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Problems often encountered
in implementing industrial projects
in developing countries

his article analyses some of the problems most

frequently encountered in the implementation of

industrial projects in developing countrics. It has been
said repeatedly that, although industrial devclopment
planning is generally well done these days, plan im-
plementation is generally not. Yet, the industrial de-
velopment litcrature is crowded with books and
articles on planning, and quite lacking m guidance on
implemcntation.

Before implementation begins, it can be assumed that
the decision to invest has been made; the product,
general process, scale, market, financing method and
general location have been decided upon; government
approval has been obtained, at least n principlc; and
the investment funds, including forcign exchange, arc
Jllocated and available. At this point the implementation
process then normally begins. It usually includes site
sclection, detailed design of project to accommuodate it
to the sitc and to final engincering changes, bidding,
contracting and procurcinent, construction and finally
start-up.

The problems of implementation do not greatly
differ between privatc and public projects. Private
projects may, on the one hand, cxpericnce greater
difficulty in obtaining approvals and allocations, espe-
cially of foreign cxchange; but public projects may,
on the other hand, suffer more from organizational
confusion and dclays in decisions. Al in all, the prob-
lems of projects in both sectors are perhaps about
equally burdensome. This article includes both public
and private projects without distinction, except in
detail, as noted from time to time.

Most of the problems discussed here arc those en-
countered by large-scale industrial projects of the size
that stand out individually in national economic
planning. These are the projects whose delay can upsct
a development programme or whose costs, when
excessive, can disturb a mational budget. They also

represent the most visible scctor of industry, and the
most politically dangerous if mishandled. The whole
world can sce a half-built steel mill, to the cmbarrassment
of those responsible. The medium- and small-scale
projects, although no less important to national develop-
ment when taken together, individually present tewer
implementation problems than do large-scale projects.
They rely less on forcign exchange and imported
technology, tie up less capital during construction and
arc less likely to attract criticism and interference.
Nevertheless, some problems of this scctor will be
discussed and suggestions made for their solution.

Although the probleins discussed here differ some-
what from country to country, they are nore marked
by their general applicability to all developing countrics.
This is because the origins of the problems are the same
and are to be found in the very defnition of “developing
country”. The scarcity of mcans and skills, the lack of
forcign exchange, the accompanying dependence on
forcign cquipment and technology and the absence of
an industrial basc—thesc are at the source of implementa-
tion problems, and they arc common characteristics of
practically all new countrics. Hence, in the analysis
of problems that follows, no distinction has been made
on the basis of country. Somnc common problems that
cause delay arc first discussed and then the cost of these
delays is analysed.

SOURCES OF DELAY

The implementation work of an industrial project
divides, roughly, into three phases: (4) project planning,
including site sclection, detailed engineering design and
cost cstimating; (b) the bidding, contracting and pro-
curement cycle; and (¢) construction and start-up.
These are highly interrclated activitics. Oversights in

project planning can causc delays in construction.

* This article is by Maurici 1. Kisipet of the Harvard
Graduate School of Business Administration.
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Poor contracting procedures may lead to inctheient
and costly start-up. In view ot this mterrelatedness,
the three-phase division of work can be used as the
principle for orgamizing the great variety of problems
encountered m the implementation ot industrial projects
m developing countnies,

Projeat planniing

Much thought has been given i recent vears as to
how developing countries can achieve the most ctheient
allocation ot their scarce resources, and considerable
skills have been developed i the selection of the
potentially most protitable projects trom among an array
of alternatives: but in the planning of individual pro-
Jects, the wise and frugal use of capital, especially toreign
exchange, 1s sometimes not given adequate attention,

This oversight. when it occurs. may be o source of

problems  that bedevil the  project  throughout  its
implementation phase,

Overcapitalization s, perhaps, the most trequent of
these errors, Local costs of labour and capital are not
reahstically appraised  before mechanized systens and
other capital-intensive production methods are importced
trom abroad. Economies of scale are not well under-
stood; sonte products are cconomically produced only
tor vast narkets and are better imported until the
market grows. Imbalance of production tacilitics can
lead to the perpetual under-use of parts of a plant.
Failure to estimate the market correcdy niay lead to
overcapacity  or undercapacity. The cconomic con-
sequences of focatmg the project in a less-than-the-
most-convenient place are trequently not defined and
measured. Sometimes, inadequate attention s given
to cnsure that the manufacturing process employed is
technically stable, and yet not in danger ot obsolescence,

Hackney makes the point forcetully when he writes:

“The success of a capital investment s irrevocably
determined during the relatively short and  usually
heetic period between its inception and nitial  pro-
ductive use. During this period its value is established.
The location of the facility, the products it is capable
ot making, the process it uses, the type and quality of
cquipnient, the ctficiency of layout  these and similar
project decisions will strongly  affect operating costs
and income throughour the facility’s potential working
Iife of ten to fifteen and more years. It is therefore
important to cosure, as far as may be possible, the
correctiiess of capital investment project decisions,” !
An illustration of the quality and intensity of planning
that is required if subsequent implementation problemns
are to be avoided is provided by the procedure of a
Dutch company? that has established several plants in

! fobn W Hackney (1963) Control and Management of Capital
Products, Johm Wiley and Sons, New York, p. 4

S Anon. (1967 "Old-Fashioned Technology in Developing
Lands™, Business hucrnational, Feb, 10, p. 47,
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developmg countnies. Factories are adjpusted both 1n
product and manutacture to the economie seale, libour
supply and skill of the hovt country. A pilot operation
m Utrecht simulates the manufacturing methods to be
wed o the subsidary: manatacturing methods are
designed to st the focal sitwation, sometimes with the
result that methods, previowty thought antigquated. are
wed. Plants can be put mto operation on location with
amazing raprdity s the Congo plant was buile ma week
and put mto operation tour days later,

Inadequate estimating procedures are another prime
source of errors in the planumg phase. Cost estimating
tor capital projects v @ complex and ditheult process.
Failure to adjust cost clements to the local conditions
ot developing countrics and to consider the relationship
of project costs to delavs in implementation perhaps
accounts for most L‘Stinlntmg CIrors.

A tull discussion of estimating procedures 15 beyond
the scope of this article, but the following items suggest
potential sources of underestimation::

fai  Additional costs of remate site, mcluding power
source. other utilines, construction colony, freight
costs annd roads;

(b} Higher cost of tirst-time cffort because of the
learning effect;

(¢} Difficulty of anticipating at the time of the
estimate all of the installanons and  teatures
required  to accomphish the purpose of the
project;

(d) Labour estimates not adjusted to Hocal pro-
ductivity and manning patterns;

(v} Strikes and other work stoppages;

(f) Cost of ancillary construction and scrvices not
included in plant cost (such as housing colony.
auxiliary power source. fire protection and
seeurity);

{¢) Insuthcient allowance tor price escalation (pub-
lished price indexes suffer from reporting-time
lag and lack of sensitivity);

(k) Possibility of devaluation;

(i) Adverse climatic conditions; interruptions caused
by monsoons etc.;

(i) Difficult maintenance conditions for construction
cquipment; need for spares inventory;

(k) Cost of delays caused by need to import equip-
ment including customs clearance;

(1)  Customs duties for impdrted equipment,

fm) Neced for a gencral contingency allowance;

{n) Need tor a restricted reserve fund.

Few projects reach completion without  meeting
untoreseen ditficultics. and the estimates must include
suthcient allowances tor such contingencies as changes
m design and unexpected construction problems. In
this regard, Hackney has the following advice:

“The cost in ost time, contusion, mistakes, and in-
cficiency  produced by changes i scope must be
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considered. A projectinmidearcer hastremendous momen- shauld be of the order of magnitude o which they are

tum. It takes a substantial expeunditure of moncy and geared. An organization which ordinarily handles very
time to change its direction. Somctimes the cost of large projects may be incHective mn building sl wiies
disrupting the work to make changes will be tound to unless it sets up a special part of its organization tor
outweigh tie real but lesser benefits to he derived. In this work. Similarly, a small contractor nay get mto
some cases it 1s best to complete the project as planned, dithiculties it he attempts work which s too large tor
making the necosary modifications ar a later date and his organization at its current stage of development.”™

as a separate operation,” 3 . , .
Contracting methods vary trom the turn-key con-

tract, including start-up. at the one extreme, to con-
tracting for delivery of equipment oaly, at the other.
The variations and combinations of approaches are
almost fimitless, and the appropriste method depends

Attention should also be given to the source of cost
estimates. The nataral optimism of project planners has
to be discounted by others.

\ Bidding, coutracting aud procuretcit on the specitic conditions, including: previous ex-
The phase of bidding, contracting and procorement  perience in the kind ot project involved: availabiliey
includes: (@) sending out bid requests to qualihed  of managerial and technical persouncel; need for spe-
i contractors or vendors: (b) analysis of bids; (¢) com-  cialized equipment that 2 contractor may  provide;
parison of the best bid with cost estimates; (d) con- time pressuresy desire for training of local managers
tracting or placing orders with the lowest qualificd  and technicins; technical complexities of the project;

. bidders; (¢) follow-up on contractor performance.  and political considerations.

There are well-cstablished  procedures and  generally
accepted conventions on bidding and contracting that
should not be violated without very good cause. These
arc beyond the scope of this article, but certain mistakes
to be particularly avoided by developing countrics . o . _
should be poirted out. The basic object lc.sinn i km_\w of on this can be drawn
from the comparative experiences of the three Second-
Plan public-sector steel mills, one built under Western
German contracts at Rourkela in Orissa State, a second
under a Soviet contract at Bhilai in Madya Pradesh,
and the third by a consortinn ot British firms at Durgapur

John P. Lewis points out that a balance must be struck
between meeting time schedules and having the project
provide a mcaningful learning experience for the
developing country’s personnel:

There is a rather common tendency to solicit bids
from sources with which there is no real intention of
placing the coutract or order. This may be done, for
cxample, to satisty legal or political requircments for

world-wide bidding. when in fact the development in the Damodar Valley region of West Bengal, These
funds arc a loan tied to a source of supply. Or it may all are large stecl-making units with initial-designed
result from simple curiosity about a varicty of sources. capacities of about a million tons of ingot a year. Al-
or the desire to ger additional cost data, although a though they will produce ditterent product lines by
preferred source is already in mind. Whatever the significantly different processes, ... they are all designed
reason, this is poor practice and is self-defeating in the to turn out satisfactory grades of steel with modern

cquipment and methods; and while cach fell behind its
original schedule . .. and cach encountered some -
expected technical dithcultics . . ., one gathers thar all
sooner of later will work.

“Yet these three steel projects reccived radically different
ratings as to their success from most Indian and torcign
obscervers . . . The differences are not due to any inherent

long run.

There is also a tendency in developing countrics to
accept the lowest bid without reference to the qualiti-
cations of the bidder and his ability to provide goods
and services at the required time, and of the required
amount and quality. At this point, a consultant may be

necessary, not only to assist in preparing the specifi- differences among the German, Brinsh and  Russian -
cations and invitations to bid, but also to advisc the nationalitics, or between Soviet and Western economic

bidder as to whom the contract should be awarded. systems. They were largely the predictable result of the

Hackney warns against these mistakes in the following widely different contractual arrangements into which

words: the government of India entered in the three cases.

“At Rourkela, the first of the three projects to be under-
taken, separate  governnent-of-India  contracts were
signed with as many as thirty-five individual Gernnan
firms, and the entire burden of co-ordinating the project
fell on the Indian management ... The end result of
the Rourkela project will be a substantial success; but
the distressingly awkward manner in which the work
was organized probably can be blamed for some of the
technical fumbles and certainly s responsible for un-

“Whether work is performed on a cost-plus, fixed-pricc,
. or any other basis, the owner must take precautions
against getting the wrong contractor for the job at
hand. This calls for pre-selection of contractors so that
the low bidder will be acceptable. Inclusion of bidders
\ on the list who will not be accepted by the owner, even
if they submit the low bid, is indefensible.
“Contractors should not only be expericnced in the
type of work to be performed, but the size of the project

3 Hackoey, op. cit., p. 16. 4 Ibad, p. 268,
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necessary delays, uexpeciedly high cosis,and a certain
amount of bad fecling.

“At Durgapur, the List of the three projects to be started,
contractual arrangements were carried to-an opposite
extreme: the government of India entered into a single
contract with an ad e consortium of a dozen British
firms (which in e did considerable sub-contracting)
for a finished, operable steel plant. Durgapur, inother
words, was a turn-key wob; tull responsibility tor co-
operating all aspects ot the construction lay with the
comortiunt, The laeer, evidently thoroughly mindful
of the need for 2 umtary operation, was carrying forward
its work cfficiemly ... But the Indians on the scene,
compared with their colleagues at the other two sites,
scarcely  fele like  participants.  Lacking responsible
involvement in the construction as such, they tound
that the lateer gave them hietle preparation for the
problems of operation.

sWhat scruck me most foreetully at Bhilai, having come
directly trom the other mills, . . . was the extraordinarily
high morale of the Indian participants in the project.
They were not only enormously proud of the relatively
good record that the work at Bhilsi had mades they
were completely convineed that this was substantially
their accomplishment. Sharing fully, as they saw e, in
cach step of the work, they had gained so much in=service
training and experience during the project’s planning
and construction phiases that they were thoroughly con-
fident of their ability to move to an entircly Indian
operation of the plant in very short order.

«. .. The procedural success of Blulai was cssentially the
result of faithtul execution of an astutely drawn con-
tract  a single contract in which the Sovict government
undertook to provide all required imports and forcign
personnel in timely fashion, to provide training for
Indian operators, and to supply all of the technical
guidance necessary tor building a plant of the specified
capabilities; but, at the same time, the contract stipulated
that all line decision making, as to design and construction
as well as 10 subsequent operations, was to be the ex-
clusive prerogative of Indian project personnel ...

“Superficially this was a curious contract in that cach
party obligated itsclf unilaterally to responsibilities that
it could not i fact perform without the co-operation
of the other: but preciscly this, of course, was its par-
ticular strength: the contract forced detailed partership,
explicit  binational  co-operation and  agreement at
every stage of the project. It was this characteristic of
the arrangement that, as widely reported, was mirrored
at all levels of the project organization by the dual
postitg of Russian and Indian counterparts to most
supervisory and technical  positions.  Each pair was
required to work as partners, formally alwavs with
thte Russian in the advisory, the Indian in the decision-
making capacity, actually with the Indian assuming
more and more of the joint initiative as the work
procecded.”

5 John P. Lewis (1964) Quict Crisis in India, The Brookings
Instituton, Washington, DL pp. 295 -298.
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Counstruction and start-up

Two aspects of the construction and start-up phase
provide the source of most of the problems that occur
Juring this last stage of project implementation. These
are the gcncr;\l management and  organization of
comstruction, and the scheduling and control procedures.

The first essential condition for cffective management
of construction is unity of command in a single person,
the project manager. He should be as close to the
scene as possible, i the carly stages at tlee engmeering
office and later at the construction site. Remote control
of projects m the implementation stage docs not work.

The shortage of managers capable of assuming tull
responsibility for project implementation is one of the
maitt difficulties in the way of iudustrial development.
1t is sometimes compounded cither by an unwillingness
to employ forcigners in management or by the scarcity
of suitable forcign personncl. There are various con-
tracting and consulting 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 Korea tells how a
capable contracting firm, in spitc of a serics of staggering
problems, managed to bring its project to timely
completion through skilful project managemet.

“In April, Korea's Ministry of Commerce and Industry
commissioned  Universal Oil Products  Company to
conduct a preliminary engincering study tor the pro-
posed refinery. This study was completed in July, and
megotiations  began  to sclect a firm to build the
refinery.

“A corporation, with worldwide experience in engineer-
ing and construction of grass-roots refinerics such 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 overseas experience cnabled it to foresee
most problems associated with projects in other coun-
trics, but it faced additional obstacles unique to this
Korcan job-site; roads leading to it werc poor; no
communications nctwork was available; lumber was
practically non-cxistent: and sand and rock sources

had to be developed.

“In addition, the contractor had to provide power for
construction, cstablish security and fire  protection
services, furnish housing for personnel —in cffect, make
the site self-sufficient. Recruiting and training a native
work-force (which eventually numbered uearly 1,200)
was another responsibility of the contracting company.
“After cstablishing a liaison in Seoul, word was sent
immediatcly to the contractor’s hone office, wherc
engincering work began within 10 days and procure-
ment of cquipment began within a month.

“Arrival of the general superintendent at the job-site
in December helped in planning  site  preparation.
Enginecring and procurement, meanwhile, continved
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on schedule in the home office. By wmid-February,
construction equipment was on hand, temporary build-
ings had been constructed and the first supervisors had
arrived to help organize the many construction activitics
and train workers.
“pProblems i site preparation caused the company to
miss its mtended start-up date of March 1 by nearly
two weeks, and comstruction did not begin until March
12.
“Korea's rainy climate, taken into consideration dring
origimal scheduling, surprised the company and Korcans
alike. Still striving to regain the two lost weeks, the
workers encountered  miore  delays when unusually
heavy spring rains - the heaviest in Korcan history  fell
on the job-site in April and continued through May.
The rains not only hampered all construction activity,
but actually caused a cessation of work on several
oCcasions.
“For example, four inches of rain fell during a 10~hour
period on April 18, completely flooding the project,
burying materials under mud and causing excavations
to cave in. By the end of May, the company was 30 days
behind schedule.
“In Junc, still a month behind, 13 inches of rain fell
over a five-day period and the project was completely
Aooded again. Good working weather did not arrive
until August, though the industrious Koreans willing
to work and capable of working in adverse weather
conditions - had helped the company regain some of
the lost time during July.
“By Scptember, the peak work-force of craftsmen was
at work on the refinery. Aiding this effort were a mini-
mum of design changes, co-operative vendors who
sduppl'wd cquipment on time and a lack of major shipping
clays.

“Shipping of cquipment across national borders, often
a major obstacle in construction progress of overseas
projects, was expedited through an agrecement with
the Korcan government for passing construction ma-
terials dircctly through customs unopened. This was the
first time Korea worked out such an arrangement with
a private fiem,

“Meanwhile, the urgency of completing the task had
been relayed to the workers and to the sub-contractors
responsible for offshore facilities, tankage and pipelines.
Their response and a lack of major delays contributed
to the amaz.ng speed with which the job continued.
Near the end of October, work was nearly 85 per cent
complete.

“On Dec. 21 -58 days carlier than the contract called
for-the contractor placed control of the refinery in
the hands of Korea Oil Corporation.”®

Many construction projects fall behind because of
deficient scheduling and control precedures. Progress
reporting from projects under construction is fre-
quently inadequate. A typical procedure is a report in

6 Walter L. Russler (1964) “An Economic Rcnaissance
Occurs in Korea”, Korean Report, Vol. IV, No. 3, April —junc.

two parts, one a4 narrative section deseribing physical
progress, frequently m general terms and sometimes
without reference to specific targets, and the other an
expenditure-to-dlate section that shows how tase the
project is managing to spend moncey, without reference
to the efficiency of cconomic timing of that expenditurc.
Although pli ming chares ot the bar type, showing the
sequence of activities to be accomplished by given
furnre dates, are frequently prepared - the planning
stage, they are far less frequently employed as control
charts in the construction phase. In a later part of this
article presenting suggestions for improved practice.
the network scheduling system s recommended and
described. This system is not news it is widely used
clsewhere and has become the prevalent scheduling
and control system for the construction industry in the
developed countrics.

Start-up problems are somewhat different from those
of construction and require special consideration. Most
important is to have the right people available in the
right numbers. One way to train the key technical,
production and maintenance staft is to have them
work for = time in an operating plant of the same
kind. A start-up manager should be on hand, apart
from the project manager and the future works manager.
As a specialist in the start-up phase, who has been
through it repeatedly before, he will be prepared to

react quickly and correctly in the event of trouble.

The start-up of a plant using second-hand cquip-
ment and machinery is a particularly risky and dithicult
undertaking. Under some circamstances the purchase
of sccond-hand cquipmient is obviously a good idea.
When the technology in a given ficld has made great
advances, for example, the displaced machinery can
possibly be put to profitable usc in a developing
country. Used machinery can be delivered  more
quickly than new machincry. Most manufacturers
require from six months to two years to supply new
machines, whercas used machines can usually be ac-
quired immediatcly and installed quickly. Used ma-
chinery generally costs from onc quarter to one third
4s muach as new machinery of most recent devign.
Used machinery, however. is no bargain if it does
not produce satisfactorily. Unless the product it produces
is competitive in quality with other available products,
the machinery is a poor investment.

When second-hand plant and machinery arc to be
used in an industrial project, certain precautions can
be taken s preveni difficulues and delays from oc-
curring at the time of installation and start-up. As a
general rule, it is well for the buyer not to 1ry to “go
it alone”. He can follow three courses of action in
secking help. First, he can cngage managers or cons
sultants from abroad who will help him buy and mistall
the second-hand machinery. A second mcthod, and
perhaps the safest of all, is through a joint busincss
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venture with the firm that s selling the second-hand
cyupment. This has been done on many occasions
with considerable suceess. If neither of these atternatives
is possible. the buyer should engage an independent
CXpert to exanmune the machinery he is considering
buymg. There are some companics that do this as a
regular service.

No matter what precantions the buyer takes to avoid
purchasing unusable machinery, there are stll dangers
in buymng second=hand cquipment. A machine that
appears to be in good condition must be tested under
power and m operating conditions to make sure that
it works properly. The purchaser must also tind out
whether the machine has all the necessary attachments
and aceessorics. Many machines soll “as 157 are not
useful unless the aceessories can be found. There is
also the problem of dismanting, packing, shipping
and reassembling the equipment.  Many  pieces of
cquipment nay operate in their old location, but can
never be put together to operate successfully clsewhere,
For these reasons, it is well for the buyer to have some
resonrces or control over the seller until the machines
have been put into production.

THE COST OF DELAYS

Although much has been said and written about
the costs of delays in project implementation—the
tied-up capital, the loss of carning opportunity and
the immobilizing of scarce forcign exchange—few
data cxist on the maguitude of these costs of their
relation to various rates of time discount. A study 7
rece. JJy completed in India provides the first organized
information on this subject. The study points out
that developing countries should use high rates of time
discount in calculating the present value of com-
miteed funds.

“The low rate of substitution of future for present con-
sumption . . ., the relative over-supply of labour and
also the political determination to accelerate economic
growth by rapid increases in the level of investment,
Al tend to determine high rates of time discount. These
high rates cmphasize the importance of obtaining
naximal returns from investnieuts, and put a heavy
weight on the returns obtainable during the first few
years of project life. Yet, in.. . many... developing
countrics, one encounters large sums tied up in pro-
jects with extended gestation periods, widespread and
considerable lags in project completion, and substantial
under-utilizagion of both new and existing tacilities.
These represent a large loss to the nagon in potential
income and potential savings for reipvestment.” ¥

T Fhis soction sdraws heavily upon the docroral dissertation
of Robert U, Reperto (19071 Fonsporal Elements of Idian Dovelop-
mont, Pepartment of Economi s, Harvard Umversity “ambridge,
Mass, Qdarober
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Table T gives the fength of tme from approval in
prnciple to full production for 41 pubhc-sector capital
projects in India. The data are necessarily crude:; m
sore cases they are based on astimates. They serve,
however, to provide 2 sense of dimension. The public
sector is used for this illustraion. not because the
private scctor has necessarily fared any better in keeprig
its projects to whedule, but because the accounting
procedures of the public sector provide open informa-
tion on this subject. Also, 1t must be emphasized that
the Indian case is used not because it represents cither
poor practice or good practice, but because it s the
only case available,

The average lag from imtially scheduled production
start for these 41 projects is about one and one quarter
years. [l total average time from the first project
approval to tull capacity operations ranged from seven
and one quarter years tor thermal power projects to
ten and three quarter years for nitrogen fertilizer
plants. Frequeatly, the funds, both forcign and domestic,
tor these projects were committed—-and immobilized—
ot the time of project approval. The cost of thesc
underutilized resources is a major source of inadequate
returns to investment.

Table 2 presents the results of discounted cash flow
calculations which show the cffects of more rapid
project completion and attainment of full-capacity
production on the net worth of individual projects.
Two sets of alternative assumptions about financing
micthods arc made:

Assumption 1: The capital is committed at the time
of cach investment outlay. The effect of this
“pay-as-you-go~ assumption 1s to minimize the
cost of lags in the construction period, since such
lags defer both: benefits and costs. This assumption
is usually invalid, particularly for the foreign
capital component of investment, which is typically
allocated before the project is undertaken and is
thercatter unavailable for other projects.

Assumption 2: One half of the capital is committed
at the time of project approval; the rest is “pay-
as-you-go’.

The production life of all projects is assumed to be
fiftecn years, with no subsequent scrap value. The
start of production is assumed to oceur after 75 per
cent of the total investment is disbursed—a conservative
assumption. Discount rates of 7 per cent and 15 per
cent have been used.

The results, as shown in table 2, although roughly
drawn, show that delays in reaching full capacity have
a particularly strong impact on the net value of projects
at both high and low rates of discount. Under assump-
tion 2, the cost of delay in reaching full-capacity produc-
ton is about the same for both discount rates, since
the higher operating margins and higher discount
rates tend to cancel cach other out.




Table 1

LiNGTH OF PERIOD, IN YEARY, TROM APPROVAL TO LUIT OPERATION

TORTY=ONE CAPIEAL PROJECTS TN InDiy

Approval in Detailed
principle to - project report
Industry reecipt of ro final
detailed governmont
profect repont approval
1. Five nitrogen fertilizer projects 2 (3 Y
2. Four refinery projects ... ..
1. Ten thermal power projects ... 13 (2) 1 (®)
4. Twelve engincering and
machinery projects ... ... .. RO !()
5. Five coal washeriess ........... 2 @ (EENC)]
6. Five steel projects ..o 1 1 ®

Note: () The number of projects included in the average is given in parentheses.
Sources: Data were collected from vanous annual reports on publicasector

enterpriscs, and Planning Commission documents.

¥

Clonricion Lag frem Commeradl

. f:;"i’ J sart 1o notially produdion
"“’ {, ;”' y connnercid] scheduled start 1o
w“\”'m,; w production producion tull capaciny

! St srart aperation:
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2} (3 (I C) 1 Q)

MG a3 (1) 1} () (0
: ) 2.3 () 3L (10
2 1w 4

L@ 2L @ ) G 3 o

1 Robert C. Repetto, (1967) p -0
b Mostly estimated.

¢ teluding two expansions.

4 Contract award to production staet.
¢ Wefers to finshed steel.

Table 2
PERCENTAGE REDUCTION IN TOTAL NET WORTH OF A PROJECT OWING TO DELAYS?

e, Diserunt rate 150, Piscount rate
Lag in project completion
- 1 year 2 years 3 years 1 year 2 years 3 yeans
,‘590 35" ‘.Sﬂn 3(;u ﬁuh 91)“
Deelay in reaching fiull capacity
t year 2 years 3} yeans t year 2 vears 3 yeans
7 12% 16", wre, 170, xr,
Lag im project compietion
. 1 year 2 yeans 3 yeans 1 year 2 years 3 yeans
4, 7% e, L2 13, 18,
Dielay in reaching full capacity
1 year 2 years 3 years 1 year 2 years 3 years
1, 16", 2. 12 19, M,

3 Net worth is expressed as a perceatage of the capital emploved. A capitaljoutput ratio of 2: 118 assamcd

ficae
torg!
THEY




1able 2 shows, for example, that under assumption 2.
at a 15 per cent discount rate, a onc-year lag project
completion can reduce the net worth ot an indusirial
project by about B per cent, and a delay of one year
m reaching tull capacity can reduce the net worth of
the same project by another 12 per cent. It one puts
these tigures together, 1t appears that the combined
offect of
celeratmg completion by one year, and attaining full

mote  cconomical  financing methods,  ac-

capacity one year carlicr would save an amount cqual
to roughly 15 to 17 per cent of investment at a 7 per
cent discount rate, and about 22 to 24 per cent of
investment at a4 13 per cent discount rate, This com-
parison shows the substantial difference ethicient manage-
ment can make i the utilizanon ot sarce capital.
This diffcrence is at least as great as differences in
costs arising trom locational factors, ccononiies of
scale and labour productvity.

SOME WAYS (11 AVOIDING IMPLEMERTATION
PROBLEMS

As indicated previously in this article. the best way
to avoid problems and delays in implementing -
dustrial projects is through meticulous project planning
and continuous attention to the cost of time. Most
of the kinds of problems itemized and discussed here
are avoidable if they arc properly anticipated. As
developing  countrics  gain  repeated cxpericnce  in
project planning and implementation. they leamn to
avoid these problems, and the quality of performance
improves.

Perhaps the greatest single opportunity for improved
practice in implementing industrial projects is in the
arca of project scheduling ard control methods. Powerful
techiriques are available that have not yet been broadly
applicd in developing countrics.  Among these s
“eritical-path scheduling”.

Improved scheduling and control

Critical-path scheduling is based on the concept of
discovering, and paying particular attention to, the
longest time-path through a network of acuvitices,
The system is not news it is widely used in developed
countries and has become the prevalent scheduling
and control system for the construction industry in
these countrics. Although computers arc ustially used
when the method is applied, they arc not essential,
A papet-and-pencil adaptation can be worked out,
which is appropriate to the nceds of developing
countrics,

The basis of critical-path scheduling is the application
of network analysis to the planning and control ot
time schedules. This network analysis is similar to
that used in comnumications and clectromics. Planning
a project as 1 network of activitics allows the application
of precise techniques to the problem of planning and
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the time schedules and the cost schedule of the project.
The planning of pertormance is the plaming of the
physical activities and sequence of operations necessary
to achieve the project objectives. The planning of
ame schedules is the correlation of the performance
plan to calendar dates m order to ensure that deadlines
will be met.

The first step in the planning of operations begins
with the definition of the project’s objectives and its
scope. The project is then analysed i terms of the
activities required. The activities should be broken
down into the smallest unit that has to be scheduled
and controlled.

The mmportant data needed are the activities, their
estimated times, and some way of showing efficiently
the sequence of activities required. The logical analysis
required to draw up the lists of activitics and to cstablish
their scquence  relationships provides, in itself, an
advantage of the system. Exhibit | shows the major
activitics required to build a housc. This Jist is greatly
simplificd as compared with the list of activitics a
building contractor would want to use; however, the

Exibit 1

SEQUENCE AND TIME REQUIREMENTS OF JOBS
IN BUILDING A HOUSE

Imme-

Joh Dwscription diate N:'(:::xd l
prede- (days)
cessors
a  Start 0
b Excavate and pour footers a 4
¢ Pour concrete foundation b 2
d  Erect wooden frame including
rough roof ¢ 4
Lay brickwork d 6
f Install basement drains and
phimbing ¢ i
¢ Pour basemem foor f 2
b Install rough plumbing f 3
i Install rongh wiring d 2
i Install heating and ventilating d,g 4
k  Fasten plaster board and plaster
(including drying) iyl 10
| Lay tinish Hooring k 3
m  Install kitchen fixtures / 1
n  Install, finish plumbing ! 2
o Finish carpentry | 3
p  Finish roofing and flashing ¢ 2
q Fasten gutters and downspouts  p 1
r  Lay storm drains for rainwater ¢ 1
s Sand and varnish flooring o, ! 2
t Pant ", n 3
u  Finish clectrical work t 1
v Finish grading ar 2
w  Pour walks and complete

landscaping v 5
~  Finish S, B W 0
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simplified listing of activitics is morc appropriate for
explanation here. Exhibit 1 shows, in addition to a
listing of the activitics, the sequence of activitics required
and an cstimate of the normal time for completion of
cach activity in days. These sequences are imposed by
the technological requirements of the activities. For
example, one cannot pour the foundations betore
excavation.

On the basis of cxhibit 1, the arrow diagram, or
project graph, shown in exhibit 2, can now be prepared.

E.\ hlbi' 2
PROJECT GRAPH

START

GRADING

b,d) EXCAVATE @

FINISH

In this exhibit, the arcles represent actvines o4 the
ATTOWS  FCPresent sequenices of acthivities rogis o to
carry through the project. The rules for comtnos
the project graph are smple. Arrows mdian o
direciton of flow, and activities connected by anarron
indicate that the sccond i the sequence must be preceded
by the first. It it 1= possible to trace a circular path
through the maze at any pomnt, some inistake has been
made in determming the order of relanonships, or
preparing the duagram.

-
KEY . # CRITICAL PATH

v -~ JOB IDENTIFICATION
o OB TIRE REOUIREMENT

S — U RE——
BASEMENT PLUMBING
~
BASEMENT
FLOOR mm
EaTiNG
//
PLASTER
KITCHEN py ) TN
FIXTURES 4 FLUNBING

FINiSH
ELECTRICAL WORK




Pwenty=two amique paths from atart to tiish can
be traced on the diagram. The shortest path requires
14 days by the sequence m a=hecer-e=1-x. The longest
path through the system requiires 34 davs, through the
ACHIVILY SCQUENCT d=hmc=dl=f-k=l=1i=t=s=x. The hateer s the
critical path. 1t determines the over-all mimnuum
project time and mdicates which activities are critical
m meeting this mmimum ome swhedule, i the contractor
attempts to complete the howse i dess than 34 days,
he will somehow have to shorten the tme requirements
for one or more of the activites along the entical
path, It would he wseless to shorten the time require-
ments for the jobs not on the entical path.

Determining the critical path for a project graph
as simple as that o exhibic 2 s ncither dithicult nor
tHME-CONSUININE. SINCC 1t 1% Necessary only to compare
time requirements in the various branches to determine
which path takes maximum time. For the complex
projccts for which critical-path s eduling is designed,
however, the critical path is not obvious; and it usually
requires some caleulation to discover it.

Although network analysis provides a highly sys-
rematized and logical method of planning, it docs not
relicve management of the responsibility for control.
Network analysis does not provide automatic control
or automatic planning. It docs provide a highly ctheient
tool for planning and control.

The first point at which control has to be exercised
by management s in the definition of the project
objectives, and diis should occur in the planning phase,
before the list of the component activities of the project
is drawn up. The list of activitics should be agreed
upon by everyone involved i the particular p Hject.
The prevalent custom seems to be to delay approval
of the list of activities until an arrow diagram has
already been prepared, since the development of the
arrow diagram itself helps to verify the list of acuivitics.
Approval of the arrow diagram s probably the key
control function in the planning phasc. This approval
really means approval of a detailed plin - of action,
It modifications or changes are introduced later, they
can always be related to the original diagram.

A series of reports may be gencrated during the
course of the project te control performance. With
the basic data providea in the schedule (earliest and
Jatest start and finish times, and criteal path). many
variations of these data may he obtained by sorting
and tabutation. The strategic factor i controlling
performance is maintaining the schedule. An informa-
ton system can be set ap so - that revisaad scheduldes
produced  periodically waill reflect the Tatest revisions
i tinte estimates and the fatest actual times for activities
completed, This type of updating procedure fulhls
the needs of project management. In addition, the
head oftice shoutd be tobd exactdy how cach revised
whedile departs trom the origimal plan, Especiatly ar

the end of the project, 4 comparnson ot the original
and the final schedule actally accomplished is desirable
i order to determine what should be maditied in the
ne t project so that mistakes will not be repeated.

Simplitied cngmeering and desion

Onee the process to e emploved has been adapred
to local conditions, the next sk is the engincering
design o the plnt facilines. Individual plant design
i difhaule and expensive. amounting to an estimated
15 per cent of the total project cost, and it provides
anlimited  opportunities for mistakes,  defays and
overruns on constretion costs. Detatled engmeering
and construction drawmgs, specifications, and Hists ot
cquipment and materials needed, all phased i the
proper order for delivery on the site, are required for
the processing equipment, the foundations and building,
and any auxiliary services needed.

Normally, this work is handled by a consulting
engincering firm, which must have experience and
particular competence in - the industrial process and
thorough integrity in dealing with the numcrous
suppliers of machinery and construction services, Wil
and properly done, individual plant design results in
satisfactory construction and operation, but the number
of firms qualificd to undertake it is limited. The alter-

native is standardized plant design. The advantage of

ctandardization is that, when once constructed and
operated at one location, the same plans and pro-
cedures, corrected and tmproved where necessary. can
be employed at known costs and with known results
i other areas. These known costs and results can be
transposed o make the planning of other projects
of the same type immeasurably casier and the im-
plementation much more certain, The difficaltics with
standardized plant design are connected with the site
requirements and  vartations requested i production
volume, but floating concrete slab  foundations are
generally usable on all sites, regardless of soil conditions.
and modular design can usually offer definite steps in
planned production output.

One company. for example, has designed six sizes
of standard package petroleum retineries specitically
for sle to loss developed regions. These are self-
sufficient units, built to generate their own power and
supply their own steam and water=treatment facilities
so that they may operate at sites removed from centres
of industry. The company provides a detailed proposal
for the refinery, with guaranteed volume and quality
specitications for the output, on-site construction, and
cven supervision in operation and  maintenance, if
desired. This very  complete “turn-key” approach
removes the burdens of organizational and administrative
responsibilities usally borne by the purchaser in
multiple-contract bidding, and permits the contractor
to accept wide responsibility and penalty clauses
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regard to perfornumee without charging a wide margin
for uncertaintics. The cost and time savings to the
purchaser of dandardized design can thus be very
substantal,

The comtruction of process facibities on=site m the
fess  developed  countries 1 awhward and ome-

COMSUNING, (:(\I]h(l'llctiﬂll I]l&ltk‘l’idl nay \\'L‘” hk‘ Uf

uncertam qualiey and Jditheult to obtain on schedule, 1t at
AL These material problems. willing but unskilled labour.
anusial climatic conditions and difficult transport
a4 remote arca combine to delay projects and overrun
CONM,

As local contractors nmay be ungualitied for industrial

projects, which require a considerable measure of
experience and nianagerial organization. the e of
¢ :

international construction companies has become com-
mon. These firms aceept the responsibility. often with
penalty clioses, for performance o standard specitica-
gions and schedules; they provide the material, the
supervisory personnel and the: comstruction machinery
required to build the plant on the site, but cvea ex-
perienced and - well-equipped s fmd the work
demanding,

An alternative to on-site construction is prefabrica-
tion. a new mdustrial technique. Prefabricated planes
can be built completc. at considerably reduced cost.
i an industrialized country, with skilled labour and
fabrication, with more readily available machinimg
and handling cquipment, and vsng experienced en-
gincers and cost and quelity supervision, Prefabrication
may be cither in the form of a completely sclf-contained
unit that is shipped  disassembled, but requires no
skilled Tabour for assembly, or 4 component package
of parts ready for assembly with some skilled labour,
but no local material,

The recent installation of 4 petroleum refmery at
Port Brega, Libya, is an example of the prefabrication
technique. This retinery, with a capacity of 8,000 barrels
per day, which mects Libyan requirements tor kerosene,
gasoline, diesel and fuel oil, was built with modular
design on a concrete barge at the shipyards at Antwerp,
and theh towed 3.000 miles to the site. The barge was
then set in a dredged inlet, with the concrete basc
forming the permanent foundation, and linked by
pipeline to the storage facilities on the shore. Delivered
on time, it was ready for operation three days later.
The project was considered so successful that several
other standard and prefabricated refinerics are planned.
and a barge-mounted power station, with two turbine
generators of 12,500-kW capacity, has been ordered
for Port Brega, to be installed next to the refinery.

Industrial estates and prepared sites

Another way in which developing countries can
avoid problems in implementing industrial projects,

espectally mediim=sized and soaller proeces v ongh
the establishiment of industrial estates or propas, e,

An industrial estate is 4 tract of kind thatissubon 0
and developed for the use of mdusery. Provision
normally made tor streets and roads, transport facil
and the necesary unhties Inosome mdustrial ostares,
tactory butldmgs are erocted o advanee o sake
lease to the occupants. In other mduserial estares, onby
the Tand i subdivided and prepared for mndustry,
Although all wzes of enterprise benetn trom locatmy
m mdustrial atates. the benetits appear to hegreates
and most obvious for small- and medimascale factones,
Larger industrial enterprises often have the tianead
and managerial resourees o develop the property
themselves,

Industrial ostates asvst i nuany ways 1o prevent o
overcome the problems ot projeat mmplenientanon,
First. they save the nme and cost normally needed tor
selecting o siteand purchasimg Tandd, Problons o
industrial zoning and local taxes are completely chm
mated. Progress need not be delayed while the bawie
atilitics are being provided. Water, clectriciey and
sewage disposal frequently present a nior problem
in the preparation of a plnt site in developing countries,
Many cstates prm'idc tranling SCIVICes 10 prepare the
work force for cmployment before the factory 1
completed. This climinates the necessity tor in-plant
training, which frequently slows down the rate at
which dhe factory s brought mto tull producnon,
When the estate provides both fand and the buldings
on a lease basis. the finanemg of mdustries s con-
siderably casier.

The development ot an industrial estate is moselt
the implementation of an industrial - project, and all
dhat has been said above about the importance of e
applies equally well to the industrial estate. The most
important cost clement s speed e constructng the
project and having 1t tully occupied by mdisirul
plants. The sooncer development funds are recovered
the more guickly they can be wsed for other thmgs;
conversely, stow development of the estate retards the
income stream from the investment and endangers
the financial success of the project.
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