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1. INTRODUCTION

1. The concept of techinological choice

For centuries the making of cloth has been an artisan activity of
major iwportances. Even after evolving into an industry in modern times,
it was slow to introduce the technological iuprovements that have marked
the development of so meny other industrial sectors, particularly metal
trarsforming and electronics, By the thirties, although the textile sector
had mads & large number of technological innovations, these did not prove
particularly atbractive to textile manufacturerse The textile industry
continued to cling to its traditional methods of production, characterized
by 2 high level of cuployment &nd the lowest wages paid in the manufacturing
sector.

Ta recent years the shortage of menpower in the industrisl countries
has beccue more serious, and has led machinery manufacturers to undertaxe
technological research with the aim of designing machinery thet would
reduce the share of labour in the production process and heace increasing
capital intensitys The outcome is that the existing propoftiqns of
capitel and labour in the textile industry are becowing reversed,
particulerly since increasing e{forts ére being wade, despite the high
grede of automeiion already achieved, to devise a continuous and completely
autonatic process for turning fibre into fabric.

Since it is axdomatic that in Latin america labour is plentiiul and
capital scarce, highly capital-intensive techniques are obviously not the
most a@propriate.;/ The problem is not as simple as that, however, anc needs

to e considered from various economic and technical anglese

1/ Throughout this document, the terms "production technique" and
"production technology" will be used synonymously, It is, in fact,
difficult to draw the line betwesn the two., There is a certain defi-
nition for "technique" on which not only dictionaries but also the
literature on the subject are in agreement. To put it simply, technique
is applied ucicnce. The word "technology", on the other hand, has a
wider meaninge It is defined as '"the systematic knowledge of the
industrial crts", as "the means amd procedures employed by man to
transform the products of nature into objects of use’ and as "the theory
of the different techniques or the study of the general rules and pro-
cedures of techiique", hence technology is not in contradistinction to
the word technigue but, on the contrary, is liable to be confused with it.

/At the
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At the microeconomic level, undue deference iz commonly given to the
views of engineers, who by the very nature of their training are utterly
averse to using machinery that does not combine all the most advanced
techniques availables. When an entrepreneur is faced with the problem of
choosing a technicue, he generally cells in an engineer to advise him,
and as a result is fired with enthusiasm for highly automatic techniques,
and disregerds the economic implications of his choice, which might lead him
to think twice. At the mecroeconomic level, on the other hand, there is
an over—emphasis on the possible consequences of acdopting a technique that
is less dependent on manpower; planning agencles are, understandably,
always ccnicerned about the manpower surplus, and therefore tend to
undervalue the technical data that might change the estimates of the
economicity of a proposed project, and have a .decisive effect on the develop-
ment process as a whole. Hence there are only two waeys of determining the
opbimia halance of all the factors involved: (a) an evaluation of relative
facter prices; taking account both of the prevailing rates ard of the
possibility of other uses; and (b) & review of operational prcblems from
the technical standpoint, covering such items as the complexity of the
equipuent in relation to the skills of the manpower available, maintenance
costs, the useful life of the machinery in relation to the pericd within
which it is likely to become technologically obsolete, type of ancillary
installations, and flexibility of the production process.

When & new industry is to be set up the watter is much simpler.

Issues such as those raised above teke second place, and other more important
factors bearing on the decision 4o be ta&en, such as the developument

capecity of the new industry, come to the fore. This does not happen in the
case of traditional industries, such as textile wanufacturing; having been
Tirst established in Latin America in the middle of the nineteenth century,
this industry still operates at the technological level of thirty years agoe
The problem here, in addition to beiny complex, involves subjective
considerutions.

The bulk of the latin American textile inventory consists of equipment
that 1s regarded as obsolete and therefore needs to be todernized. From

the standpoint of the regional economy as a whole, the aim of this

/reorganization should
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reorganization should be twofold: to raise both the growth rate ard the
employneint level to the meximum., Some interesting research has been
carried out on these lines,gj but they are based wheolly on macroeconomic
dates This means thet all the forecasts have been iwce from figures that
are not only difficult to obtain at ihe macroeconomic level, but have a
nwiher of shoricowinss. The dsta compiled so fer on investment, productivibty,
wages and so forth in the Latin American textile indusiries are adnmittedly
fairly plentifyl, and will be extremely useful for sny stucy that umay be
recoiteied on technological léVels, but are not full enought for definite
conclusions to be reached. The problen must necessarily be approached ab
the microzconomic level.

This is the aim of the present study, which has brought together tie
technical and economic data at the project level that are needed for
weighing up each of the possible technologies that appears to be sultable,
in the Lijht of different hypotheses as to factor cost. The {irst step
was %o dztermine the alternative techinologies currently in u<e, together with
those wiered by the wachinery warket. This was done by means of a comprehen-
sive survey of textile equipment manufacturers, technical journals and
teitile mills alreacy established in some of the Latin Awericen countries
(see annex for list of manufacturers consulted). It was found that the
current production tachniques used in the textile industry can be divided
into Tive levels. These may be regarcded as corresponding to the years
1930; 1950, 1960, 1965 and lastly, a possibility still at the experimental
stage, consisting of semiw-continuous yarn production combined with weaving

on shuttleless looms.

2/ In 1961 the "Superintendencia do Desenvolviiento do Lordeste" in Brazil
launched a sreogramme for replacing the equinpment of the textile
industry in nine States, and estimated that the result would be to dis~
place about 3C per cent of the labour force employed in the industry.
This is such & high proportion in absolute terms that woys and ieans
of re-employiig the displaced workers in other sectors were studied.

4 more recent example is afforded by liexico, where the authorities have
worked out a plan ror controlling the unemployment produced by the
reuwodelling oi the textile industry. See SUDELL, Irimeiro Plano
Diretor de Uesenvolviuento do lordeste, Ofiice of the President, 1961,
and Naclonzl Financiera S.A., Banco de 1iéxico Seho,

Programa de Reestructuracitn de la Industria Textil Alsoconera y de
Fibras Guimiens, kiféxico, 1965,

/Of the
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Of the five possibilities, three are feasible for use in Latin Americas
The 1930 alternative was discarded, since equipuent of a suitable kind is
no longer available on the warlet, and 8o was the experimental technique
because the manufecturers were unable to supply quotations of equipment of
the kind requireddg/

The formulation of a production process that can constitute a technolo-
gical alternaiive does not imply that existing mills should intreduce one or
more of these possibilities on the exact lines on which they are described
in this study. A textile mill can, in fact, combine various te'mological
levels during its fourteen or fifteen different stages of production. It
often happens that mills with iodern wachinery in some of their procuction
stages have completely obsolete eguipment in others. In order to .
estalilish the technological levels analysed in this study, the machinery had
to be grouped in accordance with purely technical criteria. In the light
of the tachnical advances made in each type of machine over the years, it
was then cetermined what stage it had reached at a given time and the group
to which it should belong, so as to achieve thegréatest possible uniformity
in the machinery in any one group. In other words, each grouping formed to
constitute a technological alternative has machinery of a uniform "age" in
terms of evolution through time,

Consequently one of the limitations of the present study is the
fact that it does not tike into account all the possible combinations in
the eleven production stages covered at the three different technological
levels since although the criterion adopted for grouping the machinery
in the form of alternative technolegies may guarantee a technically
unifori production process, there is in fact no a priori guarantee that
any particular combinetion will offer the most economic solution. For

instance, production costs could be reduced to the minimun with any one

3/ Latin America has one spinning mill installed with the eyuipmment
classified here as experimental, or, more precisely, based on the
semi-cont inuous system of yarn procuction. It was set up as 2 pilot
project for thie wethod in question, and its wmanagers state that,
although it is able to coupete, albeit with some difficulty, with other
mills, it is not suitable for conditions in Latin Aunericas

/of the
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of the 177,000 theoretically possible combinations of the three preduction

alternatives and the ¢leven processing stages.&/ Obviously the volume of work
involved in seerching for the best tlhieoretical solution would be physically
impossible with the mechanical aids normally available for purposes of
calculation. lioreover; it would not be justifiable to enter into such

& high degree of precision until a later stage, on the basis of the

results of a {irst apnroximetion. The present study contains all the

basic data necessary for meking an analysis in depth in order to detemmine
tlie most economic combination from the standpoint of production costs, or
the combination which, with the least reduction in manpower, would give

the greatest returns on ¢capital, or meet other requirements that might
arise.

This analysis has been inspired by the fact that some types of textile
machines are less developed than others. The complex nature cf textile
marufeciuring has obliged the rachinery menufacturers To specizlize in small
liness The result of this lack of integration is that machincry design has
proceexw haphazard, ignoring the connexion between the variovs stages
of production. This is.apparent not only from the technological develop—
ment of the machinery, in terms of production capacity, automatization
and ¢uality of the product, but also from the minimun machine sizes, which
are rarely consonant with one anotherfé/

4/ Any of the three technological levels can be chosen at each stage of
produetion, irrespective of those adopted for the other ten stages.
That is, for each stage, each of the three alternatives can be
adopted; in conjunction with each of the otger three for each of the
subsequent stages. Uiith only two stages, 3° different combinations
can be made, i.e., there would be nine different working hypotheses.
With three stages, the_npumber of combinaticns would be 37, and with
eleven, it would be 311, or, to be exact, 177,147 different
combinations,

5/ For more details on minimum machine size, see ICLa, Economies of
gcale in the cotion spimning and weaving industry (B/CN.12/748).
The annex to that document gives an account of the productlon
process thot ivkes clear its complex nature.

/2. Theoretical
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2« Theoreticel congiderations

The purpose of economic development is to improve living conditionse
This is done by raising the level of income,; which depends on the increase
-~ ond distribution pattern — of the gross dowestic product whose rate of
growth is, in turn, contingent on the reinvestment rate. This rate, again,
depends on what is terited the return on current investment, & term
implying that the product of a given amount of capital can be used for other
types of investument, either more or less productive than the existing
investmerit, or else for consumptions

Cpinions as to the miniimum acceptable return on lnvestment are apt
to vary, and the private entrepreneur, for instance, does not always agree
with the criterion followed in the over—all deconomic development programnes
For the entrepreneur, the choice of a technique is basically & guestion of
belng frwiliar with the production technicues available, and ¢f knowlng
which “echnlque will minimize his production costs, that is, permit the
widest profit margine Although these factors cennot be discoxited in a
balenced development programne, they are not all-important. From 2
strictly social standpoint, the higlest return on investment could be
defined as the maximization of the benefits of the investment. To simplify
the problem by veducing it to its basic elements, this neans the highest
possible product~capital ratio and employment level. These gozls are not
attainable, over the short term at least, by techniques that are highly
capital-intensives On the other hand, it would hzve to be determined
whether tlie technigues that aim at the above goals, i.e., the labour-
intensive techniques, would be capable of obtaining a sufficient financial
surplus for reinvestment to guarantee a growth rate compatible with the
country's requirements as visualized in its plans for emerging from its
state of stagnations Generally speaking, this is unlikely.

The higher product-capital ratio permitted by a less advanced
technology does not in itself ensure a higher rate of reinvestment.é/ T

&/ All the comuents made here are based on the findings of this study,
and apply specifically to the textile industry. This does not
necessarily mean that generalizations can be made without reference to
the factors proper to other branches of industry.

/may, on
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mey, on the conbrary, result in & lower rate, since the surplus product is
transierred 1o the worker in the fori of wages and is then consumed. ILore
advanced technicues tend to incre:se the financial surplus, which accuwaulates
in the hands of the entrepreneur or the State and is event‘ua,lly invested,
thereby helping to accelerate the economy's growth rate.zy By expanding
consumption through higher employment end more scattered distribution of
value added, highly labour-intensive technigues will be effective over the
short term, i.e. the period of meturity of the projects, but the economic
growth rste will be slow.

Tzehnigues aimed ab maximizing the margin available for reinvestment
ensure that growth will be more rapid, but its benefits will only be reaped
over the long term. For an under-developed country, short of capital and
plagued by chronic unemployment, whether registered or hidden, the first
alternetive would be the right choices Yowever, the question is whebher
the couatry, in making that choice, might not be sacrificing its growth rate
and che2sing t0 remsin in a state that, vhile not total stasmation, certainly
preven.s it from taking its plaze among the developed nations. “lthough the
probleie that beset the wvarious Lotin American countries are all very
similar, there does not seem to be any comuon remedy. Bach country must
talie its own decisions and adopt the measures best suited to its own case.
apart from the problems that are inherent in the particular stage of under-
development at which each country is to be found, there are some that are
proper ©o the industrial sector itself, such as market size, consumer
habits, allernsiive methods of using surplus manpower, etce It should also
be borne in mind that the more extreme type of solution is not alwmys
agviscble. The best course is 10 evaluate the results of esch technology in
terias of figures, compave themy and weigh them against the social implications
of its adeption. The following section provides some data useful in making
the rizhi choice.

7/ here the entrepreneurial sector is still in the sarly stcges of its
forwetion, the private entrepreneur does not always reinvest his profits
as a watter of course, despite the recognized marginzl propensity to
saves In such cases a sound pélicy for attracting new investment
would help to correct any shortfalle

/1. THE
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II, THE METHODOLOGY ADOPTED - A MICROECONOMIC APPROACH

1. Selection of typical mills

The relative complexity of the manufacturing process and the broad
range of products characteristic of the textile industry represent the
first obstacle to the formulation of a methodology for studying the choice
of appropriate technologies, The large number of variables involved alter,
to varying degrees, the functions of production, and in theory this means
that each product should be studied sepaerately. Consequently certain
simplifications have had to be introduced into the present study, but these
in no way affect the validity of the results. Some of these simplifications
are referred to in chapter I, and others will be dealt with in later sections.

The aim of this study is to determine which of the technological
choices now aveilable to the cotton industry would be the most economic in
terms of the factor costs prevailing in Latin America, For this purpose a
theoratical mill was postuleted, including both a spinning and weaving
secticn, that produces only one type of fabric, unbleached, thet can be
regarded 28 typical of the average product in Latin America,

The fabric chosen is that used as the standard product by ECLA in its
gtudies on the textile industry,§/ and can be regarded as representative of
the basic cotton fabric used commonly in the region for household linen and
other domestic purposes, and for clothing, The technical specifications for
this fabric are given in detail in table 4, In brief, it is a fabric
90 em wide, made of 18 count yarn, 20 threads per square cm (both warp
and weft).

The mill size selected is based on the results cbtained in an earlier
study on economies of scale in the textile industryng Of the minimum

8/  ECLA, La industria textil en América latina, Vols. I-X (United Nations
publications, Sales Nos, 63.I1.G.5; 64.I1.G.2; 64.II1.G/Mim.2;
64, T1.G/Mim, 55 64.I1.G/Mim.3; 64.II.G/Mim.4; 65.11.G/1m.6;
65.11.G/Mim.7; 65.II.G/Mim.8; 65,11.G/im,9, Vols., II Brazil and
VIII drgentina are the only studies available in English),

9/ See ficonomies of scale in the cotton spinning and weaving industry,
op. cit.

/Table 1
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Table 1

MILI~SIZES SELECTED AND CCRRESPONDING VOLUMES OF OUTPUT

Level A Ievel B Level C

Nutber of spindles | 13 600 15 200 14 820
Number of looms 53}, 530 524
Annual ~vhput of yarn (tons) 2 265.6 2 643.3 2 895,0
Annual output of fabric

(thousands of metres) 16 833 19 629 21 495
Total investment ‘ ‘

(thousands of dollars) L 453 5 658 6 508
Labour force (three shifts) 668 _ L6 315

economi.c sizes arrived at in that study, and in line with the r«commendations
set forti: there, the size chosen is that offering the best possible balance
between the various stages of production, in order to avoid idle capacity
in machirery and equipment. Consequently, as the technology adopted varies
first with the production capacity of the machinery, and secondly with the
minimum size of the machinery, the scale of the production of the three
mills pestulated cannct be the same.

Table 1 shows the sizes chosen for the three technologies considered.
In terms of total physical output it will be seen that most advanced techno-
logy (level C) is 1,27 times the size of the least advanced (level A), where-
as in terms of investment the ratio is 1l:1.46. Between the intermediate
technology {level B) and level A, the ratio is 1.16:1,27. Thus the increase
in the volume of production is not in proportion to the increase in invest-
ment; this is because the main object of technological research in the
textile industry has always been automaiization aimed at reducing the labour
force rather than an increase in the unit output'of the machinery

/in effect,
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in effect, means reducing the relative cost of the machinery. This
general comment applies even though at specific production stages —~ the
cards, for example - the rise in production capacity is more than in
proportion to the cost of the mechinery.

2. Identification of the nossihle technological choices

As previoucly stated, research into new designs for the manufacture
of textile machinery has centred on the search for a way of reducing to
the minimm the labour force employed on running the machines and trans-
porting iue material, while the raising of the production capzacity of the
machineiy has taken second place, Admittedly, both the reductica of the
labour force and the increase of unit output conduce to the same end,
though by different routes, which is the raising of labour productivity.

In principle there are two basic reasons why technological research
has {cl'lowed this trend. The first and most important is the mechkanical
limitatisas of the machines themselves, and the nature of the rawr material
used, in this case cotton, The raising of the speed of certain parts of
the mechinery has sometimes depended on the improvement of the materials
used in their construction; a typical example is the replacement of iron
or steel gears and brass bearings with equivalent parts of nylon or other
polyemides; since these permit less friction it is possible not only to
increase the speed of the machinery, but also to extend the 1life of the
part, reduce noise, and simplify the lubrication routine, In other cases
the difficulty of increasing production capacity has been due to the
impossitility of exercising a proper control of the raw material. In this
connexion a number of efforts have been made to find devices to permit
effective control of the cotton fibres, whose original aligrment tends to
become distorted during the intermediate stages of the production process,

The second reason for the emphasis on manpower reduction is that
there is no economic advantage in increasing the production capacilty of
the machinery, since this would only mean a further increase in the minimum
size of the machines, and intensify the problems of economies of scale that

/already exist
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already exist in this sector, The manufacturers of the machinery would be
limiting their markel to a small group of entrepreneurs with large capital
resources, which wouid be unjustifia}ole » since the textile industry does
not require a high lcvel of technical knowledge and is not confined to
large economic units., '

For these reasons the raising of productivity hes been aporoached
by the only method that solves the fwo problems at once, namely auto-
matization. This methcd both avoids the technical difficulties of
increasing machinery speeds, and at the same time reduces the number of
workers, vho were bezinning to become scarce in the industrialized
countries. In spinning, for example, the final goal is the conbinuous
process that enables the fibres to pass through all the stages without
any manual intervention., This aim seems to be within sight. The
experimencal plants so equipped increase day by day, and the emulation
stimuicted by the entry of the Far Eastern countries into the tertile
machinexy market has further increased competition. In weaving there has

'3 ) C) » . » - BRI 10
been loss success in simplifying the processing and 1n¢roduc1ngavhomat1an7~/

10/ It is difficult to deal with any question relating to technology
without using the term "automation®, which appears to have been
coined in the mid-thirties. In its most modern usage, automation
is ™he itechnology of automatic working in which the handling
methods, the processes, and the design of the processed material
are integrated to utilize as is economically justifiable the
mechanization of thought and effort in order to achieve an
automatic and in some cases a self-regulating chain of processes."
(Definition by L.L. Goodman.,) Hence automation; automatization
and mechanization are words whose meaning varies only with
reference to the degree of the process. Automation implies the
replacement of not only physical but also mental effort, by
energy transformed by wman,

/Thus far
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Thus far there are no signs that the operations of weft and warp
preparation can be joined to the weaving process as part of a continuous
flow operation, although some steps in this direction have been taken,
for instance, the elimination of part of the prior preparation of the
filling for shuttleless looms, or the automatic preparation of the
filling by the loom itself in the conventional weaving process,

A study of the technclogies that have existed between 1930 (which
may be regarced as the starting point of the development of research in
this field) and the present day led to the identification of five different
levels thal may be considered as representative of modern developments
during that period. These five levels are classified in table 2, and are
identifiable by the main technical features of the machinery, their speed
of operation and their degree of automation. On the basis of these data,
once the characteristics of the product to be manufactured are known it
is possible to determine the physical output of the machine and %the worke
load, that is, the number of machines or production units that can be
tendea @y each worker,

It chould be pointed out here that the manufacture of the new highly
antomatic machines has not completely ousted from the market the simplest
type of machine, which requires a larger labour force and costs considerably
less. For example, machines can be found whose characteristics are those
of the most modern machinery available in about 1950. In the light of this
fact, the three possible technological choices considered here represent
the levels for 1950, 1960 and 1965, referred to for the sake of simplicity
as levels A, B and C, respectively. The two levels omitted are that
representing 1930, and that representing what is still regarded as an
experimental stage. The first is omitted because there is no organized
market for such machinery, end the second because, slthough machines of
this type are available, thelr noraal operation cannot be guaranteed by
the manufacturers, at least in under-developed areas where there is a
shortage of skilled labour, It should be noted that the original intention
was to include the experimental level in the present study, in order to
examine the possibilities of introducing it in the future, but this proved

/Table 2
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impossible because the machinery manufacturers were reluctant to reveal
the prices of these machines., Furthermore, certain of the most highly
autematic ecuioment, in more or less established use in the United States,
Europe and dJapan, such as, for example, autcmatic doffing for ring frames
and fully automatic cone winders, are not quoted by wost of the traditional
manufacturers of textile machinery.

Table 2 above gives a sufficiently detailed description of the equip-
ment to permit its classification under the head of one of the techno-
logical levels considered. Other elements that determine the techno=-
logical level, such as labour productivity, unit investient, invsstuent
per woriers, etec,, are dealt with below.;n_conmex1on with the analysis of
the results obtained (see tables 6, 7, 8 and 11). '

The study of the economic advantages of the various production
techniques requires either thaot the items produced be of identical quality,
or els~ that there must be an assessment, in easily comparaolg terms, of
the qualiity characteristics of the specific item produced at each level.

In the present case the quality was the same (at least in proctical terms)
for the threse processes studied, and hence the production cocsts are fully
comparable and not subject to any correction on account of product guality.
It is asserted that the quality was the same in practical terms because
strictly speaking there are bound to be small differences between the
various processes; and the changes are not always in the same direction,
that is, the fact that one techrique is more advanced than ancther is not
in itself a gusarantee that the product will be bettef. Some examples may
clarify this point; for example, the large package used for intermediate
preducts in spinming with more advanced techniques has reduced the number
of unavoidable knots in the spinning process, and thus permits a more
regular fabric, containing fewer impurities. On the other hand, the
higher speeds of the more modern machines tends to produce a less uniform
yarn, despite the control devices included in the machinery, with which
some manufacturers have been more successful than others. These quality
differences, however, are not of an order that could affect the
comparability of the producté studied here, which are assumed to be equi-
valent and interchangeable from the standpoint of quality, in terms of the
basic features of weight and dimension, resistance to wear and tear,
elasticity, warmth, and ease of finishing treatment, o

/3. Structure
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3¢ Structure of the model mills selected

Tables B, C and D represent what are known in the textile industry
as production charts for the technologies considered here. Production
charts establish the operating conditions for each machine in terms of
its characteristies, the raw materials to be proceésed, and the nature
of the product to be made, and indicate the output per hour of each
production unit, on the basis of the efficiency index established. In
the light of the production plans, tables E, F and G were drawn upz giving
the date on the consumption and use of the raw materials, the daily output
for a 23~hour day, and the machinery needed to carry out the proposed
production programmes

The machinery investment needed is shown in table 4 below, which
gives the unit and total f.o.be prices of the machinery and auxiliary
equipronte The prices used in this study are those for July 1965, and
have bzen selected from the prices quoted by a very large nuuber of
established manufacturers of this type of machinery outside tie region,
after the most careful study., In addition a survey was made of the
prices of manufacturers installed in Latin Americadll/ The data gathered
were analysed on the basis of technieal criteria that permitted their
classification under the heads of the technological levels previously
established; in order to ayoid® the possibility that price differences
might distort the resultss There were, of course, price differences
between machines at the same technological level, since the prices are
quoted by different manufacturers established in different countries. In
these cases an effort was made to determine, as far as possible, the
quality level of the machinery, and the experience of the manufacturer,
including how far he was in the habit of providing technical assistance,
together with any other factors that might justify differences in the cost
of the machinery. The last step was to form groups that were homogenous
in terms of quality and price, in which the differences in price corresponded
to the differences in the technological levels

11/ With respect to the production of textile machinery in Latin America,
see Los principales sectores de la industria latinoamericana: problemas
¥ perspectivas (E/CNe12/718), chapter V, Las industrias mecanicase

/In some
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In some case, for the sake of simplification, the total cost of the
machinery was determined on the basis of the cost of one production unite.
Strictly speaking the number of machines needed should have been determined
in terms of the number of production units that make up each machine, in
order to establish the price of the machine, since the cost of a machine
per unit of output varies according to the number of production units it
includese This simplificabién, however, has not been applied to certzin
machines such as automatic cone winders and pirn winders that are produced
with a fixed number of spindles, and cannot be ordered with any smaller
number 6 suit the customer, '

The costs necessary to cover buildings and auxiliary installations
were calculated in the light of the specific requirements of each
technological level as regards operating conditions. For example, at
level C air conditioning was postuléted for the whole of the builtwover
area, btocause the high speed of the machinery and the delicacy of the
controis mean that there must be not only humidity conmtrol, but also a
consbant room temperatures For level B the air conditicning is restricted
to the area occupied by the ring frames, the remaining areas having only
humidity control, while for level A no air conditioning is assumed, and
there is humidity control only for the areas where it is regarded as
indispensablee The data relating to investment in building and auxiliary
installations are set forth in table I.

Working capital, another important investment item, was estimated
on the basis of realistic criteria used in practice, in order to ensure
that the enterprisc has a permanent circulating fund of working capitale
Thus it can be assumed that the enterprise will not be forced o resort
to shori~term credits, and hence production costs will not be burdened
by interests paid under this headalg/ The levels for each item of working

12/ In an inflationary system this hypothesis is not wholly realistic,
since the currency depreciation reduces the working capital without
the enterprise realizing that a structural deficit is encroaching
upon its revolving capital resources. To remedy the situation it
becomes increasingly necessary to resort to short-term credits,
which lead to the costs of production being burdened with high
interest paymentss :

/capital, and
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capital, and the criteria adopted to determine them, are given in

table Jo The provision of resources to cover the financing of receivables
has been omitted, since this item varies widely according to the policy

of the individual firm and the bank credit policy prevailing in each
country, so that any estimate under this head would be very unreliable.

In any case, this is an item that does not represent a very significant
proportion of total investnment.

Table K gives a sumnary of the investment nesded for each
technological level, including costs of freight and insurance, installation
and starting up, and interest paid during the period of construction.

The ingtallation costs are calculated on the basis of the commissions
commonly paid to the manufacturers for this type of work, plus a sufficient
margin for small items such as building materials, electrical equipment,
auxiliary labour and other items normally needed during the installation
of the machinerye Pre-operational costs are calculated as 3 per cent

of the total value of fixed investmert, on the basis of established
projecise The total interest paid during the installation period
corresponds to a period of 14 months, and its incidence on the other
components of fixed investment represents and interest rate of 12 per

cert a year, which was taken as the basis of the cost of capital in hard
currency in Latin America. Fixed investment was not regarded as including
such items as sites and vehicles, which are regarded as unimportant for
the purposes of the present studye

4« Determining the costs of production

For the purpose of msking a proper analysis of the costs of
production, these costs were divided into fixed and variable costs, The
annual costs of production are given in table M,and the criteria adopted
for estimating each item are clearly described in the footnotes to that
tables Attention here is confined to justification of the prices
assuned for inputs and factors of productione

/(a) Raw
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(a) Raw materialse After a survey of the prices and qualities of cotton

produced in Latin America, the type most suitable from the technical and
economic standpoint for the manufacture of the product envisaged was
selectede This cotton is the SertZo type produced in Brazil, with a
staple length of 28 mm, sold at the ceisfs Liverpool price (international
quotation) of 060 dollars per kge It would also include the Mexican
Matamores, which has the same specifications but is slightly more
expensive, at 0+65 dollars per kgf-i/ For the purpose of calculating
the cost of raw waterial the price pogtulated is 60 dollar cents per kg
of collun, and on this basis the real cost was determlned, in the light
of the waste produced during each process, either through the partial
recovery of the waste, or through its sale at a price estimated by
subbtraction on the basis of the cost of the raw cottonslgf Table 3 gives
the prices referred to above, and it should be noted that the percentage
of waste is always calculated on the basis of the total cotton nrocessed,
that is, the weight of the raw material that is fed into the icachine, and
not the weight of the cotton produced by the machine.

Tiie view sometimes advanced that the most modern machinery leads
to an economy of réw material is not supported in the present study. Although
it may be admitted that at soie stages of production the wachines have been
able to reduce, to some extent, the volume of waste produced, this reduction,
however important it may be within the programme of.waste control in the -.
mill, is not significant for the purposes of the present study. In other
words, at the stages of production where waste reduction can be of any
mannitude ~ pickers and cards = it canmnot be undertaken without endangering
the quality of the product.

13/ For further details, see Economies of scale in the cotton spinning
and weaving industry, opecits., Chapter III, section Ze

14/  This means that the revenue from the sale of waste camnot later
be inclwuded in the enterprisets incomes

/Tabie 3
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Table 3
REAL COST QF COTTON USED IN MAWUFACTURING
Specifications Dollars per kilogramme

Frice of raw cotton 02600
hetual waste (11 per cent}gf 0.074
Cost of cotton per kilogramme 0.674
Less salas value of waste 2/ - | 0.010
Real coci of cotton 04664

af As shown in tables E, F and G.

b/ At an estimated price of 15 per cent of the purchase price of
raw cottone

(b)  Lohours However great the differences in labour costs between the
various Latin American countries, there is nevertheless a surprising
degrec of uniforwity in the cotton industry of the main countries of the
regions In this study the labour costs are of czpital importance, and
hence this uniformity in wage levels (see table 4) permits the conclusions
reached here to apply to the whole groupe

Table

AVERAGE WAGES OF UNSKILIED LABOUR IN THE TEXTILE IMDUSTRY
FREVAILING IN THE MAIN COITON~PRODUCING COUNTRIES
OF LATIN AMERICA

(Dollars per hour)

Countries Direct labour Indirect labour
Brazil 0.36 -
Colombia 0.34 027
Mexico 0435 0:25
Feru Q 93 6 Os 23

Source: ECLA, la industria textil en América latina, VolseIle Brazil
(English only), IIL. Colombia, Ve Peru and XI. Mexico, opscite

/Table L
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Table L lists the labour force necessary for the operation of
three-shift mills, classified by section, and indicating annual costs. In
order to maintain comparability with the classification given to the
costs of production, the traditional division of labour into direct and
indlrect has been replaced by a division into fixed and variable.lé/
Moreover this approach is more switable for the purposes of the present
study, since it facilitates another kind of classification, which is the
level of skill of the labour forcee. This point is of basic importance,
since it 1s recognized that the advanced technologies, while reducing the
total nusber employed, increase the demand for skilled workers. In the
textile industry it has to be admitted that there is no great need for
highly skilled workers, and although there is some shortage in this
category, it is confined in practice to the maintenance sectors In fact
the most modern machines can be run by workers who can easily be trained
for this task, and in many cases the méchine—tending function has been
facilitated by reducing the manual intervention and both the physical and
mental effort involved, so that less manual skill and less concenbration
is needed; since the machins is capable of undertaking more complex
operations, and emits signals to warn the operator when there is a break-
downy and. also indicates where the fault is.

With the aim of determining the changes in the skill level of the
workers, an additional classification has been adopted that covers not
only skilled and unskilled workers, but also foremen and semi-skilled
workerse This last category was established because a machine tender
in the textile industry, with rare exceptions; does not attain the level
of a skilled worker in the true sense of the term, until he has received
training the mill itself for a pericd that varies between three and six

15/  Fixed labour is that which does not increase or decrease with changes
in production within certain limits of installed capacitye. In other
words, while the variable labour force permits flexibility in
adapting o what is strictly required by the volume of production,
and thus a corresponding change in costs, the fixed labour force

cannct be changed unless there are major changes in the volume of
productions

/monthse On
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monthss On the other hand, the machine tender is at a higher level of
skill than the worker who has received no training, and as he is directly
responsible for the operating of the machine he receives all or part of
his wage in proportion to output, which always means that his wage level
is above thai of the ordinary workere

On the basis of the wages prevailing in the countries listed in
table 4 above, a wage scale was worked out, as shown in table 5. This
ranges from a wage of 0.25 dollars an hour for none-skilled labour, and
0.35 for semi-skilled labour (an increase of 40 per cent) to levels
representing increase of 100 and 200 per cent, respectively, for skilled

labour and foremenas

Table 5

WAGE SCALE ADOPTED FOR THE FRESENT STUDY

Mannow:r classification Dollars per hiour
Unskiilad 0425
Semi=gkilled 035
Skilled 0.50
Supervisors 075

(c) Social security contributions. The social security contributions
concerned were calculated as 40 per cent of the wages or salaries; although
there is a wide variation between countries in this respect, this level

of contribution may be regarded as the most commons. It should be noted
that, in accordance with ancther feature of the social security legislation
in force in Latin America, night workers are paid for sight hours although -
the shift is only seven hours, and the wage paid is 20 per cent higher
that the wage for:the same level of work paid to the day workers

(a) Capital costse The capital costs, taken in conjunction with the

labour costs, play a decisive role in determining the economic advantages
of 2 given production technique.

/In calculating
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In calculating capital depreciation a useful life of forty years
has been assumed for buildings and fifteen years for machinery, for all
the three technological levels.studied, on a linear dépreciation basise.
The choice of a useful 1life of fifteen years for the machinery has becoms ..
common practice, not so much because wear rules out any longer period, but
because of technological obsolescences This premise, is of céurse, strictly
theoretical, since there is some evidence -~ confimed by the present study
in the form of the coexistence in the Latin American textile industry of
very difierent technologies - that technological obsoiescenée, even when
it has been shown to exist, does not necessarily imply economic obsolescences
Admittedly this picture could alter, bubt there is no sign that this is
happening in the region, where the relative cost of the factérs of
production changes slowly in terms of real value.

For the same reason, the saie depreciation period has been assumed
for all the three technological levels considered, although strichtly
speaking lerel A, being less up~to~date and more lileely to become
technologically obsolete than the other levels, should entail a shorter
period of depreciation. The same applies to level B in relation to level’ C.

To calculate the remuneration of capital, which is also included
in the total costs, an interest rate of 12 per cent a year has been assumed,
as being the current rates in the Latin American capital market (calculated
on the equivalent in hard currency). 'Nevertheless, in analysing the results
this rate is varied in order %o study the behaviour of the costs of production
at each level as the factor. costs varye. | .
(e) Other cost itemss The criteria adopted to determine the other
production cost items are described in detail in the fooﬁnotes to table Mo
It should be noted that no itewms have been included to cover insurance or
taxes of any kind, since these are regarded as insignificant for the
purposes of the present study;'moreover; since they vary widely from country -
to courtry, any estimate would necessarily be very inaccurate.

/I1I. MECHANICAL
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111, TECHNICAL AVD ECONOMIC ANALYSIS OF RESULIS

1, Main operational coefficients

(a) Number of persons employed and workload

Bven if due allowance is made for the difference in the production
capacity of the three mills considered in this study, the number of workers
will be seen to drop sharply if the least advanced technology is replaced
by the most up to date, Betwsen levels 4 and B it decreases from 668 to
L6 and as2in to 315 at level C, These data are in themselves higzhly
illuminzting, buk the reduction per unit of output is even more shriking
with indexes of 100, 57 and 37 for levels A, B and C respectively. It
should also be noted that the composition of the labour force differs from
one to ancther as regards degrees of skill, &s might be expected, the
biggest reduction is in variable lalour (indexes: 100, 53 and 30 for the
three albewmatives) » While fixed labour drops to about half belwcen A and
€ and administrative staff to two~thirds (see table 6),

Table 6

COMPOSITION OF THE LABOUR FORGE AT THE
DIFFERENT IEVELS STUDIED

(umber of persons per 1,00 metres(dgx)y

Absolute figures ___Index
Type Levels Levels
A B G A B H
Total 1190 682 k0 100 5. 37
Fixed el 2 1,62 1.28 1c0 67 53
Variable 8.80 Lo69 2467 100 53 30
Administrative 0,68 0.51 Ouls5 100 75 66
Unskilled Le36 2.78 141 1Co A 32
Semi-skilled 577 2¢'(5 .83 100 L8 32
Skilled ¥/ 1,51 1,08 0,88 1€0 72 58
Technical and
administrative 0.25 0.21 0,28 100 84 112

2/ Based on a 23=hour working day.

b/ Including foremen and office staff,
/As regards
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As regards levelé of skill, the reduction in the number of workers
with specislized training indexes: (100, 72 and 58) is less than in that
of unskilled indexes: (100, 64 and 32) or semi-skilled workers indexes:
(100, 48 and 32). The technical and administrative cadres, on the other
hand, generally increase as the ’c,echnoio'gical level rises because the
equipment becomes more complex and therefore entails more efficient
supervision, maintenance and production programming. However, compared
with the needs of other sectors, the number of skilled workers required
by the textile industry is fairly smell. While the total labour force
drops sharply between levels A and C, there is a slight increase of 12 per
cent in the numher of technical and administrative steff. Looked 2t from
this standpoint, choice B offers the greatest advanmtages, since it involves
a reduction (index 84) in the number of technicians and administrative
staff needed, Uhat may seen pa.radoxiéal ét first sight actually has a
logical explanation: level B uncuubiedly has great technical advartages
to offer but has not reached the stage of automation at which must
mechanical control systems havs veen replaced by electrical or clectronic
conbrols: There is no doubt that repairs to mechanical equipment require
less technical knowledge than electrical repairs and far less than
electronic repairs, Thus, by cutting down on the number of operatives
necded without demanding in exchange a lavger number of skillel woriiers,
technology B has a low index for technical and administrati~s perconnels
Although in relative terms, l.e., vhen compared with the needs of other
industries, the mumber of skilled workers required by the textile industry
continues to be moderate as the technological level rises, this cquestion
acquires added importance because of the eritical shortage of technicians
in Latin America, All the foregoing considerations should therefors be
taken into account in deciding which technology is to be adoplted,

The workloads in terms of the raﬁio of persons employed to number of
machines are given in table 7, The reduction in persomnel regquirements
per unit of production are sst forth together with those per unit of outputs.
&t level G, the number of hands needed to operate 1,000 ring spindles
and the corresponding preparation machines is only 30 per cent of the
nutber needed at level A, The equivalent figure in the weaving section,

[ise. the
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i.es the number of operatives required to handls 100 looms and the
respective preparation machines, is 49 per cert. Finally, it may be
noted that the workloads established by ECLA as a standard for the Latin
American countries in its studies of the textile industry J-_é/ come very
close to the figures for level A in this study. At that level it is
assumed that 6,13 workers would be employed per 1,000 spindles and

20,6 workers per 100 looms, while the Latin American standards are

5.00 and 20,00 respectively.

Table 7
VIORKLOAD FOR THE DIFFERENT IEVELS STUDIED o

Level Index
A 3 C Leyel
Spinning
Operatives per 1,000
sp indles 6. 1 ! 20,92 1.8L
In openirg through .
In spinning and
'Wi-ndilig l[.gl{.l[. l. 98 l|2J.
Operatives per 100
looms 2046 Uab 10.1
Filling and warping 7.7 Lol 3.0
Weaving 12,9 10,2 Tel

&/ Excluding sdwinistrative and ancillary staff (see table L)

16/ The textile industry in Latin imerica, Vols, I~XI, op.cit,

/(b) Product ivity
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(b) Productivity and unit output

The trend of productivity in both spinning and weaving should
obviously be imverse to the workload, although not necessarily in
proportional termss In the particular case under éonsideration,
productivity in spimning is virtuelly doubled between levels A and C,
~ while productivity in weaving becomes two and a half times as much
(see table 8), It will be seen that more has been achieved. in spinning
in relation to the reduction in the number of workers employed. Here
again, the Latin imerican sténdards are fairly close to level 4 although
the workloads differ. In spinning, the standard is 4,300 grammes per
man/hour kit 3,940 grammes at level A, while the equivalent figures for
weaving are 27 and 22 metres per man/hour, The disparities are due to
the fact that productivity is not simply a question of workload btut also
of the unit ocutpit of the mdchines. ‘

Tre contention that technuiogical research in the textile industry
has clways been directed towards reducing the latour force employed by
mechenizing the processes rather than by raising the production capacity
of the machinery is borne out by the slight extent of the improvement in
unit output in both spinning and weaving, The increase in unit output
betueen the two extreme technologies is 17 per cent in spinning and 29 per
cent in weaving (see again table 8 and figure I)s It shoul? % hovno in
mind, howcver, that these figures are not representative of ¢very stage
in the production processe. In carding and drawing, for instance, the
increase obtained in production capacity during the last few years has
been as much as 300 per cent, But increments on this scale are few and
far betwesen, and are often a controversial issue, especially in éa.rding,
where the advantages of making a change have not been admitted by all
manufactures,

l.l/ More nrecisely, productivity is the ratio of unit output to
workload,

/Tavle 8
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Table 8

PRODUCTIVITY AND UMIT OUFPUT AT THE DIFFERENT
IEVELS STUDIED

Absolute fipurss Tndex
Levels Lavels
A B C A B H
Manpower productivity
In spinning
(gremmes per man/hour) 3 940,00 8 &4,1,00 15 351,00 100 219 390
In weaving
(metres per man/hour) 22,18 36,80 58,78 100 166 265
Unit output of machinery
Ring spindles
(grammes per spindle/hour) 24.1 25,1 28,2 100 104, 117
Looms (mchres per
looimy widur ) 459 5,40 5,9, 100 118 129

2/ Exclading administrative and ancillary staff {see table L),

2+ Main coefficients of investment: capital intensity

(a) Investment structure

If investment is divided inmto fixed assets and working capital,
it will be seen that the latter decreases slightly as the technological
levsl rices, because of the increased cost of the equipment at the same
cost level for the imputs that make up the working capital. This is a
little over 10 per cent of total investment at level A and 8,7 per cent
at level C. The distribubion of fixed irvestment between spinﬁing and
weaving remains the same at all three levels, i.e. spinning equiprent
accounts for nearly 42 per cent and weaving equipment for 46 per cente.
The remeinder is distributed among workshops, laboratory and other
facilities.

k‘j
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Figure I
PRODUCTIVITY AND- UNIT QUTPUT IN SPIKNING AND WEAVING
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The major change between one production techiricue and another
consists in the relative saving obtained in investment in tuilding and
ancillary installations if the least advanced technology is substituted
for the intermediate. This change is mirroed in the percentage
distribution of investment, as set forth in table 9o The space required
for ingtalling the machinery is much less at the higher technolcgical
levels, although modern lay-out techniques recommend a good deal more
room for movement, The saving in space is not indicated in absolute terms
in table 8, since it is offset by the increased cost of the ancillary
equipment, particularly the air conditioning system, which is essential
for the proper cperation of the machinery at the most advanced technological
levels, The reduction can best be gauged from the coefficients of the
area required per unit of output. To produce 1C0 metres of cloth per
year, 1.00 m> of space is neéeded abt level A, 0,86 m® at level B and 0,77 n®
at level C.

(b) Investment per unit of production end per unit of bullbwovar area

In the textile indusiry, thie unit cost of the machinery Iz the
average cost per final unit of production involved in the process (ring
spindle or loom) including the cost of the existing preparation machines
and accessories in the section concerned, The cost of the workshops and
laboratory and of the other equipment not directly comnected with the
produciion process has not been ineluded here, The average cost in spinning
is 68 dollars per spindle for level 4,79 dollars for level B and
97 dollars for level C, In weaving the rise in unit cost is more marked,
from 1,848 dollars per loom at level A to 2,739 at level B and 3,131 at
level C {s=e table 10), |

Other kinds of coefficients generally used for comparing textile
machinery have also been worked out, such as the ratio of the cost of the
buildings and builteover area to total investment per unit of area, The
cost of the bulldings per square metre (including light, power, water,
steam and air conditioning or humidifying) is about 55 dollars at the first
two technclogical levels and as much as 67 at the most advanced levels
The increase in total fixed investment per square metre is less irregular,
being 237, 301 and 359 dollars at levels 4, B and C respectively,

/Table 9
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Table 9
PERCENTAGE DISTRIBUTION OF INVESTIENT
Levols
A B C
Fixed invegtment ) 89.6 90,7 - 3.3
Buildings and ancillary '
1"3t&11ﬂt10n5 20.7 17.0 17.0
Equipment &/ 5506 60.3 ' 60.8
Installation costs and intersst
during construotion period. 13.3 13.4 153.5
Working oapitsl o 10.4 9.3 8.7
Total . . 100,0 100.0 100.0

8/ F.o.b. cost of equipment, and freight, insurance and installation cests.

Table 10

INVESTMENT COSTS PER UNIT OF PHODUCTION AND PER UNIT OF BUILT-OVER AREA

{Dollars)
- ‘ Lovels
- A B c
Cost ver unit of produution
Cost of spinning per ring spindle 68 75 96
Cost of wenving per loom 1 548 2739 313
Cost per unit of area
Cost of butldings per square metre e/ 55 ' 56 67

Total fixed investment per square metre 237 301 359

e_t/ Insludirg -he sosi of builditags, elsotric power, an air oonditioning or humidifying systém,
and woteor and steam dnstallations.

/(c) Capital
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(e} Capital intensity at the three different levels

In chapter II an examination is made of the technical aspects
characteristic of each of the technological alternatives considered in
this study. A review of this kind, although essential, does not offer
an evaluation of the economic aspects of the different technological
possibilities, among which capital density is a major issue. In this
connexion, one of the best known and most controversial factors is the
ratio of total investment to manpower in terms of the number of persons
employed, or, to be more precise, of the number of man/hours workeds
During the last five years the textile industry, and the cotton sector in
particulsar, has come to rank as a highly capital-intensive industry,
whereas it used to be regarded as the industry with the highest labour
utilization. The reasons underlying the change have been dealt with in
the introduction te the present study.

The figures presented here for the capital/labour ratio at the three
differemnt levels are full proof that the textile industry has ceased to
be a highly labour/intensive activity. The coefficient doubled from
6,600 colllars per person employed in 1950 18/ to 12,700 dollars by 1960 and
soared to over 20,000 dollars by 1965 (see table 11), Financial
investment accounts for only akout 10 per cent of this, the remalning
90 per cent consisting of {ixed assets, It is clear that notable progress
was made in inereasing capital intensity during the fifties, but That even
greater headway was made in this respect over the next five yea.rsel

18/ Utilization of working capital and of the over-all labour force
(inclwding the admimistrative staff) has been estimsted on the
basis of a three-shift working day (23 hours).

19/ The statistical data show that in 1950 average investment per person
employed in the textile industry was 8,700 dollars in the United
States, whereas in Colombia, where the installation of the industry
was well under way, it was 6,200 dollars (see Jan Tinbergen, "Choice
of technology in industrial planning", Industrialization and
Produstivity, Bulletin Nos 1 {(United Nations Publication, Sales
No: 58,1I¢Bs2), 1958,

/Tabvle 1L
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‘Table 11

CAPITAL INTENSITY 4T THE DIFFERENT TECHNOLCGICAL LEVELS STUDIED

Abgolute figures Index
levels ‘ Livels
A B c A B c
Investment per employed person
(dollars} e/ B
Total £ 666 12 687 20 659 © 100 150 310
Fixed invesiment - 5977 11 517 18 664 - - -
Working oapttal - 889 1 170 1795 - - -
Investment per unit of output o ‘
(dollars per metre) b/ 0,264 0,288 0,303 100 109 15
Gross produstion value per upmlt .
of investmont {dolluvs nor year) 0.784 0,661 0,612 100 84 78
Gross waln. edded per unit of : , :
investment (dollars per year) o/ 0,974 0,265 0,254 100 76 68

g/ Inclufing administrative and suxiliary otaff on the basis of a three-shift werking doy (sce tsble L)

t_:/ Investment required to produse one unit of output in 2 year.

8/ &% cost level, i.c. not allowing for profits,

/In so
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In so far as the maximizstion of employment is concerned, there is
no doubt that for a given stock of capital, level A is far more advantageous
than the other two &t which less benefits are resped as a result of the
jncrease in investment intensity and would thus be unquestienably the
best choice. The product capital ratio established confirms that the
least advanced technology is the most suitable for the under-developed
courtries if the guiding principle to be followed in making a choice is
singly the maximization of the labour factor, At level A, gross value
added annually 2/ per unit of investment is 0,374 dollars, which drops
to 0,285 dollars at level B and 0,254 dollars at level Ce The reduction
between the two extremes is thus 32 per cent (see table 11). These
points will be brought up again when the over-all advantages of each
technology are discussed in chapter IVe.

3¢ Main coeffircients relating to production costs

(a) (ost_structure

The structure of production costs at each technological level
merits special comment, since it has undergone some interesting changes
that explain how such widely differing technological levels are able to
co-exist on a competitive basis in Latin America., It also explains why
the textile entrepreneur mekes no effort to renew his equirment (beceuse
he keeps his footing on the market), or when he does renovate his mill
buys nothing but the most up~to-date machinery,

In the first place, the share of fixed costs increases very little
because the rise in capital costs slightly outweighs the reduction in
fixed labour costs 2Jj}(see table 12)s The share of capital costs

20/ At the level of production costs, but including annual interest on
capital at the rate of 12 per cemt.

21/ It is irteresting to note that, as a result of the slight rise in
fixed coshs, the break-even point (the point on the enterprisest
preiuctica scale at which the volume of receipts equals the fixed
costs) drops from 61 per cent of maximum production capacity at
level A to 53 per cemt at B and 51 per cent at C. Surprisingly
enough, the more advanced technologies give an emnterprise greater
security if it is foreced o cut down on production,

/(depreciation, capital
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(depreciatioh, capital remuneration and interest when appropriate) expands
by Se6 per cent if the most advanced technology is adopted instead of

the most backwarde ‘This is very little in comparison with the reduction
in fixed and variable labour costs, which constitute about 26 per cent

of the total at level A but slightly less than 13.per cent at level G-
The cost of the.raw material on the other hand, climbs from 47 to 53 per
cent. - between levels A and C. -

Table 12
FERCENTAGE DISTRIBUTION OF PRCDUCTION COSTS

Levels
A B C
Fixed nosts T 32k 34e9 3629
Manpower af | %9 7.9 N
Depreciation T 6e5 8.1 8.8
Intorest on eapital | 15,3 18,1 19.6
Other o 0.7 © 0.8 0u8
Veriable costs o 6.6 65.1 631
Raw material 4741 51,2 527
Manpower b/ - 15.9 .90 Selt

g./ Fixed labour and administratlve staff, including social security
contributicns, .

b/ Variable labour, including social security corrtribut.j.ons.

With this cost structure, it is not surprising that the private
entreprencur should opt for the most advanced technoiogy so long as he
has sore means of obtaining the necessary capitals. lMoreover, the item
that undergoes the sharpest increase in capital costs as a whole is
investment remuneration, or, to put it amother way, the remuneration of
the entrepreneur!s own effort which will thereafter represent part or

/the whole
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the whole of his profitse The data compiled here are ¢learly not enough
to form a sowd basis on which to take decisions, even at the level of
the enterprise; other factors bearing on production costs should be
considered as well, in particular the absolute unit cost of production.

(d) Unit _cost of production in accordance with a riven hypothesis of
factor costs

It has been demonstrated that when there are changes in production
technigues the ideal mill size for obtaining the greatest yield from the
factors of production will differ for each technological level, In the
case wler consideration, the mill's capacity increase from index 100 at
level A ©0o 117 at B and 128 at C. Similarly, the total amount of capital
invested expands from 100 to 127 and 146, while the number of persons
employed drops from 100 to 67 amd 47 respectively (see table 1), These
indexes are iliuminsting., As the three mill sizes are perfectly balanced,
and arz at what is congidered tc be the optimum point on the production
scals, it is plain that any reduction in unit cost that may be obtained
cannot be attributed to a2 rise in production, The increased venital
intensiny that is a characteristic feature of the most advanced technologies
is clearly discernible in the indexes; these also bring out & number of
other points that will be dealt with at greater length when the
advantages of each technological level are discussed: (i) ths increase
of 28 par cent in mill size between level A and level € iz not large
enough to handicap the introduction of the most advanced techne.ogy by
problems of market size or of external economies greater than those
obtainable at the least advanced level; (ii) the additional capital
required =~ which amounts to 46 per cemt -~ is fairly little since 23 per
cent of it would be used for expanding the mill's production capacity;
(iii) on the other hand, the labour force employed at level A would be
much less than at level C (over 50 per cent less in spite of the 28 per
cernt incremert in ouwtput), a factor which should be given its due weight
in choosing a technology.

To continue the analysis of the foregoing data, a glance should be
taken at the unit-values for the main componemts of production costs which
have been worked out on the basis of normal factor costs in Latin America,

/that is,
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that is, an interest rate of 12 per.cent for long-term credits®® and
the wage scale set forth in table 5. As this woge scale is applicable to
all three technological levels, their competitive powers can be gauged
on an equal footing;gﬁf However, as the structure of the labour force varies
in accordance with the proportion of skilled to less skilled workers, the
total average wage is not the same at the three leveis, being 0,587 dollars
per hour at A, 0.615 dollars at B and 0.721 at C. The minimum total cost
per metre of fabric produced is thersfore obtained at the most @dvaﬁéed -
' level, although it is only 10,6 per cent less than the cost at the least
advanced. The reduction is sharpest between A and B, being 7.7 per cent
of the total of 10.6 per cent, In short, there is scarcely any saving
t0 be achieved in costs by choosing the most advanced instead of the
intermediate level, whereas the difference between the least advanced
" and the intermediate level is relatively large, Furthermore, total
labour requirements (variable, fixed and administrative, plus social
security charges) drop to 59 per cent at level B and to 44 per-centlat
level 0, while capital costs (depreciation plus interest on investment)
 increase by about 17 and 27 per cent respectively,

Thus, even judged solely from the angle of what is preferable for
the economy of the enterprise, the intermediate technology is the most

- . advantageous for Latin America at the prevailing levels of factor cost,

despite the other considerations that may lead entrepreneurs to opt for
the most advanced technology. Compared with level A, level B offers the

22/ Interest payable on short-term eredits is not included in production
costs on the grounds that a welleorganized enterprise will have a
permenent fund of working capital, Where there is inflation, however,
working capital gradually depreciates in value, and enterprises are
compelled to resort to such loans in order to remain in operation
(see also footnote 12),

23/ The idea that a mill should pay its workers higher wages simply because
it is up to date has no economic justification, Provided that it is
econcmically profitable, a mill can offer better rates of pay in
order to obtain a more compctoxt labour ferce, but however morally
desirable it may be for it to pay more chan the going rates, the
fact that it has better machinery or buildings does not oblige it
to do so from the economic standpoint, so long as the surplus profits
are reinvested in the mill,

[rable 13
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Table 13
UNIT COST OF PRODUCTION AND INDEX OF VALUE ADDED
Abgolute Tigures
Iten {dollars) Index
Levela Levels
A B [+ A B ¢
Total unit sost per metre 0.207 0.191 0,185 100.0 9243 8g.4
Fixed goet 0.067 0.067 00068 - - -
Variable sost . D140 0.124 0,117 - - -
Unit eost of items affected by the technologleal
level
Total labowr g/ 04054 04032 0.024 10040 5942 U4
Dopreclation 0,014 0,015 0,016 10040 107.1 1143
Interest on capital 04032 0.035 0,036 100.0 1094 112,5
Gross velue addad
Per unit of product (dollaers per metra) 0,099 0.082 04077 100,0 82,8 277
Per unit of input (dollars) 0,910 04757 04709 10050 83.2 7749
Per pevson employed per annum {dollars) 2 1 3 615 5 248 100,0 45,1 210,6

e/ Including sooial security charges.

/largest reduction
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1argest'reduction in costs in conjunction with the smallest incremeri't. '
in capital outlay, - In other words, it mekes for optimum factor
wilization since the highest reduction in unit cost can be obtained with
the least_- possible increase in unit investment (see tables 1, 11 and 17).
The problem of choice will later be re-examined in macroeconomic terms,
and certain factors discussed that are necessary for balanced economic growth,
(¢) Production cosbs in accordance with different hypotheses of factor cost
The results thet have just been reviewed are valid for the given level
of factor costs, i.e., for an interest rate of 12 per cent on long-term
loans and a wage scale commensurate with that set forth in table 5. However
- similar the problems confronting the Latin American countries may seem to
be, it would be going too far to claim that their levels of factor costs,
and of capital costs in particula.r, are absoluiely idenhical. Real labour
costs, on the other hand, evolve at qua.te different rates, depending on the
particulsr stage of development rcached by each country., It wouid be useful
- therefore to know how far production costs are influenced by variations in
factor costs, so as to obtain & clear idea of the real conditions in each
country and to determine the way in which each technology would react to
the new conditions visualized. | _
It has been assumed that, as labour costs increase, the rate of
interest may be 8 and L per cent annually, apart from the actual rabe of
12 per cont, A rate of 16 per cent, at the current labour 1evel, has also
been postulated (since the p&;SSibility of a reduction in the wé.ge level
can be ruled out), This combination msy come much closer to the actual
conditions prevailing in many of the latin American courntries. Labour
costs have been assumed to increase by 30, 70 and 120 per cent over their
current levels, the calculations being worked out on the basis of the
total average wage paid at the mill.y

24/ The assumption that labout costs will increase as indicated does not
mean that aill the related categories in table 5 will necessarily climb
by 30, 70 or 120 per cent. Vhen a wage adjustment takes place, the better

- paid categories normally receive a smaller increment in percentage terms,

In other words, if the average wage is raised by 30 per cent, there will
probably be a higher percentage increase in the lower categories counter-
balanced by a smaller adjustment towards the top of the scale, 4s the
labour force varies in structure because of the different levels of skill
involved, each technological level will correspond to a fixed basic wage,
but. the average wage will be higher at the intermediate than at the
least advanced level and at the advanced, than at the intermediate levels

/The results
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The results are summariged in toble 14, which shows that if capital costs
rise 16 per cent a year and wages remain constant (which would be more
realistic for some countries), there would be no reduction in costs between
levels B and G, btut a decrease of 7 per cent between A and B (indexes: 100,
93 and 91 for Ay B and C respsctively)s The most advanced technology would
be unable to compete in these conditions and the choice would thus lis
between B and C. If the guiding principle adepted is the social one of
maximizing employment, the choice will cbviously fall on the least advanced
t.echnolog;}, since an 8 per cent cut in costs would not make up for the
substantial reduction in employment that would go with it, One difficulty
would still remain, howevers technology A is a good deal more oldfashioned
than technology B, and, in fact, is twice as far removed in chronological
terms as B is from C¢ In view of the pace at which the textile industry
is now developing, which is far greater than it was ten years ago, it may
become technologically obsolescent so guickly that choice A will be ruled
out as commercially uncompetitive even hefore wear and tear has made the
machinery physicelly obsolescent. Were this to happen, the industry would
be compelled to make a sacrifice without any sort of recompense even of a
social nature, since low returns would prevent it from building up a surplus
for reinvestment purposes and thus condemn it to stagnates In such a case,
the intermediate technology ought to be chosen even if it involved catiting
down c1 the number of people employed,

Another essumption made is that labout costs would increase by 70 per
gent 2/ while capital costs continue to be 12 per cent annually., In this
case, the index of production costs would be 100, 87 and 82 for levels
Ay B and C respectively. The sharpest reduction again takes place between
A and B (13 per cent ) with only another 5 per cent gained if A and C are
directly compared. The intermediate technological level is thus able to
maintain its competitive status despite heavy wage increases, and even if such
increases are not offset by a corresponding reduction in capital costs.

25/ This is a sharp rise in resl tems and is unlikely to occur unless the
structure of the economy alters radically. The possibility has been
stated so that 40 gauge the effect of extreme conditions on the
different technological levels,.

/Table 14
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UNIT COST OF PRODUCTION IN ACCORDANCE UITH DIFFERENT HYPOTHESEZS OF PACTOR COSTS

(Dollars per metre)

hverage wage a/

Inersase over

Annual rate of Interest on oapliel

077

Dollars
present level por hour 4 8% 12 4 16 4
{peraentege)
Cost per matre
level 4
At present 0.587 - - 0.207 0,218
30 0.763 - 0,213 0,224 T 04234
70 0.998 0,224 0,254 0,245 -
120 1.291 0.251 0,261 - -
lavel B
At prosent 0.615 - - 0,191 .0.202
30 0.799 - 0.189 C. 200 0,212
70 1,045 0,190 0,202 0.213 -
120 1.353 0. 206 0.218 - -
Level C e - B .
At present 0.721 - - 0,185 0.198
30 0.937 - . 0.181 0.193 0.205
70 1,226 0.178 0.13C 0,202 -
120 1,586 0.190 04202 - -
8/ Based on the wage seele in tabls ?. If the increases are uniform, hourly wages in doliars woﬁld be
es follrva (see also footnote 24/): )
Inorense Skilled Semi-gkillod Unskilled
30 per sent 0,65 0.45 032
70 per oent 0,85 0.59 0.42
100 per oent 1L.1¢ 055

/However, the
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However, the general tendency is for the rise in labour costs - which
indicates that the industry is developing -~ to be accompanied by an increase
in the amount of capital available and a consequent reduction in the rate
of interest representing capital costs, Table 15 presents some hypotheses
in this cormexion and shows the evolution of production costs if certain
combinations of factor costs were to occur, In such cases the intermediate
level would be more advantageous than the others during the first two stages,
in that it could carry a 30 per cent increase in labour costs, while
benefiting from a reduction of capital costs to 12 per cemt, But once
capital costs drop to 8 per'cent , level C would be preferable (see figure II).
It is clear from the combinations given in table 15 that level A has
little chance of competing at any stage, and that its choice would lead to
a sharp drop in productivity.

Table 15

UNIT COST OF PRODUCTION IN ACCORDANCE WITH CERTAIN
COMBINATIONS OF FACTOR CGBTS

Hypothesis Absolute figures Relative

Labour cost  Capital cost fisures

(Percentage (Annual rate Levels Tavels
increase over of interest) -
present level) {Percentage) A B C A B C
30 12 Os22l, 0,200 0,193 100 89 86
70 8 0e23L 04202 0,190 100 86 81
120 4 0,251 0,206 0,190 100 82 75

/Figure 11
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‘PRODUCTION.COSTS ACCORDING TO DIFFERENT HYPOTHESES OF FACTOR' COSTS

Unit cost of
preduction
(dollars)

0. 281
0.27

I
0.25
A, 3 S

Level A

Levél B

~ Level C

S I

L

- - !
16% 12% 8%
Current level 309 707

Source: Table 15

Interest rate on capital
Labour cost (increase over

current level)
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IV, THE CHOICE OF TECHNOLOGY FROM THE MACROECONOMIC STANDPOINT

l, The enterprise's amortization capacity and the
surplus available for reinvestment

Thus far the discussion has centred on certain aspects relating mainly
to the economy of the enterprise, although they algo represent the basis of
any consideration of the choice of techniques at the macroeconomic level.

In discussing the problems from the microeconomic standpoint it has been
unavoidable to refer to problems that really belong in the macreeconomic
field, and in the present section also it is not possible to avoid mention
of problems that relate rather to the individual enterprise,

A fundamental examination has been made of the changes in production
costs that accompany the change in production technique, and the changes
in the relative prices of the factors of production, The analysis made
contains the elements nesessary for the evaluation undertaken in the present
section, but it needs to be supplemerted with additional data relating to
the capacity of each of the technologies to recoup the capital invested,

To determine the amortization capacity of each mill and the
corresponding availability of funds for reirvestment, there must be 2 rapid
review of the methodology used in the present study, in view of the special
features of the textile industry in lLatin America., The production costs
set forth in table M include remuneration of capital, which would be the cost
of one of the factors of production, regardless of whether this cost is
wholly or partly paid by the entrepreneur himself or by third partiess In
either case, this remuneration would be available at the end of each period
for reinvestment in this or another sector. The costs of production given
do not include the enterpriset!s normal profit, which represents the
entrepreneur!s remuneration for the service of organizing production. One
part of this profit would also be available for reinvestment at the end of
each period, the amount depending on the marginal propersity to save shown
by the individual entrepreneur,

/For the
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For the purpose of calculating the total surplus for reinvestment,

a hypothesis regarding the enterprise!s income level ié needed, The
hypothesis is based on an assumed sales price for the fabric produced of
0425 dollars a metre.z—é_/ The highest surplus available for reinvestment is
at level C, 0.078 dollars per metrs produced, which represents an increase
of 26 per cent over the figure of 0,062 per metre at level A, The
intermediate level has a reimvestment surplus that is 19 per cemt higher
than at level A, 0,07, dollars per metre (see table 16 and figures III and
V) , o

The increase in umit investment is proportional to the increase in
the reinvestment surplus at both levels B and C, tut the ratio between the
rise in the total investment needed and the rise in the reinvestment
surplus. is more favourable at the intermediate level, This means that
vhere capital is not a limiting factor level C would provide the best
finanelal results, since it would permit a high level of capital formation,
However, as capital availability is low, a maximum level of benefits, in
terms, inter alia, of the total investment required, the reinvestment surplus,
the creation of employment and return on capital (which is 20 per cent at
level B as against 16 per cent at level 4, but only 21 per cemt at level C,
not including the remuneration of capital), is attained, as might be
expected, at the intermediate level (see the indexes in table 17 and
figure V), ‘ -

The surplus available permits total recovery of investment with the
production of 72 million,. 76 million and 83 million metres of fabric,.
respectively, at levels A, B and Ce It should be noted that if the recovery
of invesiment were af the same rate for all three levsls s the production
figures gliven atove would be strictly proportional to the unit investment

26/ The entrepreneur will try to sell his product at the highest price
permitted by the competitive conditions of the market, regardless of
his production costs. In normal market conditions it is common
practice to establish a minimum sales price on the basis of a 30 per
cent surcharge on the ecost price (including remuneration of capital)e
If the sales price is below this level, the article will be regarded
as not worth producing, and the mill will try to eliminate this item
or reduce the volume produced, and replace it by another more profitable
item,

/Table 16
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Tablo 16
DETERIINING THR SURPIUS AVAITABIE FOR REINWESTMENT
{DoYlars)
havel A Level B Lavel O
Xe Total income g/ L 208 250 4 507 250 5 373 750
Total costs Y 3 491 835 3 742 632 3 985 k66
Cross annual profit 716 s 1 16k 618 1 368 284
II. Reinvestmert curplus
ot profit o 286 566 kgs 8uy 555 313
Deprosiation | 227 751 302 339 349 976
Remuneration of dapital 534 40O 679 025 780 916
Total 108877 b 47 211 1 686 205
IIlls Reinvestmant surplus per unit
of produst 04062 0eO7Y D078
IVe Capaoity to amortize total
investment (years) b2l 391 385

& 4% an estimated sales price of 0s23 dollars a metres

Y The produstion sogta are as shovn in table M, that is, the labour cost hypothesis used is as
sposified in table 5, and the Interegt rate is 12 peor cent per axmume

5/ 40 per sent of the grocs anmual profit, whish is what remaing pfter dedustions for bonuses,
taxes, dlstribution of dividends, contribtutions 4o spsolel funds, etoe

[Figure III
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Dollars
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Table 17

SUIGIARY OF THT MAIN EVALUATION COEFFICIENTS AND OTHER LMDEXES
APFECTZD BY TECHIOLOGICAL LEVEL, AT CURRENT PACTOR COST

Indexes
Level Level Level
- A B ¢

it cost - 100 92 89
Unit investment " 100 109 115
Produst-capital ratio at sost level g/ 100 76 68
Product-copital ratie (totel) b/ 100 92 87
Investuent per worker 100 190 310
Worker per unit of product 100 57 37
Value added per worker 100 145 211
Reinvestement surplus 100 119 126
Tots)l investment required ¢/ 100 127 146

a/ Exoluding gross profit {sce table 11).
b/ Including cn estimated gross prorit.

g/ Total investment needed for installation of the minimum economic size. -

/Figure V
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MAIN EVALUATION COEFFICIENTS AND OTHER INDEXES
AFFECTED BY THE TECHNCLOGICAL LEVEL

Index
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indexes, which is not the case. On the contrary, while the volume of
production needed to amortize the whole of the investment made is represented
by indexes of 100, 105 and 115 for levels A, B and € respectively, the
corresponding wnit investinent indexes are 1C0, 109 and 115. In other
words, the effort needed to recover the capital invested is lowest at the
intermediate level.

The volume of production needed to amortize the investment rises as
the level of automation increaaes. The same does not apply to the time
needed for amortlzatlon, since the production capacity is not the same,
and as it rises t.he amortization period is reduced. In fact the total
investment is recmrered at the end of about four years and three nonths
at level 4, three years and eleven months at level B, and three years and
ten months at level G.w Here again, it can be seen the further reduction
of the period at level C compared with level B is insignificant.

2. Summary and discussion of the choices presented

Ti the light of the results obtained thus far, the problem of
selecting production techniques in the cotton industry 28 appears less
complex than it is seen to be if the difficulty of applying a strictly
economic solution is borne in mind; that is to sasr, any solution adopted
involves meking value judgements and, in the last analys:.s s Is a dec:x.s:Lon
at the level of cconomic policy.

The two poimts of view, one emphasmmg the importance o mawimum
product and the other that of reinvestment surplus, are undoubtedly
conflic;cj.ngv, The application of either to the exclusion of the other would
be dangerous, in view of the two extreme positions they represent, in an
industry ilke the textile industry, which may be regarded as at tlm beginniing
of a technological transition.

27/ These figures assume that the whole of the surplus is used for
emortization purposes, which may not occur in practice; that is, the
figures should not be regarded as representing the amortization capacity
or an enterprices

28/ 1In view of the similarity of the productive processes, and the technological
evolution of the machinery, in other branches of the textile industry,
the results obtained here can be extended to cover the manufacture of
other fibres without any risk of substantial distortion,

/In the
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In the present case there is a striking difference in the extent of
the changes that occur in the indexes at the levels considered, There is a
slight rise in reinvestment surplus at the cost of a very sharp reduction
in the mumber of workers, It can also be seen that the greatest difference
are between the lowest and intermediate technological levels, while those
between the intermediate and highest level are in many cases insignificant
(see table 17),

To obtain one unit of output, level B requires 57 per cent of the
labour force needed 2t level A, and at level C the reduction is to only
37 per cent; in other words, the creation of a vacaney for a worker at
level B requires double the amount of capital required at level A, while
at level C it reguires three times that capital, In view of the effect
that a choice of this kind is bound to have in countries where unemployment,
either overt or hidden, is chronie, the level that ensures the highest
level of employnent is unquestionably the most desirable.

However, there are cther considerstions to be taken into accounta
The productecapital ratio declines as automation of the productive
process inereases, that is, as the process becomes more capital-intensive.
Hence, from the standpoirt of the productivity of capital, the choice
once again falls on level A, since this offers the highest product-capital
ratio, However, that does not ensure the highest growth rate. On the
contrary, as the value added rises becaunse a larger share represents
remuneration of labour, the additional portion of product thus created
will go to the workers and be used for consumption., Thus the maximization
of the product cannot be an objective in itself, without prior study of
the composition of the value added and the destination of the product.

The choice of level A technology for the sole purpose of raising
employment to the maydimm level alse involves two risks. Firstly, the
reinvestment surplus is very low compared with that for the cther two
levels, which may lead to too slow a growth rete of the gross product,
Where the textile industry has too low a reinvestment surplus, it will be
condermed to stagnation. Secondly, the choice of technology A, representing
machinery that was modernin 1950, for a sector that is developing very
rapidly, as the textile sector is, may mean falling too far behind the

industrial counktries.
/4t the
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At the other extreme is technology C, which has the lowest product-
capital ratio, but provides the highest surplus for reinvestment., Obviously
this level would be preferred by the private entrepreneur looking for
the highest profits, and the reinvestment surplys can be allocated either
to reinvestment or to consumption, Given that in the entrepreneurial class
the marginal propensity to save is higher than the marginal propensity
to consume, the most advanced technology ensures the highest growth rate,
although the effects are felt only over the long term, From the strictly
economic standpoint the preferences of the private entrepreneur are
compatible with the possibility of accelerated growth, but the social cost
involved in the choice of level C technology may be too high for eny
likelihood of its being offset over the long terms In most of the Latin
American countries the level of unemployment is normally high, and the
textile industry may be responsible for this, since it is the industrial
sector that could offer the largest volume of employments In sum, the
possibility of maintaining an adeouate balance between the supply of
capital and of labour, without running the risks referred to above, is
provided by level B,

It was asgerted shbove that any choice necessarily involves vzlue
Judgementss The aim of this study is to gather specific date that cen
permit the problem to be discussed from the standpoint of the economy as
a whole, the individval sector concerned, or the erterprise itself. The
decision will necessarily be political, as is only to be expected, Uhat
is important is that before taking the decisions involved, the authorities
should obtain the technical data that ars essential in forming their
Judgement .

/Annex
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Annex
Table A
MAIN GHARAGTETISTIOS OF THE PRODUGCT STUDIED

Yarn (varp and walt)

Cownd (apsish) (carden) 18

Twlot coefficient 4,00

Turns por inch ' " - 17 .

Type of sotton ' B 3y

Width of gray goads {om) 90

Threads per contimstrs ’ o 20

Ploks per centimetre ' . 20

Total threeds in warp g/ : . 1 860

Warp admtrestion (perosntage) 7a3

Weft oontraction (percentage) : 7e3.
‘Welght per linear motre (grammes)t

Total ' 230

Warp . _ 66

Vet | . _ 64
Welght per square metrs (grammes) ' 14
Typoe of waave Flaln weave

& W1th triple=yam selvages

/Table B
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Teble B
PRODOCTION PLAN
Level &
Production ﬂ;::; of Food Draft T:::a Speed of ?:i:::y Pﬂ:ﬂe;tion
stage produced Sl inch operation (p:;:?& ma;hi;#
Seutcher 04G22 - - R 90 180 kg
Card 0v12 000012 100 - 14 rpm 90 8 kg
Draving frane I 0s12 §0.12 é - 240 feat/ming 85 13 kg
Draving frame 13 Del12 6/0e12 é - 240 feet/miny 85 18 kg
Roving frame 0e7% 0e12 6025 100 900 ypo 820 g
Ring apinning frame 18 075 24 17 9 100 rpn 90 241
Cone winder 18 18 - - 400 fesi/mine 70 505 g
Pirn winder 18 18 - - 310 fest/min 70 390 g
Warper - 4 beams, 470 ends 400 feet/ming 168 kg
Slasher - - - - 48 feet/min g/ 50 81 kg
loen - - - - 180 piokgfmine 85 4459

8/ Assvming a maximum cVaporation papanity of 227 kg or hour end o varp huridity aatent of 150 per oente

/Table C
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Table C
PRODUCTION PLAN
level s
Count of Tfurns Erfi- Production
Produotion stage yarn F 39? Braft per Speed of (;tf.lgz':_ per
prodused har ineh operation tage)  machine/
hour
Seutcher 0,0012 - - - 11 rpn 95 210 kg
Card 0a12 0,0012 100 - 21 ren 90 12 kg
Drawing frage I 0.12 6/0.12 & - 700 feet/min. 74 LE.5kg
Drawing frame II 0.12 6/0.12 ' é - 700 feet/min. 74 BhaSiez
Roving fraue 0.75 0.12 6425 1,00 1 000 rpm 76 910 ¢z
Ring spimning franme 18 0,75 ol 17 9 500 rpm 90 25.1 &
Cone winder 18 15 - - 600 yd/min 70 7% g
Pirn winder 18. 18 - - Boo yd/mn; 80 1140 g
Varper - 4 beams, 470 snds 600 yd/min 50 253 ks
Slasher - - - - 56 ya/usn &/ 50 M kg
Loom - - - - 200 pieks /min 90 5440 =

g/ Assuming o maximum evaporation capaeity of 317 g per hour snd a werp huuldiiy content of 150 per oent.

/Table D
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Teble D

PRODUCTION PLAN

Level C
Count of Effi~ Production
Production stage yarn Poed Draft Purng Spoed of sienoy per
Ber tion {peroen- machine
producsd henk i opera e
Soutcher 0,0012 - - - 12 rpm o5 230 kg
Card 0.12 0.,0012 100 - 35 rpm 90 20 "
Drewing frams I 0,12 6/0e12 g - )} 000 feet/min 7 6645
Draving frame II 0,12 6/0412 6 - 1 000 feet/in oy 6645
Roving frams 0475 Cal2 625 1,00 1 200 rpm 7'8 1100 g.
Ring spinaing frane 18 0.75 24 17 10 500 rpm. 92 28,2 "
Cone winder 13 18 - - 1 250 yd/min 65 1920 ®
Pirn winder 18 18 - - 960 yd/inin 85 1460 n
Warper - 4 beams, 470 ends 600 yd/min 50 253 kg
Slasher - - - - 61 yd/min a/ 50 103 ke
Loom - - - - 220 pieks /min 90 594 n

g/ Assuming a maximum evaporaticn capacity of 317 kg per hour and & warp hunldity content of 150 per cent.

/Table B



E/CN.12/746

Page 57
Table E
FRODUCTIGN PROGRAMIE AND MACHUE REGUIREMENTS
Levsl A
&'oduntstoh thsts por dy Numhar_:gi g:oducﬁon Babes of
Maghine %Et;;g :%M — “gg:-g’ — oo mohines
a.',. 5) éﬂ:; granmes N '&d.oa.l ,
Seutcher 414 8 200 . 36 5.0 2 2 Opsrating line
Card : 184 7 783 497 640 42,3 I k4
Dreving freme 1 lny 7 ik 9 0u5 1547 20 5 with 4 deltveries
Dreawing freme II a4 7 705 39 0e5 18,6 20 5 vith b deliveries
Roving freme 18,860 7 667 30 0,5 Lot 420 5 with 84 spindles
Ring spinning frome 04554 7 852 115 - 1,5 13 630 13600 | 3% with 400 spindles
Cone winder 11,620 7 Yoy 15 240 637 4o 8 with 80 spindies
Pirn winder 84970 3 594 13 140 Yoo 136" 13 vAth 4xB spindles
Warper 3 364 3736 38 1,0 1 1 i |
Slagher 1 863 3 700 36 1.0 2 2 2
Loon L1342 7 294 - - 58 5% 534
(205.572) (56 210m) K '

Total dnput of cotton (Idlow : 2o~ For=

granmes) ) 8 ne o pmwoes  centage
tasto recovered (idlozrammes) R ) Total wpte - Tz TG-:?
Daily consumption of cotton

{lomenmas) 8 255 ibgte rosovered k6 5¢3
Ampl congumption of cotten

{tens) 2 byé Net wote 961 11,0

8/ Witha 23-hour day,

/Table F
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Tatle
PRODUCTION PROGRAM/E AND MACHINE REQUIRRENTS
Level B
Production Fumber of produstion
Haste per dy antis Kumbor of
Iaohine Daily g;’,iz‘; : machines
unlt gutsirt
tout ygll Kuo- P -
fiifow, “(Hiton. Gremos  ommtage igesp  Actml
8“?3& 8)  graumes)
Seutcher 4 830 9 660 508 5,0 2 2 Opening line
Card 276 9 080 580 6.0 32,9 k13 34
Draving freme I 1 070 9 035 Lg 0,5 St 10 % with 2 deliveries
Draving frame il 1 070 8 990 45 0,5 B4 10 5 vith 2 delivertas
Roving frame 20,930 § sh5 s 0,5 Loy k30 5 with 86 spindles
Ring epinning frame 0.577 & b1 1% 1.5 15 20 15 200 38 with 400 spindles
Cone winder 17,388 B 635 176 2.0 Loy 500 5 with 100 gpAndies
Pirn winder 26,4220 418 h2 1.0 160 180 5 vith 36 spindles
Tarper 5 820 4 360 Wk 1,0 0.7 1 1
Siegher 2 162 4 517 L3 1,0 2 2 2
Loom 164150 8 506 - - 527 530 530

(12b.20m) {65 L3cm)

Total input of cotton {kilow

granmss) 10 168 Rilow Pos
e resovered (idogrumens) 4o gomes  centage
¥y consumption of aotton -
gt
(ictLagremmes) 9 628 Total veate 5 537 177
Ammin) consumption of cotton Tagte rosovered 274 8,7
{ tons)

2,888 Net waste 2 816 9,0

o/ Uith a 23-hour dey,

/Table G
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Table G
FRODUCTION FROGRAMME grm MACHINE
Level @
Produotion

Da.'il}' Patel : Number of proe

Maohd unit daily Vaste por day duction units Mamber of
ne ouiput eutput Ktiow Pore maohines
(120~ required  grgpe  cente Theore~ Aotugl
grames) s/  (iilo- ‘meg age tical
grammes)
Ssutchar 5 290 10 580 557 50 ' 2 Opening 1tne
Card k6o 9 45 635 640 2146 22 22
. Drewing freme I 1 530 9 895 50 0s5 Eold 8 t with 2 heads
Drewing frame IT 1 5% 9 §4 by 045 Galt 8 % with 2 heads
Roving fieme 254300 9 797 49 0e5 587 350 L with 78 spindles
Ring spimning frome 0oLl 9 650 17 1.5 1% 890 14 820 39 with 380 spindles
Cong windop 160 9 sy 193 2,0 24 220 22 with 10 spindles
Pirn winder 334580 % 588 hé 1le0 137 14 § with 35 spindles
Warper geB20 4 775 kg 1.0 0.8 1 1
Sigsher 2 370 4 5oy 48 1.0 2 2 2
on 17476 9315 - = 52k 504 52l
{136462m) {'nL 650m)
Kilogrammes Perc antage

Tetal input of cotton
Waate recoversd {kilogrammes) Total waste 1 822 16,3
Daily consumption of cotton {kilegrarmes) Waste ressvered 590 5e3
Anmual sonsumption of cotton (tons) Net wasts ' 1 292 11,0

& With a 23<hour daye

/Table H
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Table H
MACHINERY INVESTMEN? REAUIREMENTS

{Feosbe price in dol.‘;.;__xj_s_) ' gg
Level A Level B Level C :; 5
Equipnent specifisation Tt Fumber _ Total i Tumber ST T Uatt  Mumber Totel O 0
) prioo reqguired feocbiinst price required faue’ 200 PTLCO required Lecobscoat }
1, Maln equipment 1 814 500 2 523 710 2 931 6
Ao Spinning 870 680 1 142 200 1 359 210
1e Complete opening equipment,with
2 goutchers 60 000 1 60 000 67 000 1 67 000 73 000 1 73 000
2¢ Dust filter systenm for opening
roam - - - - - bl 13 L:OQ 1 13 llOD
3¢ Centralized electrio control panel ) .
for opening room - - - 3 500 1l 3 B0 o500 1l 3 500
iy Automatio lap doffing - - - - - - 5 000 1 5 000
5e Cards 3 900 M1 171 600 7 300 34 248 200 11 000 22 242 000
64 Pneumatic oard waste removal - - - - - - 550 22 14 300
Je Drawing fromes ' 700 Lo 28 oon 2 2ho 20 by 8oo 3 000 16 48 oo0o
8¢ Warping machines’ - i5% k20 64 680 230 Y30 98 900 285 390 111 150
9+ Traveller oleaners for roving -
frames N - - - - . - - 10 000 1 10 000
10. Ring spinning frames 33 13 600 4B §oo a8 15 200 547 200 43 14 820 637 260
T £, . :
e Pranes o Slsaners for epinning - - - 3260 1 32 600 . 32 600 1 - 32600
12+ Cone winders 30 640 57 &00 180 500 .90 000 70 o 220 169 000
By Heaving 22 820 1 39: 510 1 572 z%
1e Pirn winders 150 k6 62 Loo g;u 160 59 8k 504 . 75 Yz
2+ Warping maohines 9 200 1l 9 200 12 570 1 12 370 iz 370 1 12 370
s Slaghers ; 21 760 2 43 520 36 900 - 2 73 8oo 50 550 2 101 100
looms 1 550 534 827 700 2 350 30 1 245 500 2 6ho 52% 1 383 360
IT. Auxillery equipment ' 11 950 - 36 610 45 570
Ay_Spinninz ' ‘ 8 890 . 16 230 - 16 460
1¢ Soales of different kinds - - 2 000 - - 2 000 - - 2 000
2¢ Carts for Handling material - - 530 - - 1 860 .- - z oo
e Foric 11f¢ - 3 000 1 3 000 3 000 1 3 000 3 000 1 000
Card maintensnce equipment - - 550 - - & 280 : - - 460
S5« Spinning frame taintenance .
oquipment - - 2 8oo - - 2 8090 - - 2 800
64 Alr comprossor - - 950 1 350 L] 4 1 800
B, Weaving - - 3 100 20 380 29 110
1s Knotter - - - 6 000 2 12 0G0 6 000 2 12 000
24 Size preparation equipment - - 2 800 - - 4 400 - - 7 650
3¢ Cartz for handling material - - 300 - - GO - - 1 500
by guill stripper - - - 2 200 1 2 200 2 200 3 6 600
Hs Alr compressor - - - £80 1 £80 680 2 1 360
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Table T
INVESTYENT REQUIRCIENTS FOR BUILDINGS AND ANCYLLARY FACILITIES
(Bellars) :
Cost per Level A Level B Level ©
Specification
paoition SARTE  tres Total Ares Total Area Total
netro required oogt required cost reguired sost
I.Buildings (iotal area) 16 830 631 980 17 050 632 320 16 530 619 880
Ae Production area 36 13 680 ka2 480 13 850 458 960 13 430 483 480
B, Services mres iy 3150 138 600 3 150 140 360 3 100 136 400
Il. Power and light 12 16 830 201 960 17 050 20% 600 16 530 198 360
Ill, Alr conditioning 15 - - 3000a/ 45 000 16 530 247 950
V. Hunddifying 5 gulop/ L7 050 6 3605/ 31 8oo - -
Ve Water and steam
(4noluding boilers) - - + b2 000 - 42 000 - k2 000
Totel cas - - 922 090 - 962 720 - 1108 190

8/ Air oonditiening in the spinning rocu,
b/ Humidifying in the spinning and weaving rooms,
o/ Hmidifying in the weaving room, ~

/Table J
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Table J
ESTIMATED MXNIMUH WORKING CAPITAL NEEDED PCR MILL OPERATION
(Dollars)
Item . | Level A Lovel B Level C
Te Minimum stook of rew eotien - 274 000 319 600 350 150
II. MAterial in eo&sa of prooessing N 83 220 83 950 86 &40
IIT, Stock of finished products | ) L1 610 k1 970 43 320
IV, Stock of spars parts and |
aneillary materials 36 270 50 470 58 630
V. Minimum cash supply | 25 460 25960 26 620
Totel working eapital | Léo 560 21 750 565 360

Bases of estimates: I. Two months' production supply. ) )
II. Ten days' production #WFly el cost of raw matorisl and labour (include

ing soolal seaurity oharges).
I1l. Five days' production at cost of raw material and labowr (including

soolal sesurify charges), :
IV, 2 per aent of the value of the basie equlpment,
V. I per cent of the annual cost of raw material and labour (insluding

soctal sesurity charges).

/Table K
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Table K
TOTAL INVESTMENT REQUIREMENTS F(R EACH PRODUCTION HYPOTHESIS
(Dollars)
Tten Levol & Lovel B Lavel C
To Fiz::d invegtmont 3 992 7680 5 336 792 5 942 273
Ae Buildings and aneillary
fittings af 922 090 962 720 1 108 190
B, Zjuipment b/ 2 170 602 2 987 102 3 459 gli2
Co Proight and insurance ¢/ 217 060 298 710 5 Ik
D Congtrustion sost g/ 30 675 126 185 146 573
E, Preo-operational sosts s/ 102 012 17 2l 151 821
Pe Interest payments during
sonstruction pariod £/ 490 3h1 €30 834 729 753
11, Yorking cepital L5 560 521 750 565 360
A. Permanent atock of
working capital g/ 460 560 521 750 £65 1360
1T, Total investment 4 453 3o 5 656 Sl2 6 507 633
e/ See table Is
b/ See table Hs
o/ 10 per sent of the total value of the squipment.
&/ 5 per cent of the value of the basic equipment (see table H).
g/ 3 per cont of the wvalue of Mo {'xad assetse
£/ 12 per oent yearly on items .. .. », for a peried of 14 months.
g/ See table J.

/Table L
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LABOUR REQUIREMENTS AND ANNUAL LABOUR COSTS

" (pepnrouod) T erqel/

(Dollars)
Claw o Level A Level B Level €
Ure , . T -
Osoupation e T
ton WaBF . 3™ ong srd 1 ermtal o d  9rd ,  emmal  TETToa ard |l
& N  shire enift shiry O cost shift shift s?uft Total  cost e ohifs snifs O oot
1. Spinning ' ggg 222 24 133 121 128 82 78 8o
A, Opening through roving : . 83 50088 B Ly oW B A28
0 tend v 0.2 1 1 1 1920 1 1 1 3 1920 - - - - -
pﬁﬁ: tiﬁd:: v 0.32 1 1 1 § 2 gf 1 1 1 3 2 286 1 1 1 3 2 683
Card tonder Y 0.35 2 2 2 ‘ 5 57 1 1 1 2 2 658 - - - - -
Csrd helper ¥ 0,25 3 ] 3 9 570 2 2 2 2 Bug - - - - 8 ol
Draving tender v 0.3 5 5 g 15 ‘13 2 2 2 € 53 3. 3 3 Z 3
Foving tender ¥ 0.95 3 5 g gk 2 2 2 6 53 2 2 2. 5 37
Roving helper ¥ 0?5 2 g 2 3 84o 1 1l 1 3 1 920 - - - - p -
galer B oo 3.0 7 2.3t 1 o7 PO oo 3 .8
: gg:g::amo foreman F 0:?5 2 2 2 2 11 ’20 2 1 1 ?I ; 550 1 1l 1 a ?720
" Production foreman F 075 2 ¥ 2 4 753 2 1 1 4 %o 2 1 1 o i 560
Pe Spinning gnd winding 181 157 352 50 .. _79 080
Spimers ¥ o3 1 2 1 ? 32 256 ﬁ 8 E Y g g é TR 440
Doff . ¥ 0 1 . 4 . iz - 7 &80 9 760
) g:iigri°§der g glé; g g g % g gﬁg 1 1 1 3. 13920 1 3. 3 i 920
plcxer . - - - - - - - - - - -
. 3120 . : , 20 i . 20
gmghoer  bEr o r b3l bbb
: w{:::rler sHanger v 0:55 2 32 32 92 85 016 12 12 12 3z 2 h - - 4 12 10 752
R ¢ 7 S O A I A Y
rw03u§§§§§°e°22322" P o:és 1 11 3 .5%0 1 1 ) 3 5 g&z 1 1 1 153 153 ggz
1T, Weaving 330 298 752 232 211 82 153
& Propepation - 123 10 ) c e 7 é%égg 8 Hg{%%
0 1 1
SR fepoee - B T A "92%”53753 SN T B T I B S B R
Warper. tendor ¥ 0u3 1 1 1 3 2 &8 1 1 1 3 2688 1 1 1 3 2 &88
e v a2 L oL L 3BT 3BT ) B
arn er . * . .
Slasher tend v d. s 2 3 2 ’ 2 3 2 5
) égsis‘gznteslaezher tender 'g g%s Iﬁ. ’ § E lg 2 5@8 12’ § 2 g o %%ﬁo % 1 1 g lé%
Z6 Man ™ . : - - - -
g=in hand v o - - - - - 3 1 1 <2 63 3 1 1 z 68
g?hmuhﬁ ; §%. g & 4 % %1% f f - ﬁ g%g f 2 - g 3&%
ar . - - -
Swoeper and quill etripper F 0’.2 }& t t 13 ﬁo 2 2 2 2 3 EBO 1 1 - ﬁ 1 223
Maintenance foremgn ) P 0e75 2 2 2 - 11 520 2 2 1 5 53%0 2 1 1 75
Produstion foreman B G5 1 1 3 3 5760 1 1 1 3 570 1 1 1 3 5 760

¢9 o%ed
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Table L (sonoluded)

Clag~ . Lovel A Lavel B Level ¢
£1fi~ Houre Mumber of pers Mambsr of persons Mebor of
Ocoupation sam sployed - Total smployed . Total enploged Total
tlon wWage  1pt md 3rd oo annual 1:% 2nd  3rd oo onmial lst 2nd 3rd o, ol annual
g Y  shift  shift ehift eost  ohift ghift ghift eoot shify shift ghift sost
Be leom ssotion Py 0 843 2 145 2% 111 114 ou8
. Heaver T 035 26 % 6 —55 69 868 18 1B 18 5B UG 34 34 1 16 I 3
Hauier Vv 0,25 & B4 312 7é8o 3 3 3 3 570 3 3 3 9 5 760
Battery hand VT 0.25 1: 13 13 b2 28 230 1 1 1 b2 26 820 - - - - -
Warp loader v 0.25 12 7660 3 a 3 9 570 3 3 3 9 5 760
Gloth doffer ¥ 0e25 4 4 % 12 7680 3 3 3 9 B%0 3 3 3 9 5 760
Giler P 0s25 3 a E 9 ? Zgu 2 2 2 & 3840 2 2 2 6 3 84
Swacper and loom blower F 0,25 12 o 3 3 3 g 760 2 2 2 é a 84p
Meintonanasé foreman N L] ] 8 2k W5080 & 6 4 1 56 6 6 6 18 3% 560
Production foramen P 075 2 2 2 6§ 150 2 2 2 6 1ns520 2 2 2 6 11 520
111, Auxllery services W ¥ 880 b2 43 280
As Matntenance 2 21 8 2 22 ko 20 4§ 2k
* Fechanio Foouyn 6 - - 8 7 200 4 - - "é & 800 4 - - 5 317'50_9
Eleotrician F 0.5 1 - - 1 1200 1 - - 1 1200 1} - - 1 1 ggg
Welder F 0e50 2 - - P 2430 2 - - 2 z4oo 1 - " 1 2
Carperter P 0450 1 - - 1 lazc0 1 - - 1 1200 1 - - 1 1 200
Workshop hand F 025 12 - - 12 7200 9 - - 9 5 oo 6 - - 6 3 600
Boilerman F 035 1 - - 1 6o 1 - - 1 8 1 - - 1 8o
Aly conditioning mechanis F 0,50 - - - - - 1 - - 1 1 200 1 - - 1 1 200
Maintenance mechanio F 0«75 1 - - 1 1 800 ) - - 3 540 5 - - 5 2 Q00
Bs laboratory L 580 5 hééy ‘ 5 4 680
Sample cclleotor F  0.3%5 1 - - -g 2o 1 - - 1 ~ 8% 1l - - 1 oo
Technicinn F  0.35 1 - - 1 guo 1 - - 1 840 1 - - 1 -8ho
Asgigtants ) P 0425 2 - - 2 1200 2 - - 2 1200 2 - - 2 1 200
Analysis nssiatant P 0.75 1 - - i 180 1 - - 1 180 1 - - 1 1 Boo
Ce Mimcollancoup 21 14 460 21 14 760 lg 12
Cotton ptorage hand V 0.35 - - 5 3 360 4 - - °§ 3 %0 U - - _'%3
Harness and shuttle
iy - A I N T I A Ot I - B
Unspesified LN % 3T Rt S 2 IR oI 4 7w 8 < - g % §oo
IVe Administrative steff 8 £ 8k x| 8ko a3z jg_lLO
Mansgerial gtaff A Monthly Salapys US§ 500 2 1z 000 1 000 1 000
Enginecrs 4 Yonthly Salaryt 500 2 12 000 900 5 30 000
Techniolans A Monthly Saleryt us: 350 4 16 8oo g 16 8op 8 25 200
Supervisors A Nonthly 8alery: US$ 220 6 15 8% 15 8o 8 120
0ffice staff A 0450 18 21 éoo 13 15 600 6 2 200
Sweeper and watohman A 0,25 é 3 600 6 3 600 6 3 600
Total fixed labour 136 165 000 106 134 Loo 92 126 120
Total variable labour .ot 397 272 307 240 W32 191 153 864
Totsl mdministrative staff 38 818w 33 75 8ko 32 93 120
Grand total 668 &iy 112 4hé L5 672 ns 279 10k

F = fixed; ¥ o variable; & 8 administrative,
The third shift has bean inoresased by 20 por coente

99 aFed

ghl/eTNy/T



‘lahl.o

B/CN,12/746
Page 67

AFNNUAL PRODUCTION COSTS ACCORDING TO 'i‘HE DIFI"EREM' HYFOTHISES STDINY

'(Bellars) |
Speoification Lavel A Lovel B Leval € For metys
I, Mxed cagty 1 130 812 1 304 969 1 40 927
Fixed labtour 3/ 165 600 134 400 126 120
Admindetretive labour sf 81 8Lo 75 8ko 93 120 0402053 0. 01499 0s01427
Social seoumtty s8 736 84 096 847 696 '
Matntanan. of 18 135 25 237 29 N5
Depredation gf 227 791 302 339 349 976 - 0,01353 04011540  0,01628.
Interest o 534 400 679 025 780 916 0,03175  0C.03459 ' 0,0%33
Overhsads £/ 4 950 % 032 3 784 |
IIe Varlable costs 2 361 023 2 W3y 663 2 51% 539
Raw matordnl gf 164064 1917632 2100 896 )
Anoillary materiale Y 32 881 38 352 2 018
Vartable labour 3/ 397 272 240 32 153 864  0.03304  © 0u01735  0s01002
Sostal security & 158 909 96 173 61 546
Maintenance )/ 36 270 50 b7k 55 630
Eleotris power, water and
stean I 56 735 5 576 60 U2k
Sales expenditure pyf 34 692 36 o2h 37 161
11T, fotal costs U5l 835 3742632 3985 k66
o See table L.

Y U0 per sent of fixed and administrative labour cogtse
3/ Pixed maintenance costs, caleulnted at 1 per oent of the cost of the basio squipments
& linear deprsoiation over 40 years for buildings and 15 ysars for machinery at owt, 1!:3‘!:9.110:1 and ready to

operates
& 12 per cent of total investment per anmume
Y/ 3 per cont of fixzed labour costse
g 5o tables E, F and G
Y 2 per cent of raw material costss
i/ See table L.
Y U0 por cent of variable labour costse

Y Variable maintenance ccate, oaloulated at 2 per seni of the cost of the basio equipmerrts
J/ About 2.5 per cent of variable production sostse :
1f About 145 per cent of variable production costs.

/The data
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The data on prices and operating conditions of the machinery
referred to in the present study were obtained by consultation with the
firms listed below, to which ECILA wishes to express its gratitude.

1. Abbot Machine Co, Ince
Greenville, Soutl Carolins
U.S .A.

2+ Barter-Colman Company
Fockford, Illinois
UsSads

3s Bergedorfer Eisenwerk Alktiengosellschaft Austre~Werke
Harlrirg = Bergedorf
lle-" Germany

Le Briuvich Northrop Sales Limited
Blackburn, England

2e Ay Carniti & Co,
Oggiono = Commo

Italy

6s Cocker Machine & Foundry Company
Gastonia, NaCe
Ua$¢Ao

7¢ Devtscher Spimnereimaschinenbau Ingolstadt
Schiebfach 260
Ingolstadt = Donau
West Germany

8 Draper Corporation

Hopedale, Masgachusetts
U.S.'A.

9. Fratelli Marzoli & Co,
Via Borgogna, 8
Milano, Italy

10, Gebruder Sucker Gubtt,
405 Munchen = Gla,dbach

Postfach 205
West Germany

11, Carlo Giamti Si4.
Via Ce Menotti, 1
Busto Arsizio=Varese
Italy

/12, Joseph Hibbert



12,
3.

14,
15,
16,
17.
1,

19.

20,
21,
22,
23.

2sa

Joseph Hibbert & Co. Itd,
Century Works, Darwen
Lancashire -~ England

Howa Machinery, Litd.
Shinkawa=Cho :

Near Nagoya, Japan

Invest Export (Textima)
Taubenstrasse 7=9

Berlin W8/DDR

German Democrstic Republic

Leesona Corporation

332 Strawberry Field RD.
Wa: #ick, Rhode Island 02887
UeSude

leesona Limited
Heywood, England

Lindaver Dornier ,
Gesellschaft M,b,tte
Lindau {bodensee)
West Germany

Métiers Automatiques Picanol S.A.
1~13 Ave, de Pologne, Ypres
Belgium

Pietro Muzzi

Via Luigi Maino, 7
Busto Arsizio
Varese -~ Italy

Onita -
Albate, Commo

Italy
OeMe Ltd,

Umeda Bldg, 7 Umeda, KITA~KU
Osaka, Japan

Platt Bros (Sales) Limited
Oldham, England

Rieter Machine llorks
Winterthur, Switzerland

Ruti Machinery Works Ltd.
Ruti /ZH
Switzerland

25e

264

27,

28,

29

30,

31,

32

33

3be

35

36,
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Sacoslowell Shops
Box 2327, Greenville, S.C.
U'S.A.

Adolph Saurer Lid,
Arbon '
Switzerland

We Schlafthorst & Co,
L05 Munchen=Gladbach

West Germany
Schweiter Ltd.

8810 Horgen 2, Zurich
Switzerland

Société Alsacierme de
Constructions Mécaniques
Boite Postale 319

Molhouse, France

Strojexport Kovo Elitex
P.O.B, 7966, Praha
Czechoslovakia

Tattersall & Holdworth's
Enschede,

P.0.Bs 53

Holland

Tecnomeccanica Lombarda S,P.Ae
Viale Tunisia, 45
Milano, Italy

Toyoda Automatic Loom Works Lid,
Karia Aichi-Ken
Japan

Within Machine Works
Withinsville, Mass,
U.S.he

West Point Foundry & Machine Co,
West Point, Georgia
UeSeAs

Zinser Textilmaschinen G.m.b.tte
7333 Ebersbach (Wuertt) Fils
West Germany






