retarding progress on thu whole projcct,

Procuremcnt problems associatcd with import licensing
bave sc many raomificaticns and strike so decply that the
subject requircs o Wook to itself, Besically, however, the
extrems balance of paymenis constraint has engondered a aystem
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of import control inv.lving closc gserutiny of proposecd
foreign cxchange expenditure for cgsentiality and domestio
availability of cquivalent itoms, o complicated probler
of matching import demands againct various tied foreign
exchange scurces, and hoavy compotition and long queucs
for extiremely limited amounts of frec forcign exchange,
Similarly, shor+ages and rationing of domestic materials
in ghort supply at osne time or another, including iron and
stcul, cement, cenl and cokc, noneferrous metals, and rail

transport, hove interfored with tivnely procur:ment.

4, A fourth problem has boen inadequate control over
sohedule in both pre~-corstruction and construction phaswsof
new projects. In rclitively new industrics, the development
of realistic operating schedulcs has been hampercd by the
lack of sufficicnt data on the resources and time required
under Indian conditions to complute various project activitics,
The lack of detailed and meticulousg Project planning at an

early stage has also been nt times o handicap to schedule
development,

These scheduling deficiencies have contributed to an
oxoessivoly locse control over contractor performance: i,e,
oontrol not bascd on well—defincd contractuanl responsibilities
tc mect definite and d:tailed schedule commitments. PFrequently,
oontracting firme arc deficient in equipment, technical and
superviscry pergonr.1l, highly skilled labour and traincd
managoment, Therefore, successful projuct execution often
Pequircs a more intensive supervision of contractor
performonce, and adoption by prejcct management of many
planning responsibilitics that in other countrics might be
. delegoted in large part to the controctor,

5¢ A fifth problem has becn lack of synchronisation in
inter—depondent projects, leading to delays in the
availability of inputs, or delays in the emergence cf markots,
When slippages in infro-structure, like power or transport,
have cocurred, these have beon partioularly damaging, sinoe
oompensating imports are impossible; but, evon for other
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inputs, foreign cxclange ccnstraints have sometimes delayed
or prohibitcd compensating imports as welle Slippages in
forward-linked pr.gucts nave jelayd full utilization of

new capacity, since alternative usws or export markets oan
rarcly be found within a short pcriodes This problem returns
full cireclce to the lifficultics involved in "corsistent!
planning of inter=rvinted projects in 2 raopidly changing

environment withcut full control of all schedulise.

§01utions Developed

With this introduction, it is ncw possiblc to axplore
ppccific adaptations by which the Fertilizer Corporation of
I.ndia hoas countercd such problems 1n the ficld of project
management, It must he omphasizod at the outsct that the
prooess of learning and adaptation is by no means complete,
On the controry, scveral rather significant exomples are

given below of ceoonomios and bhene fits yct to be realizede

One specific adaptation lies in the aren of industrial
organization, and concerns the formtion of the FCI itsclfe
This stcp wns a conscinus attempt to capture infant industry
goonom