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The World Employment Programme (WEP) was launched by the International Labour
Organisation in 1969, as the ILO’s main contribution to the International Development
Strategy for the Second United Nations Development Decade.

The means of action adopted by the WEP have included the following:
— short-term high-level advisory missions;

— longer-term national or regional employment teams; and

— a wide-ranging research programme.

Through these activities the iLO has been able to help national decision-makers to
reshape their polic and plans with the aim of eradicating mass poverty and
unemployment.

A landmark in the development of the WEP was the World Employment Conference
of 1976, which proclaimed inter alia that “strategies and national developrient plans
should include es a priority objective the promotion of employment and the satisfaction
of the basic needs of each country’s population’. The Declaration of Principles and
Programme of Action adopted by the Conference have become the cornerstone of WEP
technical assistance and research activities during the closing years of the Second
Development Decade.

This publication is the outcome @f a WEP project.
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particular industry in a particular country: jute processing in Kenya. sugar processingin
Indta, cement block manufacturing in Kenya. bricks and shoes in Malaysia, textile manu-
facturing in the United Kingdom, engineering in Colombia, and metal working in Mexico.
The concluding chapter by the editor provides a synthesis of the findings of the studies and
draws lessons for policy making. It puts the contents of the book in the perspective of new
emerging issues like energy. environment and the dynamics of iechnicai change. besides
outlining the extensions of WEP research in the field of technology. One of the sigiificant
conclusions of the analysis is that inappropriate choices are often made not because tech-
nical alternatives do not exist but because selection systems are inadequate and because
private and public decision-makers are unaware of the existence of the alternatives.

The foreword by Professor Amartya Sen puts the above informational problem in its
proper perspective of macrg-planning and explains why detailed technological studies
such as the ones included in this book have been neglected tur so long.
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ERRATA

Page VI, first full paragraph, line 9. For “partical equilibrium™ read “partial
equilibrium™.

Page 3, first fuldl poragraph, lines 9-10, For “as can be seen from table 1, which
includes both series’, read “(see the table overleaf, which includes both series)”.

Page 13, first line after the paragraphin smal print. For “products i:table 1" read
“products in the table on pp. 6-7".

Page 254, table 60 }

Page 255, table 61 ' at bottom of first column. Delete “Any no.” and substitute
Page 256; rable 62 “Total”.

Puage 256, rabie 63

Page 303, footnote 1, firct line. Delete the words “to be”.

Bibliography (pp. 381-382}, under

Cardweli. Add “Yale University Econcmic Growth Center, 1977,” before
“manuscript”.

Diaz, Alejandro C., and Gujarati, D. N. “Employment and productivity in Indian
industries .”. Alter authors' listing to “Diwan, R. K., and Gujarati,
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Diwan, R. K. “Alternative specificativa 0F economies of scale". For “VoiXxXvil”,
read “Vol. XXXI[I".

Hasibuan. After “Lawrence J. White (ed.): Technology, employment and devel-
opment”, add “(Maniia, Council for Asian Manpower Studies, 1974)".

Morowitz. Alter to "Morawetz”.

Pickerr, J., isthe sole editor of “The choice of technology in developing
countries”.

Sicar. For “Capital-labour substitution in a developing country”, read “Capital-
iabour substitution in a developing economy”.

Teitel. For “Vol. II", read “Vol. 117,




FOREWORD

This collection of papers, edited by Dr. A. 5.Bhalla, represents a contri-
bution to the economics of technological possibilities open to developing
countrics. Most of the studies are concerned with identifying and analysing
aternative techniques of production, and examining their implications for
specific policy decisions. 'The motivation is practical and the focus is down to
earth, The intention is not to suggest a grand strategy for technolegical
planning, but to discover factua relations in the detailed technical experience
of specific countries-as regards can making in Kenya, Tanzania ar:d Thailand,
jute processing in Kenya, textile manufacturing in the United Kingdom, sugar
processing in India, manufacturing cement blocks in Kenya, running engineer-
ing industries in Colombia, metalworking in Mexico, extracting and process-
ing copper and aluminium in the United States, Zambia, Zaire and Chile, and
making shoes and bricks in Malaysia.

A MEGLECTED FIELD

It is not unfair to describe this book as being concerned with the details
of technologica economics. It iz precisely these “details’ that make al the
difference between success and failure in technologica planning. Nevertheless,
this has been a much neglected field of research, and it is worth inquiring why
thisis so.

One reason, certainly, is the lack of glamour in such detailed work; the
mention of can making in Tanzania does not make the air eectric with expec-
tation. ‘' The number of economists who will be absorbed by a study on manu-
factoring cement blocks in Kenya is likely to be remarkably lower than the
number who will dig deep into a generd article by the same author on the
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conflict between output maximisation and employment maximisation in
technological choice. The system of recognition and acclaim that applies in
the world of economics does not particularly encourage the preparation of
works concerned with details, however important trey may be for practica
planning.

EFFECTIVE DEMAND AND SECTORAL BALANCES

But this, 1 suspect, is not the whole story. The shift in the focus of interest
from micro-economic problems tc issues of aggregative economics that took.
place around the 1930s has not yet fully worked itself out. That shift was
relatedto two important, real world phenomena: the Great Depression and
the emergence of central planning in the Soviet Union. The former led to the
Keynesian General Theory and to the related developments in macro-economics.
The latter had a profound impact on the study of inter-sectoral relations,
of which “input-output analysis’ is oie example. The study of inter-sectoral
interdependences exposed the limitations of “partical equilibriuin’ approaches,
and while this was a magjor advance in many ways it also led to the practice of
glossing o.r the details of technological complexities (e.g. ruling out substi-
tution possibilities, or assuming that there is only one “primary” factor of
production. as in aternative interpretations of the Leontiel system).

Both approaches, while technologicaly weak, were very successful when
used for explaining, and for predicting as well as for planning. Keynesian
macro-economics, with its simple concern with aggregate “effective demand”
regulating the level of employment and prices-“full employment” being
flanked on one side by unemployment (if there is too little effective demand)
and on the other by infiation (if there is too much of it&changed the focus
of government policy in the advanced capitalist economies, and helped con-
siderably to avcid a recurrence of a depression like that of the 1930s. Only
recently, with the persisience of the so-called “stagflation” and related phe-
nomena, has it become clear that the role assigned to aggregate effective demand
in the Keynesian system is exaggerated and that the macro-economics of the
one-commodity world is somewhat overgrand.

The success of central planning in the USSR and in Eastern Europe owed
not a little to the socialist planners awareness of the impcrtance of inter-
industry relations, and the switch from partial equilibrium piecemeal planning
indeed contributed to achieving structural transformation and to generating
z¢onomic growth.

The technological constraints on Soviet planning were, however, sub-
stantially eased by the fact that the kind of technology the Soviet planners
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were seeking was not altogether different from the technology prevailing in
the advanced capitalist countries. The relarions of production were going to
be different, but not so much the means of production. In teriss of the cupply
of “primary” factors of production, i.e. of labour, land and natural resources,
the Soviet economy was not very far removed from the American economy,
and the deficiency consisting in & low level of accumulated capital was soon
to be tackled by a massive programme of growth and accumulation. Soviet
and Western technology, never very far apart, have increasingly coaverged.

TECHNOLOGICAL SEARCH

The siteation was quite different when China began its socialist plannirg.
In terms of the supply of i=bour, land and natural resources, the Chinese
faced a problem dtogether different from both that of the Western world and
that of the Soviet Union. The Chinese planners were very much concerned
about the evolution of new technologies. Whether engaging in the massive
use of mobilised labour for modern construction or undertaking the daring
experiment of making steel in small units, they were to a large extent sailing on
an uncharted ocean. The focus on the details of technological possibilities was
inevitable. On the technological plane, if one of the major Soviet contributions
was the development of inter-sectora balances, one of the primary Chinese
contributions has been focusing on technological complexes appropriate to a
labour-abundant economy.

The spectacular economic growth of Japan in the period following the
Second World War has been another important influence. Many factors
contributed to Japanese growth, but the dzvelcpment of technologies suited
to Japanese conditions, or the adaptation of existing technologies to these
conditions, were certainly among them. The Japanese resource situation had
some very special features, including an exceptionally broad educational
base that dready at the time of the Meiji restoration was more extensive at
primary level than in Europe, and in recent years far more extensive aso at
the levels of higher and technical education. The choice of skill-intensive
appropriate technology played a significant part in Japanese postwar growth.

AN INFORMATIONAL DICHOTOMY
T. concentration on aggregative economics—refleci'ng the influence of

the important events of the 1930s-~has begun to lessen in recent years, partly
as a result of the above-menticued developments and of related ones. The
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emphasis cn aggregate effective demand and on inier-sectoral interdependences
had an important effect cn the development of both economic theory and
practice, but the simplification of technological complexities occurring in such
agpregative analysis-macro as well as sectora-aso had certain drawbacks.
For the developing countries in particular, a shift in emphasis to the study
of technological “details’ is long overdue. For example, a study of Indian
planning experience reveals a repeated lack of precise technological informatios
in oversmplified sectoral planning models, contributing to the remarkable
gap between expectations and achievements.

A fundamental dichotomy of economic information has been the starting
point of many models of iterative planning: while the central body knows a
great deal about planning objectives and over-all balances, it knows rather little
about technological details, and while the operating units are familiar with
the technological details, they do not know a great deal about over-all balances.’

The solution that has sometimes been sougnt 1 economic theory is recourse
to iterative planning, the idea being that, through a sequence of revisions of
tentative decisions, the same optima plan could emerge as would have done
if there had been no such informational dichotomy. For various reasons,
however, such iterative models have not been very much used in practice, and
the problem of the informational dichotomy has remained largely unresolved.

Faced with this problem, planning strategies have evolved typically on one
side or the other of the informationa dividing line. Those focusing on aggre-
gative or sectoral plannitig models have concentrated on over-all balances
while making do with rather crude technological information. Those focusing
on, say, project evaluation and cost-benefit analysis have concentrated on the
technological “details ‘-broadly defined-and tended to gloss over the inter-
dependence-or genecal equilibrium-aspects of planning, That each type of
strategy is essentially Incomplete is clear enough, but without using a fully
fledged iterative model capable of encompassing both aspects, it has been a
matter of judgement 'vhich part of the information base to concentrate on,
and which to leave to crude guesswork. It is fair to say that there has been some
switch in recent years from the sectoral balance focus to the technologica
details focus, partly connected with the real world developments already
discussed.

! See forexample E. Malinvaud: “Decentralised procedures for planning”, in E. Malinvaud
and M. 0. L. Bacharach {eds.): Activity analysis in the theory of growth and planning (London,
Macmillan: New York, St. Martin's Press, 1967), and G. Hed: The theory af economic
planning (Amsterdam, North-Holland Pubtishi ig Co., 1973).
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A DIFFERENT PARTITIONING OF INFORMATION?

The set of studies presented in this book make a contribution to the tech-
nologica “details’ side of the dichotomy, and are perhaps best viewed as an
attempt to extend precise technulogical knowledge that is crucid for practical
development planning. However, an important question has also been impli-
citly raised about the appropriateness of the particular form of the informational
dichotomy assumed to exist in the literature of iterative planning. Detailed
technological information in terms of locallabour conditions, the resource
situation, transport facilities, etc., may well be more easily accessible to the
man on the spot, but does he really know very much about the potentialy
relevant techniques used in other economies but not yet locally? Certainly,
if he learns more about the experience of other countries, he may well be in
a better position than the man at the “cenire” to judge the local technologica
possibilities in the light of local conditicns. Rut there is a need to feed infor-
mation on technological possibilities also to decentrafised “units. Tcchnical
knowledge has to come from severa quarters. The studies here presented thus
attempt to tackle the important question of the partitioning of information on
technology, over and above the informational dichotomy assumed to exist in
the standard literature on iterative planning.

It need hardly be emphasised that only a smal part of this important
guestion. has been dealt with in this book, but that is not surprising given the
enormity of the problem.

Amartya Sen
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EDITOR'S INTRODUCTION !

Since the publication of the first edition of this book in 1975, similar work
kas been done within the framework of the World Employment Programme,
as well as elsewhere. It was therefore felt appropriate to issue a revised and
enlarged edition of the book which took account of the scope and conclusions
of the more recent research work. Besides an expanded introduction and
conclusions, this revised edition includes an additional chapter on leather shoe
manufacture and brick-making in Malaysia.

The issue of technologica choice is a hardy perennial. Yet by the mid-1970s,
in spite of much theoretica debate and some empirical work, al that could
be said with some certainty as a basis for the establishment of general policy
in. the matter was that the technical choice was wide in agriculture and con-
struction but very limited in manufacturing. The reason for remaining at that
level of generalisation was the lack of representative information on “inter-
mediate” or “appropriate’ techniques actualy in use, collected on the basis
of the study of practical decisions made by entrepreneurs at the plant or
firm level. The first edition of this work, which was = product of the technology
and employment component of the ILO World Employment Programme,?®
was designed to help fill this gap.

It is heartening to note that many of the tentative conclusions reached
in the first edition have been reinforced by reports on additional empirical

1 A. S Bhalia, the editor of this volume, is Chief of the Technology and Employment
Branch of the International Labour Office and has had many years of experience as a devel-
opment economist. He has written extensively on development planni n(tt;, technological
choice and employment and manpower planning, and has contributed 0 various pro-
fessiond journals.

? For details of this and related research activities, see ILO: World Employment Pro-
gramme . Research in retrospect and prospeci (Geneva, 1979 edition).
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work put out by a “umber of reputable publishers since i975.1 For example,
studies originating in work done at the David Livingstone Institute of Overseas
Development Studies at the University of Strathclyde 2 on nuts and bolts.
leather manufacturing, ironfounding, maize milling and textiles, confirm
the existence of a wide range of efficient technological aternatives, a times
“gven With rigorous quality specifications of products’. The Strathclyde studies
relating to footwear, cotton textiles and sugar show that there are less variations
in profit than in employment and investment, thus suggesting that the cost
of choosing employment creation may not be very great in terms of investment
profits forgone.

The Economic Growth Center of Yae University started empirical case
studies in 1976-77 on bricks, men's leather shoes, cotton spinning and agri-
cultural implements in certain Asian and Latin America’ countries. Some of
the general conclusions of the completed studies are the following: the tech.
niques used vary greatly according to the size of firms, and the larger firms
enjoy greater and easier access to public and private sources of capital, have
better international marketing connections and command better access to
internationally available technological information. A study on the manu-
facture of bricks in Colombia by Ms. Baily,® for example, shows that capital
intensity is directly associated with the size of firms and that the differences
among firms with regard to technological choice are largely due to imperfections
in capital and labour markets. On the basis of information on the age of the
firm and the ages of mgor items of capital equipment, the study concludes
that small and new firms (which tend to be labour-intensive) have only limited

! In additien to the references given in the next three footnotes, see C. Peter Timmer,
John Woodward Thomas, Louis T. Wells, Jr., and David Morawetz: The choice of tech-
nology in developing corz:ries : Some cautionary tales, Harvard Studies in International
Affairs, No. 32 (Cambridge, Mass., Harvard University Center for International Affairs,
1975); Howard Pack: “The substitution of labour for capital in Kenyan manufacturing”,
in Economic Journal (Cambridge), Vol. 86, No. 341, Mar. 1976, pp. 45-58; Lawrence J. White:
“The evidence on appropriate factor proportions fer manuracturing in less developed
countries. A survey”, in Economic Development and Culruraf Change (Chicago), Oct. 1978,
pp. 27-59; Austin Rebinson (ed.): Appropriate technologies for Third World development,
Proceedings of a conference held by the International Economic Association a Teheran,
18-23 September 1976 (London, Macmilian, 1979); United Kingdom, Ministry of Overseas
Development: The choice of mamufacturing technology in sugar production in less devefoped
countries, by David J. C. Forsyth (London. H.M. Stationery ©ffice, 1979); and two studies
prepared for the International Labour Office within the framework of the World Employment
Programmeg, ViZ. Christopher G, Baron (ed.): Technology, employment and basic needs in
Jfood processing in developing countries (Oxford, Pergamon Press, 1980), and Gerard K. Boon:
Technolog)y and employment in foorwear manufacturing (Alphen on Rhine, Sijtheff and Noord-
hoff, 1980).

¢ James Pickett (ed.): The choice of technology in developing countries, special issue of
World Development (Oxford), Vol. 5, Nos. 9-10, Sep.-Oct. 1977.

3 Mary Ann Baily: “Factor market structure and technology choice in the Colombian
brick industry”, in Jewrnal of Development Economics, Vol. 6, 1979, pp. 573-589.
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access to capital by comparison with the larger firms. On the basis of secondary
and qualitative information, the author also ventures to conclude that “capi-
tal access varies across entrepreneurs according to characteristics relating
to their position in Colombian society”. She is not explicit about these
characteristics but it would appear that she has in mind the advantages that
good social status, educational background and political contacts would tend
to give some entrepreneurs. Differences among firms with regard to access to
capital and labour markets are explained in terms of such institutional factors
as government policies rather than strictly economic factors like socia oppor-
tunity costs of inputs.

Studies on men’s leather shoes and cotton spinning in Brazil further
analyse relationships between size, efficiency and profitability of firms to
exptore why firms use different techniques of production in the same industry.
The study on shoes shows that technological differences exist largely between
smaler and medium-sized firms, whereas differences between medium-sized

tages. Perhaps owing to diseconomies of small-scale production, the smaller
firms have highzi capital-labour ratios then do firms of a medium sire” The
more profitable firms are the medium-sired ones, which produce {--r the dom-
estic market. They buy and sdl on credit (partly perhaps because they are
relatively young), adthough their credit lines may nor yet be long ones. The
author believes that “they operate on opposite ends of two quite separate
markets. they extend credit to their customers who have a higher opportunity
cost of meney, and receive credit from their suppliers who might be larger
tanners with lower rates”.® The financial differences between firms of different
sizes do not seem to explain their coexistence.

Case studies by Enyinna Chuta are aso worth mentioning. In his study
of the clothing industry in Sierra Leone * (based on a sample survey of 132 tail-
oring firms) he discovered that there was competition in product and factor
markets among units operating on a smal and a large scae. The small-scale
operators with greater labour intensity were found economically efficient.

~ 1Lucy A. Cardwell: Technology choice_irthe men’s leather shoe and corton spinning
industries in Brazil : The refations between SIT€, efficiency and profitability (Yale University
Economic Growth Center, 1977; manuscript).

? A similar couclusion iSreached in other studies which attribute the relative ineficiency
of small enterprises fo higher expenditure on overheads, e.9. land, buildi n(TJS and other physical
facilities. See Susumu Watanabe: “Reflections on current policies for promoting small
enterprises and subcontracting”, in International Labour Review (Geneva, ILO), Nov. 1974,
pp. 405-422,

3 Cardwell, op. cit., p.117.

¢ Michigan State University, Department of Agricultural Economics: Technique’s of
production, efficiency and profitability in the Sierra Leone clothln% industry, by Enyinna Chuta,
African Rura Economy Program, Working Paper No. 30 (East Lansing, Mich., 1980).
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They were competitive with the larger firms on account of product differen-
tiation which impli=d higher costs for larger capita-intensive firms for such
items as extra packaging and labelling, and thus lower profitability than that
of the smaller firms. Another interestins feature of the case study is the account
of machine renting as a short-term means of generating additional output and
employment in the clothing industry. The study concludes that machine renting
firms are not very profitable at present because there is no organised machine
rental market. A related paper on the gara cloth industry ! (tie-dyeing with
natural indigo dye extracted from the lzaves of a leguminous plant) does
not go into the choice of aternative techniques as such, but is a comparative
survey of gara firms, covering such features as the techniques used, the location
of facilities and the quality of inputs. The author finds that the traditional
method of gara dyeing is labour-intensive and profitable on a small scale.

Within the framework of the ILO technology and employment programme
also, more recent stua.=s have been undertaken on subsectors of manu-
facturing. For example, Keddie and Cleghorn 2 present 1 | case studies on major
food-processing activities, namely rice milling, maize milling, gari 3 processing
from cassava, coconut oil processing, cane sugar manufacture, bread baking,
beer brewing, instant coffee production and milk processing, as weii as on the
storage of food grains and food and vegetable preservation. Unlike many
contained in the present volume, those case studies do not rely on primary
data generated through field surveys. Instead, they provide esiimates of costs
and revenues for alternative technologies on the basis of a variety of published
and unpublished data. They are further based on certain assumptions in such
respects as nutrition and employment and investment requirements. How-
ever, those studies have the merit of giving particularly thorough consideration
to individual subsectors of manufacturing. They aso analyse the nutritional
quality of the products, that being a consideration which figures prominently
in the recent discussions on the satisfaction of basic human needs. a develop-
ment objective which was adopted a the ILO world employment conference
in 1976.

Keddie and Cleghorn classify their case studies according to four basic
nutritional caiegories, Viz. (ij carbohydrates (cncrgy-producing fooeds), (iij

! Michigan State University, Department of Agricultural Economics, inconnection with
the rural employment research project directed by Dr. Dunstan %encer at the Department of
Agricultural Economics, Niala University College, University of Sierra Leone: The economics
of the gara ( tie-dye ) cloth industry in Sierra Leone, by Enyinna Chuta, African Rural Economy
Program, Working Paper No. 25 (1978).

2 See J. Keddie and W. Cleghorn; “Choice of technology in food precessing: Some
case studies’, Chapter I11 of Baron, op. cit. Many of the case studies reported i that chapter
also draw on the Strathelyde work on industrial technologies among other sources of pub-
lished and unpublished material.

3 A deliydrated food product,
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proteins (body-building foods), (iii) vitamins and mineras (essentia in small
amounts), and (iv) others (water sources, stimulant-, depressants. etc.). At
least some of these case studies, particularly on maize milling, show the
connection between product characteristics, nutrition and technology choice
rather well. For example, a hammer mill, a relatively simple machine, is
operated largely inrural areas of developing countries to produce wholemeal
maize, much more nutritious than the more refined sifted flour produced by
the roller mill which usually cails for 4 bigger investment and tends to be
located in an urban area. From the point of view of proper nutrition whole-
meal maize is preferable to refined and sifted maize flour. A given tota
investment alocated to smple hammer mills will also cieate a larger number
of jobs than would be possible through the choice of the more modern roller
mills. Thus, the twin objectives in a basic needs strategy--employment and
nutrition-would be achieved. The general conclusion of Keddie-Cleghorn
case studies is that techniques used at smaller scales of production are generally
cheaper, and are therefore appropriate. In some cases, however, eg. in bread
making, the results may not be as clear cut if one takes energy consumption
into account. The smaler bakeries may provide more employment but they
consume more fuel.

The table overleaf gives a brief picture of various empirical studies and the
technology characteristics (e.g. scale of output, product quality, factor intensity)
that they examine. it is clear from the table that the body of rmpirical know-
ledge about ihc existence of technological alternatives has been growing
consistently since the first edition of this book was published in 1975. The
additional empirica case studies have certainly enlarged the supply and the
industrial and geographical range of empirical evidence that refutes techno-
logical determinism. However, they do not go much beyond the conclusions
and findings of the studies contained in that first edition, as can be seen from
table 1, which includes both series. However, it will be noted that only a few
of the studies covered in the table considered environment, the use of second-
hand machinery and energy consumption as variables in technology choice.

The present volume is divided into two parts, one dealing with conceptual
issues and questions of measurement and the other centaining empirical case
studies; while the latter account for the bulk of the book’s content, it was also
felt necessary to raise some conceptual and measurement issues which, although
previously discussed in publications on the subject, still remain largely intrac-
table yet of practical importance. Moreover, even though the rea world sito-
ations covered in the case studies shed more light on the subject than anything
that can be said on the current conceptual situation, some underlying concep-
tual basis is required and the limitations of the existing state of the art need
to be identified. For one thing, the concept of labour intensity is often used




Coverage of empirical studies on technology choice in manufacturing

Produgt or industry Author Country or region 1 Technology characteristics coversd
Scale Prod- Skills Raw  Ma- Factor Lo- Energy Em-
uct ma- terial el 1 pioy-
terial _._E.E- ficiency ment
: e
port
Cansumer goods
Beer brewing ILO and
Strathelyde —- ® x x x ® .
Bread iLO and
Strathclyde — 9 %
” ILO Kenya x x =
Can-making ILO Kenya,
Tanzania,
Thailand ® x x = * ®
Cagne sugar production ILO — X « X x x
Clothing Chuta Sierra Leone * x x
Coconut oil production 10 — x X X X % &
Cotton spinning YLale Brazil X X = *
Fish preservation Lo — X X x x
Fruit, vegetable preservation 1LO — % X x % % E  x
Gari production from cassava ILO — x X ¥ x x * <
Jute processing o Kenya x % s %
Leather shoes ILO Malaysia ®
” ” Yale Brazil % % X ®
Maize milling ILO and x
Strathelyde — %< % ® x <
Milk procssing Lo — x X x = x =

Ansnpur w1 juawAojdws pue ABojougdag




Rice milling 1.0 and ]
Strathclyde  Tanzania  x X x X x % % x

Salt production * Enos South-east Asiax x % x x ® x
Sugar processing ILG India x % x x % ® x

" » Strathclyde Ghana % ® x v * % x

Ethiopia
Textiles ILO Uunited Kingdom X x x
* Strathelyde  Africa X x x x

Intermediate goods
Bricks .o Malaysia X X x X x X x
Cement blocks ILO Kenya X b x x x X x %
Copper and aluminiem ILO — X x x x
Fertilisers Strathcivde India X X X
Tron foundries Strathclyde — — % x %
Nuts and bolts Strathclyde — X % x x X "
Capital goods
Agric. machinery ? Mitra A X x X X % X bs
Engineering ILO %ﬂ pm b I a X x X X S
Metal working ILO X X X X

1 A dash () in this column indicates that the study is based on international cross-section data. 2 J. L. Enos: “More {or less) on the choice of techrnique, with a contemporary
exampte”, in Seawl National University Economic Review, Dec. 1977, pp. [77-199. 3 A, K. Mitra; “Iaterlinkage in agricuttural machinery industry for rutal industrialization in
developing countries”, in United Nations Industrial Development Qrganization (UNIDO): Appropriate industrial technology for agricultural mackhinery and implements [Enternational
forum on appropriate industrial technology, 20-24 November 1978, New Delhi, and 28-30 November 1978, Anand, India, selected documents], Monographs on Appropriate
Industrial Technology, No. 4 (New York, United Nations, 1979), Part Two: “Selected background papers”, pp. 25-123.

Sources: The table is based on references cited on pp. 2-4 of the Inrveduction, plus two given abave,
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ina wide variety of different ways to sait different objectives. This volume
therefore opens with an analysis of the iimitations of the concept. It is ex-
plained t.at even though the concept is ill defined, it can be operationally
meaningful provided its users recognise that ditierent indicators of labour
intensity are only shorthand expressions and can be expected to give oniy a
partia picture.

Much has also been written or: the empirica production functions: more
and more work on the subject is coming to light. However, the estimates of the
elasticity of substitution are too aggregative to be meaningful for policy
making inalarge variety of production conditions in developing countries.
This is shown in Chapter 2, in which it is argued that if the concept of elagticity
is to be useful, it would be desirable to have .dditional disaggregated infor-
mation obtained through sample surveys of firms and plants. Until a few years
ago, a survey on the question of the elagticity of substitution would have been
regarded as tantamount to a survey of purely academic work published on
the subject, containing very little of interest to a planner wishing to choose
a technique. However, the studies in this volume demonstrate that in practice
the elasticities of substitution between capital and labour are positive, so that
factor pricing policy is quite relevant to the problem of making appropriate
technical choices. On the other hand they also demonstrate that thers ace
important considerations, beyond factor prices, which need serious attention
if action on factor prices and technical choices is to have a sizable effect.
These non-price considerations are particularly brought out in the studies on
can production, jute and sugar processing, textile?, shoes, bricks and the meta
working and engineering industries.

Chapter 3, on indirect employment effects, shows the relevance of this
concept for industrial planning, the choice of industries and technical choice
both within and outside the input-output framework. In the latter case, indirect
employment effects could be considered in industrial project evauation and
for estimating the value of public works as an instrument of employment
policy.

Part Il contains ten empirical studies; most of them, especially those
on jute processing, sugar processing, cement blocks, bricks, leather shoes
and tin cans, involved extensive fidld work, interviews and primary data
collection. They deal with a very wide variety of cases. Three studies ded
with consumer goods industries, i.e. textiles, leather shoes and sugar processing;
two others relate to the capital goods sector, namely the metal-machining and
engineering industries; two deal with packaging industries, namely jute
processing and can making; there are two studies dealing with the production
of building materials, namely cement blocks and bricks; another, on extrac-
tive industries (copper and aluminium) could be regarded as relating to inter-
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mediate goods. The case studies on jute processing, sugar processing, metal-
working, cement blocks, bricks and shoes relate to particular countries,
whereas those on the copper and aluminium industries an the production of
tin cans are inter-country comparative studies. FTwo ckagpters relate to Latin
America, three to Asia and three to Africa

The studies were undertaken at different levels of aggregation. The one
on the copper and aiuminium industries (Chapter 12) u::lises both primary
and secondary data in explaining the scope for capital-labour substitution.
The two Zambian copper mines provided data which are compaced with
those of the United States and Chile at a higher level of aggregation. Unlike
most empirical studies of this kind, it has the merit of taking into account
the influences of difterent degrees of capacity utilisation in industry on a num-
ber of variables entering into the preduction function analyss.

The next study in this class of international comparisons relates to pro-
duction of cans in Kenya, Tanzania and Thailand. For this study, extensive
data were collected from factories in the three countries during the field phases
rf research work. Some very important and new features of this study in¢lude
the attention devoted to the influence of the organisa“icn and growth of markets
on technical choice, the role of product quality and specifications, supervision
and skill requirements, the risk perceptions of private decision makers and the
need for adequate information about the existing technical aternatives, and
the relationship of labour intensity to management attitudes. The fact that in
Kenya and Tanzania the manufacture of cans is carried out by a subsidiary
of a large internationa company, whereas in Thailand there are both large
and small companies serving a rather segmented markst, brings out interesting
differences in the behaviour of local and foreign firms respectively in making
decisions regarding machinery choice.

Chapter 6, on the textile industry, is different frum he others in the sense
that it does not ded specificalls with any developwng country; instead it draws
heavily or. a study on the Urited Kingde:._tea.ile industry wh::h considered
technological alternatives in products and proc=sses that exist in current
practice in that country. However, this study is of considersble relevance to
the analysis of the technical choice facing the less devel oped countries in regard
to the textile industry. This is so because most of the techniques considered by
a developing country have generaily evolved in a developed country. In view
of the early establishment of the Lancashire textile industry, the United King-
dom is a supplier of textile machinery, both new and used, to many developing
countries.

The study on textiles has something in common with the one on jute pro-
cessing in Kenya contained in Chapter 5. Both deal, by and large, with the
guestion of the economic feasibility of using second-hand machinery in
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mdustry in developing countries. However, different approaches are followed
in these two studies. The Kenyan study is based on primary data collected
from a siagle factory that used both new and second-hand machines to
produce maize bags; the study on textiles, on the other hand, utilises published
data on new and second-hand michines compiled by the United Kingdom
Textile Council. The differences between the two go further. The Kenyan study
covers the organisation of the second-hand machinery market in the United
Kinadom in addition to the technical and economic performance of the jute
processing industry in Kenya The study on the textile industry, on the other
hand. examines the alternative hypothetical values of factor prices, especialy
wage rates, {0 determine the bresk-eves wage at which machines bought new
and second-hand would give the same total unit costs of production.

The study on sugar processing in Chapter 7 demonstrates, on the basis
of field work in India, that the choice of techniques is complicated by product
differences, government intervention in the market structure and the socia
and cconomic objectives of the particuiar society. It is one of the few studies
in the whole set which explicitly attempts to apply socia cost-benefit analysis
for economic evauation of dternative technologies. A smplified version of the
guidelines for project evaluation * of the ...ited Nations Industrial Develop-
ment Organization (UNTDQ) isused, and it is shown that the simpler tech-
nology, -which is capital-saving and employment-generating by comparison
with the modern sugar mills, is a least competitive with them, and clearly
preferable if planners prefer an increase in rural income to an equa increase
in urban income (where the eradication of poverty is an overwhelming national
objective, as in India, this may well be s0).

Chapter 8, on cement blocks in Kenya, is similar to the previous chapter
inons major respect; it carries the issue of product choice and its link with
that of technical choice much further, and is perhaps the first empirical attempt
in the publish-d work on technological choice to come to grips with this issue
on the basis of hard facts instead of purely intuitive reasoning. Three other
significant features of this study include the attention devoted to the relation-
ship between skill intensity and physical capitd intensity, the process instead
of the product gpproach to the technology issue, and the emphasis on urban-
rural differences in technical choice, largely owing to differences in scale and
product requiremants. The latter two aspects receive particularly extensive
treatnici inthat chapter It also deals with the manufacture of different
ivpes of matertals for the building industry, and thus covers a field inter-

! Partha Dasgupta, Stephen viargiin and Amartya Sen: Guidelines for project evaln-
atipn, UNIDO Project Formulation and Evaluation Series, No. 2 (New York, United Nations,
1972; Sales No. E.72.ILB.11).
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mediate hetween manufacturing proper on the one hand. and housing and
construction on the other.

Chapter 9, on bricks and leather shoes in Malaysia, assesses the importance
of such factors as scale of output, access to technological information.
managerial efficiency and market structures. Scale of preduction appears to be
the most important single factor in determining the choice of technology.
Another important factor is the availability of information on aternative tech-
nologies. ~he study recommends that the technology informati nservice of the
Standards and industrial Research Ingtitution of Madaysia (SIRIM) should
help entrepreneurs to discover aternative types of appropriate equipment.

Two chapters (10 and | 1), dealing with Colombia and Mexico respectively,
relatz to the capital goods sector. The study of the engineering industry in
Colombia attempts to examine the extent to which indigenous Colombian
capacity =uists for supplying machines and equipment to agriculture, manu-
factuning and ihe constiuction sector. While such capacity does exidt, there is
very litde interaction. between producers and users of machinery. with the
result that the equipment being produced in Colombia does not necessarily
answer the needs of Colombian users. This deficiency is further reinforced by
the fact rhat in most cases the Coiombian engineering industry copies imported .
designs, often with little modification and adaptation.

The study_on technol ca choice in metalworking (Chapter | 1) makes a
gtrong plea for rOCe S or task-level andlysis. It is argued that only a high level
of disaggregation can saiisfactorily reveal possibilities of substitution. More-
over, private enterprises make decisions largely at that level of disaggregation.
Unlike other empirical studies, this micro-analysis relies very largely on basic
engineering data on metal-machining tasks. Little is raid, however, about the
ways in which microdata could be aggregated for the purpose of making
generalisations,

The final chapter in this volume attempts to draw together the main
conclusions of tile various case studies and brings out the key issues and impli-
cations for policy making. Some of the conclusions may be worth mentioning
here. First, the studies demonstrate quite clearly that substitution possibilities
exist in industry in both core and ancillary operations. This conclusion,
based on empirical evidence, is important, since it has often been assumed
that there is no choice of techniques in manufacturing industry. Secondly,
the range of available techniques can be widened by redesigning or copying
older designs and blueprints with local engineering adaptations, or through
local manufacture of equipment. This comes out quite clearly in the study on
can production. Thirdly, quite often the use of capita-intensive techniques,
where more labour-intensive ones could have been used equaly efficiently,
is due not to the fact that there are no other technical possibilities in industry

1"
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--there are—but to imperfect knowledge and inappropriate selection systems.
Selection processes are inappropriate because private decision-makers do not
know of the existence of other technical possibilities in the form of different
types of equipment. Even subsidiaries of international firms, with superior
organisation and management, often lack adequate inforination. One of the
reasons for this may be that the technological decisions for these firms are
made by staff at the head office of the parert company, who are more con-
versant With the technology used in adready advanced countries than with
that suited to the conditions of developing countries. Thus, lack ofinformation
on available technologicai aternatives needs to be overcome through appro-
priate action. One solution recommended by the recent United Nations con-
ference on science and technology for development is the estabiishment of
global, regional and national information centres and networks.’

The conclusions of several studies in this volume, in particular the ones on
can production in East Africa and Thailand and on leather footwear and bricks
in Malavsia, fully support the spirit of the above-mentioned recommendation-—
that is. the developing countries must have knowledge of the various tech-
nologies available, together with analyses of economic costs and engineering
specifications. However, the studies in this volume aso caution against placing
too much emphasis on international information centres. i1 is important
that the detailed information that is assembled be actually brought to the atten-
tion of entrepreneurs and decision-makers in the developing countries as well
as in the developed ones. Ignorance of existing information, and the cost of
searching for it, also determine whether it will actually be used. It is therefore
equaly important that emphasis be placed on the gathering in each country
of information that is sufficiently specific and reliable to reduce the entre-
preneur’s risk. Also, attempts to correct factor price distortions may be less
successful unless information about existing technologica alternatives is more
widely disseminated than has hitherto been the case. Therefore appropriate
incentives constitute only one eiement of action to ensure appropriate tech-
nologica decision-making.

Critics may argue with some justification that the case studies in this volume
deal mainly with crude products for which the range of technologica choice is
known to be wider than in zssembly industries requiring higher degrees of
precision. Thus, the findings and conclusions of this book may not be easily
applicable to the industrial sector as a whole, or to certain new industries.
In areview of most empirical studies done until 1977, Frances Stewart argued

T See paras. 96-98 of the “Vienna programme of action on science and technology for
development”, in United Nations: Report of the United Nations conference on science and
technology for development, Vienna, 20-31 Augusi 1979 (New York; Sales No. E.79.1.21),
pp. 46-83.
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that the finding of technological pluralism is in part due to the choice of indus-
tries in the sample of investigations. She states that:

Extersive studies were, it is likely, only initiated where there was a prior pre-
sumption that arange of techniques did exist. The industries listed are generaly
speaking o/« industries, so that old vintages from the advanced countries and/or
traditional techniques in poor countries provide |abour-intensive aternatives to the
latest techniques. It is noteworthy that studies of recently developed industries are

much rarer-thereis no study, to my knowledge, which includes modern consumer
durables or atomic energy.”

The preponderance of consumer goods industries or products in table tends
to support her contention. Empirical testing of the hypothesis that the precision
industries, as well as modern consumer durables, may well be closer to the
technologica determinist’s world would be useful. However, recent anecdota
evidence suggests that even in the capital goods industries. in the production
of consumer durables like cars and in the manufacture of chemicas and of
iron and stedl, technological adaptations, though not necessarily complete
technological alternatives, do exist. In a questionnaire survey undertaken
by Simon Teitel, and addressed to technological experts with experience
in the acquisition, adaptation and development of technology in the develop-
ing countries, it was found that in Argentina, successful adaptations took
place “in nearly al sectors: in the chemical industry, resulting in better utiliz-
aion of residuas and by-products; in the automotive industry--adaptation
of automobile design to loca road conditions and loca preferences; in tele-
communications, the development of new processes to adapt certain operations
to loca raw materias, in the manufacture of electric transformers-adap-
tation of the design to local materials and for compliance with local operating
specifications, etc.” 2

A study on Brazil by Werner Bager, based on questionnaire returns from
20 firms in such fields as agricultural machinery, sted, cement, fertilisers,
boilers and tractors, went into the question of technological choice and found
that labour-capital price ratios were a relatively minor factor in technology
determination,® major factors being market size and quality of product.
In a questionnaire-based survey by Morley and Smith of 35 firms in the auto-
mobile, television, radio assembly, telecommunications, diesel engines, bearings
and tyre sectors, it was similarly shown that the smaller scale of operations

1 SQee Frances Stewart: Technology and underdevelopment (London, Macmillan, 2nd
edition, 1978), Chapter §: “The choice of technique: Empirical studies”, p. 197.

2 See Simon Teitel: “On the concept of appropriate technology for less industrialized
countries”, in Technological Forecasting and Secial Change (Amsterdam), Vol. 11, 1978,
p. 366.

3 Werner Baer: “Technology, employment and development: Empirical findings”, in
World Development (Oxford), Vol. 4, No. 2, Feb, 1976, p. 127.
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in Brazil enabled multinational companies to use three or four times more
labour per unit of output in Brazil than ir. their home country.” However,
this was due more to scale than to technology as such.

One cannot be categorical about the role of economies of scale in technology
determination. Whether the scale factor is significant or net depends very
much on the nature of the product and industr,. Scale effects may be important
in such industries as automobiles, telecommunications, chemicas and pet-
roleum refining but not necessarily in textiles, woodworking, baking, or light
engineering, for example.?

1 Bampel A, Morley and Gordon W. Smith: “The choice of technology: Multinational
firms in Brazil”, in Economic Development and Cultural Change, Vol. 25, No, 2, Jan. 1977,
section Ii: “Adaptations by U.8. multinationals to local conditions in Brazil”, pp. 246-257.

2 See White, op. cit., and Michigan State University, Department of Agricultural Econ-
omics: Rural non-farm empioyment : A review of the state of the art, by Enyinna Chuta and
Car! Liedholm, MSU Rural Development Paper No. 4 (East Lansing, Mich., 1979), pp. 43-44.
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THE CONCEPT AND MEASUREMENT
OF tABOUR INTENSITY

by A. S. Bhalla'

The problem of how to measure the intensity of labour has plagued theorists from
the time of Adam Smith and the labour theory of value. Wages are a notoriously pour
measure of tabour intensity and many other factors have to be allowed for before there
would be even a positive relation between hard work and high wages. In any
event, the question “has an increase in output come about because of a rise In efficiency
or because of arise in the intensity of labour?” deserves serious attention in view of
the Marxist tendency to attribute an increase in product under capitalism to an increase
in labour intensity. 2

Intensity of labour per unit of time implies working hard or not for any
given length of time. Another more popularly understood connotation of the
degree of labour intensity is the quantity of labour or labour time per unit
of output or per unit of investment. We concern ourselves with this latter
interpretation, rather than with the intensity of effort.

In spite of the long centroversy over technological choice, which has now
entered into its third decade, the concept of labour intensity still remains
ambiguous and ill defined. In publications on economic development, labour
intensity is often inferred indirectly from the degree of capital intensity measured
in terms of capital-labour (K/L)or capital-output {K/¥} ratios. This indirect
approach to the measurement of labour intensity implies that production
functions are of such form that an increase in K/L and K}V satisfactorily reflects
a decline in the degree of labour intensity. * A few other measures such as the
labour-output ratio and the share of wages in value added have aso been
considered. We shall critically examine these in this chapter.

* Intersaticnal Lahour Otfice. The author is grateful to C. G. Baron and J. Gaude for
comments and to H. Pack and Amartya Sen for many valuable suggestions for improvement
on an earlier draft.

2 Kenneth E. Bouldin Some dlfflcultm in the concept of economic input”, in National
Bureau Of Economic |s New York: Gutput, inpur and productivity measurement,
Studies in Income and Wealth, Vol 25 (Princeton Uaiversity Press; London, Sxford Univer-
ity Press, 1961},

3 See Chapter 2 below.
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A practical planner clearly needs an operational and useful shorthand
indicator of labour intensity to choose particular industria projects, eg. to
rank the labour intensity of various textile or maize-milling projects and tech-
aiques. For lack of adequate project-level data, economic anaysts are often
forced to use industria aggregates instead of the detailed information on
plants and establishments. However, the rea conditions are reflected much
more by microdata than by aggregates, which concea useful information
about differances in thelabour intensity of projects and techniques. Therefore
a digtinction between different levels of aggregation needs to be borne in mind.

The importance of project-level analysis and data is well brought out in
the following citation:

Perhaps the type of reference data most seriously needed in today’ s industrial
planning and programming machinery is that which helps planners to handle their
economic calculations at a level not too many steps removed from individual indus-

trial plants and at the same time on a basis that is sufficiently comprehensive to retain
the standpoint of over-all national and regional economy. *

In the case studies in Part |1 of this volume, wherever possible an attempt
has been made to provide plant-level primary data collected by the authors on
the basis of factory visits and sample surveys. This effort is intended to sup-
plement the efforts of UNIDO and the Organisation for Economic Co-opera-
tion and Development (OECD) ie provide hard facts on industrial projects
and establishments. ?

In this chapter, we argue that the existing studies on labour or capital in-
tensity often test macro-economic arguments on the basis of aggregated data
for industries and not on that of plant-level data. We shall attempt to compare
alternative indices of labour intensity using toth plant data and industry
data in order to examine whether there is any mgjor difference in the results.
For purposes of illustration, ranking by different indices of labour intensity
will be carried out at four levels of aggregation, namely country, sector,
industry and establishments.

LABOUR-INTENSIVE wersus CAPITAL-INTENSIVE DICHOTOMY’

A dichotomy between capital-intensive and labour-intensive investments,
industries or techniques (so familiar in writings on choice of technology) is

1 UNIDO" Profiles of mamifacturing establishments, 3 vols. (New York, United Nations,
1967-71), Vol. 1, p. 2.

2 See UNIDO: Prafiles of manufacturing establishments, op. cit., and DECD: Manual ‘of
industrial project analysis in developing countries (Paris, 1968), Vol. 1, Annex I, on “Industrial
profiles”.

3 For an analysis of situations in which & combination of capital-intensive apd labour-
intensive techniques are used instead of one or the other sce Amartya Sen: Cheice of fech-
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beih confusing and inappropriate. Under conditions of factor price flexibility
and smooth neo-classical production functions, the techrical choice is not
merely dudistic but plurdlistic. The factor proportions are variable so that
any amount of capita can be associated with any amount of labour, output
increasing with an increase in the input of either factor, although a limit to
the absorption of labour may be set by the level of wages relative to capital
or by the subsistence wage.

What is more redlistic is an optimal degree of total factor intensity (a
combination of different inputs, including capital and labour) determined
by retative factor prices and the state of technological knowledge. Private
investors, who are invariably the mgority element in decison making in
market economies, are motivated by cost minimisation. From a private point
of view, it is only an eptimisation of output per unit of al inputs that would
lead to cost minimisativn. Thus what enters into the cost calculations of
entrepreneurs is the total factor productivity, not so much the capita intensity
or labour intensity of productive operations, nor the maximisation of labour
productivity. Neither the capita-intensive nor the labour-intensive methods
need be optimal from the point of view of cost minimisation.

If we assume that market prices are poor guides to resource alocation and
that in labour surplus economies the social cost of labour is nil’, the correct
degree of labour intensity would be high, at least in absolute terms. In theory,
it may be higher till if we assume a negative shadow price of labour on the
grounds that unemployment is a socia evil and that any extra employment
is a benefit in itself 2 (irrespective of the additional cost of employment in
terms of additional consumption which may reduce savings and potential
investmen:). Therefore, strictly spesking, any positive labour cost will give
us techriques whicl. by reference to the extreme degree of labour intensity
as defined above, would all be capital-intensive. Even apart from this concep-
tual weakness, another question of policy significance is. what should determine
the acceptable level of labour intensity against the maximum limit? If the
objective is not smply to maximise employment as such but to increase pro-
ductive employment up to a point at which additiona employment generates

miques: AN aspect of the theary OF planned economic development (Oxford, Blackwell, 3rd ed.,
1968), Ch. IV, R. Krishna: “A model of the unemployment trap, with policy implications”,
iN ILQ: Fiscal measures for eMPlOyMeNt promotion in developing countries (Geneva, 1972).

t Asin fact has been assumed in the debate on investment criteria for developing coun-
tries. See A. E. Kahn: “Investment criteria in development programs”, in Quarterly Journal of
Economics (Cambridge, Mass.), Vol. LXV, No. 1, Feb. 1951; W. A. Lewis. The theory of
ecanomic growth (London, Allen and Unwin, 1955), and Jan Tinbergen: The design of develop-
ment {London. Oxford University Press, 1958).

® Cf. A. K. Sen: “General criteria of industrid project evaluation”, in UNDO: Evauation
le aip_gdusrrmz £r;ajecrs, Project Formulation and Evaluation Series, Vol. | (New York, United
IONS. 1668),
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some extra output, then the optimum degree of labour intensity can be chosen
only on the basis of some criterion of efficiency and cost minimisation. An
efficient technique will be measured by a ratio of output to input, so that the
higher the ratio the more efficient is the process or technique of production.

If X = F{x,», z) where X is output znd x, y,z are inputs, there may be
a set of technologicaly efficient aternatives to produce X, viz.-

{a} with more of x, and less of both ; and z; or
{k)more of ¥ and less of both x and z; or
(¢) more of z and iess of x and .

If a process of production caled for more of x without reducing inputs of
v and z, it would be technicaly inefficient. While the efficiency criterion dli-
minates the inefficient techniques, it does not help in choosing among the other
equally efficient possibilities. * Therefore the concept of technical efficiency
needs io be supplemented by other criteria, such as optimality, to choose the
best from a set of efficient techniques.

Given the set of physicaly efficient points, if one knows the shadow prices
of al inputs a unique economicaly efficient method can be chosen. If this
turns out not to be the most labour-intensive one but if the most labour-
micnsive one is chosen anyway on the basis of some other criterion, output
will be given up somewhere else in the economy. In the light of our objective
of obtaining maximum productive employment, for example, one might argue
that atechnically efficient possibility with the highest labour intensity (per unit
of output or per unit of investment) would qualify for selection. Nevertheless
if the choice of the most labour-intensive method means output forgone it
might make sense to choose instead the economically efficient technique and
smply “waste” labour, that is, use more than is technically necessary, dividing
a given amount of work among all labourers.

A gap between the maximum and the optimum degree of labour intensity,
even under the assumption of a zero shadow price of labour, arises from the
fact that a positive socia cost of labour can be compatible with its zero shadow
price. Additional employment even under conditions of excess labour supply
implies additional purchasing power, leading to more consumption at the
expense of investment. A reduction in investment and thereby in the future
rate of growth represents a cost to society of employing extra labour. ? In fact

! For a lucid analysis of efficiency and optimality in choice of techniques see A. K. Sen:
“Choice of technology: A critical survey of a class of debates™ in ' INIDOQ: Planning for
advanced skiils and technologies, Industrial Planning and Programminge Series, No. 3 (New
York, United Nations, 1969).

2 The ILC comprehensive employment mission to Sri Lanka stated that rough estimates
suggested that empiovment of otherwise unemployed unskilled labour meant an expenditure
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much of the debate on the choice of technology centres on this sub-optimality
of savings and investment and the effect of the selected factor proportions on
these variables. ?

The foregoing implies thai a4 distinction between a positive approach and
a normative one is relevant. If one adhered to the former, only such indicators
of labour intensity as pertain to efficiency (e.g. the labour coefficient or the
capital coefficient) would gualify in determining choice of a particular technique.
On the other hand, if a normative apjroach is adopted, employment maximi-
sation may well be an objective in itself, in which case the relevant index or
area of information may simply be the capital-labour ratio which links one
input to another.

However, too much should not be made of the concept of productive effi-
ciency as a basis for tzchnological choice. Some techniques which are ineffi-
cient may still be regarded as socialy desirable, especiadly if one introduces
such notions as peopl€e’s preferences in relation to different modes of produc-
tion :ind o the systems of organisation under which different techniques
operate. A technique which qualifies as inefficient undar a normal economic
test may be used in family-based production because::.s preferred by those
applying i:. 2 Moreover, given the aleged discontent with work that charac-
ter&s industrial processes, those which are more pleasant or interesting might
he chosen if the efficiency calculus is supplemented by a “humanitarian” one.
Ofcourse, such a choice, if generalised, would imply a lower materia standard
of living for rhe population in question. *

WHY DEFINE LASOUR INTENSITY?

If the concept of labour intensity is ill defined and ambiguous, it is logical
to ask: why define labour intensity at al? The large body of economists

of some 60 to 70 per cent of their extra income on food, which at the margin was imported or
diverted from exports Of coconuts (see ILO: Matching employment opportunities and expecta-
tions, OP. Cit., Report, p.82).
. 18ee A, K.8en: “Some notes on the choice of capital-i ntenstg in development planning”,
iN Quarterly Journa! Of Economies, Vol. LXxXI, No. 4, Nov. 1957; A. S. Bhalla: “Galenson-
Leibenstein criterion of growth reconsidered”, in Economia Internazionale (Genoa), Vol. XVII,
No. 2, May 1964 and vol. XX, No. 4, Nov. 1966; and Koji Taira: “A note On the anaytical
properties of Galenson-Leibenstein investment criterion”, ia Bulletin Of tie Oxford University
Institute Of Econemics and Statistics (Oxford, Blackwell), Vol. 27, No. 2, May 1965.

= This point iS brought out quite w=llin Amartya Sen (on behalf of the YLO): Employment,
technology and development ?Oxford, Clarendon Press, 1975), and in the same author’s
The concept Of efficiency, a lecture delivered to the Annual Conference of the Association of
University Teachers of England, Coventry, 26 March 1973.

3 This point is due to H. Pack.
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writing on the subject have used indicators of-labour intensity or capita
intensity m order to study-

(n) the variations in factor proportions and functiona relationships between
partial factor inputs and outputs;

(b} the alocation of investment and its effects on the choice of production
techniques, and vice versa; and

(¢) consistency or conflict between output and employment objectives.

The growing unemployment in the less developed countries has brought
the need for an operationally meaningful indicator or indicators to the forefront.
Tt is necessary to examine the employment potentia of production and invest-
ment with the existing techniques and the effect of varying techniques and the
product mix in sectors and individuai industries, and especially projects on the
absorption of the surplus factor, i.e. labour. There is another operation which
callsfor some index of labour intensity, namely tracing the effect of international
trade specialisation on labour absorption in the developing countries through
the export of products that are labour-intensive and “se techniques which
employ a large amount of labour per unit of investment or output. It is
assumed that the less developed countries have a comparative cost advantage
in the export of these products.

To summarise, the reasons for our interest in labour intensity for policy
making and ror related economic analysis revolve around the following central
issues, which obviously overlap to some extent:

{a) the determination, through time series as well as cross-section analysis at
both the macro-economic and the micro-economic levels, of the degree of
factor substitution (between capital and labour) and the elagticity of employ-
rent with respect to output in manufacturing ;

(b) the classification of industries and projects, to the extent that thisisfeasible,
according to the degree of labour intensity; planneis need to know which
particular projects and industries rank high in the labour intensity scale
in order to determine priorities in investment allocation that will reflect
more accurately the objectives of raising employment (direct and indirect ®)
as well as output;

. *Other pointsto be borne in mind in connection with changing the cemposition Of output
in favour Of labour-intensive goads and Services are that (_a) income can be redistributed
through taxation schemes and subsidies, proper credit facilities, import-substituting and export
incentives measures, and ¢4/ the demand for lzbour-intensive goeds in export markets is
income-elagtic.

2 See Chapter 2 below.

3 See Chapter 3 below.
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(c)the investigation into whether labour intensity, in whatever way it may
be defined or measured, remains invariant to scale of production or not. (A
test of this hypothesis is of great policy significance: if returns to labour-
intensive techniques were higher at lower scales and volume of production
than a higher ones, then a shift in policy from the establishment of a few
large enterprises towards that of a large number of small erterprises would,
other things being equal, lead to greater labour absorption.’)

Some conceptual issues

Before reviewing tht various indicators used to link labour input and
output. or labour input and capital, some of the conceptual aspects need to be
examined in relation to the published work on the choice of technigues, inve: :-
ment alocation and factor proportions.

) o . . R e . A AT

First, ihe use of the concept of labour intensity has been connoradht with
the sub-optimality of savings in the economy, investment allocation and
technological choice in a general equilibrium framework more than with the
partial equilibrium formulation in which the choice of technique or a degree
of labour intensity pertains to a particular industry er firm. In the latter case,
unlike the former, no difference to the over-ail inoptimality of savings may
be made since the firm or industry in question accounts for a very smal part
of the economy as a whole. The application of the macro-economic theoretical
arguments about over-all rates of growth, investment alocation and optimality
of savings etc. to industry data are quite numerous. * However, it is not clear
that conceptually it is appropriate to test macro-economic theories with micro-
economic data or micro-economic theories with macro-economic data. Logi-
caly, it would seem falacious to carry over arguments worked out at a macro-
economic level to the evaluation of an industry at the micro-economic level.

Similarly, crucia propositions, e.g. that the degree of capital intensity is
positively correlated with the rate of growth of output, are often not specified
in terms of the degree of aggregation to which they relate. In other words,
does thisnroposition apply to a situation of an industry, a sector er the economy
as a whole? If it applies to an industry, how does one select and define it?

¥ See Chapters 8 and 11 below.

2G. Ranis: Industrial efficiency and economic growth: A case study of Karachi, Mono-
graph No. 5 (Karachi, Institute of Development Ecoremics, 1961); A.S. Bhalla: “Investment
allocation and technological choice: A case of cotton spianing technigues”, in Economic
Journal (London, Macmillan), Vol. LXXIV, No. 295, Sep. 1964; idem: “Choosing tech-
niques: Hand pounding versus machine-milling of rice: An Indian case” in Gxford Economic
Papers (¢ _cd, Clarendon Press), Vol. 17, No. 1, Mar. 1965; J. Gouverneur: Productivity
and factor proportions in less developed countries: The case of industrial firm: in the Congo
{Oxford, Clarendon Press, 1971); and J. C. Sandascra: Size and capital-intensity in Indian
industry (University of Bombay, 1969).
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Are inter-industry or inter-sectoral data for a single economy appropriate
for an empirical test, or iSthe appropriate methodclegy the one which makes
use of macro-economic data for a number of countries? Such methodological
guestions have not received as much attention as they deserve.

Thirdly, most of the studies consider only the fina stage of production and
the techniques used at that stage. Intermediate stages and different processes
of production at each stage tend to be ignored. Labour-intensive final products
would require that intermediate inputs to the manufacture of those products
should aso be more labour-intensive than capital-intensive final products.
This may or may not be so in practice. In principle, both labour-intensive
and capita-intensive final products could be produced with either labour-
intensive or capital-intensive intermediate inputs: in practice, however, some
industries such as fruit canning, which is relatively lulour-intensive (in terms
of labour input per unit of output), use refined sugar, which is a capitd-
intensive 1mpit. On the oiher hand there may be industries of a fuxury type
(e.g. cigars and cigarettes), with a backward linkage to agricuiture, which might
use labour-intensive inputs. Thus an aggregate index of labour intensity (which
isoften taken into consideration in evauating an industry) is the weighted
average of the labour intendity at each stage of production. in practice, if one
stage of production has higher technical requirements for labour input per
unit of output or of capital, the aggregate labour intensity would be higher
than otherwise.

Fourthly, related to the above issues is the fact that the mgjority of empiri-
ca studies ! onlabour intensity or capital intensity consider only the direct
effects on employment or reinvestible surpluses of the adoption of different
kinds of technology, However, as Chapters 3 and 6 below show, the indirect
employment effects of investment in certain industries and techniques can
often be extremely important, sometimes even more so than the direct employ-
ment effects. If account is taken of these aso, it is probable that the ranking
of aternative techniques might be reversed. This would be equaly true if
computations of employment (direct and indirect) were made not only for the
final stage of production but also al the way backwards, consideration being
given also to labour inputs in the intermediate input supplying stages. An
interesting question is whether industries or projects that have greater indirect
than direct effects should be promoted. In some cases some capita-intensive
industries such as fertilisers may curiously be supported even on employment
grounds, since agriculture can be more labour absorbing through the provision
of fertiliser inputs. However, the empirical studies cited in Chapter 3 below

~t Chapter 6 in this volume on “The choice of technique and employment in the textile
industry”, is an exception, however.
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demongtrate that the industries which have great indirect employment effects
are not necessarily the capital-intensive ones.

Finaly, most of the works dealing with the factor proportions approach
thelabour intensity issue purely from the supply side, that is, taking the demand
for a particular product as given and considering whether it can be produced
either with more labour and less capita or with more capital and less labour.
Interest in the related demand-oriented aspect of technology, namely change
in the product or industry mix through changes in the consumption pattern,
and the effects of this product substitution on technical choice, is only of a
very recent origin. ! Much of the discussion on technologica choice in the
past excluded the question of product substitution by assuming identica
physica attributes and quality. In practice, however, consumer needs are met
by a range of different products among which particular choices are made
depending on consumer purchasing power. Thus an intra-industry demand
shift, say from drip-dry nylon shirts to more labour-intensive cotton shirts,
widens the range of technical choice and can lead to an over-al! increase in the
labour intendity of a given industry. *

INDICATORS OF LABOUR INTENSITY

In zemerai, different indices can be used to measure labour intensity, be
it in agriculture, manufacturing or construction. A distinction is therefore
needed before we consider the degree of labour intensity by industrial projects
and aggregates. Apart from the usua difficulty of finding capital data, the
ratio of capital to labour (K/L) which is used as a measure of capital intensity
(and its inverse, that of izbour intensity), leaves out of account efficiency
considerations which are better examined through input-output coefficients,
e.g. labour-output ratios, capita-output ratios, or the share of wages in value
added. For example, a any level of aggregation a production function does
not describe what output will be achieved for given levels of different inputs:
rather a production function describes the maximum level of output that can
be achieved if the inputs are efficiently employed. 2

1See F. Stewart: “Technology and employment in LDCs”, in Weorld Development
{Oxford), Vol. 2, No. 3, Mar. 1974. See also Chapter 8 below for an interaction between
product choice 2nd technical choice in aspecific context.

2 Cotton shirts are considered more appropriate s.id labeur intensive ia two Ways. First,
cotton shirts are more labeur-using in consumption (they require ironi rr]a?)_; secondly, they are
made of natural instead of Synthetic fibres, which tend 1o be more capitd-intensive: However,
the use of tabeur in consumption iS good only if No value is attached to leisure.

¥ See Franklin M. Fisher: “The existence of aggregate production functions”, in Econo-
mesrica (New Haven, Conn.), Vol. 37, No. 4, Oct. 1969.
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The various indices of labour intensity that are often used are not mutually
exclusive, The labour coefficient and capital coefficient represent efficiency in
input use, which with technical progress implies a reduction in the size of the
cuefficients. We shall examine the different indicators one by onz below.

The labour coefficient {L/V)}

The labour coefficient defines a functional relationship between the input
of labour and the output of a commodity. Some ambiguity in the concept
of labour intensity aso arises from a confusion between the easticity of
employment with respect to capital and the elasticity with respect to output.
The two indices need not give identica results. An increase in the rate of
capital utiiisation (increase in the number of shifts) raises the labour absorp-
tion from a given amount of capital (that is, there is a decline in capital-labour
ratio), but this will not necessarily raise the input of labour per unit of output.
This would occur under decreasing returns to scale when the margina returns
from labour are lower on the second and third shifts than the average
returns.

Given the following technical relationship,

LV = f(LIK) -(

arise in the cost of labour in relation to capitdl is likely to raise the capital-
labour ratio (K/L), lower the labour coefficient (L/V)or raise its inverse, the
average output per worker (V/L). The labour intensity of different techniques
can be illustrated in terms of V/L, as in figure 1. The vertical axis measures
output, and the horizontal axis the amount of labour employed. The sopes
of the lines OA, OB and OC measure output per worker. The degree of labour
intensity is the highest in technique Il since it absorbs the largest amount of
labour, OL,. Technique Il is less labour intensive since it employs a lower
amount of labeur and generates a smaller output. Technique I, with the highest
output and the highest productivity of labour, is the superior technique in the
sense that it requires a lower amount of one factor per unit of output, with
the other factors remaining constant.

Hal B. Lary ! has used value added per employee (V/L), that is the inverse
of ihe labour coefficieni, as an index of labour intensity. A number of merits
are claimed for this indicator, viz.—

(a} it reflects the Row of capital services rather than a stock, and is therefore
more relevant to the theory of production functions;

! Hal B. Lary: fmports of manufactures from less developed rountries (New York, National
Bureau of Economic Research, 1968).
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Figure 1. Labour intensity of different techniques.
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= capital-intensive or less labour-intensive technique (LII).

Note: The figure indicates purely technical refations. Technique III (OB) is therefore ineffi-

cient because of the machine design, not because labour is inefficiently used or more generally
because there is “ X" inefficiency.

(b) it incorporates the contribution of human capital and of skill differences *;
and

(¢, it by-passes the difficulty of measuring physicai capital.

The treatment of value added per employee as an index of factor intensity
simply implies that labour productivity is a composite index of the contribu-
tions of both capita snd labour, which can be easily separated as follows:

| f V=wL+pK (2)

WL
then wage value added = = index of labour intensity measuring the
contribution of human capitd,;

and non-wage value added = ﬁ = index of capital intensity measuring the
contribution of physical capitd.

Although Lary recognises the limitations of the separation between wage

and non-wage value added for measuring capital intensity, he oversimplifies

by assuming that some of the inputs covered in the non-wage value added but

not reflecting the share of physical capital have a systematic relation to different

‘There is a bit of circufarity in Lary’s reasoning. Although he claims this merit of his
approach, for purposes of his analysis, he assumes homogeneity of labour. To quote: “The
higher the value added per employee, the more capital-intensive the industry on both accounts
combined [i.e. humanas well as physical capitalf; the lower the value added per employee,
the more labour-intensive the industry” (Lary, op. cit., p. 22).
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industrieg, S0 that they “chanze the usefulness of total value added per em-
ployee as a guide to capital intensity, broadly viewed, even though the division
of the total into its wage and non-wage components yields only an imperfect
measure of inputs of human and physical capital scparately considered”. !
On the basis of correlations between annual earnings and the ratio of skilled
labour to the workforce, and between non-wage value added and physica
assets across industries in the United States and India, Lary assumes that these
components of value added provide reasonably good indications of the inputs
of human and physica capitd.

The underlying basis of Lary’s index of factor intensity is the theory of
competitive factor shares and the neo-classical production function. It is
assumed that relative earnings reflect relative marginal products of factors,
se that identical average earnings for industries across regions within a country
or across countries imply the same average level of human capital per worker. *
Aparicrom this smplifying assumption the following limitations severely
restrict the usefulness of V/L as an index.

imperfections in product markets also account for productivity (¥/L)
differentials which cannot be attributed to differences in technical requirements
of factor inputs. Some firms and industries are more monopolistic than others.
They may charge very higi: prices for their products, which results in very
high value added per employee (V/L), which would largely reflect an element
of monopoly rent rather than a high contribution of labour or capital. The
extent of concentration may be particularly large in firms which are subject
to control by multinational enterprises. Differences in the relative importance
of these enterprises in different industries would aso influence inter-industry
differences in wage rates as well as profit margins. * Secondly, industries
have both new plants and old plants operating side by side. The newer plants
tend to have higher vatue added per employee (F/L) than older plants. Thas
variations in the proportions of old to new plants over time caused by techno-
logical advance would aso account for differences in value added per employee
across industries. Although these variations should indicate technological
differences, they are vitiated by the random variations in such components
of value added as inventory charges, depreciation charges and profit rates.
Thirdly, differences in the nature of employment, pari-time or seasonal,
among firms and industries and countries may further distort coiniparability
of ¥/1.. Variations in the scale of operation of firms would further influence
the size of the labour coefficient. Assuming a positive correlation between

* Lary, cp. cit., p. 35.

2 As a corollary of this, /L or productivity differentials across industries and countries
subsume that ail firins are on the same neo-classical production function.

# See Chapter 12 below.
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scale and capital intensity, an increase in output might tend to lower the
labour coefficient (L/V). This decline will be further aggravated by capital-
using iechnical progress.

We observed earlier that a redlistic analysis of capital intensity or labour
intensity must also consider the requirements of indirect and intermediate
inputs in the process of production. By excluding raw materia inputs, vaue
added per employee (/L) as an index of labour intensity gives only an indica
tion, if that, of substitution possibilities between direct inputs of capital and
labour. If the objective is to consider the possibilities of substitution between
labour and non-labour inputs (e.g. intermediate products and land), then esti-
mates Of gross output would be more relevant than estimates of value added. *

The share of wages in value added fwL/V}

Apart from Lary (who does not, however, apply this index), some other
authors 2 have used wages as a percentage of value added as an index of labour
intensity to rank industries. For lack of adequate data the share of wages paid
to production workers aone, which would in principle be a better approxima-
tion since employees not directly engaged in the production process introduce
complications, could not be considered. Indices of labour intensity based
on wage shares aso suffer from the simplifying textbook assumptions, viz.
functioning of a perfect factor market. In practice, the influence of wage
legidation and of trade unions distorts factor prices and the share of wages in
value added, which has thus no relevance to the predictable technical relation-
ship between factor inputs and output. Moreover, within a country or between
countries differences in th> shares of unincorporated enterprises and owner-
operators also tend to vitiate inter-industry comparisons of the shares of
wages in vaue added. in some manufacturing industries, the contribution of
sdlf-employed non-wage-earning labour to value added may be much larger
than that in others.

in principle, this indicator is a true measure of labour intensity not only
under the restrictive assumptions of perfect competition in factor and product
markets but aso under those of scale independence and of the easticity of
substitution of labour for capital being greater or smaller than unity. If the
elagticity is unity (as in the case of the Cobb-Douglas production function),

* A recent study of Philippine manufacturing concludes that “long-run substitution
possibilities between primary and intermediate inputs are far greater than is normally as-
sumed”. See Jefirey G. Williamson: “Relative price changes, adjustment dynamics, and
productivity growth: The case of Philippine manufacturing”, in Economic Development and
Cultural Change (University of Chicago Press), Vol. 19, No. 4, July 1971.

2 For example Carlos F. Diaz Alejandre: “Industrialization and labor productivity

differentials”, in Review of Economics and Statistics (Cambridge, Mass., Harvard University
Prass), Vol XIVIT No, 2, May 1965.
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the relative shares of wages and profits in valus added will always remain
the same. If it is less than unity, then as the K/L ratio increases the share of
wages rises. If it is greater than unity, as capita intensity (K/L) rises the wage
share decreases. Thus a process that permits substitutability and could thus
potentialy be run labour-intensively may be observed to have low wage share
if the elasticity is greater than unity and it is in fact operated in a capital-
intensive mauner.

The wage share clearly tells us nothing about factor intensity when elas-
ticity is unity. Even if the dasticity is not unity, it is a poor indicator so long
as the capital-labour ratio and the elagticity are not known beforehand. One
can argue that if there is a need for prior knowledge about K/L ratio there is no
need to bother at al wiih the wage share as an indicator of {abour intensity,
If two or mere techniques are in use, we can infer from the wage share the
one which is more capitd intensive if the eagticity of the isoquant along which
the subgtitution is taking place is known, but this inference cannot be made
as between processes in different industries.

Presumably it is for some of these reasons that Diaz Alejandro states
that “indices of labour intensity based on wage shares are clearly inferior to
those based on capital-labour ratios.. .”. However, he is rather unclear as to
thr precise reasons why this index is clearly inferior to others. We states that
the index assumes uniform wage rates in al industries and that it may give
rise to statistical biases; but these objections to the above index may apply
aso to other indices considered in this paper.

Furthermore, the share of wages may not be independent of scale differ-
ences. In principle, given the factor price ratios and technical knowledge, the
scale effect would tend to lower the share of wages in value added. This seems
to be borne out empirically in the Diaz Algandro study on Argentina. The
study which measures the size of firms by the average number of production
workers per establishment shows that the share of wages is small in many
industrizs which have alarge average size (see table 1).

Finaly, the use of a technique unsuited to the size of the local market in
a developing country would alsotend to lower the share of iabour, since ihe
existence of unused capacity raises K/V more than L/V.

The capital coefficient (K/V)

The definition of iabour intensity or capital intensity in terms of the capital
coefficient refers to the income aspect, which cannot be ignored since it is
one of the elements of labour productivity.

ViL = NE)

x I =
e
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Table1. Share of wagesin value added and the average size of establishments in Argentina

Iadustry Wages and Average Averapge Average size

salaries as productivity number of of establishment
percentages of  of production  production {US = 100)
value added workers workers per

(Us = 1oy establishment

Cigarettes 6.7 82.9 383 14.5
Distilled liquors 11.6 67.1 35 13.3
Petroleum refining 14.5 104.5 384 137.2
Other petroleum and

coal products 16.1 76.2 47 46.3
Pulp mills 16.2 63.9 194 25.2
Tyres and inner tubes 19.2 73.6 561 829
Matches 20.6 55.1 193 114.8
Mouotorcyctes, bicycles and parts  22.2 66.2 25 1.2
Printing ink 26.8 54.0 26 584
Canned and dehydrated fruits

and vegetables 27.5 47.8 26 15.5
Electrical machinery except

radic and television equipment  29.0 46.0 45 8.9
Fish 29.1 79.3 27 29.6
Toys 354 28.0 31 134
Bread and other bakery products  36.4 218 13 12.3
Paperboard containers and boxes 36.9 25.7 21 17.2
Lime 37.2 23.8 22 18.2
Metals, excluding machinery 38.5 319 38 12.5
Macarcni and spaghetti 39.8 22.0 22 25.2
Elevators and moving stairways  41.6 17.2 54 51.7
Tobacco, excluding cigarettes 42.1 21.5 56 349
Musical instrisments 42.% 24.4 25 g.1
Printing and publishing, except

newspapers and magazines 43.8 27.4 29 42.9
Glass and glass products 47.6 272 82 2.5
Explosive substances 49.0 29.7 159 105.3

Saurce: Carles F. Diaz Alejandro: “Industriafisation and labour productivity differentials”, op. cit.

This simple identity shows that V/L grows faster if either V/K or K/L increases
with the second factor remaining unchanged.

One of the first writers to use the capital and labour coefficient for meas-
uring relative inputs of capital and labour in different industries was Leontief. *
In particular, the relative factor intensity of different American industries

See W. Leontief: Studies in the structure of the American economy (London, Oxford
University Press, 1953); idem: “Factor proportions and the structure of American trade:
Further theoretical and empirical analysis”, in Review of Economics and Statistics, Vol
XXXV, No. 4, Nov. 1956. See also V, V., Bhatt; “Capital-output ratios of certain industries:
A comparative study of certain countries”, in Review of Economics and Statistics, Vol. XXXVI,
Mo. 3, Aug. 1954,
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was measured by the ratio of the capital coeflicient and the labour coefficient,
’

that isK—J— , thus giving a ratio of the value of stock of capital per worker
iViVi
(K/L). ?

The capital-output ratio represents a stock-flow concept relating the value
of the stock of capita to the value of the flow of output a a given time.
This stock-flow concept seems to be more limited than a concept measuring
the flow of capita services to the flow of output. This is so because capital
goods vary in durability. Let us compare K/V ratios in two different industries:
in one case capital loses its practical value after the current neriod, whereas in
the second it continues contributing to omput in subsequent periods. It may be
erroneous, therefore, to attribute the output of the latter industry entirely to
capital: the use of more capital per unit of output in the second case does not
necessarily imply that it is more capita-intensive than the first industry.
Apart from considering differences in the durability of capita, time patterns
of output yields need also to be taken into account to make empirical compari-
sons meaningful. 2 The concept of annual investment or acquisition cost to
daily output used in Chapter 8 below by Frances Stewart attempts to relate the
flow of capital services to the volume of output, thus taking acrount of the
above objection. ?

There are severa other practical limitations in me usc of the conventional
capital-output ratio. It is a poor indicator of the labour or capital intensity
of an industry since changes in the denominator and numerator need nct
necessarily take place in response to technologica factors. Increases in output
depend on-

(a) the application of better methods to oid plants without the use of any
additiona: capital (that is, the case of technical progress);

(&) fuller utilisation of old plant in response to demand fluctuations;
(c) changes due to the introduction of multiple shifts: and

(d) changes of the kind for which a certain relationship between capita and
output may be assumed as given by technical factors. ¢

! More of thic latter indicator below.

2 See E. Borukhov: “The capital-output ratio, factors-intensity and the input of capital”,
in Economia Internazionale, Vol. XIX, No. 2, May 1966.

# See Chapter 8 below for the usc of this indicator, and others, namely invest-yent-labour
and labour-output ratios.

* See W. B. Reddaway: The development of the Indiar economy (Homewood, Ill., Trwin;
London, Alfen and Unwin, 1962), Appendix C.
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Unless the contribution of the above non-technical factors can be isolated,
inter-industry comparisons of capital-output ratios cannot be a very meaningful
index of capital intensity or labour intensity.

Industries vary in their production functions, scale economies and capacity
utilisation, besides their levels of technology. Even within a given indusiry,
X/ may vary between extensions of existing factories and the completely
new units, being lower in the former than in the latter. Variations between
countries at a given point of time do aso occur, but not necessarily owing to
¢ifferences in the degree of capital intensity of the methods of production.
Instead, K/¥ may ssmply be an increasing function of the amount of investment,
with the result that differential investment policies across countries and not
the fabour intensity of industries would be reflected in variations of K/V. In
other words, the size of K/V may depend less on the technological factors and
more on therale of growth of investment. The definition of capital intensity
in terms of the K/¥ raiwo, on the nther hand, implies that the existing capital
stock. which has been accumulated over the years, and its ratio to output are
independent of the above sire relation. *

The capitai-labour ratio (K/L)

The capital-iabonr ratio is one of the most commonly used indicators
of labour intengity, especially in studies relating to employment implications
of technological choice. This index, which reflects essentially the degree of
mechanisation, is closely related to the capita coefficient. The latter reflects a
degree of labour or capital intensity, depending on whether a high or alow
K/L is associated with it. If K/ is large (or capita productivity is low) and
K/L is aso large, then the labour intensity of a given investment is also low.
This situation, where an increasing K/L is associated with a rising K/V (or
diminishing average productivity of capital), obtains under conditions of
constant returns to scale. However, the experience of less developed countries
tends to contradict this neo-classical assumption. Thr techniques with a higher
Kj1. yidd alower output per unit of capital (¥/K) or a higher K/V. Of course,
these situations in the less developed countries can be reconciled with the
nec-classical theory by assuming increasing instead of constant returns to
scale. However, contrary to what the traditional production theory would
suggest, returns to mere capital-intensive processes are not invariant to scale.
A? higher scale of operations returns to more capital-intensive operations
(higher KjL} may be greater than those to labour-iatensive ones (lower K/L
ratios).

1'This abjection, however, refers to the aggregate capital coefficient, At adisageregated
teve! this problem may not arlSe.
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The use of K/I. and K/V for me:suring capital intensity or labour intensity
inisclation could lead to the identification of a given industry or technique as
labour-intensive and capita-intensive at the same time. This inconsiz.eicy
has been illustrated elsewhere by advocating that the triple objectives of
output, employment and reinvestment from a given total investment need
to be considered in conjunction rather than in isolation. *

Given a certain level of technology, there is a certain maximum amount
of labour that can be employed on a given piece of capital equipment. Although
this empioyment level can he varied by varying the utilisation of the capacity
of equipment beyond full capacity level, an increase in labour may smply
result in a negative margina productivity of labour (over-staffing is a case of
sharing . given output among a larger number of workers). Labour hoarding
amounts to a subsidy during the period over which it is not technically required.

Variations in capacity utilisation across industries affect the K/L ratios,
which may not be easy to identify empirically. The ratios derived from statis-
tical data are not comparable unless it can be determined that the industries in
comparison use the same number of shifts. In practice, censuses of manufac-
tures rarely provide any information on the number of shifts or the percentage of
utilised capacity.

In addition to capacity utilisation, the K/L ratio may be influenced by tbe
nature of the bias of technical change and by relative factor prices which vary
across industries. For example, while neutral technical change will leave
K/L unaffected, capital-using technical change (in the Hicks sensc) will raise it.
Similarly, K/L will be rigid under extreme values of elagticity of substitution.

In fact, influences of these factors on the K/L ratio can be isolated, though
not most accurately, within a production function framework.

Further complications in emuirical comparisons of K/L ratios arise owing
to the heterogeneity of both capital (K) and labour (L). If X includes investment
in human capita, the relative proportions of fixed and human capital may
vary across industries. Some industries may be more skill-intensive and capital-
light than others. In general, capital-labour substitution implies substitution
of fixed capital for unskilled labour assuming complementarity between
fixed capital and skilled labour. To the extent to which capital substitutes for
skills, as may occur in the case of automation, the £/L ratio may well conceal
the substitution of physical capital for human capitd.

Similar difficulties arise from differences in working capital requirements
across industries. A lower degree of capital intensity need not necessarily
mean a lower degree ofmechanisation, which is in fact measured by the amount
of fixed equipment employed per person. The K/L ratio will represent capital

+ See A. S, Bhalla: “Investment alocation and technologica choice”, op. cit.
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intensity only if it is a ratio of the stock of investment in fixed capital and in
working capital to the flow of labour working with it. * In some cases, the
degree of mechanisation and of capital intensity might move in opposte
direction:. For instance, given the extent of mechanisation, multiple-shift
working witt reduce the capital intensity of investment. 2

RANKING OF PROJECTS AND INDUSTRIES

Projects and industries could be ranked according to the different indices
of labeur intensity. However, since none of these indices are by themselves
pure ones in reflecting labour intensity, unless these were purged of non-
technological factors they would be of limited usefulness for purposes of
comparison across a heterogenous mass of industries. If we are able to rank
firms and industries by their pure labour intensity (he it in terms of input
coeficients or K/I. ratios), we could have an ordering of the degree of inter-
industry or intra-industry labour intensity. The key factor here is the purity
of indicators, which to a large extent depends on the ussumptions about tech-
niques of production. Purity of indicators can be improved at least to some
extent by the use of project or plant data. This may be particularly true in
the case of industries in which only a few projects or plants congtitute the
bulk of the industry. Unless details of Iabour intensity were obtained for the
enterprises, the evaluation of industry could be miseading.

in theory and practice, there are considerable diificulties in ranking projects
and industries according to labour intensity. Much depends on the substi-
tutability of products, differences in scale and variations in relative prices and
their effects on substitution. The actual prices may not necessarily be relevant;
even if they are, they may at best be relevant only for margina changes. One
can argue that the problem of pricing and vauation can be overcome by
considering labour intensity in terms of physical quantities (e.g. labour per
unit of physical product). Nevertheless, for purposes of comparison a common
value denominator may be essential even though imperfect.

1See Amartya Sen: “Choice of techniques of production: with special reference to
East Asia”, in Kenneth Berrili (ed.): Economic development with special reference to East Asia
(London, Macmillan; New York, St. Martin’s Press, 1964). The [LO-organised comprehensive
employment mission to the Philippines, which estimated the book value and replacement cost
of capital including inventories, demonstrates the sizable importance of inventory capital
‘see ILO: Sharing in development: A programme of employment, equity and growtit for the
Philippines, op. cit.),

2 Even in the absence of multiple-shift work, such economic activities as retail distribution
may require more working capital in relation to fixed capital. See A. S, Bhalla: Economic
efficiency, capital-intensity and capital-labour substitution in retail trade, Discussion Paper
No. 94 (Yale University Economic Growth Center, 1970).
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Table 2. Ranking of manufacturing sector by size of employment and labour intensity

Country Size of Indicators of labour intensity
employment
Labour- Share of Capital- Capital-
output ratic wages in labour ratic  output ratio
value added

(LIV) wi/Vy (K/L) (X{¥}
Argentina 11963) 7 ! 2 .
Brazil (1959 3 4 4 3 6
Mexico (1953} [ 5 5 4 4
Iran {1963) . 6 8 7 8
Pakistan (196G) 2 8 6 5 1
Philippines (1961) 4 3 3 2 5
Singapore (1966} 5 2 7 1 3
Sri Lanka (1968) . 7 5 6 7
Thailand (1963} 1 9 1 8 2

Note: Ranking is done in such a way that the increase in numbers indicates an increasing depree of labuur 1ntensit,
and an increase ia size of employment.

Sources: United Nations: The growth of world industry, 1953-63, National tables (New York, 1967); The growth
of world indusiey, 1968 edition (New York, 1970) Vol. I; International Monetary Fond: International Financial
Staristics (Washington, DC), Vol. XIIIL, 1960; and ILO: Year Book of Labour Statistics, 1960 and 1976 (Geneva),

If the object of ranking projects and industries is to explore their employ-
ment-generating capacity, the share of employment in the tota, that is abso-
Iute sSire, is as relevant as the ratios that reflect labour intensity.

In table 2, for purposes of illustration, the manufacturing sectors of a
few developing countries (for which data are easily available) are ranked
according to four indices of labour intensity considered in the previous section.
Table 3 shows a ranking for two-digit manufacturing industries in Brazil for
1959 and table 4 for individual establishments in Mexico.

If we assume the same efficiency across all establishments and industries,
and uniform price vectors, then rankings according to capital coefficient,
capital-labour ratio, labour coefficient and the share of labour in value added
should be identiczl. In tables 2 and 3, this does occur in some cases either at
the aggregative level of manufacturing sectors or at the level of individua
industries or establishments. For example, it is interesting to note in table 2
that different indices give fairly closely comparable rankings in the cases of
Brazil, Mexico and Sri Lanka. This is much less so at a disaggregated level
in the case of Brazilian industries and Mexican establishments. In table 3 only
a few industries, namely basic metals and furnitures and fixtures, show close rank
ordering by different indices. Similarly, in table 4 estatlishments in the vegetable
oils and fats and ammonium sulfate industries show closely similar rankings.

On the basis of the available evidence, it is difficult to explain the precise
reasons for cases of close ranking at the two different levels of aggregation.
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Table 3. Ranking of manufacturing industries by size of employment and labour inten-
sity in Brazii in 1959

Industry Size of Tudicators of labonr intensity
employment
(Lf¥) (wLi¥) (KLY (K1¥}
Food 17 8.3 3 3 4
Beverages 6 6.5 7 3.5 3
Tohacco 1 3 2 16.5 18
Textiies 18 18 15 14.5 5
Clcthing, footwear and made-up textiles 12 16.5 13 18 17
Wood and cork products 11 15 i1 10.5 6
Furniture and fixtures 7.5 16.5 18 17 14
Paper and paper products 5 5 5 7.5 12
Printing and publishing 9 11 16 10.5 11
Leather and leather products 3 12,5 10 14.5 13
Rubber producis 2 1 1 35 16
Chemical and chemical products } 14 5 4 5 n
Petroleura and coal products
Non-metaliic minerals 15 14 9 10.5 8
Basic metals l
Metal products except 16 8.5 8 7.5 7
machinery and transport l
Manufacture 6i° machinery 10 10 17 5 1
Eledtrical machinery and appliances 7.5 6.5 12 7.5 9
Transport equipment 12 4 6 1 2
Other manufacturing 4 12.5 14 16 15

‘Note: Ranking is done in such a way that an increase in numbers indicates an increasing degree of labour intensity
and an increase in size of employment.

Source: United Nations: The growth af world industry, 1953-1965, Narional tables, op. cit.

One can only speculate that in the countries, industries and establishments
concerned actual conditions conform closely to the above assumptions,
namely same efficiency in input use, uniform price vectors, absence of scale
effect, etc. A non-similar ranking in establishments and industries may occur
owing to different degrees of market imperfections, and variations in returns
to scale. More empirical evidence at the level of the firmsis desirable to unravel
the various influences that are concealed at the level of an industry.

It is worth noting that in both tables 2 and 3 the four indices of labour
intensity can be classified into two sub-sets. The first sub-set includes the labour
coefficient, the share of wages in vaue added and the capital-labour ratio,
whereas the second consists only of the capital coefficient. It is in fact within
the former sub-set that the ranking is quite close. With few exceptions, the
ranking of industries by capital coefficient is quite different from that given by
the other three indices.
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Table 4. Ranking of establishments by size of employment and labour intensity in Mexico

Esiablishment Year Size of Indicators of labour intensity
employment
(Lf¥) (WLiV)  (KIL) (K1V)

Cheese, butier, crea:n, ecc. 1966 5 18 4 20 22
Canned vegetabies, fruit

and fruit pieces 1966 12 9 13 14 21
Wheat flour and by-products 1966 16 20 12 12 3
Cane sugar refinery 1965/6 17 11 18 5 4
Synthetic fibre fabrics 1965/6 22 65 22 16 10.5
Shirts, trunk hoses, etc. 1966 6 12.5 11 21 17.5
Plywood and sawn timber 1966 13 19 14 17 14
Newsprint and printing paper

for books 1967 10 8 3 2 1
Dried skins for ladies’ handbags 1966 4 16 7 13 15
Natural and synthetic rubber tyres 1966 9 2 10 18 16
Ammonium sulfate and

single superphosphate 1966 11 6.5 5 3 5.5
Vegetabie oils, fats and margarine 1967 1 1 | 1 9
Paints and synthetic resins 1966 2 4.5 2 8 19
Soap, detergents and glycerine 1966 20 17 20 11 8
Bricks and other construction

materials 1966 8 14 8 9 7
Rolled, drawn, forged and

cast metal products 1966 15 12.5 17 10 10.5
Production of refined

antimonial lead 1966 7 21 9 19 13
Steel angles, bolts, nuts,

steel wire, rods, etc. 1966 21 15 2 4 2
Tractors, seeders and other

agriculturai implements 1966/7 14 10 15 7 5.5
Electric lamps 1966/7 19 12 16 22 20
Automobiles and trucks 1967 18 3 19 6 175
Production of motor cycies

and bicycles 1966 3 4.5 6 15 10.5

Wote: Ranking is done in such a way thar an increase in numbers indicates an increasing degree of labour intensity
and an ingrease in size of employment,

Source: UNIDO: Profiles of manitfecturing establishments, op, cit., Voi. HI.

CONCLUDING REMARKS

We have observed that the concept of labour intensity, like that ¢f produc-
tive efficiency, is not without its limitations. For one thing, ambiguity about
it arises from the various shades of meaning attached to it. The multiplicity
of interpretation occurs on account of the o°.ierent objectives one has in view
for using, the concept.

In spite of conceptual and measurement difficulties, we find that the concept
is of some operational significance for planning and policy making. The
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ranking of industrial projects by different indices of labour intensity would
be more useful if those indices could be purged of impurities. Labour intensity
together with the absolute size of employment can be helpful in defining
priorities for the choice of projects from the poini of view of employment
planning. In addition to examining indices of labour intensity and size of
employment, it would also be useful to look at the range of elasticity of sub-
gtitution.

However, in practice there is perhaps no such thing as a true or pure
index Of jabour intensity. The different indicators examined in this chapter
relate factor inputs and outputs, and represent shorthard expressions which
capture only a part of the picture. Giver, these limitations, these indicators
can serve a useful purpose for nnalysis, planning and policy making, as will be
shown in the subsequent chapters. Their usefulness can be enhanced by analyses
a the leved of the firms and projects rather than at the leve of industries.
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CAPITAL-LABOU!? SUBSTITUTION
POSSIBILITIES: A REVIEW OF
EMPIRICAL EVIDENCE

by J. Gaude'

There is a growing body of evidence that the growth of industrial employ-
ment is lagging behind the growth of output in less developed countries.
Rates of investment have been quite high, but labour absorption has been
held constant, or has even declined in some cases. In this connection it is
commonly suggested that either an inappropriate choice of technology or
alack of such choice, or both, prevent less developed countries from absorbing
labour more quickly. We are primarily concerned here with this hypothesis
in so far as the vaue of the easticity of substitution tends to reflect technolo-
gical dternatives.

Two main issues are to be examined in this study. The first is the appro-
priateness of the elasticity of substitution as a guide for policy making. In this
connection the concept of the eagticity of substitution is defined and its implica
tions for policy making are examined. The second part of this chapter is a
critical examination of some empirical estimates of the elasticity of substitution
in the manufacturing and other sectors of the less developed countries. The
reasons for the separate treatment of cross-section and time series estimates
are also discussed.

THE ELAST!CITY OF SUBSTITUTION

The easticity of subgtitution is a mzasure of the ease with which two
inputs such as capital and lahour can be substituted for each other. Let us
assume that an economy experiences capital-deepening (an increase in the

1 International Labour Office. The author would like to thank A. S. Bhalla, C. G. Baron,
and Professors H. Pack and P. Strassmann for their comments on an earber draft, and
L. Massenet for research assistance.
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amount of capital in relation to the amount of labour).If substitution is
comparatively easy (the elagticity of subgtitution is comparatively high), then
(competitive) firms can be induced to absorb the increase by a comparatively
smal rise in wages and a comparatively small fal in the interest rate as
entrepreneurs seek  profit maximisation. On the other hand, if substitution
is relatively difficult (the elasticity of subgtitution is relatively low), then
(competitive) firms will absorb the increased capital (in relation to labour)
only after they have bid down the interest rate and bid up wages by com-
paratively -greater amounts. Clearly the wage increases can reduce the rate
of growth of employment, the extent to which this happens depending on
the wage change (relative to capital price) and on the size of the easticity
of substitution, which appears to be an important component of the static
flexibility of the economy in responses to changes of relative factor prices.
Other things being equal, the higher the elasticity of substitution between
capital and labour the greater is the possible rate of growth of product because
the relatively fast-growing primary factor can be subgtituted more easily for
the relatively dow-growing primary factor. * Consequently, a high vaue of
the easticity of substitution would reflect important policy implications for
governments of less developed countries that are faced with unemployment
problems.

Let us assume, for example, that a typical less developed country seeks
a shift to efficient factor combinations with a higher labour-capital ratio at
an industrial or scctoral level, whether on average or only at the margin.
Let us assume further that the relevant estimated values of the elagticity of
subgtitution are expected to be low. Then there is little point in investigating
the effects of fiscal or financial measures or: factor prices the changes in which
will induce little or no change in sectoral or industrial factor proportions,
even if all entrepreneurs are profit maximisers. 2 It follows that knowledge
of the values of the dasticity of substitution in industrial sectors and sub-
sectors can be useful for pelicy maker: for changing the market signals to
ensure greater labour abserption. rais leads us to the measurement of the

* J. R. Behrman: “Sectoral <!asucities of substitution between capital and labor in a
developing economy: Ti.ae <sries znalysis in the case of postwar Chile”, in Econometrica
(New Haven, Conn., Econometric Society),”Vol, 40, No. 2, Mar. 1972; and M. Brown: On
the theory and measurement of technological change (Cambridge University Press, 1965).

5. N. Acharya includes :zee other restraints which could impede the potential shifts
to efficient combinations v.1:a more employment per unit of capital, namely: (a) the possibi-
lisies of changing the outrw.c MiX N favour of labour-intensive “seciors”, ~ INdustries’ or
“products’; & the respon.iveness Of producing units to_price signals; and (¢) the success of
action to change prevailing factor prices in the desired direction. See’ S. N. Acharya: “Fisca
financial interventi: , aCtor prices and factor proportions: A review of issues’, in Bangla-
de:1 Developmient Studies, “‘a,. 11, No. 4, Ocl. 1975,
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elasticity of substitution, which is a technical parameter characterising a
production function. * Estimation of the easticity of substitution implies
an analysis of the production function and its translation into an estimating
form. 2 The estimating form of this concept correlates iabour productivity
and the real wage rate. The former is explained by a number of variables such
as technical progress, scale of output and changes in the wage rate. For example,
the expansion of output would tend to lead to a further division of labour
and to a higher labour productivity because of internal and external economies.$
Also, an increase in the real wage rate tends to raise the wage-rental ratio,
and consequently to induce entrepreneurs to use more capital and less labour,
thus leading to an increase in labour productivity. The higher the eagticity
of substitution the larger the effect of a change of real wage rate on labour

productivity arising from substitution of capital for labour for a given scale of
operations.

' Far details see Brown, op. cit., and M. |. Nadiri: “Some approaches t> the theory
and measurement of total factor productivity: A survey”, in Jeurnal of Econoniic Literature
(Menasha, Wis,}, Yol. VIII, No. 4, Dec. 1970.

* The most convenient variant of the production function is the CES (constant elasticity
of substitution) function (see K. J. Arrow, H. B. Chenery, B.5. Minhas and R. M. Solow:
“Capital-labor substitution and economic efficiency”, in Review of Economics and Sratistics,
Vol. XLIIL, No. 3, Aug. 1961). Thir is written as fotlows:

V= e (BK P+ (1 —3) L?)vr (4)]
where V: real value added; K: employed capital: L: employed labour; 8: the distribution para-
meter; v: the efficiency parameter; p: the substitution parameter; v: the scaie parameter;
% the (disembodied) rate of neutral technical progress. o

If the ex-sosr demand for labour in a non-compcritive setting is

v
31 = (wip),
wherd N=(1+Z-1) (fl + =)L wip: real wage rate; x: supply easticity of labour:
72 demand dadticity far output, the estimating ‘equation (13 can he derived by substituting
the equation above'into (1), solving for ¥/L and taking logarithms in both sides:
. Log ViL = b, + b, |OQ ¥ + 5. 10Q (Nw/p) + byt + & (2a)
with: b, = clog [v (1 — 8) ye/ 1 5, = (1 — v ) {1 —0):
bo=a=(1+g)"; by=av1(1 - c);
u = disturbance variable.

Equation (2a) wilt provide us with the general framework for mast of the time series
studies discussed below. Obvioudly, in the cross-section care, time: clearly doer not appear,
and equation (2a) becomes:

logViL =¥y + &'y log V + ', laQ (Nwip) + o (2b)
while the coeflicients &' contain the same (implied) structural parameters as the #s.

Between the two points of time, the general equation (2a) can be written:

WL =vta(l—0) + o+ N-j) <11 ~v ) (1~ ) F+u” (2c)
where the dot above each letter denotes the percentage change of the appropriate variable.

* It has been argued that external economies follow from a change in any of the four
factors: fa) structure of final demand, b} the “state of arts”, {c)supply of labour and
cther resources, (d) the existing organisation of the industry. These four factors are respon-
sible for the market size, tech.ological change, quality and quantity of productive factors
and the indivisibility of productive units respectively.
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Economic problems

The economic background underlying the concept and estimating equations
can be viewed as follows. First, the capital-labour ratio is assumed not to
vary with wages and labour productivity. This implies that the eagticity of
substitution is independent of factor proportions * and scale. Such an assump-
tion is generally not supported by either casual empiricism or the few available
micro-studies of production processes. * Secondly, the effect depends on the
type of anaysis (cross-section or time series) that is considered. 1n the latter
casg, it is difficult to isolate the effects of economies of scale without technical
progress from ecenomies reaped through technical progress. Besides, as
Kotowitz notes #, the meaning of economies of sca'e is very vague when dealing
with highly aggregative relations. In other words, the hypothesis of constant
returnsto scaleis stronger in cross-section than in time seties analysis. However,
it should be noied that if there are increasing returns to scale at the level of the
firm as wdl as of the industry, then the assumption of equality of the wage
r=t¢ and the margina value product of labour is very likely to be invalid.
All factors cannot be paid the marginal value product without exceeding the
total vaiue added. Increasing returns to scale are therefore compatible with
a profit maximisation model only if there are imperfections in product
ciractor markets. ¢ Findly, the CES function cannot incorpcrate returns
toscale which vary with factor proportions ®; applied to production at either
industrial or sectoral level, it assumes perfect malleability of factor combi-
nations. A more redistic assumption is that factor combinations, once chosen,
can seldom be adjusted quickly without any loss of efficiency.

2 The empirica usefulness of this hypothesis derives from the ease of subdtitution between
inputs, which directly depends on the manner in which factars are combined, with important
implications for the input decisions of the firm. See H. H. Tsang: “=conomic hypotheses
and the derivation of production functions’, in The Ecenemic Record (Melbourne), Vol. 49,
No. 127, Sep. 1973.

= See for instance G. K. Boon: “Substitucion de capital y trabajo, comparaciones de
productividad ¢ insumos primarios y proyectados”, | N Demografia y Economia (Colegio
de México). Vol. vI1,1973, No. 3; C. A. Knox Lovell: “ Capacity utilization and production
fenetion estimation in postwar American_manufacturing”, in Quarterly Journal of Economics,
Vol. LXXXII, No. 2, May 1968; idem: “Estimation and prediction with CES and VES
ﬁ*oduction functions’, in fnternational Fconomic Review (Philadeiphia and Osaka), Vol. 14,

0. 3. Oct. 1973.

Y. Kotowitz: “On the estimation Of anon-neutral CES production fuiction”, in The
Canadian Journal of Economics (Toronto), vel. |, No. 2. May 1968: idem: “Capital-fabour
substitution N Canadian manufaciuring, 1926-39 and 1946-61", ibid., Vol. I, No. 3, Aug. 1968.

_#M. 8. Feldstein: “ Alternative methods of estimating a CES production function for
Britain”, in Econemica (London), Vol. 3x3x1v, No. 136, Nov. 1967; R. K, Diwan: “Alter-
native specification of economies of scae’, ibid., Vol. XXXIilI, No. 132, Nov. :966.

s The relationships between the elasticity of substitution, the scale elagticity and the
Verdoorn coefficient have been analysed by M . Katz: Production functions, foreign invest-
ment and grawth (Amsterdam, North-Holland Publishing Co., 1969) and C. St.J. O Herlihy:
The capital-labour substitution elasticity in developing countries, unpublished working paper
(Geneva, 1L0O,1970).
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Attempts to fit production functions to less developed countries take value
added as the measure of output. Consequently the treatment of intermediate
input is concealed. There is an implicit assumption that the share of the
intermediate input in gross output is nearly constant, which amounts to
saying that the elasticity of substitution between intermediate input and vaue
added is zero. The omission oi materids from the production function often
affects the elasticity of substitution between capital and labour.2 Furthermore,
capital may be substituted more efficiently for intermediate input than for labouy.

Labour and capita’ are aggregates of elements that are basically hetero-
geneous. with divergent characteristics: they differ in their longevity, pro-
ductive qualities. mobility, etc. Following Kotowitz, treating labour a. homo-
geneous input introduces two types of bias into the measure: (a) improvements
in the quality of fabour over time are ignored; and (b) changes in the quality
of labour over the business cycle are ignored. 3 If the length of time is fairly
short, the first type of bias will be small. This heterogeneity appears to be
the mzin cause and consequence of technical progress in an economy. The
estimated value of the elagticity of substitution strongly depends on the manner
of srouping heterogeneous units of capital, labour or output ¢, which is closely
related to the level of aggregation. If the definition of sectors is too aggregative,
the estimates of the elasticiiy of substitution based on time series data become
intra-sectoral subgtitutions of one kind of product for another. This chaiige
in output m.x may or may not be due solely to changes in factor prices; in
both zases, the meaning of the measured eladticity is unclear. Finaly, the
two-factor CES production function does not permit adequate treatment of
the role of land, education, entreprencurship 3, and labour mix or capita
mix in the production pProcesses.

~ * SEC Acharya, Op. Cit.; Frances Stewart: “Choice of technique in developing countries’,
iN Journai of Development Studies (London, Frank Cassy, Vol. 9, No. 1, Oct. 1972, and reprint-
ed in ¢. M. Cooper (ed.): Science, technology and development (London, Frank Cass, 1973);
and Bocr., Op. Cit.; akso Chapter 1.

2 See Chapter 12,

* Kotowitz, Op. Cit., uses per cent unemployment of the civilian tabour force (and its
square) as proxy variable o renresent departures of demand from its expectations.

* For a more comprehensive treaiment of these problems see A. A. Walters: “Production
and cost functions: An econometric survey”, in Econometrica, ¥ol. 31, No.1-2, Jan.-Apr. 1963;
idem: An imroduction te econometrics (London, Macmillan, 1968), and Nadiri, op. cit.

> The contribution of the entrepreneur’s education to an increase in a firm’s output and
productivity can be caused partly by better choice of inputs and partly by more effective use
of labour. Some technological change might be induced because some entrepreneurs decide
to innovate and experiment while others wait till the economic prefitability of these innova-
tions is established and technological change becomes less risky. For a statistical treatment of
these concepts within a production function framework, see J. Gaude: Analyse des relations
entre la inain-d'@uvre, Péchelle et la technologie AONS le perit commerce @ Lima (Pérou)
(Geneva, ILO,1973; mimeographed), and E. J. Mitchell: “Explaining the international pattern
of labor sroductivity and wages: A production model with two labor inputs”, in Review
of Economiics and Statistics, Yol. L, NO. 4. Nov.1968.
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Estimation problems

There are a number of preblems connected with the estimation of the
elagticity of subgtitution. First, the relationship between (real) wages and
employment is wholly explainable by the productivity of labour and not by
substitutability against labour?! unless the estimate of the elasticity is shown
13 be significanily different from unity. The ciassical procedure Of estima-
tion assumes an exogenous determination of the wage rate. If the wage rate is
not exogenously determined, the CES procedure yields a biased and inconsis-
tent estimate of the elagticity even if returns to scale are constant and the
wage rate is equal to the margina product of labour, The exogenous d=ter-
mination of the wage rate is likely to be a more relevant assumption for an
international sample within an industry than for an aggregate time series
within a single country or an inter-industry sample. *

Secondly, the data are assumed to represent points on the production
frontier, that is, al firms observed are assumed to have adjusted fully to the
prevailing factor prices. This is quite unredistic: for instance, for cross-section
data the discrepancy between actual and optimal combinations may reflect
differences in manageria qudity across firms; the analogous problem for
time series data is the implicit assumption of full adjustment within the
observation period.

Thirdly, except for a few rare cases?® the studies do not make adjustments for
under-utilisation of capacity. In time series analysis, much of the variation in
value added may be attributed to different rates of capacity utilisation over
a business cycle. Besides, in a cross-section analysis, if most tirms are pro-
ducing below capacity we should assess the apparently increasing returns to
scale: conversely, if most firms are (mistakenly) over-producing, a function
fitted to the firms gives rise to a scale elasticity of less than unity. Consequently,
depending on estimation procedures, under-capacity or over-capacity of mast
firms. on average, can lead to a biased estimate of the elagticity of substitution.

Fourthly, it is assumed that the same technologica aternatives are available,
and that a single production functicn exists for al countries or for all sectors
in a country. This would appear to be a particularly difficult condition to
satisfy for a cross-section analysis of firms in less developed countries where
transmission of technological change is generaly dow, axd one could expect
to find different technologies being used simultaneously in the same sector. *

D, R. Fusfeld, review of Profile of Michigan: Economic frends and paradoxes, Dy Stephen
P. Sobotka with T. A. Domencich, iN American ECONOMIC Review (Menasha, Wis.), VOI. LIV,
No. 4, Part |, June i964.

® Feldstein, Op. Cit.
¥ Behrman, op. cit., and Chapter 12 below.
4 Acharya, Op. Cit.
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In other words, the estimates of the elasticity relate not to the substitution
possibilities of a unique production function, but rather reflect the “varying
responses to market conditions of firms producing with different vintages of
tzchnology™.! With time series data on aggregate relationships an analogous
problem isthat of correctly specifying the nature of technological change,
which is an important—udeed the most important--element i the dStatistical
interpretation.

Fifthiy, if time series data are used undeflated from an inflationary situation,
variations in the rate of inflation bias the estimate of elasticity towards unity. ?
Even in cross-section, if undeflated data are used and if prices are positively
correlated with nominal wages, a bias towards unity occurs. 2

Finaly, as one might expect, there are marked multicollinearities in the
time series. The attempt to eliminate the trend by moving average techniques
or by linear (or exponential) terms tends to introduce spurious relationships
and to magnify the errors in measurement of the variables. It might be thought
that this problem of multicollinearity would be avoided in cross-section samples,
but this is not so. With intra-industry cross-sections, for instance, size of
industry, in terms of labour, capital and output, is the dominant relationship;
consequently technologies are similar and the capital-labour and capital-
output ratios are more or less the same. The important conclusion, therefore,
is that one does not avoid multicollinearity by the use of cross-section data.*

The empirica evidence below seems to indicate that the parameters of the
production function are highly sensitive to dight changes in the data, measure-
ment of variables, and methods of estimation.

A CRITICAL SURVEY OF ESTIMATES OF THE
ELASTICITY OF SUBSTITUTION

We begin by saying a few words about the reason for separating cross-
secticn studies from time series studies. Secordly, we describe why and how
particular studies have been chosen.

Most of the time series estimates of elagticity are lower than unity, while the
cross-section estimates are generally higher than the time series estimates

i M. Roemer: The neeclassical employment model applied to Ghanaign manufacturing,
Economic Development Report, No. 22% (Cambridge, Mass., Harvard University Develop-
ment Research Group, 1972,

* O"Herlihy, Op. Cit.
. *M.Nerlove: “Recent empirical studies of the Ces and related production functions’
iN M. Brown (ed.): The theory and empirical analysis of production (New Y ork, National
Bureau of Economic Research, 1967).

* Walters: An infroduction ie economeltrics, op. cit,
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and ciose to unity. In fact, the time series dats actualy reflect a dynamic
adjustment due to a combination of factors such as changes in relative prices,
technical change and externa shocks, which are generally excluded in cross-
section data. The iime series estimates are often biased because of simultaneity
between the inputs and their prices, mis-specification of adjustment lags
between the inputs and the output, and the deminesss o cyclical conditions,
e.g. under-utilization of capacity. Furthermore, in a cowpetitive market
there is no reason for relative prices to differ among firms. Differences in
observed input proportions tend to reflect differences in intra-firm manageria
ability, and consequently the individual production function is not identified. *
Besides. cross-section estimates icnd to be higher than time series estimates
because the former reflect long-run equilibrium states whereas the latter are
dependent on annual changes where short-am reactions may prevail. Tn other
respects, in a cross-regiona analysis, positive correlations are to be expected
between the size of operation. technological change and the resulting labour
productivity on the one hand, and the average wage on the other. This implies
a possible upward bias of the cross-section estimates of the elagticity of substi-
tution. 2 It follows from the above that both conceptua and statistical reasons
justify our decision to separate cross-section estimates from time series estimates.

The studies presented have been selected according to two criteria-diversity
of the developing countries where the analysis was conducted and diversity
of estimating methods or sampling centred on the manufacturing sector.
We shal compare selected results by sub-dividing them into four kinds of
estimates-cross-section, time series, pooling of cross-section and time series,
and others.

Cross-section  estimates

Five studies providing cross-section estimates of elasticity of substitution
between one or two points of time have been selected. In chronological order,
these are a study at the country level by Reynolds and Gregory for Puerto
Rico, units of observation being undifferentiated industries; a study by Eriksson
of five Latin American countries with the same specification as Reynolds
and Gregory; a study at a cross-regiona level for Argentina between 1946 and
1954 by Katz; a study of the Philippines manufacturing industries by Sicat;
and a study of Nigerian industry by Oyelabi. ®

* Nadiri, op. cit., and Walters: “Production and cost functions: An econometric
survey”, OP. CIt.

* ’Herlihy, Op. Cit.

L 3L.G. Reynol ds and P. Gregory: Wages, productivity and industﬁia[iza!ion iN Puerto
Rico (Homewood, 1iL, [rwin, 1963), Ch. 3, pp. 82-103; J. R. Eriksson: “Wage policy and
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As can be seen, the specifications are fairly different, as is the testing of
hypotheses. Whereas the estimation of the eagticity of substitution is a the
very root of the analysis in Sicat’s and Katz's studies, Eriksson * is concerned
with it only incidentally, while Reyneldsaizd Gregory do not mention it
anywhere.

Since differences in specification and level of aggregation might lead to
biased estimates of the eladticity of substitution and hznce to unjustified com-
parisons, we shall—

(1) compare Katz's (Argentina) results with those of Sicat (Philippines) and
Oyelabi (Nigeria), in both cases using equation (5), though a a different
level of aggregation (at the regiond level for Argentina and at the country
level for the Philippines and Nigeria);

{2y compare Katz's resuits for Argentina with those of Reynolds and Gregory
for Puerto Rico, in both cases using equation (3), at the regional level for
Argentina and at the country ievel for Puerto Rico;

(3) examine the Eriksson model; and
(4) also discuss the Katz model (see equation (3b)).

The results obtained by Katz, Sicat and Oyelabi are compared in table 5.

1. As can be seen when comparing the 1960 estimates by Sicat with the
1954 estimates by Katz, the eagticities of substitution are fairly camparable
for electrica machinery (about 1.0), tobacco (about 1.60}, leather products
(about 0.90), chemical products (about 1.0), printed and published materials
(about 0.85) or non-metallic minerals (about 1.25). The paper industry tends to
exhibit high flexibility since the elasticity is higher than unity in the three coun-
tries. On the other hand one can observe fairly strong divergences in the three
countries for textiles, rubber and metal products. Such deviations can be

economic devclopment in Latin American countries™, in Tifdschrift voor Sociale Wetenschap-
pen (Ghent). Vol. 14. Na. 4, 1969; Katz, op. cit.; G. P. Sicat: “Capital-labor substitution in
manufacturing in a develeping economy: The Philippines™. in The Developing Econonties
(Tokyo), Vol. Vill, No. 1, Mar, 1970; 1, A. Oyelabi: “Tests of factor substitution in Nigeria's
manufacturing sector”™, in Eusternn Africa Evonomic Review (Nairobi), Vol. 3, No. 1, June
1971, The estimating equations used in each case are:

(VL= a-- b (ip) . ..(33) (Reynolds and Gregory}
Vil)=—a-(1=-V—rc(w) ...(4 (Eriksson)
(Vily=a -~ b(wvipy ...(3b) (Katz)
log (FiL)=b,— by log (wip} ...(5) (Katz)
log (ViLY= by -+ by log {wip) ...(&) (Sicat)
log (FiLY= b, + b, tog (w/p) - b log (KLY ...(7) (Sicat)
log (ViL)=b,--hlog(w) . ' (Ovelabi)

! Eriksson is mainiy concerned wies the explanation of the demand for labour variation,
while Reynolds and Gregory endeavoured to estimate the demand elasticity for labour
(threugh the link betweer the employment forgone—differences between changes in output
and employment under the linearity hypothesis--and change in wages}.
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Table 5.  Cross-section estimates by industries

Industries * ISIC  Country, auther, date of source data

{abridged tities, author’s gtouping) No. and equation number
Philippines Argentina Nigeria
{Sicat) (Katz) (Oyelabi)
1960 1946 1934 1946- ?

1954

& 16} &3] (5} (2 B #:)

A. Food 20 1.37 1.567 1.35 0.87 Ll1s5
Beverages 21 LI 2.4
Tob~cco 22 1.57 1.541 176 173
B. Textiles 23 0.44 0.98 0.77 1.348
Footwear and apparel 24 0.60
Leather products 29 1.01 1.338 0.87 0.7t 081
C. Wood and cork 25 0.86 0.464
1
Furniture and fixtures 26 143 2075 0.93 106 0.747
D. Rubber products 30 1.58 092 0.977
Chemicai products 31 1.0 0902 090 1.01 1.802
E. Basic metals 34 0.94 1.441
Metal products 35 1.36 3.073 0.87 047 0.17 0.978
Non-clectrical machinery 36 1.06 2707 0462 0.682 0.62%
Elecirical machinery 37 0.87 045 L11 0.79
Transport equipment 38 0.325 2.006
F. Paper 27 1.25 1339 140 163 1.432
Printing, publishing, etc, 28 079 neg 087 091 079 1.044
Norn-metallic minerals 33 1.35 4313 1.19 120 117

* Major groups of the International Standard Industrial Classification of All Econemic Activities, Statistical Papers,
Series M, Mo, 4, Rev, | (New York, United Nations, 1958). * Aggregation of industries 36 to 38 in the Classifi-
cation.

partly attributed to the level of aggregation for a cross-regiona analysis
of the Katz type, which is more heterogeneous than a cross-establishment one
of the Sicat type even at a country level. As a matter of fact, as Katz wrote,
whereas industrial categories are defined in the same way in al regions, the
product mix is not exactly comparable because of specialisation.® Secondly,
the year used by Sicat, i.2. 1960, was one of dlight recession in the Philippines
while 1954, the year for Argentina, was one of expansion. # These differences
can consequently be accounted for by the differential effects of the full capacity
operation in Argentina in 1954 as compared with partial capacity utitisation
for the Philippines in 1960.

! Katz, op. cit., p. 46.
= Katz does not say anything about the trend around 1946 in Argentina.
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In other respects, Sicat shows some estimates for developed countries
which can be compared with the estimates for the Philippines. It is generally
contended that the elasticity of subgtitution is likely to be higher for less
developed countries than fcr developed countries owing to slow supply response.
However, as Sicat’ noted, the average elasticities by industries directly obtained

American manufacturing using the same level of aggregation. Williamson's
results in some industries, obtained through a method of pooling cross-section
and rime series observations and other specifications of the estimating func-
tion 2, tend to confirm this argument. However, Sicat’s or Williamson's com-
parisons are likely to be meaningless for the level of aggregation is different
and thus the product mix is more heterogeneous.

Finally, Sicat compares the estimates of Liu-Hildebrand 2 cited by
Nerlove ¢ with his results for the Philippines obtained through 2 more genera
production function. The estimates obtained under this more sophisticated
specification are higher than those found by standard methods. Besides, the
correlation coefficient between the two Sicat estimates is 0.54, which woulc
suggest strong deviations of the elagticity of substitution. For instance, the
elasticity for wood and cork and for electrical machinery is the same when
caculated by standard methods but differs when estimated by this more
genera production function.

2. For manufacturing as a whole, Katz's results for Argentina (0.82)
are fairly different from the estimates of Reynolds and Gregory (1.138) for
Puerto Rico; however, both estimates are not significantly different from 1.
Besides, the dagticity of substitution for local industries in Puerto Rico is less
than that of export industriesswhich would imply that the more dynamic
export sector can be induced to absorb a greater amount of labour by a com-
paratively small rise in wages than is the case for local industries. °

3. In Eriksson’s model, the elasticity of substitution tends to be less than
unity for every country except Colombia. * If one compares these results with
those of Reynolds and Gregory for the period 1954-58 (the same assumptions
prevail except that in the latter case the rate of increase of output is omitted),

1 Sicat, op. cit., p. 30.
2 See equations {(17) to (19) below.

3 T.C. Liu and G. H. Hildebrand: Manufacturing production functions in ‘:he United
States, 1957 (Ithaca, NY, New York State School of Industrial and Labor Relations, 1965).

* Nerlove, op. cit.
5 (O’Herlihy, op. cit.

¢ There iS @ marked tendency for economies of scale in Argentina and Brazil while these
countries experience the highest rate of (neutral) technological change.
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there are reasons for thinking that the value of the elasticity of substitution is
similar in Colombia, Mexico and Puerio Rico. !

4. The Katz study, which is the mest comprehensive, relates to both
cross-section and time series data relating to Argentina after the Second
World War. Sdlecting the cross-sectional sub-set of the study, three different
groups of elasticity of subgtitution estimates were made up from 15 industries
for 1946 and 10 industries for 1954 (equation {5}}, and from 10 industries with
changes in the cross-regiona census data between 1946 and 1954 (equation (3b)).
Where the most restrictive assumptions held (equation (5)), the industries
have corresponding estimates for each year; only three out of ten industries
had est1nates that differed substantially from each other-food, metal products,
and electricd machinery. The observed range of estimates is 0.46 (vehicles
and machinery) to 2.02 (petrochemicals) in 1946, and 0.47 (metal products)
to 1.73 (tobacco) in 1954; however, the true range (statistically) is between
0 and 1.50.

When estimates based on intercensal changes are considered, a degree of
imperfect competition is assumed to exist but not to change over the period.
Katz correctly shows that the absence of this variaple tends to bias the esti-
mated elasticity coeflicient upwards. In fact the change of hypothesis does
not significantly ater the results, as it does for stone, glass and ceramics,
knitting mills, printing, leather products, and wood and furniture. Katz does
not provide any explanation for this.

As regards the stability of easticity of substitution through time, Katz
maintains that in spite of the fact that the eagticity of substitution did not
remain stable from 1946 to 1954, the pattern of change of this parameter
is “consistent” across industries, which means that the ranking of industries
with respect to their elasticity of substitution in 1946 tends to be similar to
their ranking with respect to easticity in 1954. The industries that tended to
exhibit alower than average ¢ in 1946 maintained a lower than average value
of thiit parameter in 1954 (except for foodstuffs), and vice versa for industries
in which the elasticity of substitution was higher than average (except for
machinery and electrical equipment). However, if the ¢ values for 1946 are

i The expected value Of the elasticity Of substitution in the Reynolds and Gregory
mode! IS. E (hy=a-+cr (IV, ¥) WHEre ¢ iS the expected regression coefficient of ¥ in a
regression Of ¥ and w ONF/L; r (, ) iSthe expecied value Of the reé;r on coefficient of w
onv; & isthe elasticity of substitution estimated b¥]Gregory and Reynolds; = would have
been the=:ruer eladticity if Gregory and Reynolds had added the variablé 1 (as isthecase
in the Eriksson model). Therefore, the omission of they variable in the Puerto Ric :n case
lendsto lead 1o an over-estimate if one could exgect a significant correlaion coefficient
netween w and v, Conversely, the Existence of the ¥ variable in the Eriksson medel tends to
tead to Under-estimates if w and ¥ are positively correlated: that is the case for Argentina
(0.44) and, to a lesser degree, for Colombia (0.32) and Mexico (0.35).
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(statistically) equal to those of 1954, and if in particular the exogenous variables
that do not enter into each estimated relation are not correlated with the
logarithm of the real wage (or the proportionate change of the real wage), the
elasticity of substitution is bound to be the same. In such industries as printing
and publishing or knitting mills, leather products, stone and glass, Katz
obtains a comparable easticity of substitution. *

Time series estimates

We have selected five time series studies which measure the elasticity of
substitution. A serious limitation of these studies is the suggestion that the
elasticity of substitution remains fairly constant over a wide range of capital-
labour ratios, and that it is not atered by technology. With the exception of
Bruno. this assumption is made by al the authors. Three studies (out of five)
assume that the industries contain many firms operating under perfect com-
petition in the factor and product markets. 2 This assumption appears reasonable
far industries defined by twe or more digits in the international Standard
Industrial Classification, but is clearly violated in total manufacturing, which
is a sufficiently largs sector of the economy to have feedback effects on wages.
These five studies # ure a study of Kenya by Harris and Todaro at the country
level of aggregation; the Katz estimates for the Argentine manufacturing
industry; Diwan .and Gujarati’s three models corresponding to different
specifications of the production function for Indian manufacturing industries;
Behrman's estimates for Chilean economic sectors, and the Bruno model
of the constant marginal share (CMS). *

* Katz Wrote in these respects that, in 8 industries eut of 15, s is Significantly different
from unity at a20 per ceat level of confidence in 1946 and in 6 out of 10 In 1954. We are not
convinced by such alov level of confidence. ' We think that, on the contrary, thelevel of
confidence MUSt be as severe as possible due to the set of hypotheﬂs implicitly made.

* ASeach industey entploys asmall friction of the labour force, it can be assumed that
the price of labour sor €ach industry ii given and is only marginally affected by the state
of demand in any industry.

1 J R. Harris and M. P_ Todaro: ‘Wages, industrial employment and labour productivitg:
The Kenyan experience”, IN Eastern Africa Feonomic Review, Vol. |, No, 1, June 1969;
Katz, op. cit.; Il. K. Diwar and D. N. Gujarati: “Employment and productivity in indian
industrics; SOme questions of theory and policy”, IN Artha Vizdna (Poona), VOI. 10, NO. 1,
Mar. 1968; Behrman, OP. Cit.; M. Bruno: “A fnote on the implications of an empirical
relaticnship between output per unit of labour, the wage rate and the capital-labour ratio”
(Stanford University, July 1962; mimeographed), and idem: “Estimation of factor contri-
bution to growth under structural disequilibrium”, in International Economic Review, Vol.
9, No. 1, Feb. 1958.

4 The estim=ting equations in the above cases arc:

(VIL) = a + bw A9
(V/L) = percentage change of value added-in money terms—per employee (or African);

W = perceniage change of average money wage of employees (or Africans). Neither output
{footnote concluded overleaf)
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The Diwan and Gujarati model (equation (14)) estimates changes in market
structures. In the product market, the authors elaborate a simple growth
process where the firm (or industry) plans a “target” output and makes policy
decisions to achieve it. Growth follows if “planned” output is aways kept
higher than “achieved” output by the same ratio (namely 6/x, where 6 <2,
which yields the percentage of “planned” output actually being achieved).
The Behrman modd firgt tests the degree of flexibility of the Chilean economy
in response to changes in international markets and then examines the impli-
cations between aggregate elasticity of subgtitution, the sectoral elasticities
and the relative growth of each sector.

Bruno elaboraies a new production function which tirst links iabour pro-
ductivity linearly to the real wage rate and then again the margina product
of fabour to the real wage rate. The first equation implies that marginal factor
shares are congtant, and the second one that market conditions cannot be
perfect. * The model is estimated for manufacturing and the entire private
sectar in Israel from 1953 to 1964. The values of the elagticity of substitution
he found are fairly smal, though depending on labour productivity. On
average, they are significantly less than unity and comparable for both sectors.

nor wages were deflated for price changes because of the lack of an adequate deflator.
Equation (9} is estimated from Kenyan data for “all industry and commerce™ and per employee
only for "manufacturing”, *t, ade and commerce” and “other services” for the period 1955-66
excluding the change 1963-64 because of the break in serics.
Kai-
log (V/iLY= a—+ blog {wip)+ ct (10
log (V/L)= a’+ b log (wip)+ 't + d" fog V (L
where Vil = real value added per worker, w/p = average real wage per worker, f = trend
varizble. Equatior {10) was estimated for twn periods: 1943-53 and 1934-61, corresponding
to two “technological epochs”, while the more general equation (11) was only computed
from 1954-61.

Diwan and Gufarasi

logL=log A" - clog(w/p) + wlog V L2y
log L=log A"+ o, log (w/p) -+ oz log V' + =3 log L, (1)
log L = log A% + B, log (w,p) + B3, log (w/p)—,

+ BalogV

+ B log ¥ (1

where L = employment (production and non-production workers}; w/p = real wage rate;
V = net value added.

Behrman

log CVIL= a-+ b log Wip -+ clog (CViLy-,+ dt ...(15)
where CV = capacity of real value added (defined by “the trend through the peaks” method);
L = secular trend in labour force; w/p = expected ratic of nominal wage (including employers’

social security payments) to nominal product as represented by a weighted average of past
values of W/p.

1+ By diminating real wage in both equations, and resolving the resulting partia differ-
ential equation, the following production function is obtained.
= ve REZ L%y .(16)

The elasticity of substitution is not a fixed value but depends on the average labour
productivity.
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Another interesting aspect of Bruno'’s mode is that it successfully evaluates
the degree to which the labour market is imperfect.

Tables 6 and 7 show time series estimates for different developing countries
with respect to a set of manufacturing industries and to the average for all
manufacturing. In the latter case, it is found, as expected, that the estitaates of
the elasticity of substitution for each country are significantly lower than unity.
At the industria level, estimates for the chemical industry turn out to be
very low in India and Argentina. On the other hand, the results for the paper
and pulp industry tend to show rather considerable differences between the
two countries.

It is impossible to compare the results of these studies since the level of
aggregation (from three-digit or four-digit industries to total manufacturing)
and the specifications adopted are different. However, the easticity of sub-
gtitution, whatever the specifications, tends to lie below unity in manufacturing
as a whole, with practicaly the same value in Kenya and Isragel. This does
not mean that a similar estimate would necessarily be obtained from the same
specifications. 1n fact, what is important is the appropriateness of the set of
hypotheses in a country. For instance, the instantaneous optimality condition
(e.g. the industry adjusts its capital-labour ratio within a year of a change
in average wages) assumed in the Kenya study is certainly a more restrictive
assumption in less developed countries than in developed countries partly
because of organisational rigidities. Even in the long run the assumption of
constant returns to scale is certainly more appropriate in a developed country
like Canada ! than in a developing one. A first problem would be to evaluate
the consequences of the relaxing of successive hypotheses on the elasticity
of substitution in order to ascertain why and how the elasticity of substitution
is sensitive to these changes. This is the purpose of Diwan and Gujarati’'s
study for Indian industries. Unfortunately, the increasing complexity of the
estimating equati.ns (and hence their greater realism) was achieved at the
cost of increasing multicollinearity; it follows that the estimates of elagticity
of substitution are certainly biased. In the simplest model (equation 12 above),
17 out of 28 industries have an eladticity not significantly different from zero:
Of the 11 remaining ones, 6 lie between zero and unity, while in 4 cases the
elesticity amounts to unity.

it is impossible to disentangle the effects on s differentials due to the changing
of hypotheses from those assoc**ed with higher multicollinearity. However,
Diwan and Gujarati’s main contribution concerns their treatment of imperfect

. 'Kotowitz, Op. Cit.; idem: “Technica progress, factor subtitution and income distribu-
tion in Canadian manufacturing, 1926-39 and 1946-617, iN Canadian Jownal of Economics,
vol. Il, No. 1, Feb. 1969.
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Teble 8. Time series by industry

Industry Long-run Short-run
India india Argentina
{Diwan and (Diwan and {Kaiz)
Gujarati} Gujiarati)
1946-38 1946-58 1943-53  1954-61

Equartion 13  Equation i2 Equation 13

Cotton textiles 0.245 0.040 0.129 l
Woollen textiles 0.032 0.061 0.022 0.26 0.34
Jute textiles 0.505 0.443 0.229 l
Paper and pulp 1.2951 0.9391 0.6491 0.21 0.48
Chemicals 0.066 0.058 0.058 0.03 0.32
Stone, glass, etc. 0.302°¢ 0.043 2 0.200 negative  0.54
Electric lamps negative negative negative I
Electric fans 0.851 0.661 0.549 0.10% 0537
(General and electrical engineering  0.449 0.380 0.402 j
* Paper and paperboard. * Glass and glassware. * Machinery and electrical equipment.
Table 7.  Time sernes and pooled estimates for all manufacturing
Kind of serivs Country Period Value
{and author)
Time series Short-run Argentina (Katz) 1943-53 0.26
1954-61 0.43
Chile (Behrman) 1945-65 0.21
Israel {Bruno) 1952-64 0.754*
Long-run Chile (Behrman) 1945-65 0.760
Pooled cross-section and tine Short-run Philippines (Sicat)  1957-63 0.424 2
series 0.213°2
1957-65 0.422+%
Long-run 1957-63 1.588 2
0.820°
1957-65 2.510:¢

* Author’s own estumate,  * Equation [7.  * Equation 18. Arithmetic mean of the two estimates obtained when w
includes the capital gains in r on the one hand and when w does not on the other. * Equation 19, Arithmetic
mean of the (wo estimates obtained with one-year lag for value added per worker on the one hand, and with
two-year lag for gross cutput per w~rker on the other.

market conditions. It is interesting to compare their approach with that of
Bruno.*

Diwan and Gujarati versus Bruno on market imperfections

Diwan and Gujarati assume that initialy the wage rate is less than its
margina product. Therefore, ‘a rate of growth of the wage rate higher than

1_{n his “Estimation of factor cor:ribution to growth under structural disequilibrium”,
ap. CIL.
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the rate of growth of marginal productivity would reduce market imperfections”.
Imperfections in the labour market are assumed to decrease with an increasing
rate of growth of the wage rate.

If the value of the easticity of change in market imperfections with respect
to the rate of growth of wages is negative, it tends to decrease labour exploi-
tation (i.e. the positive difference between the marginal product and the wage
rate). The authors found a tremendous range of this easticity {(— 30.08 to
47.85) due mainly to multicoliinearity, whereas reasonable values should be
between | and 0. Conseguently it is impossible to draw any conclusion
about the degree of market imperfections from this procedure.

On the other hand Bruno's approach to market imperfections is quite
different. He specifies the following equation:

aV/oL = pw+q,

where p and g ar= assumed to be fixed ingtitutional parameters.

Thep coefficient is called an “imperfection parameter” and the ¢ coefficient
a“disequilibrium parameter” (p=1and g =0 would imply that both labour
and product markets are in competitive equilibrium). The following values
for Israel were found:

_} 0.978 (manufacturing)
P ~} 0.935 (total private sector)

_ {—".154 (manufacturing)
q_]— 0.707 (total private sector)

In both cases, labour receives more than its marginal product for any vaue
of the wage rate, though the relative importance of the discrepancy becomes
increcsingly small over time. Bruno attributes these results to the fact that
strong trade unions had a major influence on wage determination during the
1950s. He states that if real wages are rigid and cannot be brought down to the
margina productivity of labour, one way of increasing employment is to
bring the marginal productivity of labour up to the wage rate and invest as
much as one can from domestic savings and fcreign aid. ?

It is rather hard to compare Bruno's treatment of market imperfections
directly with that of Diwan and Gujarati. The specifications of the production
functions are not identical and the level of aggregation is quite different-the
firm level for India and the 1ggregate private sector for Isragl. We can, however,
mention the following points.

First of all, the conditions assumed move in opposite directions in the two
cases. the workers exploitation assumption in lndia (i.e. margina product

"_l?runo 55 Estimation of factor contribution to growth under structural disequilibrium”,
op. cit., p. 53.
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greater than wages) contrasts with trade unions pressure in Isragl which
results in wages higher than the marginal product.

Theoretically, if Indian entrepreneurs expect a long-term decrease of
workers exploitation (i.e. the labour market to become more perfect), they
will be inclined to substitute capital for labour since the latter would be rela
tively more exnensive. The balancing factor would be provided by the indirect
increase in the margina productivity of labour. The higher the easticity of
substitution, <he faster and larger will be the influence of the input-price
ratio on the capita intensity.

The picture looks quite different in the case of Israel. Under the working
conditions, labour receives more than its marginal product. Therefore, if
entrepreneurs, in the long run, expect a diminishing gap between wages and
margina product, they will be inclined to subgtitute capital for lakour in
order to minimise their losses. Because of the low vaues of estimated elagticity
of substitution, a similar process is likely to occur in India.

As a consequence, both models would yield the same results though the
conditions with regard tq market imperfections are diametrically opposed in.
the two cases.

Let us now see the long-term effect of a change in market conditions
towards a better equilibrium, using Bruno’s model.

Other things being equal, a once-for-all increase of ¢ (which Corresponds
to an increase of the workers marginal product relative to the real wage
rate, since ¢ was found to be negative and p nearly equal to unity) should induce
entrepreneurs to substitute tabour for capita since the use of labour would
become more profitable. This is likely to be feasible under Bruno’'s model
because an increase of gis associated with an increase in the eagticity of
substitution for a given valie of the productivity of labour, independently
of the other coefficients except for the share of capital.

The Katz study: a synthesis of time series and cross-section results

We now present the time series estimates under two specifications and two
periods of time for some Argentine industries. When equation (10) (see above)
is calculated through two time periods, 1943-53 and 1954-61, the vaue of
the easticity of substitution, for a given (neutral) technical progress, appears
to be very fluctuating between corresponding industries. As expected, the time
series estimates are consistently lower than the cross-section estimates for the
18 industries.

However, we disagree with Katz's finding that 10 industries out of 13 had
a higher elasticity of substitution in 1954-61 than in 1943-53. If we adopt a
rigorous test of significance imposed by the number of hypotheses made
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(constant returns to scale, homogeneity of labour, neutral technical progress),
four elagticities decrease, four others increase and five are more or iess constant;
on the whole, howcver, the eagticity significantly increases.

Besides, when the same period {1954-61) is used for two different functions
(equations 19 and 11 above), the constancy of the scale of operations tends
to reduce the eagticity estimate in aimost. al industries. First, the (probable)
high coitinearity between time and output does not alow for testing the “true”
effect of the scale of operation on the easticity of substitution. Secondly,
the fact of regressing V on ¥/L, if small changes in employment -2 associated
with large changes in output, is fairly tautological in time series analysis since
it amounts to regressing V on itself, *

In a morc general way, the sources of labour productivity growth in
Argentine manufacturing are examined in relation to the elasticity of substi-
tution computations. More specifically, in order to explain the sources of
productivity growth, Katz associates for 14 industries the cross-section value of
the eladticity of substitution for 1946 with the changes in labour productivity
for the period 1946-54.

He found a good rank correlation coefficient (R =0.88)%, which tends to
imply that above-average increases in iabour preductivity tended to be obtained
in the industries where the elasticity of substitution between capita and labour
was highest, and lower than average changes in labour productivity appeared
in industries with lower than average elagticity of substitution. * This argument,
together with the fact that wage-rental ratio increased in Argentina by approxi-
mately 60 per cent between 1946 and 1954, induces Katz to assert that “ capital
intensity must have grown more than average in sectors where the elasticity
ofsubgtitution was found to be greater than unity and much above the average
elasticity of substitution of the whole manufacturing sector”.* However,
there is room for argument. First, the cross-section 1946 estimates can in fact
be subdivided into three or four sets according to the more or less rigorous
level of confidence adopted, i.e. different from O, not different from 0.5, not
different from I, higher than1. Can one successfully test a four-points regression?
Secondly, our proper rank correlation coefficient between changes in {abour
productivity for the period 1946-54 and the elasticity of substitution obtained
through changes in a crossregiona sample for the same period is cbout
— 0.65. Why such a difference? Thirdly, the rank correlation coefficient between

* On the basis of the data in table 2.1 {Katz, op. cit., p. 24} the manufacturing employmenti
index {1954 = 100) would have been 114.6 in 1961 while the corresponding output index
would have stood ai 149.5

* Table 5.2 in Katz, op. cit., p. 88.
2 |bid., pp. 88-89.
<1bid., p. 89.
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changes in labour productivity for that period and the time series elasticity
astimate for the 1943-53 period is very lcw, which implies that high deviations
from the labour productivity per industrv can be associated with a similar

elasticity of substitution. Conversely, industry differences in possibilities of

sobstitution do not tend to explain the sources of labeur productivity growth
for ike corresponding period.

Pooling of time series and cross-secticn estimates

We present separate estimates of elasiicity of subsiitution computea with
time series and cross-section analysis. The studies dealing with pooled data ars
more compiicated in their spacifications than the previous ones. Williamson's
two papers * nresent three production funciion specifications for a grouping of
iwo-digit industries in Philippine manufacturing, 2

‘The three models, though homogeneous for original data and period
employed, are difierent in specifications, For manufacturing as a whole, the
long-run values of elasticity of substitution differ substantially—zbout .80

1 Besides, referring to the 1954-61 neriod. the main determinants of lak.:: productivity
growth are (disembodied) technical progress and i2turns to scale. Evidentiv, these faclors
do not afews the curvature of isequants and, thys, tend ro differ from those founu {ur the
previous period of 1946-33. However, since it is mentioned (Katz, op. cit., p. 87) that the Cobb-
Douglas func:ion is & misleading tonl (o= 1 in any case), one could logically argue that the
CES functina with an zxplicit time variable tends to be a misleading tool also, since it assumes
2 neutral techroiogical change. Thus, & nor-neutral technological change of the kind
considered by Bruno (op. ¢it.) or Kotowitz (cp. cit), or any specificaiion assuming a variaole
clasticity of substitution, could at kcast noticeably modify the weighting of the determinants
of labour productivity for both periads.

2 §. G. Wilbamson: “Capital ~ccumalation, labor saving, and labor absorption once
more”, in Quarterly Jouriul of Economics, Yol. LXXX', No. 1, Feb. 1971; idem: "Rziative
price changes, adjustme. ¥ dynamucs, aud productivity growth: The case of Philippine manu-
facturing”, op. cit.

3 The first ec.uation !s:

log £~ twog A+ v los Owfp)+ b log b 4+ bsleg Loy + byt .17
where: £ = numb.r of empioyed (production line) worker: at time 1, wip = average annual
earnings of production workers derflated by cutput price; ¥ = value added deflaied by output
price. It is estimated from a cross-sestion of manufacturing indusivies in 1957-63. However,
tkis equation does nct cmbedy capital formation as an explanaiory varia“le, as done in
Nadiri’s model (1965; which provides us with beth short-run and long-ri:n efasticities of
substitution. Its estimaiing equation is:

Loge=log B+ o, log Wt o log K+ cplog Lo, + ot (1Y
= Pwir; r = user’s cost of capital al iime #; w = rezl wage rate; P = the output pric_el:_
== physical stock of capitz]l (net othervise specified). The lase model steacture is an appli-
o o Philippine manufacturing of H. Kaneda: “Substitution of labor ard non-labor
inpuis and technical change i= Jananese agriculture™, in Review of Economics and Statistics,
Yol XLV, No. 2, May 1965, The estirmating cguation is:

log ¥ =log C+ d,logw + d, log ¥, BN
Log 3", log w', log »’'—, are variabl. « measured from their Cogarithmic] sectoral mean values
of period 1.
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(equation 18), 1.60 (equation 17}, 2.70 (equation 19). By sectors, the results
can be highly different according to the model used. For instance, for sectors
A (processed foods, beverages, tobacco) and B (textiles, footwear and apparel,
leatker products), ecnation 18 gives estimates dightly lower than equations
17 ané 19. For sector <. (wood and cork and furniture and fixtures) in the
case of two models the estimates arc nearly similar, while with equation 19,
values arc snbstantially higher. Conversely, for other secters (D, E, F) L, the
three modeis give results statistically equivalent; the estimates are not different
from O in the {70 fist groups and from 1.5 in the last group.

Heavy industries {sectcrs D and E) tend to have, on average, rather lower—
in fact insignificant—elasticities of snbstitution than light induastries (sectors
A, B, ), ad that fect supports tbe hypothesis that the cisrticities of sub-
stitution tend to Jdecrease as the share of capita rises. However, these lower
or insigniiicant estimates obtained for heavy industries could also mean that s
is very smali or that the data arc not very good in accouniing for the inter-
industry aniuual fluctuations in demand for labour.

Other estimates

We now present two studies which diif=r from the preceding ones in their
methods of estimation. Clague  is mainly concerncd with directly estimating
tha dadticity of substitution in less developed countries by using capital-
lacour ratios and factor prices for Peru and the Enited Staies. The main
conclusion ss that elasticities are sirikiagly low, whatever the panel (the
estimates arc on aveiage lower for actual plant figures than for enginsering
estimates), The smaliness of these vaues does not seem to be due to the set
of assumptions icat were adopted. Moreover, the results are not very sensitive
svalternaviv: arsunaptions (for instance, the range is; 0.176 - 0.243 for leather
prodacts, or 0.446 - (.57% for cement irdustry). It should be mentioned
that Pack ®, althcugh using i analogous method, arrived at estimates of
elasticity of substitutic» significantly higher than 1; the data used involve
firni-level observation in anumber of less developed and more developed
counirizs, However, tbe results caanot he directly compared in so far as the
level of aggregation: is not the same and consequeatly industry-wide averages

' D: robber products, chericais; E: basic metals, metal products, nop-glectrical and
electrical machinery, fransport equipment; F: paper, printing, publishing, etc.; non-metaltic
minerals.

*C. K. Tlague: “Capital-labor substitution in manufacturing in vaderdeveloped coun-
iries”, In Ecenomer-ica, Yol, 37, 7o, 3, July 1969,

* H. Pack: “The employment-output trade-off in LDCs: A micro-econcric approach”,
in Oxford Economic Papers, Vol. 26, No. 3, Nev. 1974,
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{Clague’s sample basis) do not alow for an independent estimate of the pro-
duction frontier. Of course, severa objecrions can be made against directly
caculating the dagticity of substitution from observed factor proportions. As
Clague himself stated, under-estimation may be due to the optimality assump-
tion of observed capital-labour ratios in each country. On the other hand,
an upward bias can arise from the fact that Peruvian capital-labour ratios
may be lower than the United States ones because “Peruvian workers, being
less skilled, cannot handle as many machines as American workers’. Never-
theless, this study is one of the rare examples of the direct estimation of elas-
ticity of substitution on the basis of plant data.

Basscco and Norton * also try to estimate directly the elagticity of substi-
tution through a multi-product production function embodied in a linear
programming model based on Mexican agricultural data. The two inputs used
are medium-term capital (agricultura machinery, which is normally a direct
substitute for labour) and non-homogeneous akour composed of hired and
farm labour (including family workers). The cost of iakour represents the
total net income received by hired and farm fabour per iian-year worked.
Total net income consists of wage payments and producers profits, that is,
economic rents received by farmers thanks to their own labour and to their
rights to land and water. The cost of machinery is smply estimated by the
rate of interest. In order to induce movement along the isoquant 2, increases
in nominal wages {a component of the cost of labour) are stipulated. The esti-
mates of the elasticity of substitution range from 1 to more than 3. The lowest
estimates are derived from the assumed constancy of producers profits,
while the largest are obtained by assuming that the total value of production
a endogennus prices is constant. * When nothing is assumed to be changed,
the estimate turns around 1.4. The authors convincingly show that the easticity
of substitution obtained from the assumed constaucy of producers profit
is under-estimated because there tend to be compensating changes in produc-
tion levels and product prices. As can be seen, therefore, the size of estimates
tends to show significant possibilities of substitution between capital and
labour even if these estimates are based only on one element of fixed capital and
even though the measurement of the cost of capital is much less elaborate
than the cost of labour.

1 L. M. Bassoco and R.D. Norton: A guantitative agricultural planning methodology,
paper presented to the Sixth International Conference on Input-Output Technigues, Vienna,
25 April 1974,

¢ The isoquant is obtained from an envelope of production functions defined over
multiple factors, in particular land and irrigation supplies.

* This case permits the measurement of a pure substitution effect as far as a unit isoquant
is concerned.
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CONCLUSIONS

The studies described above were attempts o evaluate possibilities of
substitution between capital and labour by using the concept of the eagticity
of subgtitution. Most of them estimated the elasticity indirectly within the
production function framework under alarge variety of simplifying assumptions.
As a matter of fact, the most popular specification is to assume that labour
productivity changes, between regions and over time, can be explained by
wage-induced changes. In particular, no serious attempt was made to test
ather assumptions that are more redlistic in an underdeveloped setting, such
as dependency of the capital-labour ratio on labour productivity through
technological change and economies of scale, under-utilisation of inputs
(especialy fixed capital), market imperfections, the relation between the level
of aggregation and the sire of the elagticity of substitution, and the effect of
the passage of time. Ail these assumptions should be rigorously tested in
order to assess their relative effect on the “apparent” value of the zlasticity
of substitution. Moreover, highly aggregate estimates tend to be meaningless
because of the large variety of production conditions in a developing setting.
Thus the heterogeneity of results is closely linked to that of assumptions.
A production function taking into account the whole set of hypotheses relevant
to developing countries is very difficult to estimate directly by traditiona
methods of estimation because of the lack of quantitative data and problems
related to multicollinearity between explanatory variables. Whatever its
weaknesses, the direct estimation of the eéasticity of substitution avoids such
restrictive as+umptions to a large extent.

Two magjor conclusions related to the utility of the eagticity of substiiution
for policy making may be digtilled from the foregoing discussion. The first
concerns the usefulness of comparing estimates of the elasticity of substitution
drawn from different sample bases end levels of aggregation and different
equations reflecting varying assumptions about the production function. The
second major question, which is strongly related to the first, is whether ths
elagticity of substitution can in any way be measured, so as to congtitute an
adequate indicator of actual economic behavieur. As regards the first mgjor
guestion identified here, comparability of estimates of the easticity of substi-
tution (as between the same sector in two countries, or two different sectors
in the same country, etc.) requires very strict comparabitity of both the treat-
ment of data and the estimation procedures. This restriction is not often taken
into account as fully as is necessary. Turning now to the second magjor question,
the difficulties of comparison that have been mentioned render estimates
of the éasticity of substitution a doubtful indicator on which to base economic
policy formulation. Its utility could be greatly reinforced if support for prima
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facie estimates could be obtained from empirical surveys, field investigations,
and interviews with entrepreneurs.

These ideas of how to treat the elagticity of substitution concept in practice
deserve to be spelt out more fully. Suppose, for example, that an economic

value of dadticity (s) for policy purposes, but that an estimate of elasticity
for all manufacturing may be derived only from pooled data for a sample
of countries in which country x is not included. The traditional argument
would be that developing country x more or less follows the average b=havicar
and that an estimate of the elaticity based upon such a sample can therefore
be usefully applied in that country. As we saw, however, the dasticity is likely
to be sensitive in particular to the degree of aggregation and if the output mix
of country x issiznificantly more or less concentrated than that of the average
country in the sampie, then, other things being equal, the sample estimate of
elasticity cannot be useful, or at least not directly; in fact if the output mix
in x is more dispersed than the output mix in the sample, we would expect & to
be less than the sample estimate of &. It follows in this case that any effort to
reduce wage increases in country x isiikely to have a weaker effect on capital-
labour substitution than such an effort in the countries of the sample. Suppose,
onthe other band, that additional information isz:«ilable, in the form of
sufficient time series for country x to enable an estimate of ¢ to be made. The
economic planner would then have two estimates of g, say, ¢ _,’c (time series
esimate for x), and ° (cross-section estimate for the sample referred to
above). In general, we would expect that oo fc Both contain bias to an
extent that cannot be measured, and are based on hypotheses which may
or may not be vaid for country x. Thus if our economic planner intends
to use information about elasticity it would in general be desirable for addi-
tional information to be collected (for example, by surveys of major industries)
S0 as to ascertain which of the estimates is to be preferred.
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INDIRECT EMPLOYMENT EFFECTS
OF INVESTMENT

by J.Krishnamurty'

The concept of indirect employment has been used in a variety of ways in
writings on economic development, and there are many issues of concept
and measuremnent in that connection which need to be sorted out since they
have important implications for technological choice and investment alocation.
The different meanings attached to the concept are considered in this chapter,
and an atempt is made to relate each of them to a genera inter-industry
framework. The strengths and weaknesses of the concept and the extent to
which it can be applied in the practical context of development programmes
of developing countries is also examined.

The implications of indirect employment effects are considered at macro-
economic, sectoral and project levels of aggregation. It is often argued nowa-
days that the emphasis of output and employment planning needs to be
shifted from the aggregate growth path to the more crucia question of the
output mix and its effects on growth through backward and forward linkages.
Such a shift in emphasis has an obvious implication for industrial planning
and the choice of particular industries.

For each industry the choice of technology may influence the direct and
indirect generation of employment. The direct generation effects are illustrated
by severa of the case studies in this volume (e.g. Chapter 6 on textiles, Chapter
7 on sugar processing, Chapter & on cement blocks). The indirect employment
effects of alternative technologies cannot be examined empirically because
of the limitations of input-output data. This important point is discussed
further below. It is, however, worth emphasising that although most of the
discussion here is perforce in terms of inter-industry choice, indirect employ-
ment effects can equaly well be related to aternative technologies within
each industry. It is possible to show that industries and techniques which

L 8t. Antony’s College, Oxford.
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generate a relatively large amount of direct employment might not generate
arelatively large amount of total employment, in the same way as activities
which generate a relatively large total output might not generate a relatively
large amount of total employment. Thus a simple direct employment criterion
or a simple output-linkage criterion in the choice of industry and technology
could give mideading results. Which industries and techniques yield large
direct plus indirect employment effects is therefore a crucial question for
employment policy.

In many situations indirect employment effects may not make much
difference to the choice of technique. For example, consider the choice between
handloom cloth and mill cloth. Sineshathare cloth and since both are made
of mill-spun yarn, indirect effects would be the same. Instead of handloom
cloth. however, consider khodi (hand-woven cloth made from hand-spun
yarn), and the indirect effects are no longer equivalent, because the difference
between hand and machine spinning makes for differences in the corresponding
indirect effects.

When we consider industries producing a very similar but not identical
product, using highly processed but substitutable inputs, indirect effects
could be important in determining technical choice. For example, in the
furniture and building industries it is possible, at least partialy, to substitute
bricks and wood for steel and cement. Clearly, the indirect effects of an expan-
sion of cement-intensive and stedl-intensive housing would be different from
those of an expansion of housing with intensive use of brick and wood. Since
construction looms so large in development plans, the choice of brick-intensive
and wood-intensive construction would have pervasive indirect employment
and output effects.

Even within agriculture there are conriderabie possibilities of input substi-
tution. The choice between tractors and bullocks or between commercia and
natural fertilisers invoives taking into account the indirect demand for
factors of production and resources in the process of supplying these inputs
to agriculture. Again indirect effects are clearly relevant.

Indirect employment effects in technical choice are defined very differently
by Pack. * In his view, when choosing between two techniques there is “an
indirect effect resulting from the saving in initia capita expenditure due
to the lower capital-output ratio of the less capital-intensive technique.
The expression for the indirect increase in employment assumes that any
capital save; can be used to generate further employment that requires no
higher a capital-labour ratio than the labour-intensive textile techniques.” Pack
also shows that if the Philippine economy of 1970 were to adopt 1950 spinning

1%ee Chapter 6, p. 175.
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plants and Lancashire looms for their textile industry instzad of 1968 plants and
Battery-Tinifil looms, huge direct and indirect increases in employment would
result.

Pack’s indirect employment effects do not correspond to those we discuss
in this chapter. He is redly attempting to provide an employment measure
of the saving in capital resulting from a particular technical choice: while
we seek to measure the additional employment created as a consegquence of
the expansion of the input-supplying and output-demanding industries, as a
resuit of the expansion in fina demand or output of a particular industry or
set of industries,

THE CONCEPT OF INDIRECT EMPLOYMENT

The idea that the expansion of any particular activity involves the expansion
of other input-supplying activities is simple and obvious. ! Economists have
always been aware of inter-sectora relations. In Ricardo, thr prohts of industry
depended on the price of corn; in Walrasian equilibrium, all prices were
inter-related and simultaneously determined: and Marshall, for example,
clearly was aware of inter-industry transactions in his concept of derived
demand. When Kahn introduced the employment multiplier into economics,
he clearly distinguished between inter-industry and multiplier effects. Accord-
ing to him—

The increased employment that is required in connection actually with the increased
investment will be described as the “primary” employment. it includes the “direct”
employment, and also. of course, the “indirect” employment that is set up in the
production and transport of the raw materials required for making the rew invest-
ment. To meet the increased expenditure of wages and profits that is associated with
primary employment, the production of consumer 1goods is increased, and the effect
IS passed on, t_ough with diminished intensity. The total employment that is set
up in this way in the production of consumption goods will be termed “secondary”
employment. *

Subsequently Keynesian economists emphasised the effect of an autono-
mous increase in expenditure on output (and hence employment). The possibi-
lity of time lags between rounds of expenditure and inelasticity in the response

* As Evans and Hoffenberg put it in National Bureau of Fconomic Research: fnput-
output analysis: An appraisal, Studies in Income and Wealth, Vol. 18 (Princeton University
Press; London, Oxford University Press, 1955), p. 55, “the automobile assembler who notes
that a finished passenger cai iequires five wheels, five tyres and twenty-one wheels nuts, and
balancas his future prodiction and purchasing plans accordingly, is applying a fundamental
principle of .ix¢ mput-cutput approach”.

2 R_F. Kahn: “The relation of home investment to unemployment”, in Economic
Journal, June 1931, reprinted in Kahn: Selected es.ays on employment and growth (Cambridge
University Press, 1972}, p. 1.
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of global or sector.4 output, or both, were taken into account. With the incor-
poration of the accelerator principle, in the medels of Harrod and Bomar the
growth of output in an svonomy was regarded as being determined by the
savings rate and the capital-output ratio. From the point of view of economic
planning this meant that once the planned savings rate and capital coefficient
were determined, the growth of output would be known, and then the com-
modity composition of that output could be chosen, subject of course to its
being consistent with the assumed savings rate and capital coefficient. Given
the cemposition of output by branch of activity, employment couli be esti-
mated using employment norms or coefficients for each activity. *

However, output targets are difficult to specify in detail and are often
provided oniy for agriculture and large-scale manufacturing. The food targets
usualy have some basis and the industria targets are based on the announced
production plans of the government and of private firms. The targets for
commercial crops are usualy fixed in relation to the likely expansion of
manufacturing. In addition, some account is taken of the foreign trade situation
and prospects, and a certain increase in services is assumed to be associated
with the envisaged expansion of physical output. Quite clearly this approach
involves a great deal of guesswork because there are large gaps in the infor-
mation, and as a result estimates of employment generation are likely to prove
treacherous even if based on impeccable employment coefficients.

There also tends to be a certain amount of confusion between final demand
and total output. Inter-industry requirements obviously cannot be estimated
withcut an inter-industry table, but what tends to happen is that they are to
some extent taker. into account in some sectors, and are just ignored in others.
We therefore obtain a vector of output for the terminal year of the plan in
which some entries are of fina demand, some of total output (including
inter-industrial uses) and others are a mixture of the two. The resulting employ-
ment estimates would clearly be unsatisfactory.

There would be no problem if, for a particular year, we knew the tota
output (inclusive of inter-industry tranmsactions) and the employment coeffi-
cients of each sector. This is often possible for an historical year for which
the results of a fairly comprehensive census of production and employment
are available. In such a case employment coefficients are derived from the

t Many refinements are possible here: the margind rate of saving might be set higher
than the average, Or it might beinterpreted in physical terms, and the number of sectors
might e increased somewhat, on analytical, intitutional or empirical grounds, but essentidly
al'such approaches aim at determining the level of total output and then obtaining the
composition of output in arather rougl and ready way. Using fixed employment-output
ration for each sector estimates<f employment are Obtairied. For a description” of this proce-
dure in the Indian context, see Government of India, Plannm? CommIsSion: Report of the
Committee of Experis on Unemployment Estimates (New Delhi, 1970), Ch. .
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actual estimates, and the errors, if any, come from the census or survey and
are not the result of judgements with little or no factual basis. But even so
satisfactory a set of estimates cannot answer two kinds of questions which
interest the planner.

The planner might want to know the relationship between find demand
and the structure of total output, so that from a given pattern of fina demand
for some future year he could infer the required cemposition of output at that
date. While a census of production and employment would give him the neces-
sary information for some period in the pagt, it would not in itself answer
his question. Secondly, assuming that the planner has some freedom to choose
the composition of fina demand, he would need information on the resource
implications of alternative choices. He might use sectoral capital-labour and
capital-output ratios obtained from historical data, but this would indicate only
thie factor suppiies going directly into the production of output, no account
being taken of the indirect demand for factors of production created by an
increase in inter-industry requirements. !

An input-output framework is of considerable help in tackling such prob-
lems. Given its assumptions (on which more later), it gives the pattern of
flows of inter-industry purchases so that for the ith industry

Xi=x+4 Z ai; X,
i=1

where X; is the value of the total output of the ith industry or sector, x,is
the final demand of that sector and a:; is the value of the purchase by the
jth sector of the output of the iih sector per rupee 2 of total output of the jth
sector. 2

The inter-industry table does indicate the amount of labour and capita
(or wages and profits) directly involved in (or arising from) the production
of total output of any sector. In fact the Leontief assumption is made that

! Ignoring the indirect effects would give highly misleading measures of labour pro-
ductivity, based on industry measures rather than system measures. We discuss the question
in a later section. See W. Gossling and F. Dovring: “Labour productivity measurement:
The use of subsystems in the inter-industry approach and some approximating alternatives”,
in Journal of Farmt Economics (Lexington, Ky.), Vol. 48, No. 2, May 1966; also S, Gupta and
fan Steedman: “An input-output study of labour productivity in the British economy”,
in Bulletin of the Oxford University Institute of Economfcs and Statistics, Vol. 33, No. 1,
Feb. 1971,

. * Throughout this chapter, for convenience, “rupee’ stands for any measure of the value
Ol output.

2 Given the a; which form the coefficients of the inter-industry table, for every vector
of x, [EI], there would exist one and only one vector of Xz, [Xll This wouid in effect

satisfy our first requirement that the planner would need to know the link between any
particular pattern of fina demand and its corresponding pattern of total output, Of course
dl possible pairs of firal demand and total output Vectors would not be feasible as resource
congtraints would restrict choice.

69



Technology and employment in industry

capital-labour and capital-output ratios are fixed for & particular sector and
invariant with respect to the scale of production. We are interested in discover-
ing the output and employment implications of the expansion in fina demand
of a particular sector, and for this purpose we need to know both the factor-
output ratios of the different sectors and the increases in output in each of the
sectors necessary to sustain the expansion of final demand in our chosen sector. 1

To maximise employment through the choice of the product mix, the
planner should give as high a weight as possible to sectors with high total
employment creation per rupee of final demand. While there would be many
limits on what the planner could do, he would have some power to control
final demand through taxes and subsidies, or directly by changing income
distribution and the availabilities of goods and services. Though these con-
gtraints might in practice be very complex, the essentia logic of the above
procedure is unaffected.

The employment potential of a sector, measured as the direct and indirect
employment attributable to a unit increase in the fina demand of that sector,
has in a number of analyses been regarded as the criticd ratio for employment
policy. 2 Even accepting the adequacy of the static input-output framework,
the employment potential measure does not by itself provide a satisfactory
criterion because no account is taken of the capital (or other scarce resource)
requirements of an increase in fina demand. * The direct and indirect capital

! To obtain this, we assume zero final demand for all sectors other than the chosen one,
for which we assume unit final demand. We define 4i; as an elemcnt of the (J—A4)~* matrix,
I as the direct labour coefficient (X3}, and we find

A Apeeswe 4, 173 hAn
[ ] 0 [ ® [ ] ®
° . e . ® °
1A ® ® ® . = ©
L] L ] L ] - ] -
4] [ L] .o o ®°
in . Anyecese 4, 0 [ﬂA‘nI

This means that to increase final demand of sector 1 by 1 rupee, LA4,, rupees’ worth of
n

labour would be required directly and A212 kiA;; rapees’ worth would be required indirectly.
i=

If wy is the wage rate of the ith sector, the direct and indirect employment created would be:

I n
z;l LAi/wi; out of this LA,/w, would be direct employment and jzliAg[wi would be the
I= r

indirect employment created,

2 See, for example, B. R, Hazari and J. Krishnamurty: “Employment implications of
India’s industrialization: Analysis in an input-output framework”, in Review of Economics
and Statistics, Yol. LI, No. 2, May 1970.

A
L]

3 In our earlier equation we might replace L] and substitute
[

I
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requirements of sustaining a unit increase in fina demand of the sector would
beEA A, The corresponding labour requirement is 21, afwi. Given the

scarcny of capita and the abundance of labour, we would seek so to choose
the final demand vector that the capital-labour ratio is the lowest. * This is
obvioudy an over-simplification, since the over-all capital intensity will be
only one of many considerations the planner would keep in mind. But it is
still important to note that this approach makes it possible for the planner to
be aware of the capita and labour implications of any particular choice he
may make. However, the weight he attaches to capita intensity in relation
10 other considerations is an entirely different matter.

It is often suggested that industries with high forward and backward linkages
should have priority in expansion, on the ground hat their expansion triggers
off growth aong a wide front by generating a substantial demand for inputs
from other sectors, or by causing substantial increases in the output of indus-
tries to which they supply inputs, or in both ways simultaneoudly. On this basis
a key sector is defined as one for which the sum of backward and forward
linkages is relatively large. Key sectors could alternatively be defined in terms
of their employment, capital or other resource use effects. To do this we
need to know sectorai labour {or capital or specific resource) coefficients.

We now seek to relate the factor and output implications of a unit expansion
either in the fina demand of the jth sector, or in the supply, for inter-industrial
use, emanating from the ith sector. In practice it is more convenient to conceive
of a unit expansion in the output, but not the final demand, of the jth sector.
In this case, the backward linkage in output terms would be % 4;; and the
forward linkage would be % 4;; and the total linkage would be % (4.;+ A,,).
In a similar way the capital and labour implications of total linkages of a
unit expansion in the output of the jth sector available for inter-industry use
would be ¥ k. (4:;+ 4,) and T/, (4:; + 4;)/w.. Using this method we can
rank sectors and industries in terms of their capital intensity (? k(A + A3/

Ik
-]

® which would be the diagonal matrix of capital coefficients.
»

t|n other words, eut of al feasible fina demand vectors that the planner iS considering,
he would choose that for which the rasio:

L__ , is the lowest.
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Sliwd Ay~ Ayy) or in terms of their capital-output ratios (¥ &: (A + A4,/
Z(d,+ A;)) or in terms of their labour-output ratios (¥ 4:/w: (A,, + A;:)/
E (A + A.9).

These ratios need to be carefully distinguished from conventiona ratios
for which the same terms are used. We are taking into account the indirect
capital and iabour requirements of the expansion of a sector: these include
the capital and labeur inputs absorbed by sectors in the process of supplying
inputs to our sector. as aso the capital and labour requirements of sectors re-
celving inputs from our sector and, as a consequence, producing additional
output.

LIMITATIONS OF INPUT-OUTPUT METHODS

At this point we consider briefly the rather well known defects of input-
output analyses of the open static variety. We have to assume that each com-
modity is supplied by a single sector with one method of production only,
and that the sector in question produces no other output. The inputs purchased
by a sector are generally assumed to bear a fixed proportion to the output
of the purchasing sector. We have aso to assume away external economies
and diseconomies. As long as we consider an input-output table for a particular
year in the past, these limitations are not serious. The estimates of flows of
inputs and of final demand in value terms are in a sense the result of a whole
series of adjustments of commodity and factor prices. But the moment we
use such a system for projection, the assumptions come into play and cannot
be ignored. The total output, when projected on the basis of a future fina
demand vector and historically determined production coefficients, is assumed
to be unaffected by changesin relative prices and availabilities of factors and
commaodities which might take place and which would alter the actua values
of the coefiicients. !

The key assumption mentioned abov:, of only one method of production,
isof course very restrictive, and aso contradicts the theme of this volume.
In theory it is possible to envisage an input-output table in which aternative
technologies might be included in the form of separate vectors of materia
and factor input coefficients. In practice this data requirement is too com-
prehensive and the input-output coefficients normally calculated are averages
over a spectrum of technologies and products.

! For excellent discussions of the assumptions and limitations of input-output analysis,
see H. B. Chenery and P, G. Clark: Interindustry economics (New York, Wiley, 1959), and
Natipnal Bureau of Economic Research: Input-output analysis: An appraisal, op. cit.,
especially pp. 9-21, 53-124, 137-168 and 169-173.
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It is of course possible to take account of many of the other objections
to the basic model. Dynamic input-output methods and activity anaysis do
attempt to do precisely this. But in the context of the rather shaky data base
of the less developed countries we face the hard choice between following
methods that ignore indirect output and employment (some of which we
outlined earlier) or methods that are powerful and useful, even if based on
cather restrictive assumptions.

There are two situations where the proportionality assumptions of input-
output analysis can be relaxed to some extent. First, we might examine an
economy over a period in the past with an inter-industry table each for the
initiad and termina year. By making suitable assumptions about the path
of changes in coefficients between the two points of time, or by examining
the values of parameters at the two points of time, deductions that are relatively
independent of the assumption of the fixity of coefficients can be mad= regard-
ing the behaviour of the economy. * However, this is not of much help in
projecting inter-industry relationships into the future, and yet that is essentia
for planning. It could, of course, be assumed that the pattern of change in
input coefficients revealed for the past continues in the future, but clearly such
extrapolation implies the assumption that relative prices will move in accord-
ance with the projection so that the assumed input coefficients matrix for the
termina year of the projection does in fact come into being. Secondly, the
proportionality assumption can be diluted somewhat in respect of employ-
ment effects. Chenery and Clark, for example, claim that since employment
does not have a feedback into the model, and since we are smply calculating
some further economic implication of the indicated pattern of expansion,
“employment effects are probably best estimated in this way since they are
non-proportional and vary from industry to industry becar-z of such factors
as nature of work, productivity trends and variation in hours’. * This would
be more difficult in the case of capital though we could assume, with some loss
of redism, that the stock of capital available for a given year is aready known
and is therefore independent of the production coefficients.

Non-proportionality in employment effect cannot, however, have much
play because there is in fact a certain degree of feedback of some of the conse-
guences on the employment front on to the pattern of input-output relations.
In terms of our earlier definition,. we have W, = L.X; where W is the wage
bill, /; the employment coefficien: and X; the total output of the ith sector.
We can also write W, == wf,L; where w, is the wage per hour, k: is the average

t See for example Howard Pack: Structural change and economic policy in Israel (New
Haven and London, Yale University Press, 1971), especially p. 49.

2 H. B. Chenery and P. G. Clark, op. cit., p. 146.
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number of hours worked by each tabourer and L, is the number of labourers
engaged. in the ith sector. The latter equation could be rewritten as
Li=Wwi:, s0 that the numbers directly employed in the ith sector would
depend on the wage bill, the hourly wage rate and the average number of hours
worked by each labourer. The wage bill would have te be a fixed proportion
of the total output of the sector; if it were not, there would be commodity
and factor subgtitution along with output expansion and this would violate
the assumption of fixed input coefficients. Similarly, the wage rate per hour
of standardised labour must also be deemed fixed to avoid the possibility
of commodity and factor substitution. This, of course, means that W./w,, i.e.
the number of man-hours put in that industry, is a fixed proportion of total
output X.. The number of workers employed, L., could vary widely depending
on the number of hours each one works, and in fact this is al the freedom of
manoeuvre that can b= accommodated within the rather restrictive assumptions
of input-output analysis.

Let us see how this could be used in practice. Assume we have an inter-
industry table fur 1970 and have obtained the inverse. For the vector of fina
demand (x*) substitute an assumed or planned vector (x!) relating to the
year 1975, the terminal year of our planning model. The vector of total output
(X" ran easily be obtained using the inverse and the finad demand vector.
For any sector j we can obtain the number of man-hours worked, #;/w;,
equa to /; X,/w;. We know the values of {; and w; which are assumed to remain
at their 1970 level and we also know the value of X; determined for 1975 from
the inverse and the assumed final demand vector for 1975. The vaue of
L{=Ww;k) would depend on our assumption regarding #;, i.e. the manner
in which man-days or man-years are distributed among workers. The number
employed in the jth sector in 1975 would be larger (or smaller) depending on
whether we assume a lower (or higher) value of /; which also need not be con-
stant between 1970 and 1975. In fact awhole family of different estimates of the
numbers employed in each sector could be obtained by letting #; take different
plausible values, !

Suppose that the choice were between cotton textiles and metal products.
The number of man-hours of work created by a unit expansion of the fina
demand for metal products might be much larger but the number of jobs
created might be relatively small, being mainly in high intensity sectors like

' [f we areinterested in inter-sectorat coOmparisons of direct and indirect employment
cregtion, our anaysis has relevance. As we have aready shown, a un|t expans on of sector 1

LA
creates (f, A;ﬁ-— mAm) as the wage bill. This would imply z 221 man-hours of
work and E —')IODS We now have two criteria, the man- hours and the number of

jobs created tohelp us in choosing between alternative final demand vectors.
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Tabie B. Total employment generated by a final demand of 10 million taka in the sth
seetor in Bangladesh, 1964-65

Sector Total number of jobs created
Adjusted Unadjusted
Agriculture 1127 12 886
Industry 7382 9 809
Construction 5329 7198
Electricity and gas 1701 2 200
Transport 4556 4 785
Trade 7972 7992
Government and services 5178 5416

Source: lftikhar Ahmed: *Sectoral employment response in an input-output framework: The case of Bangladesh”,
in Bawugludesh Economic Review (Dacca), Voi. 1, No. 3, July 197}, p. 322,

iron mining and steedl making. On the other hand, the expansion of fina
demand for cotton textiles might create many low-intensity jobs in agriculture
and rura services. Our analysis makes it possible to take explicit note of the
possibility of under-employment and also of different choices between aleviat-
ing under-employment (involving a high #;) or expanding the number of jobs
each at low intensity. This is relevant not only for choosing between sectors
in fina demand but aso for deciding on the strategy for a particular sec-
tor-on whether to expand employment or reduce under-employment.

Let us try to apply the distinciion between man-hours and jobs created
to the real world. Consider the Bangladesh economy in 1964-65 for which
weknow the direct and indirect employment created in each of its seven sectors,
assuming in each case that there was a 10 million taka level of final demand
in the chosen sector, al others having zero fina demand. In table 8 we give
the total employment generated by the expansion of finad demand in each
sector. We present two estimates, one without adjustments and the other
assuming that all increases in labour demand in agriculture take the form of
fuller employment, not new jobs. It would appear that this assumption sub-
stantially alters the ranking of sectors. Of course, we have made a rather
extreme assumption, but it must also be remembered that if we had a more
detailed sector breakdown, more interesting results might arise.

There is, therefore, a limited degree of flexibility in the choice of labour
coefficients. The total number of jobs created per unit increase in fina demand
of a particular sector could vary depending on the number of man-hours
worked per worker in each sector-which would depend on a number of
economic, political and other considerations and is not “given” in the sense
that the wage hill or the hourly wage rate are. In actual practice even wider
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latitude is possible. The case for input-output analysis rests not on an assump-
tion that it provides a total representation of redlity but on the fact that it
provides a reasonable approximation to it. Provided that the input coefficients
are not very sensitive to changes in factor and commodity prices, some ciange
in those prices could be tolerated by the system without any serious problems.
Some direct ad hoc changes in input coefficients can also be made to take account
of new methods of production, or for any other reason, without having to
obtain fresh estimates of the entire set of input coefficients. To the extent that
this is possible the practical utility of input-output analys:s is greatly enhanced.

4 simple static input-output model cannot take into account technological
change within a sector because the inter-industry and factor-use coefficients
are fixed and in theery cannot be varied In addition, because a sector usually
covers a number of products we have to assume that the internal composition
of asector does not change in such a way as to cause changes in the sectoral
coefficients. In actual applications. sectors could be demarcated on the basis
of known uniformities. For example, traditiona and modern branches of
manufacturing might be separated if it is possible and desirable to do so. *
This might be done for cotton textiles, where there is a aide spectrum of
techniques in operation, the industry is often large and bifurcation makes
sense. In a number of cases the quality of the available information might
militate against attempting disaggregation. Some ad hoc adjustments of
coefhcients may be possible and desirable, provided that they do not upset
the system unduly.

For examining the effect of different technical choices on total employment,
it would be necessary to have entirely new tables that contain an input vector
for each technique. A feasible approach would be to trace the employment
implications of a major change in the purchased inputs of different techniques
by actual sampling in one industry, or by comparing existing vectors for
countries at different stages of technological development. For example, the
input vector for weaving in the Federd Republic of Germany and in the
Republic of Korea might be incorporated into the Indian input-output table
to ascertain the differential employment effect (direct and indirect) of the
choice of say, the Korean labour-intensive method versus the German one. 2

*The an% attempt to separate the modern from the iraditional Sector in the input-output
framework iSDY Thorbecke. %GEILO: Shoring in development: A pragramme of employment
equity emd growth for the Philippines, op. cit., Special Paper 19, on inter-sectoral linkages and
indirect employment effectsin the Philippines. In that study the traditional and modern
components have been treated as separate sectors for trangport and communications, and
consumer goods. Wrile traditional consumer g?(oods ranked fourth, modern consumer goods
ranked twenty-third out of the 33 sectors ranked in terms Of employment generation (direct
and indirect; per unit of final demand.

* This point is due to Howard Pack.
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It might be better in many cases to examine the problem at the industry
or firm leve rather than et the economy-wide er inter-sectoral level. In many
cases the total factor and resource implications of aternative techniques can
be roughly estimated. Whatever the criterion for technical choicccapital
intensity, capital-output ratio, surplus per unit of capital, foreign exchange
or other scarce resources required per unit of output-the actual values of
the ratios would depend on whether indirect effects are taken into account
or not.

The input-output system is particularly suited to deal with ihe choice of the
product mix and to indicate the output and factor-use implications of alterna-
tive patterns of fina demand. Here again, restrictive assumptions of fixed
coefficientsare involved.

In simple input-output exercises where transacticns with the rest of the
world are not clearly distinguished, estimated indirect effects may not take
place within the country but instead may arise in input-supplying industries
located in other countries. While exports and imports directly entering into
final demand can be easily handled, a matrix of sectoral import coefficients
() is required to take account of imported inputs. These m.; matrices would
indicate the imports of the ith commodity needed to produce a unit of out-
put in the jth sector. The .; along with the existing @:; make possible esti-
mates of import effects, but involve the rather restrictive assumption that
the share of imports in the supply of inputs from the ith sector going to produce
a unit of output in the jth sector. is constant. This means that athough we
can calculate the import impiications of alternative final demand vectors,
we. would need to assume a fixity in the share of imports in the total supply
of inputs originating in each sector. We might seek to reduce imports by
choosing an appropriate final demand vector, but this realy implies choosing
a composition oi total output to achieve that objective without a. reduction in
any of the import coetlicients. However, it is possible for projection purposes
to adjust the individua import coefficients reveadled in the past to take account
of changes expected in the future. It is also necessary to plan for an appropriate
change in some or all import prices in order that the adjusted import coeffi-
cients will bzcome a redlity. This could be achieved through tariffs or quotas,
or by atering the exchange rate. While this might work well in practice, there
would still be serious problems due to the intrinsic inability of the planner
to control economic activity outside his own economy.

Another problem in using input-output analysis for planning is that the
contemplated expansion in output may not occur. The possibilities of expand-
ing employment may be restricted by the inelastic supply of wage goods and
the fixity of rea wages. The contemplated expansion in employment can
take place only within these limits, and it is no longer enough to calculate
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indirect and direst employment effects; we have to verify whether there is
an adequate wage goods output to sustain them. *

From many aspects a more useful way of proceeding would be to estimate
the employment that can be sustained in an economy in a particular year and
then examine different finad demand vectors consistent with this ceiling and
obtain the capital (or szarce resource) implications of each. The longer the
period we consider the less serious would be the ceiling set on employment
possibilities and the greater the scope for indirect employment effects. The
wage goods limitation does not invalidate the concept of indirwct emiployment;
itisjust one of a number ofconsiderations that militate against a naive approach
under which the maxim&ion of total employment becomes the over-riding
objective of economic policy. From the viewpoint of employment planning,
the concept of indirect employment is clearly relevant, but indirect employment
has real resource costs which can be measured, and there are over-al limits
to employment Expansion set by the availability of wage goods. For an economy
with a given factor endowment, when we choose a fina demand vector we do
consider its implications in terms of factor use. However, no set of criteria
which ignore indirect employment effects would be complete; at the same
time these effects as such do not constitute adequate criteria. The inter-
industry framework provides us with a means of linking the output, capital,
labour and foreign trade implications of an increase in final demand. We
need to know these relations even if precision is not always attainable in their
measurement. and even if these relations are not as stable as we should like
them to be.

SOME EMPIRICAL TESTS

Tt might be argued that indirect effects exist but can safely be ignored.
In other words, from the point of view of decision making, it may not matter
very much if we do not know the indirect employment component. This is
clearly a question which has to be decided an the basis of the available empi-
rical evidence.

Gossling and Dovring do show that while theoretically similar indices
of labour productivity of agriculture in the United States since 1919 show
the same broad pattern, the inclusion or exclusion of indirect effects from the
index does make a considerable difference to the resulting estimates. In particular,
the contribution of increased productivity in non-agriculture is taken into
account in the productivity estimate for agriculture. They show how the number

! See Amartya Sen: Employment, fechnology and development, op. cit.
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of man-years contributed by non-agriculture to agricultr ;¢ cimg inputs
for it) remained virtually constant since 1919. The . . index which
takes into account indirect effects indicates better the sources of the produc-
tivity increase. *

Gupta and Steedman emphasise the distinction between industry and
system productivity. As rhey argue—
It is quite conceivable, for example, that over a certain period the industry in question
might substitute manufactured inputs for fabour in its production process, with
the result that its nermally measured labour productivity rises rapidly. But when the
labour used in the production of these manufactured inputs is taken into account, it
migbt well be found that the total amount of labour used, Somewhere in the economy,
to produce one unit of final output of theincustry in question has fallen only dightly.
In other words, the industry measure of labour productivity, in which gross output of
an industry is related to industry employment, may move quite diffeseatly from the

system measure of labour productivity, in which final output of the industry is related
to the zete? amount of labour used in its production *

For the British economy they find that for 1954, 1960 and 1966 the rankings
of industries by direct and by total labour use were not very different. The
rank corrlation coefficients were 0.69, 0.69 and 0.68 respectively, and were
highly significant. At the same time, while the over-all rankings could be
fairly close, for particular industries the ranks might vary widely.

It is interesting to compare the ranks of different sectors on the basis of
employment potential per unit of final demand (including indirect employment)
on the one hand and direct employment per unit of output on the other. We
have performed this exercise for India and the Philippines using the Hazari-
Krishoamurty and Thorbecke estimates. * For India the Spearman rank
correlation coefficient is positive apd significant but rather low (0.28). For
the Philippines the rankings are very close, the correlation of ranks being
0.9. So in the case of the Philippines there may not be much of a difference
caused by using one ratio rather than the other, whereas in India that is not
the case. It is aso interesting that whereas in India the ranks of total output
and of total employment per unit of final demand bore some similarity, the
Spearman coefficient being 0.38, in the Philippines the corresponding coefficient
was -0.3.

The limited evidence is certainly enough to suggest that indirect employment
effects in developing countries are important, and that ignoring them can
in some cases lead to serious errors; also a policy of msxinising output

1 See W. Gossling and I, Dovring, op, cit.
2 See S. Gupta and Ian Steedman, op. cit., p. 21.

3 See B. R. Hazari and J. Krishnamurty, op. cit., and ILO: Sharing in developrent : A
programme of employment, equity and growth for the Philippines, op. cit., Special Paper 19.
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cregtion per unit of final demand might conflici with maximisation of tota!
employ ment per unit of fina demand.

SOME FURTHER IMPLICATIONS

Whle we have discussed indirect employment effects i= the context of
economy-wide planning and inter-industry analysis, such effects are also
capable of heing investigated in a much more genera manner. For instance,
there are a number of analyses of the inter-relationships between agriculture
and manufacturing (in some cases, hon-agriculture) in the process of economic
development. * The process of growth can be visualised as a series of inter-
sectoral interactions. It is also meaningful to consider indirect employment
effects at the level of an industry or a project or a specific scheme. In such
cases the estimation of indire_t effects may be approximate and will not nor-
mally require the construction of an input-output table for -ae¢ economy as a
whole. In many ways such methods predate input-output methods and may be
free of some of the restrictive assumptions of the static input-output systems.

Agriculture-industry  interactions

The growth of the two sectors generates a number of interactions. The
growth of agriculture, which has a large weight in most of the less developed
countries, has straightforward final demand linkages. The growing agricultural
income is increasingly expended on industrial goods, thus providing a stimulus
for industrial expunsion. At the same time ihere are forward linkages in the
form of agricultural raw materials supplied by the agricultura sector to the
non-agricultural sector. Similarly, the expansion of the latter sector can be
viewed as affecting the former in a number of ways. To some extent the growth
of non-agricultura income provides additional demand for agricultural (food)
produce. At the same time the demand for agricuitural raw materials can
be viewed as a backward linkage and the supply of tractors, fertilisers, pesticides,
and even cement and bricks, as inputs going into agriculture. To the extent
that agricultural expansion is contingent on the more intensive use of the
area aready under the plough, the dependence on the non-agricultural sector
as a source of inputs necessary to increase agricultura production will be
al the greater. Also, provided that a substantia proportion of the industries
established in the course of development process agricuitural raw materials,
this could give rise to considerable direct and indirect effects.

. 1 See Bruce F. Johnston's masterly survev: “Agriculture and structural transformation
in developing countries. A survey of fesearch”, in Journa of Economic Literature, VOl VIII,
NO., 2, June 1910; alsc UNDO: Industrial development survey, Vol.|” (New York, United
Nations, 1972), Ch. v.
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The direct employment effects of the growth of the agricultural sector
would depend on the particular technology adopted. Mew methods of pro-
duction need not be labour-displacing, but in practice they al too often tend
to be. For instance Raj Krishna* has shown that on balance the New Agri-
cultural Strategy as it has developed in some parts of India would tend to be
labour-displacing, largely owing to the introduction of tractor technology.
He crnsiders the indirect effects, both through increased incomes and the
multij “{er process and through technical interdependence. The coefficients for
the agricultural sector are adjusted to take account of the new technology in
agriculture, but for non-agriculture the coefficient estimated from the 1964-65
data are retained. While the indirect effect on employment of the expansion of
the non-agriculture sector in response to the growth of agriculture and its
input demands is positive, Rgj Krishna suspects that even if agriculture grows
at about 5 per cent per annum, the net effect--taking into account direct
and indirect effects-could be negative if the labour force grows a more
than 2 per cent per annum, which in the Indian case it probably will. Rg
Krishnd's estimates of the indirect effects could be over-generods. Given
agriculture’s weight in the total output and the input requirements of the
New Agricultural Strategy, the internal composition of the manufacturing
sector wouid be substantia!) altered in the process. 2 For example, the share
of fertilisers in manufacturing output would substantially increase, and this
may not prove employment-intensive in view of the indirect effects. On the
other hand it is possible that the expansion of the agricultural sector generates
incomes that are spent on goods and service's which are labour-intensive if
indirect effects are taken into account. The indirect effects are in principle
measurable, and a certain kind of agricultural expansion could have a negative

employment effect. What is required is to estimate the income elasticities

of demand for different commodities as incomes increase, to see the extent
to which the commodities for which demand increases with level of income are
labour-intensive. directly and indirectly, and to evaluate the employment impli-
cations of changes in the composition of the output of the non-agricultura
sector. This, of course, would require a multi-sectoral model, and a great deal
more information than is currently readily available.

It is clearly necessary to etimate the total employment effect of fertiliser
production. Unfortunately, our data for India do not include satisfactory figures

1 Raj Krishna: Meassirement of the divect and indirect employment effects of agricultural
growth with technical change, Paper presented at the Ford Foundation seminar on technology
and employment in developing countries, New Dethi, March 1973 (mimeographed, 1973).

*To put it more generally, the examination of the impact of changes in the coefficients
Of the agricultural rector, kéeping the coefficients of the non-agriculiural sector constant,

could be misleading; this is the real problem of USiNg atwo-sector model and Raj Krishna
isfully aware of it.
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for this sector. The direct employment eftects are demonstrably small, but what
of the indirect effects? The backward linkages are likely to be low and the
forward linkages, though substantial, are already taken into account in the
agricultural sector. Fertiliser production might have important lateral effects:
for instance it might stimulate the development of a heavy chemica industry,
which though excellent in itself is unlikely to increase employment to any great
extent.

The rea scope for the expansion of employment opportunities seems to
lie in the forward effects of expansion of the agricultural sector. There is no
doubt that the expansion of processing industries using raw materials from
the agricultural sector would directly and indirectly create considerable
employment. It is striking that the top ten sectors in terms of employment
potential per unit of fina! demand in the Indian economy are (1) gur and
khandsari 1, (2) other tobacco products, (3) sugar, (4) oilseeds, (5) cashew nut
processing, (6) flour milling, (7) fruits and vegetables, (8) starch, (9) vanaspati?,
(10) raw silk. Of these, seven (1, 2, 3, 5, 6, 8 and 9) involve processing the
products of agriculture, and the remaining three involve agriculture or activities
related to it. For the Philippines the top ten sectors were (1) maize, (2) rice,
(3) traditional transport, (4) traditions! consumer goods, (5) sugar cane,
(6) pineapple, (7) fishing, (8) livestock, (9) traditional services, and (10) other
food crops. Of these, the bulk appear to be primary-sector activities, but this
is because much of agricultural processing comes under traditional consumer
goods, which is a sector with a high rank. It is aso significant that traditional
transport and traditional services rank high; quite possibly these are aso
linked with the direct and indirect processing of agricuttural produce.

The evidence for India and the Philippines certainiy suggests that the
expansion of agricultural output would bring in its wake the growth of process-
ing industries affording -considerable employment opportunities. The agro-
processing industries mentioned above are often relatively labour-intensive,
and are run on a small scale.

indirect employment effects outside the input-output framework

Public works

Public works, as an instrument of employment creation in the event of
regional or nationa disasters or as a means of making amends, albeit partialy,
for the limited job creation envisaged in the nationai ptan, are clearly exceed-

! Traditional Sweetening agents derived from sugar cane.
* Cooking fat of animal origin.
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ingly important in developing countries, where even the indirect employment
implications can be very significant and yet are not taken into account.

The elements of this approach were known in the 1930s, when in the United
States rival agencies of the Government were arguing the impact of their
schemes of public spending in creating employment: there was dready an
awareness of the fact that the indirect effects had to be taken into account,
and crud: caculations were made of the additional employment which might
be created in activities supplying inputs or meeting the increased demand
for goods and services generated by the expenditure of incomes created directly
by the project. At this time there were no input-output tables, nor were the
participants in this dispute aware of the possibilities of the input-output
method; yet they tackled the problem using methods approximatirg to those
with which we are now conversant. * Much later, in 1958, Strout * showed
that the empioyment effects of different schemes of government spending could
be measured in an inter-industry framework and, in particular, that ignoring
the indirect effects could give highly miseading ranks to the schemes.

It is very significant that indirect effects are ignored in schemes for public
works in develeping countries. This is particularly surprising since these
pregrammes have the explicit objective of maximising the employment created
per rupee of expenditure. It isinstructive in this context to look at the approach
adopted in evauating rura manpower projects in India. No attempt was
made to obtain the indirect employment effects, and consequently it was
clamed that—
employment is low where the proportion of cost on establishment and raw materials
is high. Under soil conservation, employment generation in Penikonda (Andhra
Pradesh) is very low. because 96 per cent of expenditure iS incurred on establishment
and materials. The same trend is noticeable in Kotra and Alland. Thisis aso the
case for minor irrigation and other schemes. In Kotra (Rajasthan), Mangrulpir
{Maharashira), and Alland (Mysore), the relative employment potential of different
wurks varies according to the extent of costsinvolved on eﬂablisﬁment and matgrials.?

Two sets of considerations arise when the concept of indirect effects is
applied to public spending avowedly for employment creation. First, within the
traditional aternatives, the choice must take into account the quantum and
location of the indirect employment effects. For example, in an area of localised

* Thisis described in some detail by Evans and Ifoffenberg in Nationa Bureau of
Economic Research: mput-outprt analysis: AN appraisai, Op. Cit., Ep. 54-55. The dispute
between the Works Projects Administration ande[he Public Works Administration was
resolved by the Construction Division of the Bureau of Labor Statistics, which estimated
the indirect =ffects on a sample basis by tracing the pattern of purchases.
~_*See Alan M. Strout: “Primary employment effects of aternative spending programmes™,
inReview of Economics and Statisties, VOI. XL, 1958, pp. 319-328.

? Programme Evaluation Organisation, Planning Commission (india): Report en
evaluation Of rural manpower projects (Del F]I, 1967),p. 9.
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drought. employment created outside the area has no positive value: similarly,
other ihings remaining the same, one would prefer a scheme for which the
total eftects are more concentrated on the poor than one under which this
is not the case. These are considerations which one would normally apply to
direct employment effects, and their extension to indirect effects is only logical.
The second consideration is more fundamenta and wide-ranging: if employ-
ment per rapee is to be maximised, should expenditure be directed to con-
struction e to something else? One could reasonably argue that government
subsidies to rurat labour-intensive processors of agricultural raw materials
might in some cuses creste more employment per rupee of government expen-
diture and involve a fuller utilisation of rura skills and capital stock. As
noted earlier, such Industries often have high employment potential-taking
irio account indirect effects-and do not require labour to come out of the
household to obtain wage employment. There would of course be problems
of bottlenecks or inadequacies in the supply of agricultural raw materials,
and these problems are likely to be severe, especidly in a year of drought,
flood or other natura calamity. At any rate, schemes aimed directly at employ-
ment creat'on cannot be ranked in a meaningful way without taking indirect
effects into account.

Project appraisal

When economists engage in project evauation, they are attempting to
evaluate specific planned investment to produce one or more products; they
treat the rest of the economy in a somewhat summary fashion, characlerising
it in terms of the values for a limited set of variables like the shadow wage
rate, the accounting rate of interest and the socia rate of time discount,
reflecting factor supplies and dternative demands over time. Each evaluator
has to decide how far back and how far forward he proposes to exarsine inflows
and outflows. for example, in evaluating a paper and pulp mi!!, he would
examine the employment and wages indirectly created in logging. * Similarly,
for a water supply project, the evaluator would estimate the employment
effect on the farmers who would receive the water from the project. ®1a the
first case some backward I'nkages are examined, in the latter some forward
linkages, and some arbitrariness is involved. But what the evaluator is interested
in is not so much estimates of indirect employment effects as their valuation

! This is done by Michael A, Greig in “The regional income and employment multiplier
effects of a pulp and paper mill”, in Scottish Journal of Pclitical Econohy (Edlanrgh), Yol,
XVIII, No. 1, Feb. 1971; see alsc UNIDOQ: Guidelines for project evaluation, op. cit., Ch, 19,

* UNIDO: Guidelines for profect evaluation, op. cit., Ch. 20,
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{positive or negative). The differences therefore relate not to the existence or
measurability of indirect employment effects of the project but to their socia
evaluation.

It is generally agreed that employment effects can be measured, but one
view is that they are quantitatively unimportant and can be ignored in project
evaiuation. This view is difficult to sustain since the available evidence for
developing and developed countries shows that a number of activities generate
considerable indirect employment through backward linkages, in some cases
indirect employment far exceeding direct employment.

A more plausible position is that indirect employment effects can be
substantial. but are not very relevant to project evaluation. Four reasons are
given in support of this position. First, projects do not *cause” forward
linkages since the latter arise from the supply of the commodity in question,
and not specifically from its being domes.ically produced ; so they arc not
refevant to the caiculation of the net benefit derived from the project. Secondly,
the expanision of the project industry, A, confers a gain to the input-receiving
industry, B, in the form of an external economy, i.e. by lowering the price
of inputs, but this is accounted for aready since the output of A is valued at
the pre-external economy (higher) price. * Thirdly, it is argued that backward
linkages are rarely substantial and tkat an industry § could come into being
supplying inputs to an industry A located in some other cour’~a other
words, setting up A in a particular country is not a necessary .ondition for
the emergence of industry $ in that country. ® So the setting up of S is not
realy = benefit derived from starting A, and should not be included in the
calculation of net benefit. Fourthly, when backward linkages appear large,
this is an indication that the coverage of the project needs to be extended and
that a whoie complex or aggiomeration of industries needs to be examined. ¢

Once we have estimated the employment “caused” by a project, how do we
evaluate the benefits that arise from the increased employment.? One procedure
is 1o choese projects which produce a net benefit over the period under consi-
deration. In that case employment is not a direct objective in itsalf, but is
a benefit to the extent that it is an instrument for improving the distribution

1Sce £.M.D. Litt!e and J. A. Mirrlees: Project appraisal and planning for developing
coimtries (London, Heinemane, 1974), p. 341. They argue: “In short, the desirability of
starting industry A which uses the output of B is no good reason for starting B if B does not
pass the test, Industry A can always be started using imported inputs™.
*Ibid., p. 338.
3 Luid., pp. 342-345,

_*Ibid., pp. 345-347; for a contrary view on this and other objections raised against
hnkag;s see Frances Stewart and Paul Streeten: “ Little-Mirrlees methods and project
appraisal”, in Bulletin of the Oxford University Institute of Economics and Statistics, Vol. 34,
No. 1, Feb. 1972, pp. 78-81.
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of income and a cost to the extent that it leads to a shift of income away
from investmeni. We are really taking consumption as our basic measure and
treating employment in terms of its effect on consumption. 1 Another way
would be i regard employment as implying a commitment to consumption
in so far as wage carners tend to consume al or most of their wages. ¢ This
is good since in this way the benefits are distributed, but it is bad in that the
objective of raising the savings rate through the mechanism of project selection
nay not be attained.

has obvious tmnlications for the question of linkages. Linkage effects do not
generally bring into being additional savings. Instead, by expendirng investment
opportunities they increase the pressure on existing savings. Also, since the
supply of wage goods tends to be relatively fixed, it sets a limit on employment
creation. This means that employment creation through linkages is at the
cost of possible employment creation elsewhere in the economy. 3

Some qualifications need to be made to the above arguments. In the first
place, in certain Situations linkage eftects may lead to increased savings. In
this case one benefit of the project A could be that it leads to increased savings
in industry S or industry D, which respectively supply inputs to and demand
sutputs from A. This could happen for small entrepreneurs whe might raise
their savings rate or increase the utilisation of iheir existing capital stock
when new opportunities appear. This might be the case with rura labour-
intensive processing industries and agriculture-based activities in developing
countries. Also for many less developed countries both backward and forward
linkages with the world economy might be very difficult to forge owing to
market and non-market internationa restrictions on entry. In such sStua
tions the setting-up of industry A is necessary for industries S and D to
emerge.

Once A, Sand D are in operation substantial economies may arise and the
industrial structure of the country would be greatly strengthened. But in
such clear cases A, S and D should be treated as an agglomeration and analysed
accordingly. Also, in most economies where public project evaluation is
practised some degree of aggregative planning would also he needed and
such inter-relationships could be taken into account.

! This is basically what is done in UNIDO: Guidelines for project evaluation, op. cit.,
see in particular pp. 97-98.

* See for example 1. M. D, Little and J. A. Mirrlees: Project appraisal and planning for
developing countries, op. cit., pp. 169-176.

2 See Amartya Sen: Employment, 1echnology and development, op. cit.
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CONCLUSIONS

In conclusion, we stress the theoretical and practical importance of indirect
employment effects. At the theoretical level they can be measured and at the
practical level they are by no means insignificant. Although they are usualy
estimates by methods involving the assumptions of fixed coefficients, it is poss-
ible to introduce flexibility into the analysis by making some adjustments to
the inpui-ouipui coefficients and aiterations in the output-empioyment ratios.

The objectives of planning can rarely be equated with employment maxi-
misaiion: while indireci effecis have to be taken into consideration in looking
a the factor-use mmplications of a particular pattern of expansion of output,
other considerations like the maximisation of the present value of the anticipated
stream of consumption may be more crucia. Even outside the framework
of economy-wide multi-sectoral models the concept of indirect effects has
important applications. It can be used in a two-sector model with adjusted
coefficients to determine the effect of changes in technology in a given sector
on the over-all employment situation. Even at a more general level, the inter-
actions between agriculture and the non-agricultural sectors cannot be under-
stood without invoking the notion of inter-sectoral flows and indirect employ.
ment effects. We have been able to show that in an important area of public
expenditure in less developed countries, i.e. on public works, the indirect
employment effects are not estimated; yet these are both relevant-since the
objective of public works is employment maximisation—and capable of
being measured in a rough and ready way. We aso show that indirect employ-
ment effects can be measured for industrial project evaluation, but do not
carry much weight in project choice unless it can be shown that they help to
mobiiise savings and other resources which would otherwise have been idle.
Finally, we show that indirect employment effects can be important in certain
situations influencing technical choice. In sum, the concept of indirect employ-
ment effects is an important one, and whatever one's economic objectives
it needs to be measured.
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CHOICE OF TECHNIQUES FOR
CAN MAKING IN KENYA,
TANZANIA AND THAILAND

by C. Cooper, R. Kaplinsky, R. Bell and W. Satyarakwit *

There are obvious reasons why questions about the choice of techniques
of production come into the discussion of employment policy. To put things
crudely, economists think of techniques or production simply as particular
combinations of machinery (or investment) and labour that can make a
certain product. Then, if there is a range of such techniques available, each
defined by a different amount of investment per worker, the economic problem
is to specify the optimal technique assuming that we know the cost of capital
and the cost of labour. The link to employment policy is simply that if there
are unemployed workers, techniques which use relatively little scarce investment
capital per worker (that is, labour-intensive ones) may become socially desirable
or “optimal” from society’s point of view. *

There are, as aways, lengthy theoreticad arguments among economists
about the validity of this idea. However, these do not concern us directly.
This chapter is about empirical questions, and particularly about whether
or not thereis abasis in redlity for the assumptions that are made in the theore-
tical arguments about the choice of techniques.

There are two main types of objection about these assumptions. One is
that as a matter of fact there is no choice of technique at al, particularly in

* Science Poli
Sussex. The znaterig?/ln this chapter results from acase Study which the authors are preparing
for the 1LO World Employment Programme prO{e_ct on technology and employment. The
authors would like to stress that this chapter contains only preliminary findings of the study
and has been written before al the results have been worked out. It is hoped to publish a
complete account of research and final results separately in the form Of a monograph. The
authors would like to thank the management of various can-manufacturing comgpasies in
Ken?é_a, Tanzania, Thailand, the United Kingdom and Hawaii for their close co-operation
and kind help with this research.

2 *The arguments are more complicated than this suggests. For example, there are prob-
lems about choosing a rate of growth of employment as well as choosing the initia level of
employment which can be attained with a fixed amount of investment. See A, K. Sen:
Choice of techniques, op. cit., and UNIDO: Guidelines for praject evaluation, Op. Cit.

Research Unit and Institute of Development Studies, University of
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manufacturing industry. in other words, it is argued that once the product
has been specified, it will turn out that there is only one ccenomically efficient 1
way of making it. 2 Two arguments (at least) are used to support this view.
The first is that the technologica advance of innovation in the advanced
countries generaly results in new processes which render all older ones ineffi-
cient. These new processes are also more capita-intensive than older ones,
and so iess “appropriate’ to the factor endowments of the developing countries
(even though, they are, by hypothesis, the optima ones). In fact, this is an
assertion about efficiency in the economic sense irrespective of comparative
technological efficiency: innovation may or may not render older processes
economicaly inefficient; whether it does so or nct can be decided only by
looking at the circumstances of particular cases.

The second line of argument is that most innovation is “product innovation”
in which new products displace old ones in the market, and in which very
few processes-sometimes only one-are developed, especially to make the
nev: product. Once again it is said that the newer processes associated with
newer products are more capital -intensive than the processes used for older
products. it is argued that the problem of choice consequently boils down
to making a choice of product, there being no choice of techniques for making
a particular product. This is aso an empirical question, and it can aitly be
examined empiricaly.

The second type of objection to the way in which the choice of techniques
question is handled in economic theory is essentially that the models used are
so0 over-simplified as to be nearly useless. There are many criticisms that run
along these lines. a common one is against the assumption that there are only
two factors of production (that is, ~apital and undifferentiated labour), on the
grounds that the availability of other inputs like skilled labour or supervision
are often critical in real situations. * There are other criticisms too, most of
them aong the lines that it is inadequate to describe how actual choices are
made simply in terms of the relative prices of factors of production. In other
words, various externa conditions like the size of the market, its organisation,

* Economic efficiercy is referred to here in aformal sense: if the authorsstate that there
is only one economically efficient technique, they mean that although there may be other
engineering possibilities, they all require more’investment and more labour per unit of
output and hence will not be Optima at any combination of factor prices.

t Frances Stewart in particular has developed this argument. See Frances Stewart:
“Choice of technique in developing countries’, op. cit.

s See, for example, ILO: Employment, incomes and equality: A strategy for increasin
productive employment in Kenya. op. Cit., Where it is argued that the scarcity and cost 0
supervisory labour iS an important factor in preventing the use of labour-intensive can-
sedling techniques. The labour-intensive techniques use unskilled workers, and because of

imperfect sedling, reject rates would tend to be very high without a large amount of super-
vison.
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the organisation of the labour force, expectations about changing wage rates
and the like enter into decision making, and the simple static model does not
take them adequately into account. Simple models can aways be defended
on the grounds that they do not set out to mirror reality but only to explore
the logical consequences of some of its salient characterigtics, there is no
doubt that the simple choice-of-techniques model has been illuminating from
this point of view. The problem remains, however, that it has also been used
to prescribe policy, and that if some of the things it leaves out are in fact
common characteristics of investment decisions in the real world, then the
policy recommendations that are based on the model might well be misleading.

So we are left with two main questions: first, whether there is really a choice
of techniques for making particular products, or only a choice of products:
and secondly, if there is a choice of techniques, what are the factors that
explain the decisions that are actually made by entrepreneurs in developing
countries? We cannot give general answers to these questions, and we do not
set out to do so. The rest of this chapter is about a case study of a particular
process-for manufacturing tin cans-—-which throws some light on the broad
questions without providing final answers. First we briefiy give reasons for the
choice of can sedling for study, and describe the can-making process and its
various products. This is followed by an examination of the question: are
there a number of economically efficient technologies for making cans? The
next section is a review of the factors which actually determined the choice
of technology, and a final section contains our conclusions.

CAN MANUFACTURE AS AN EXAMPLE

Why did we choose can-manufaciuring processes? Part of the answer is;
by an accident of history. It happens that a preliminary study of some can-
manufacturing sub-processes was carried out in the course of the ILO employ-
ment mission to Kenya.® Some of the results of that work seemed sufficiently
interesting to justify a closer look at the industry. We have aready mentioned
one of the conclusions of the initial study in Kenya: it seemed to show that
the scarcity of supervisory skills was an important constraint on the use of
labour-intensive aternatives. This, in particular, was felt to be worth follow-
ing up.

There are some other reasons too. First of al, thisis part of manufacturing
industry, and it is widely argued that the limitations on the choice of techniques

1 See ILO: Employment, incomes and equality : a strategy for increasing prog-ctive em-
ployment in Kenya, op. cit,, Technical Paper 7, “A case study of choice of techniqaes in two
processes in the manufacture of cans”. ‘
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are most severe in manufacturing. So the can-manufatturing process seemed
to offer us an opportunity of finding out what these constraints were, and
how binding they were. Furthermore, there has been a good deal of innovation
in can making, particularly through automation and the gradual development
of a continuous process, so it seemed as if this industry might give us an oppor-
tunity to investigate how innovation, and possibly product changes too,
affected the choice of techniques in developing countries.

Can-making processes and products

The can-making process involves the transformation of tin-plated sheet
steel into an open-ended can which is ready to be filled. For most types of
tin can, manufacture consists of two separate sequences of operations-the
production of the ends for the can body and the forming and assembly of the
can body itself. All the cases discussed in this chapter are concerned only
with the latter sequence of operations.

The process consists of a number of stages. First, the sheet steel has to be
dit into blanks from which the can bodies are made. Tin ditting can be done
by more or less completely automated machinery, or by more labour-intensive
processes. The most labour-intensive method now in use appears to consist
of a manually controlled and fed guillotine powered by a foot-operated
mechanism. However, more labour-intensive methods have been used. For
example, in the nineteenth century in England, blanks were cut by tin snips
(large scissors). Secondly, the can body is formed from the blank. Body making
consists of a number of sub-processes. ! In an automated line these processes
are all performed continuously in a body-maker or side-seamer system; in
labour-intensive systems the processes are separated and can be done on a
batch production basis. Thirdly, the end of the can body is flanged in order
to take the can end. Again there are various possible degrees of mechanisation.
The fourth major process is end-seaming, whereby the end of the can is joined
to the body. A range of methods of differing labour intensity are used. The
final stages of the process consist of testing (where the can seams are tested
under air pressure) and packaging, where once again, there are various possible
processes, ranging from a very simple manual one to a fully automated packer.
In automated plants the link between the various stages in this process is a
conveyor system; in less automated units various combinations of manual
transfer are possible.

¢ For example, forming, which curves the blank into the can shape; hooking, whereby
the sides are hooked into One another to create the seam; bumping, which creates the sean
itself; soldering, which fixes the seam; and cooling.
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There is of course a very wide variety of can types and specifications.
Leaving aside highly specialised products like the cans used for aerosols, cans
are usually classified as either “open-top” or “genera”. “Open-top” cans are
typified by the familiar tinned-food can. The end-seamed can body and the
top are delivered to the customer, who seals the can after filling. Almost al
packed and sealed food cans are subsequently processed at high temperatures,
cans for this purpose must therefore meet demanding specifications. This is
usuadly less true for the “generd” line of cans, which includes a very wide
variety of types. We considered only two types in this study-the shoe-polish
tin and the rectangular-section 20-litre kerosene tin used in East Africa. Most
of our data are about open-top cans, however, there is a wide variety of such
cans. Open-top specifications can vary in terms of sire, types of tin plate,
lacquering and basic design. As far as basic design is concerned, open-top
cans may take al conceivable shapes. there are not only round ones but
also oval cans and rectangular meat cans. Also, seaming methods can differ:
some cans are “lock-seamed” (the process we described above is the lock-
seaming process) whereas others are “lap-seamed”. Moreover, whereas most
seams are soldered, some are glued. One of the problems we had in studying
the choice of techniques in the industry was the problem of holding the product
specification constant.

Range of cases covered

The data for the study were collected in three countries-Kenya, Tanzania
and Thailand. The intention was not so much to make a formally structured
international comparison, but more to cover a number of different economic
circumstances that might influence the technical choices that were actualy
made at the enterprise level. As it turned out, we obtained more detailed
data on a particular process (open-top can manufacture) from Thailand than
from the East African countries, whereas in the latter countries we were able
to collect data on a greater number of different processes, though in less detail.
These differences result mainly from differences in time and opportunity.
The East African comparisons are specified in table 9, and Thai onesin table 10.

TECHNIQUES, FACTOR PRICES AND PRODUCTS

Our approach to the question of choice of technique is to examine whether
those that are actually in use for making various types of can in Kenya,
Tanzania and Thailand are economically efficient in relation to one another.
Suppose that technique X has a higher labour productivity (i.e. output per
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Tabie 9. Choice of techniques studies in East Africa
Can type Country Process Use of can Coding
Round open-top Kenya Capital-intensive Processed and
non-processed foods Al
Kenya Capital-intensive A2
Kenya Most capital-intensive A3
Tanzania Very labour-intensive A4
Reciangular open-top  Kenya Capital-intensive Processed corned beef Bl
Tanzania  Labour-intensive B2
Twenty-litre kerosene  Tanzania  Very capital-intensive  Kerosene or cashew Cl
Labour-intensive C2
Most labour-intensive C3
Shoe-polish Kenya Capital-intensive Shoe polish D1
automatic
Kenya Labour-intensive D2

semi-automatic

unit of labour) than technique Y. In this case, for technique Y to be econo-
micdly efticient by comparison with X, it must have a higher output per unit
of capital than X (if labour and czpital are the only factors of production).
If Y isefficient in this sense the implication is that there is some combination of
price of capital (i.e. rate of interest) and wage rate a which the total costs
per unit of output with Y will be less than with X. Since Y has a relatively
low output per worker and a relatively high output per unit of capita, it
will be favoured in cases in which the interest rate is high and the wage rate
comparatively low; technique X will be favoured in cases in which the balance
is reversed. On the other hand if Y had been inefficient (i.e. had been associated
with a lower output per unit of capital as well as a lower output per unit of
labour), there would have been no combination of wage rate and rate of
interest at which its cost of production would have been lower than X. Y would
never be used, even if socia instead of market prices for factors were used
in the investment decision. *

The first question we ask in this part of the chapter is whether the techniques
within each group are efficient in this sense. However, that is not enough:
we must keep in mind the possibility that even if alabous-intensive technique,
like Y for example, is efficient by comparison with a capita-intensive one,
it will nevertheless he preferred only at extremely high interest rates and un-

1 However, “inefficient” techniques may sometimes be used in the context of an extreme
type of employment policy. The use of very labour-intensive inefficient technology means a
sacrifice of present and future output and future employment in return for higher employment
per unit of capital in the short run.
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Table 19, Choice of techniques studies in Thailand (open-top cans)

Can use Process Coding
Miik, fruit, vegetables Automated capital-intensive El
Miik E2
Fruit Semi-automated Gl
G2
Vegetables, pickles Manual M1
M2

realigtically low wage rates. * In this case, the existence of an efficient labour-
intensive aternative is of mainly academic interest, since it is unlikely ever
to be used in practice. The second step in the analysis is therefore to examine
total unit costs of production with the various techniques available, and to
assess the wage rates below which the more labour-intensive techniques might
be used. 2

In each case we begin by assuming that product differences within each
group of technologies listed in tables 9 and 10 are sufficiently small to be
ignored in the comparisons, however, in redlity this is a very crude approxi-
mation, so at a second stage we drop this assumption, and examine how far
product differences have affected technical decisions.

Kenya and Tanzania

These studies cover the four technology groups that are listed in table 9.
For each of these groups we look at the relative efficiency of the techniques,
the unit costs of production and product differences and their implications.
The East African comparisons are al based on single-shift working which is
more or less the rule in al the factories we visited. The data for these com-
parisons were collected through factory visits. The quantitative data covers
whole production lines. it is not disaggregated to the sub-process level. The
main items of quantitative data are:

1. Rater of output for the production lines. These are based as far as
possible on the actual operation of the production line, generaly obtained
from monthly production figures in the factory. Some adjustments have been
made to alow for the fact that rates of output vary somewhat with the size
of can being produced.

2. Labour input per shift and wage rates. Again these figures were obtained
from the factory visits. In genera it was possible to break down labour inputs

* In other words at factor prices which are quite unredistic evenin socia terms.
? These COSt assessments are made in the same way as the assessment in Chapter 5 below.
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into skilled and unskilled labour. The cost comparisons are all based on a
uniform wage rate-the rate ruling in the Kenyan modern sector-so that
the effect of multiple wage structures is not considered here. !

3. Capital costs. All capital costs are calculated as if we were making a
choice of investing in one or other of the techniques currently used in each
group. As far as possible, therefore, we used 1974 replacement costs for
machinery and buildings. Annualcapital costs were obtained by using an annuity
formula., assuming an economic life of 25 years for dl equipment. There were
some difficulties in obtaining replacement costs in al cases, sometimes because
tines had been modified and sometimes because parts of the production
lines were obsolescent. In these cases we had to make rough estimates. Building
costs were obtained from the factory visits; buildings were assumed to have
a life of 50 years. The cost calculations in East Africa are based on a rate of
interest of 10 per cent throughout.

4. Power costs. Such costs are the main item of non-labour variable costs
in the cost calculations.

Round-section open-top cans

There are four production lines in East Africa manufacturing round open-
top cansthree fully mechanised continuous lines in Kenya, and one semi-
automatic lap-seam line in Tanzania. Table 11 shows that the output of these
lines differs considerably: A2 and A3 produce about 10,000 <ans per hour,
while AT produces only 4,200; the semi-automatic lap-seam line A4 produces
about 1,100 per hour. Labour input for Al is eight unskilled operators, one
skilled mechanic and one supervisor. For A2 there are ten unskilled operators,
and on A3, which has automated packing and dlitting operations, only four
unskilled operators are required in addition to the mechanic and supervisor.

The productivities of labour and capital are shown in the table.

The techniques in use cover a wide range of capital intensity. The most
capital-intensive line is A3, the fully automated Kenyan line. The |east capital-
intensive is the iap-seam line in Tanzania: this relatively labour-intensive
linc provides nearly 20 times as much employment per unit of investment,
and just over 10 times as much employn.ent per unit of output, as the most
capita-intensive line.

Table 11 and figure 2 show that three of the technologies are efficient
(i.e. A3, 42 and A4 in descending order of capital intensity). It is interesting
that both 1the most capital-intensive (A3) and the least capital-intensive (Ad)
are efficient technologies. Al, however, is inefficient under Kenyan operating
conditions (we do not know why this relaively new line should be so markedly

! However, it is considered in the Thai comparisons below.
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Table il. Factor productivity: round awn-tap ¢ar manufacture in Kenya and Tanzania

Production line and date of installation

Al A2 Al Ad
1972 1956 1970 1964
output per hour {number of cans) 4200 11088 9 450 1084
Labour
Skilled workers (including
supervisors (in brackets)) 2(1) 2(1) 2(1y 1.16(1)
Unskilted workers 8 10 4 6
Capital cost {£EA, 1974)
Machines 140 000 180 000 191500 12500
Buildings 7 200 7200 7200 1844
Q/K {cans per £EA) 0.03 0.062 0.049 0.087
/L (cans per worker) 420 924 1575 151
LIK Workers per £EA) 0.000071 0.000067 0.000031 0.00057
KiL(£EA per worker) 14 000 15000 31917 1746

inferior to the others but the difference may be due to the fact that it is tooled
to produce cans of larger size). We are left with three efficient technigues, one
semi-automated and two fully automatic. ‘ The most profitable technique from
the firms® point of view depends upon the relative prices of capital and labour.
In order to smulate a redlistic investment decision, we have evaluated all
techniques at the current wage rates in Nairobi. This dightly artificial assump

Figure 2. Investment function: round open-top can manufacturs in Kenya and Tanzania

0/K (number of cans produced ner
unit period per £EA of capiial invested)

0.09 - Ad

/

4 _ /
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121074 2x1074 ax107+ 4x10-4 5x10-4
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tion prevents us from comparing actua costs of production in Tanzania with
those in Kenya, but it does allow us to conclude what unit costs would be if
all the techniques were installed in Kerya and operated us at present.

Unit costs of production are calculated and presented in table 12. At
existing factor prices and at capacity utilisationtue semi-automated A4 is
clearly sub-optimal, So, too, 1s the more jabous-intensive of the fully automated
lines (A2), dthough its unit costs are not far from those of A3. Clearly, however,
at current factor prices the optimal technique is A3—the most automated
technique The cost data in table12 show also that athough the labour-intensive
A4 technique for making lap-seam open-top cans is efficient by comparison
with the capital-‘1tensive technique in terms of use of capital and power,
its unit costs at current wage rates in Kenya are very high indeed. * Lower
wage rates would improve the relative position of this technique, but the
wage rate would have to be somewhere round about one-hundredth of its
present level in Kenya for it to be preferred. We :ssume that such ale el is
well below any redlistic estimate of the social opportunity cost of iabour in
East Africa, and it is therefore hardly conceivable that technique A4 could
be preferred even on socia grounds. ®

This therefore appears to be a case in which technologica innovation has
resulted in new techniques (i.e. A2 and A3) which, athough they have not
made the old A4 Izbour-intensive technique inefficient, are so much more
productive than A4 that there is no redistic shadow wage rate at which A4
would be preferred.

However, there are aso significant differences in product between the
A4 technique and the more capital-intensive ones. The iabour-intensive
technique is used for making lap-seamed open-top cans in Tanzania. * We were
told that larger tins for packing pinezpples in Kenya were previoudy lap-
seamed. However, the manufacturers received numerous complaints about
leakages. Head office technicians (thz can manuiacturer iSa foreign subsidiary),
concluded that the leaks occurred inthe side seam, and might well have been
due to the way in which the cans were handled during transport. They recom-

1 They are probably lower in Tanzania, where the technique is actually in use, but even
so the variable costs of this technology must be greater than total costs on the more
capital-intensive ones at the levels of capacity utilisation implicit in the data. Tts continned
use in Tanzania may be due to scale factors (the Tanzanian market is much smaller than the
Kenyan).

2 An overwhelming preference for present empioyment might, however, lead to preference
for Ad.

* The lap seam s 1ermed simply by forming the can cvlinder, lapping the longitudinal
edges one on top of the other and soldering. This differs from a lock seam, for which the
edges are locked together, cieated and scldered. It is worth noting, however. that lock-seaming
techniques of much the same capital intensity as the Tanzanian lap-seaming technique are
in use in Thailand.
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Table 12. Unit costs of production: round open-top can manufacture in Kenya and
Tanzania (EA shillings per thousand cans)

Unit costs Al A2 Al Ad

Capital 0,77 0,37 0.46 0.30
Labour 5.14 2,31 1.48 16.84
Power 0.05 0.01 0.02 0.01
Total 5.96 2.69 1.96 17.15

mended the aJoption of more mechanised techniques which produced lock-
seamed cans. The main reasons were as follows:

1. It was thought to be too difficult to persuade the handlers to change
their methods of storage and transport.

2. The main customer was a multinational enterprise with a considerable
international reputation to uphold, and was a large customer not only of the
Kenyan subsidiary but also of subsidiaries elsewhere. This customer felt
that the cans produced with the more mechanised techniques possessed a
stronger side seam, and that irternal lacquering could be more effectively
applied to them. Therefore it would not be advisable to resist the demands
for improvement of product quality.

3. Although it seemed possible to make lap-seam cans of adequate quality,
the variability of can quality in an essentially man-controlled operation meant
that supervisory costs and rejection rates would be greatly increased.

4. The can producer had to compensate its customer not only for the
value of the spoilt cans but aso for the contents. As the value of the can is
only a small component of final cost there was a considerable inducement to
avert risks by mechanisation or at least by supplying a lock-seamed can.

5. In any case, even though the primary impetus to mechanisation was
product quality, the lap-seam cans were likely to be cost-competitive only if
mechanised lines had to operate at very low capacity utilisation. This was
unlikely in the rapidly growing Kenyan market, so there were strong economic
grounds for mechanisation.

In the circumstances, the switch to highly mechanised continuous production
of lock-seamed cans is explicable. Continuous production methods were
apparently the only possibility. It is quite interesting, however, that there
was apparently no attempt to seek out a more labour-intensive lock-seaming
technology. This is the more interesting in view of the Thai experience, which
we discuss later.
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Table13. Factor productivity: rectangular open-top can manufacture in Kenya and

Tanzania
Production tine aad
date of installation
BI (I965) B2 (1950)
Qutput per hour (number of cans) 7 200 11 640
Labour -
Skilled workers (including
supervisors {(in brackets)) . 2(1) 2.5(L.5)
Unskilled workers 10 15
Capital cost (EEA, 1974)
Machines 150 000 150 000
Buildings 7 200 7180
(/K (cans per £EA) 0.048 0.078
O/L (cans per worker) 600 665
L/K (workers per £EA) 0.00008 0.0
KL (£EA per worker) 12 500 8571

Table 14. Unit costs of production: rectangular open-fop can manufacture in Kenya and
Tanzania (EA shillings per thousand cans)

Uit costs Production line
» -2
Capital 0.30 0.50
Labour 2.73 2.75
Power 0.02 0.03
Total 305 $3.28

Rectangular-section open-top cans

We examined two techniques for making rectangular open-top 12 oz.
cans, one in Tanzania and one in Kenya. Table 13 shows that the output of
technique B2 is 11,640 cans per hour and the output of B1 7,200 cans per hour.
Whereas B2 employs 15 unskilled labourers and 2.5 skilled labourers, B1
employs 10 unskilled and 2 skilled labourers. The tabie also shows the factor
productivities of the two techniques.

Table 13 shows that B1 is an inefficient technique. This is amost certainly
due to its low rate of output. We suspect that this is the consequence of a very
low rate of capacity utilisation, so that further comparison of the techniques
will probably not yield much. As one might expect, there is no set of factor
prices which would lead to a preference fer BI. The unit costs of outputf rom the
two techniques are shown in table 14 and are derived from wage rates currently
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prevailing in Nairobi. The marginally greater labour intensty of the B2
technique is more apparent than real: it is probably ihe result of a higher
rate of capacity utilisation.

Twenty-litre kernsene fins

We have a sample of three techniques for the production of kerosene tins.
In two of these (in Kenya), the tin body is made in two sections and then
locked and seamed together. In the more modern, automated Tanzanian
technique the tin is formed from a single piece in one operation. The output
of the Cl line is 936 per hour, while that of the C2 line is*1.291 per hour and
that of the C3 line is 310 per houi. Labour input is 28 unskilled and 2 skilled
on the Cl line, 44 unskilled and 1.25 skilled on the C2 iine and 16 unskilled
and 1.3 skilled on the C3 line. These figures and the resulting factor producti-
vities are shown in table 15. That shows that the most labour-intensive C3
technique is inefficient, and we would expect it to be scrapped in favour of
anew line if the market were sufficiently large.

However, Cl and C2 are efficient. Table 16 shows unit costs for the three
techsicues. There must be some doubt about these data, since the capital
cost of the very old C2 technique is hard to estimate with any certainty. Never-
theless, the position is fairly clear. Unit costs are more or less the same with
the old C2 technique, which is labour-iatensive, as with the new capital-
intensive Cl technique. This means that in social terms the more labour-
intensive C2 technique is amost certainly to be preferred. The social oppor-
tunity cost of labour in East Africais well below the wage rate in the modern
sector in Nairobi, so that even if there is some doubt about the replacement cost
of the C2 technique, it is most probably the desirable one from a socia point
of view (if not from a private point of view aso). The C2 technique, however,
is only very dightly more labour-intensive than the new one (it alows 2¢ per
cent more employment per unit of investment).

On the face of it, the technologica change in moving from C2 to Cl has
not bad much effect on factor nroduciivities, and has not undermined the
relative efficiency of the older technique. It might, however, have reduced
materials intensity of production (the new technique makes a can with one side
seam whereas the older one makes a can with two), though we would expect
this effect to be rather small.

There remains the question whether the single-seamed can is in some red
sense an improved product (i.e. whether there has been a product innovation).
The answer is probably not: the can with two side seams appears to serve
as well as the can with a single seam for sale of kerosene in predominantly
rural markets.
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Table 18,  Factor productivity: manufacture of 20-litre kerasene tins in Kenya and Tanzania

Production ling and date of installation

C1 c2 Cca
1970 1935 onward 1930 onward
Output per hour (number of tins) 936 1291 310
Labour
Skilled workers (including supervisors
(in brackets)) 2(1) 1.25¢1.25) 1.3(0.67)
Unskilled workers 28 44 16
Capital cost (£EA, 1974)
Machines 115 Q00 125000 32 050
Buildings 11 500 4000 7488
O/K (tins per EEA) 0.0081 0.0103 0.0097
O/JL (ins per worker) 31.2 23.5 17.9
L/K (worker per £EA) 0.00026 0.00036 0.00054
K/L(ZEA per worker) 3833 2762 1853

Table 16.  Unit costs of production: manufacture of 20-litre kerosene fins in Kenya and
Tanzania (EA shillings per thousand cans)

““if costs Production line

1 c2 C3
Capital 0.30 0.22 0.28
Labour 711 7.15 11.79
Power 0.01 0.04 0.07
Tosal 7.42 741 12.14

Shoe-polish tins

Lastly, we examine the production of shoe-polish tins. We studied iwo
techniques, one automated and one semi-automated; both are used in the
same plant in Nairobi. Whereas the DI automated technique produced
6,009 tins an hour, the less automated D2 technique produces only 1,800. The
D1 technique employs 6 unskilled and 0.2 skilled operatives, and the D2
techniqgue employs 5 unskilled and 0.4 skilled. Factor productivities are
shown in table 17. The D2 technique is clearly inefficient. Urit costs of pro-
duction are shown in table 18: the unit variable costs of production of the
D2 technique are greater than the total unit costs of production of the new
DI technique, and therefore we might expect it to be scrapped.

In this case, therefore, the result of innovation has clearly been that an
older labour-intensive technique has been superseded entirely by a superior,
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Table 17, Factor productivity: manufacture of shoe-polish tins in Kenya

Production line and
date of installation

D2 (1960) D1 {1974

output per hour (number of tins} 1 800 6 000
Labour

Skilled workers (all supervisory) 0.4 0.2

Unskilled workers 5 6
capital cost (EEA, 1974)

Machines 10 590 16 550

Buildings 1040 2240
O/K (tins per £EA} 0.171 0.363
O/L (tins per worker) 333 968
L{K (worker per £EA) 0.0005 0.00037
K(L(EEA per worker) 1944 2 669

Table 18.  Unit costs of production: manufacture of shoe-polish tins in Kenya
(EA shillings per thousand tins)

Unit costs Production line

D2 D1
Capita! 0.14 0.07
Labour 6.35 212
Power 0.01 0.01
Total 6.3 2.20

more capital-intensive one, which, as it happens, aso gives a better product.
However, there are two interesting compiications. The first is that the DI
technique produces tins of higher quality than the D2. In fact, the can-pro-
ducing company introduced the D1 production line because a new customer
company (from outside Kenya) entered the market and made strict demands
for very high-quality tins. The decision to invest in the D1 technique was
prompted first by these strict specifications and secondly by the assumed
expansion of the inarket for shoe-poiish tins because of the arrival of a new
polish producer. It is noticeable that the D1 technique would only just be
competitive with D2 a the D2 scale of output 1, so that the large increase in
the size of the market was probably quite an important factor in the decision
to install the automated technology. The second complication is that the

! Assuming that there would not be much reduction of labour input at a lower scale
of output en D1. This is quite a reascnable assumption for a highly automated process.
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high degree of automation of the D1 line is apparently a direct outcome of the
customer requirement for a very high-quality tin. There may well be less
automated methods available for producing tins, though of somewhat lower
quality.

Thailand

Whereas the East African survey covered a number of different types of
can, with very different end uses, the Thailand study is much more restricted
in product scope: it deals only with round open-top cans used for food preser-
vaetion. !

The Tha stuation differs from the East African in some important ways.
Can manufacture in East Africa is dominated by a single multinational enter-
prise, and all our data for the East African comparisons were obtained from
subsidiaries of this firm, which is the only supplier of cans, apart from one
canning company that also produces cans, but only for its own use. In Thailand
the manufacture of cans is divided between enterprises in the modern sector
(producing daily products, for example) which make their own cans for
their own use, and specialised can producers. Furthermore, the specialised
can producers fall into two groups: in the high-wage sector there is a subsi-
diary of a multinational firm which specialises in can production 2, and there
are a number of loca firms paying lower wages which also produce cans.
The foreign subsidiary sdlls its eans mainly to firms which export canned goods
and to firms supplying high-quality products such as dairy products to the
domestic market (these customers are in many cases themselves subsidiaries
of foreign firms); while the local firms supply locally owned companies selling
their canned goods in Thailand.

The main reasons for this difference in organisation are first that the multi-
national specialist can producer entered the Thai market at a much later stage
than in East Africa; consequentl a substantial part of its potential market
had aready been mopped up by firms producing cans for their own use.
Secondly, locally owned Thai industry is more developed than local industry
in East Africa; there was therefore a considerable demand from local canners,
which provided an opportunity for the development i local can makers. Also,
the entreprenencial and technical abilities for setting up a local can-making
industry are probabfy more developed in Thailand than in East Africa. The

I Partly as a consequence of this restriction, there is more detailed data for the Thailand
study, altheugh for the purposes of this preliminary account we shall not take full advantage
of the possibilities for more detailed analysis that the Thailand data present.

* It is of some interest and significance that this multinational firm is the same from
whose subsidiaries the data for the East African cases were obtained.
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result is that there is a range of different types of firms producing cans in
Thailand. By and large they produce for different markets and face different
factor prices. Thisin itself suggests that there might be a wider range of tech-
niques in use in Thailand than in East Africa, and was one of the reasons why
we wished to include a study of Thailand.

For the purposes of this preliminary account we have used the Thai data
in the same way as the East African. We shall examine whether other techno-
logies are available (this :ime for round open-top food cans only), and how
product differences might affect the choice between them.

The comparison is based on data from six production lines, listed in
table 20, for open-top cans. But first a little more must be said about the tech-
niques and the enterprises which have installed them. The El technique is
used by the foreign subsidiary which specialises in can manufacture. It consists
of a relatively high-speed continuous line, which because of the fragmentation
of the firm's market (itself a result of relatively late entry) is used for a variety
of cans of different sizes. The E2 technique is used by a firm which sells canned
dairy products in Thailand and abroad, and which makes its own cans. The
production line is used for one size of can only. It is similar to the El technique
except that, first, El is more flexible and probably embodies some diseconomies,
bring a multi-product system, as compared to E2; secondly, E2 does not
include an automatic tester (testing is done cif ling), nor an automatic packer
(the cans are passed directly to the milk canner), both of which are fitted to
the El line. Techniques G1 and G2 are rather similar, both introduced by
locally owned firms operating with relatively low-wage labour and producing
for localy owned canneries serving the Tha market. Most of the cans are
used for fruit, vegetables or pickles. The production lines are dower than
the El and E2: they may be described as semi-automated continuous lines.
Whereas the E! and E2 lines are fitted with equipment from Europe or the
United States, the G1 line is Japanese and the G2 is from a developing Asian
country. HI and H2 are labour-intensive lines. They are discontinuous; the
workers operate around individual pieces of machinery, and inter-machine
transfer is manual. Most of the equipment is made in Thailand. Speeds ate
low. Lines of this type are used to produce a wide variety of products for the
local market. The two H lines are used to produce cans for localy owned
companies marketing canned vegetables and pickles in Thailand.

The range of techniques used in Thailand is therefore considerable, and
wider than the range in East Africa. We would expect some differences in
product quality between these production lines. However, as a first step in
the analysis, we leave this question aside; we shall come back to it later on.

The basic data on factor productivities are given in table 19, There are
some qualifications to these data. First, the rate of output for El is given as
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21,600 cans an hour. This is the “expected rate’ of output in the factory.
The actual long-term average (over more than four years) is considerably
lower--about half of this. The loss of output seems to be mainly the result
of loss of time through inefficiency in dealing with the problems of changing
the line from one can type to another. Both thie problems and the loss of
output they lead to are in large part a function of the technology. This qualifi-
cation means that the data on units costs are favourabiy biased for El. Secondly,
capital costs for El include costs of machines for packing and testing, and
the labour inputs needed for those machines are also included. The other
techniques do not include packaging and testing. This biases the results against
El, but changes none of our conclusions;, we make some adjustments later
on where necessary. Thirdly, there is another respect in which lines El and
E2 are not dtrictly comparable. The first is a flexible line producing many
types of can; the second produces only one type a or near the “expected”
rates. This difference in the homogeneity of the product probably affects both
canital and tabour costs. For capital costs the rate of discount is assumed to
be 1G per cent, and the life of the equipment ten years.

The main conclusion to be drawn from table 1% is that there is a broad
range of efficient techniques: it is true that El is inferior to E2, hut as we have
seen this difference can be ignored because they are not strictly comparable;
aise H2 is just inferior to HI, but otherwise we have a range of techniques
which are efficient, from the most to the least capita-intensive. The least
capital-intensive (HI) employs nearly 300 times as much labour per unit
of capital as the most capital-intensive (El); the intermediate types of technique
(G1 and G2) employ up to about ten times as much labour per unit of capital
as the capital-intensive ones.

‘The unit costs of production with these techniques are given in table 20.
The first line of the table shows unit costs at actua wage rates facing the various
firms. Since the wage rates on the G and H production lines are about half of
those on the E lines, this favours the intermediate and labour-intensive tech-
niques. It turns out that G1 has the lowest unit costs, followed closely by G2.
In the second line of the table costs are adjusted to a standard wage rate,
namely the rate payable on lines using the E techniques in the modern sector.
At this rate Gi and G2 are still the cheaper techniques, though they are not
far off the cost levels of E2, the single-product automated production line.

There is a further adjustment in the third and fourth lines of the table.
The fourth line shows unit costs excluding the costs of packaging and testing
from technique El (which is the only production line that includes these
components). The results are broadly unchanged. The intermediate tech-
niques (GI and G2) have the lowest unit costs, and are followed by the auto-
mated ones. The very labour-intensive production lines have higher unit
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Table 19. Factor productivity: manufacture of round open-top cans in Thailand

Production line

El E2 Gl G2 H1 HZ
Qutput per hour (humber
of cans) 21600 19200 8760 10600 720 850
Labour
Skiiled and supervisory
personnel 4 4 1 35 0.5 0.5
Unskilled and semi-skilled
workers 7 2 9 11 9 12
Capital cost (thousands
of bahts) 9019 6331 1535 1230 325 56
OK’ (cans per thousand bahts) 2.39 3.03 5.71 8.62 22.15 15.18
QJL (cans per worker) 1963 3200 876 731 76 68
L/K (workers per million bahts)  1.22 0.95 6.51 11.79 292.3 223.2
KL (thousands of bahts
per worker) 819.90 105516 153.50 84.82 3.42 4.48

Table 20.  Unit costs of production: manufacture of round open-top cans in Thailand
(bahts per thousand cans)

Item Continuous Semi- Manual
antomatic automatic t
El E2 Gl Gz HI 2
Unit costs
Total
At going wage rates 355 252 114 176 359 62.1
At rates of lines E1 and E2 35.5 25.2 178 19.4 67.9 98.1
Excluding packaging and testing
At going wage rates 30.6 25.2 11.4 14.7 35.9 62.1
At rates of lines E{ and E2 30.6 25.2 17.8 19.4 67.9 98.1
Labou. contribution to unit costs
at going wage rates {percentages) 19.3 12.9 22,5 40.7 87.4 75.9

1 G1 and G2 were not technically identical; nor were-he wage rates observed in the two cases the same (G2 being
higher than Gi). This explains why the same adjustmenis have proportionately different effects on unit costs
for the two technigues which in the text are discussed as being broadly similar,

costs than the others, even in the firsi line of the table, where they have the
advantage of a very low wage rate. For the labour-intensive production lines
to be preferred to the others, the shadow wage rate would have to be very
nearly zero-which is unredlistically low, as in the case of East Africa

There are, of course, other reasons which might favour the H1 and H2
techniques. For example, they use locally made machinery, thus saving fereign
exchange and possibly .reating externa economies in the machine-making
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sector. Even so, these advantages would have to be given massive weight to
offset the lew productivity of these particular techniques.

Apparently, then, the process of innovation in this case has made the very
labour-intensive techniques uncompetitive. Much the same thing happened
in the East African case of round open-top can production, athough in East
Africa the labour-intensive alternative is not as labour-intensive as in Thailand.
A very interesting difference in Thailand, however, is that there are two inter-
mediate types of technique, both developed in Asian countries with whot are
by world standards low-wage economies (one country being Japan). More
interesting till, these techniques have lower unit costs of production than
the automated ones, even a the wage rates paid in the modern sector, and
even though the automated techniques are both being operated by multinational
firms with sophisticated and efficient management. This therefore appears to
be a case in which the spectrum of techniques bad been extended by the develop-
ment oi some further possibilities. ! This suggests that it has been possible to
offset ihe effects of labour-saving bias, at least to some extent.

But what about products? A key question is: are the cans produced by
technigues Gl and G2 sufficiently good to meet the quality standards in the
markets which are at present being served by EI? 2 At ficst sight the answer
is no. We ook a sample of cans from G2 (which appeared to have lower
quaity standards than Gi), and had them quality-tested in the laboratories of
the specialist can producer (El). The cans had a number of defects which
made them urfit for use in export markets. However, a closer inspection of the
kinds of defects in these cans suggested strongly to us that the problem was
not inherent in the G2 technique itself but resulted from the way 1n which the
technique was being used : it seemed perfectly possible that with appropriate
cperating procedures and quality control faci'ities, the same technique could
be used to produce cans of export quality. The only way we could find of
testing this possibility was to discover whether there were any Asian exporters
of canned food who used cans made with this technology. We made a limited
questionnaire survey of exporters of canned goods from one Asian country
in which there is a whoiiy foreign-owned food-canning subsidiary ={ a foreign

! See the discussion on pagesit|-11s of modern adaptations of techniques that have in
themsalves failen into diSUSE.

2 |t should be noted that the cans produced on the 1abour-intensive lines HI and 12
are of very paor qual |3/. When in this chapter weefer to “poor quaity”, we refer to both
the optimum level and the variahility of quality achieved. For techniqués in which the oper-
ationsare largely controlled directly by men rather than % machines(e.g. A4 aSwell as HI
andb lHZ) it may be the variability rather than the attainable level of quality whichcauses
problems.

g d;,The find report of our findings contains a detailed analysis of the results of the quality
udy.
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firm, exporting 99 per cent of its output. This subsidiary makes al its own
cans. using precisely the G2 technique of our case study; moreover, it exports
to markets in which both customer and public health requirements for can
quality are very high, namely Japan, the United States, and the Federa
Republic of Germaay and other parts of Western Europe. We concluded
from this survey that there is no intrinsic problem of quality with the G2
technique; the problem is that the production line is not being operated
properly in Thaiiand.

It is true, of course, that unit costs would rise if the Thai firm had to meet
international quality standards. To explore the cost of such a requirement
we made an analysis of what unit costs would be with the G2 technique if it
were used in the ingtitutional context of the El technique. We dlowed for a
higher wage ret?, El-type supervision, testing, quality control and automatic
packing. With all these adjustments, there is still a considerable saving in
private costs with the G2 technique” Our caculations show that over a
ten-year period under these stringent conditions of operation, the G2 technique
would give cost savings, by comparison with the El technique, of a present
discounted value that could be at least as much as IO million bahts (about
£200,0003 on certain very plausible assumptions. In socia terms savings
would be even greater: employment per unit of both output and investment
is considerably larger; the foreign exchange costs of investment are much
lower per unit of output; there are greater possibilities of building up loca
capability to copy and manufacture the machinery than with technique El ;
ard there are greater chances for Thai as opposed to foreign firms to supply
the export market and thus to increase the country’s foreign exchange earnings.

In short, the problem of meeting quality requirements with the intermediate
technology seems to be more apparent than real. The intermediate technique
has not been superseded by the automated one because of product quality re-
quirements, athough the very labour-intensive techniques certainly have been.

The concept of availability of techniques

On the basis of the case studies, what can we say about the availability
of different techniques as far as this industry is concerned?

The development of new can-making techniques has made some existing
ones inefficient-the labour-intensive technique for making 20-litre kerosene
tins, the semi-automatic technique for shoe-polish tins and one of the very
labour-intensive methods for making round open-top cans in Thailand.

i1t also has the advantage that it iS used 0N @smaller-seale line. so that problems of
fiexible, multi-product production would be easier to deal with than witk the EL technique,
as also would be the problem of matching capacity to increases in demand.
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However, it doss not seem to be generaly true in this industry that innovation
produces a technology that supersedes all the others existing in the sense of
making them inefficient. Even in the cases in which a labour-intensive technique
is superseded by innovation-for example in the case of kerosene tins in
East Africathere is usualy more than one technique left to choose from.
It is only in the case of shoe-polish tins that this is not true; and obviously
there may be other possible techniques that are not included in our study.
It is quite striking that in the case of round open-top cans in both East Africa
and Thailand even the very old, labous-intensive techniques are till efficient
by comparison with the new ones. The problem with those very labour-intensive
techniques is not that they are inefficient in a forma sense but that they have
such lon productivities that they are sub-optimal for al redistic factor price
combinations if the possibility of a zero shadow wage is excluded. This applies
to the production of round open-top tins in East Africa and Thailand.

Changes in product have occurred during innovation: the very labour-
intensively produced open-top cans in Thailand (and also in East Africa) are
of poor quality by comparison with those that are made on automated lines.
The same is true in the case of shoe-polish tins, though not for kerosene tins,
However, in this industry at least, product changes are not always as decisive
as may seem to be the case. In the case of lines developed in Japan and another
Asian country and used in Thailand, poor quality is more the result of inade-
guate operation of the production line than of inherent defects in the line
itself. In this important case, a change in product is not unavoidable.

The Japanese techniques are important because they show that efficient
techniques can be found which are more labour-intensive than newer capital-
intensive ones, but which can produce at much lower private as well as socia
costs. These techniques are interesting also because they seem to be up-to-date
variations of techniques which were used in Europe and the United States
in the 1920s or before. These modern techniques derived from the older tech-
nologies can be used to make high-gquality products. They have been developed
in countries where wages are low by comparison with those now paid in the
United States and Europe.

In this industry at lesst, therefore, there are aternative techniques in a
real sense, at least in some important cases, and there is no need for a product
change that would preclude the use of more labour-intensive techniques.
Moreover, the range of techniques available is a good dea wider than the
studies suggest. ‘“We simply looked at some of the techniques that are actually

* In genera our sample is biased towards the more labour-intensive end of the snectrum
of techniques in use. Even the most capital-intensive of the techniques covered in ‘this study
are far less capital-intensive than a number of techniques in use in the more industrialised

connirieg

12




Choice of techniques for ean making in Kenya, Tanzania and Thailand

in use in East Africa and Thailand. There are other techniques in use in Thailand,
and yet others in use in Europe and the United States. It is quite conceivable
that thers may be intermediate variations which have not been covered by
the study. One particularly interesting development is likely to extend the
available range considerably during the next few years: there has recently
been @ Mor innovaiion in can making (the introduction of the two-piece
can). The technique for this is appropriate for very high volumes of output.
This technological leap is making available a range of second-hand high-speed
lines in Europe and the United States. The price of this type of second-hand
machinery is faling quite rapidly, and smaller-scale European and United
Srates can producers are purchasing this equipment. In turn they are dispos-
ing of their own range of second-hand, lower-speed equipment at low prices.
It is more than tikely that this innovation-induced change ! in the second-hand
machinery market will make available a number of techniques that are likely
toke both labour-intensive and inexpensive.

Another limitation of our survey is that we have not looked a aternatives
at the sub-process level. In fact, there are a very large number of conceivable
combinations of sub-processes to make up a production iine. If we had taken
these into account, it would plu:inly have increased the number of different
possihilities.

The study also shows that the concept of availability of different techniques
needs to be more clearly formulated. What does “availability” mean-in
particular. what does it mean as far as the private decision maker is concerned?
in the first place, it seems clear that there are costs involved in establishing
what is available. The curious notion that what is available is in some way
immediately known to everyone in the industry, or can be discovered at no cost,
is not vaid. Our information suggests that the only reason for which the
specialised modern can producer in Thailand (using the El technique) did
not consider the techniques evolved in other Asian countries was that the
engineers did not know about them 2; yet this firm is a large, highly organised
multinational enterprise. Indeed, one reasen why the firm did not consider
these techniques may well be that it is too organised, in the sense that most
technological decisions are made by head office personnel, who are much
more aware of technology and conditions in advanced countries than in
developing countries. However, we spoke to managers of another multinational
enterprise (not included in the case studies). which has incurred considerable

_t5ee Chapter 5 below for a discussion of the way in which innovation-induced avail-
ability of second-hand machinery is likely ta ensure bath low initial cost and low operating
cost for entrepreneurs.

*Ses n. 118
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costs in seeking out the techniques which were available and was actualy
considering the Asian techniques in question for one of its operations.

The range of techniques available can also be widened through engineering
adaptation by ind:vidual firms. We found one firm in an advanced country
that was considering the possibilities of re-tooling its operations in a developing
country (to improve quality of output), and another was looking at the possi-
bility of producing new designs based on Japanese technology, specialy for
its operations in developing countries.

Our observations in Thailand indicated that iocal manufacture of equip-
ment may be another way in which the range of techniques available can be
expanded. This method of expanding the range is distinct from any adaptive
engineering or re-design efforts. By this method a particular technique in
itself remains unchanged but its capital cost may be lowered because loca
machine-building costs may be lower than those in the country of origin of the
technique. In economic terms, this then becomes an alternative, less capital-
intensive technique. This method of securing a more appropriate technique
was observed on a number of occasicns. One firm copied an imported packing
machine at a cost of between 50 and 60 per cent of the cost of the imported
machine. Another firm copied Japanese end-making machinery, a & cost
again of about 50 per cent of that of the imported equipment. The same type
of action was observed in other sections of industry in Thailand, but it is by
no means clear how widespread this method is, nor what the possibilities are
of using it to increase the range of available techniques. Clearly there are
some limits: for one thing the costs of making machinery locally are not
lower for al types of machine.

Another possibility lies in recourse to techniques that have been used in the
past but are now obsolete. As such, it is perhaps seldom likely to be very
useful: but when such a resurrection is combined with some simple engineering,
the possibility of generating a wider range of technological possibilities may
be quite large. In the case of can-making techniques, it is interesting to note
that the H techniques in use in Thailand are in fact relics of techniques used in
Europe and North America in the second half of the nineteenth century.
The G techniques are those brought into use in the 1920s and 1930s. Between
the middle of the nineteenth century and the 1920s the technology of can
making evolved, producing a number of techniques intermediate in productivity
between the G and H techniques. A superficial examination of these inter-
mediate techniques suggests that they could provide the basis, dmost certainly
at the sub-process level, for a number of probably efficient modern techniques.

A variation on the resurrection of old techniques seems to be responsible
for the availability of the G type of technique found to be optimd in Thailand.
As mentioned above, these techniques were developed in the 1920s and 1930s,
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and now seem to have passed out of use in Europe and the United States.
However, the techniques have been preserved in two Asian countries where
they are used. It is not purely by preservation that this type of technique has
remained available as a competitive aternative: in a number of respects
(materials used, accuracy of parts, power units incorporated) they are different
from the technique used in the past. These adjustments have amost certainly
contributed to the maintenance of the competitive position of this type of
technique, particularly with respect to their ability (when operated correctly)
to match the quality specifications of cans produced by more “modern”
techniques.

The implication is that there are a number of measures that can widen
the range of techniques available; therefore what is available is not fixed and
immediately known to all decison makers. These measures may range from
simplet search, through local manufacture or engineering adaptation, to
research and development proper. They al involve costs, which are, however,
probably quite small by comparison with potential private and socia gains.
A case in point is provided by the gains that could be made in Thailand by
using the Asian technology instead of that evolved in countries that are more
advanced in this respect.

OTHER FACTORS AFFECTING CHOICE

For the most part we have looked at the question of choice of techniques
as a matter of minimising costs of production given factor prices, more or less
assuming a two-factor world (i.e. where factor inputs consist of capital and
homogeneous labour). This concept is open to criticism on the grounds that
it isan extreme simplification of how a decision about technology is actually
made. Other factors may lead to choices that are different from what one
would predict using the smple model. What is more important, however,
is that such factors may also be serious obstacles to the success of some of the
policies that are proposed on the basis of simple models-factor price policies
for example. In the course of our research we collected information on factors
that influence and sometimes determine the technological decision, but that
lie outside the parameters of the simple model. We have aready discussed
some of these factors-the influence of changes in product, for example-but
a number of others remain.

1 Search may, in fact, be far from sjmﬁ)le, particularly if it is intended to search for
avalable technigues in the second-hand market.
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Organisation and growth of markets

All the unit cost comparisons between techniques have been made on the
assumption that the volume of demand will be adequate to alow operation
of each technique at, or close to, its normal full-capacity rate of output. This
is so even where these rates differ markedly between the cases compared. *
This, of course, may not be the real decisic Stuation; and since costs are
obvioudly sengitive to the rates of output and hence to the volume of demand,
the appropriate and optima techniques may not be those suggested in the
analysis above. We noted that the scale of the Tanzanian market might justify
the use of the labour-intensive A4 lap-canning technique for open-top cans
which could not be justified in the Kenyan market. Similarly, the D2 shoe-
polish tin technique might be preferred to DI if the scale of output had been
less than was assumed in the cost analysis for D2. As it was, the expected
rapid growth of the Kenyan market seems to have had some influence on the
choice of the DI technique. Again, the H techniques were probably a sensible
choice in Thailand, given their inherent flexibility and the very small particular
product markets that they supplied?

It is unlikely that in the particalar cases covered in this study the scale
of output would change any of tke conclusions reached about the inappro-
priateness of some of the more labour-intensive techniques. However, the
general point is worth stressing that two types of situation may be genera
enough to increase the probability that preference will be given to smaller-
scale, more labour-intensive techniques.

The first situation is one in which a market is building up to the level
alowing full-capacity operation of more capital-intensive techniques. Preli-
minary analysis of the Thai data indicates that the G techniques would till
be preferred to the El technique, even if the unit costs of the former incor-
porated the penalty of very rapid accounting depreciaion over only five years,
while the latter was depreciated over 10 or even 25 years. Thus, even if the
growth of a market is expected to reach a level justifying the use of a more
capita-intensive technique, there may be a period during which the more
labour-intensive technique is to be preferred. This situation might even arise
repeatedly when the market grew above the level of demand that could be
met by the first unit of productive equipment for the capita-intensive tech-
nique but before it grew to the level justifying investment in a second unit.

Secondly, it may be an aim of general socid and economic policy to seek
awide regiona dispersion of industry. Such a policy might be quite reasonable
in connection with food production and canning and with can making. The

* See for examﬁle_ table 19, The H techniques operate a about one-tenth of the rate of
ouput Of the G techniques and at fess than one-twentieth of that of the E techniques.
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scale of production of dispersed units would amost certainly have to be
lower tha» that of the more centralised plants covered in this study. Weighting
of the costs. to express a preference for a particular location as well as for a
socialy desirable greater volume of employment would of course favour the
techniques with lower full-capacity rates of production, i.e. the more labour-
intensive techniques. However, in the particular cases dealt with in this study
it has been shown that an unacceptably big employment premium is necessary
to bring some of the most labour-intensive techniques into parity with their
more capita-intensive counterparts. Adding locational considerations is un-
likely to make these techniques acceptable.

On the other hand, this brings us to the question of product specifications.
Take for example the case of shoe polish. It is not inconceivable that a type
of shoe polish other than “multinational shoe polish” could be manufactured
in smaller, regionaly dispersed units. It might well be marketable locally in
cans of lower quality specification than “multinational cans’. The “local cans’
in turn could be manufactured with smaller-scale and more labour-intensive
techniques (e.g. D2). An evaluation of the whole situation in terms of social
costs might well indicate that the smaller-scale, more labour-intensive can-
making technique was preferable.

Supervision and skill requirements

In an early case study of can processes carried out in Kenya, it was
suggested that supervision costs might be a mgjor factor militating against
the use of labeour-intensive technology. Some of the Kenyan data apparently
support the notion that supervision costs increase as a proportion of total
unit costs as labour intensity increases. tn the case of round open-top cans,
supervision costs were 37 per cent of total unit costs on the very labour-intensive
lap-seaming line. They were proportionately lower on the more capital-inten-
sive Al and A2 lines (16 per cent and 13 per cent respectively), but they rose
sharply with the most capitd-intensive line (A3) where they came to 21 per
cent of total unit costs. 2 The Kenyan data, therefore, are not very conclusive:
if anything they suggest that supervision costs per unit are lowest with more
“intermediate” technologies, but rise with greater labour and capital intensity.

Nor did the Thai study throw much light on the problem. In this case
there was no discernible relationship between labour intensity and supervision

ILO: Employment, incomes and equality : a strategy for increasing productive employ-
ment in Kenya, op. cit., Technical Paper 7.

*This may not represent the “real” requirement of this line for supervision inputs, but
rather the indivighility of the single supervisor on the line in relation to the lower number
of line-operating workers on this MOre automated System.

17




Technology and employment in industry

costs as a proportion of total unit costs. Supervision costs were generally about
15-20 per cent of total unit costs, but there was no particular pattern to be
observed. However, the Thai study does suggest an interesting qualitative differ-
ence between supervision on capital-intensive lines and on labour-intensive
ones. The supervisor wage rates on automated lines tend to be very high;
they are much less on the normal lines. Partly no doubt this is because the
automated lines are in the high-wage sector anyway. But there are also some
obviovs differences between the type of supervision needed on automated
lines-generally people with a high level of technical ability to manage
fnachines—and the type needed to organise a large number of workers on a
labour-intensive line. Probably the skills needed for organising workers
(as opposad to supervising machines) are more readily available in developing
countries than those needed for automated lines. If this is the case, the super-
vision problem may not be quite as general a problem in manufacturing as it
is sometimes thought to be.

Imperfect knowledge

There is a good deal of evidence of imperfections in the flow of infor-
mation about the range of techniques that are actualy available. We nave
already pointed out that even a multinational specialised can-producing firm,
with al its advantages of technical skill, organisation, management and other
resources, may not be adequately informed of the possibilities. The firm
which uses the El open-top technique in Thailand is a multinational and
seems to have had little if any information about the technologies developed
in other Asian countries (Gl and G2)—and this only after twice choosing
the Eltechnique. Imperfect knowledze canalso lead to an exaggerated assess-
ment of risk, which can have a determining effect on decisions. For example,
the Thai firm using Japanese equipment bought similar but cheaper equipment
from another Asian country for a later investment. Its reasons for making the
more costly first purchase were largely that it was nncertain about the reliability
of the equipment from the other country. In this sort of situation, one may
even encounter the notion that some equipment is more reliable than equip-
ment from some other source simply because it is more expensive:, though
very similar in design.

Multinational producers
Plant standardisation

The choices made by multinational entzrprises can be strengly influenced
vy the advantages of using more or less standardised plant everywhere. This
can cut operating costs very significantly by simplifying repair and speeding
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up diagnosis, particularly when diagnosis involves communication with the
head ofice; this argument was put to us by asenior engineer from a large
Hawaiian enterprise Which in all other respects was apparently acutely con-
scious of factor prices. We have encountered the practice of standardisation
by multinaticnal producersin other industries too---notably in tyre manufacture,
where it plainly leads to a commiiment to very capita-intensive, automated
plant. It was probably a consideration in the choice of tke El technology in
Thailand, and possibly aso in falures to seek out more labour-iatensive
variations (as in the case of round open-top cans in Kenya, for example).

Vertical integration

In the cases covered:n thissiudy, choices were made by a number of dif-
ferent types of firm, and in genera we would expect the nature of individua
firms to influence their selection of techniques. However, the evidence from
the cases on what the influence might actually have been is somewhat mixed
and inconclusive. In the detailed cost analysis of the Tha data (not included
i this chapter) we have alowed for some of the more obvious institutional
differences between muitigationsl and local firms Although unit costs are
sensitive to these adjustments. the optimal szlecticn is much less so.

In broad terms the multinational firmrs themselves are similar to each
other, but there are none : lesssome differences among them. For example.
technique El was chosen =z vertically integrated firm which not only manu-
factures cans bu: aso ger  ites technology relevant to can making, develops
techniques and manufzcis s much of the elevant equipment. To a consid-
erable extery, then, irsdec  ans with regard to the choice of techniques for
can making in a subsidiary i a developing country are likely to be affected
by its own involvement in this whole spectrum of activities. The firm may, for
example, wish to spread research and development costs as widely as possible,
to recoup them =s quickly as possible, to maintain a certain level of aci vity
in its machine-building facilities, or to sell refurbished equipment from its
plants in developed countries !, perhaps in response to innovation in the
latter. These and other intra-firm considerations may well affect choice at the
level of subsidiaries. Whether they actually do (or did) or no: depends on
details of the decision-making process about which our information does not
alow us to come to any conclusion.

Another multinational enterprise operating in Thailand (noi included in
the six basic cases) seemed much more flexible with respect to the choices
it made. For example, one of its firs! overseas plants, set up in the Philippinzs

* This probably accounted for the kind of equipment used in the East African subsidiaries
of the firm.
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used technigues that were quite different from those in its home plant. Its

Thaiplant used techniques which were different from those in the Philippines

plant; and although here it used some equipment displaced from its home

plant. it aso incorporated elements of the G2 Asian technique. Unlike the .
firm that had chosen the El technique. this multinationai firm did not have
such e great institutionally organised commitment to a particular type of

can-making technology or to a particular set of techniques. It specialised in

the canning and marketing of food products, and can making was merely a

necessary complement to these activities. The firm was probably therefore

more easily able to search for and use other can-making lines.

{Towever. it appears that other factors aso came into play. The multina-
ticnal firm operating the E2 technique was similar to this less technologically
committed firm: it was also a firm specialising in food processing and mar-
keting, with can making merely a necessary complement, but it showed very
limited flexibility and appeared to have made almost no search for aternatives.
Although the E2 technique had both a lower initial capital cost and lower
unit costs than E1, the different choiceiis, as w= have suggested above, probabiy
to be explained in ter..s of differences in product rather than by differences In
the type of firm. However, as table 20 supgests, techniques G1 and G2 were
probably to be preferred to E2; yet neither of the former were considered by
the E2-using firm, even when in 1473 it came to consider the installation of a
second line. Even after having a subsidiary operating in Thailand for a number
of years. this multinational enterprise did not seem to know of the existence
of these more labour-intensive and probably lower-cost tecl nigques. Certainly
it did not consider them as alternatives to another installation of the same
technique as before.

Fear of labour problems

We came across the argument that machines are easier to manage than
workers, and that machines do not go on strike. This appeared to have
influenced technical decisions towards higher levels of capital intensity-at
Ieast in the sense that it is a disincentive to seek out labour-intensive techniques.
Managers are also inclined to favour more capital-intensive technologies if
it isvery hard to dismiss workers or where, asin Kenya, the policy is to encour-
age firms to increase employment by some fixed proportion of their existing
labour force.

The case studies diu not yield very much useful information about the
extent to which decision makers regarded personnel management as a con-
straint on the use of mere labour-intensive techniques. However, one of the
Thai cases (El) provides some insights into aspects of the reality behind
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whatever impressions may exist. This firm, using the high-srced automated
technique, encountered a number of problems concerned with persennel
management. Fer example, there was a constant problem of inadequate
upervision. The firm had to develop and train its supervisors from among
workers initially operating the production line. At the same time there were
apparently some signs of resentment on the part of the labour force at the
limited promotion possibilities to supervisory positions within the plant,
On top of this, the difficulties associated with running a high-speed line te
produce a wide range of products led to an atmosphere of constant crisis on
the factory floor. There was quite a high propensity to strike, and machine
down-time was very large. Everybody from the plant manager downwards
scemed to be under almost persistent pressure owing to the need to cope with
these emergencies. The situation was one of potential and actua labour-
management conflict.

Our preliminary analysis in this case suggests that in fact a wide variety
of iabour-management problems would have been eased considerably if the
more labour-intensive G techniques had been used in place of the high-speed
E technique: the larger line-operating labour force v-ould have increased
the probability of finding a larger absolute number of potentia supervisors,
the larger number of supervisory posts (though not necessarily corresponding
toa larger proportion of the labour force) might have reduced the resentment
about limited promotion possibilities, the simpler operating routine of very
low change-over frequency resulting from using a number of lines of the G
technique would have alowed greater attention to be paid to training in the
required supervisory skills, and would aso have sharply reduced the number
of emergencies and the resulting situations of potential conflict. This is al
a little hypothetical’, but it suggests that one might at least question the cften
repeated hypothesis that increased labour intensity of production is associated
with increased problems of labour management.

SOME GENERAL IMPLICATIONS

The results of the East African and Thai c.se studies suggest that capital-
intensive techniques were used not merely because other more appropriate
techniques were not available: a policy of creating more appropriate techniques
by research and development or of developing intermediate techniques by

* We should alse stress that the comments are bared solely on asingle case, possibly
peculiar, in Thailand. They should be set in the context of thé feeling of some managers in
East Afeica that increased lakour intensity would in various ways generate problems of
personnel management.
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adaptive engineering probably wouid not on its own have made much dif-
fercnce to employmen?in the can-making industry; more appropriate techniques
did already exist. but they were simply not used in situations in which it
appeared that their use would have been justified.

It seems that it was the selection process, not the nature of the available
techniques, that was somehow inappropriate. The decisions were probably
not influenced by questions of products and markets; at least such questions
did not preveat the use of G techniques in Thailand *; the selection of these
more labour-intensive techniques did not require any shift in the patterns of
consumption and income distribution.

Comparative irrelevance of sane selection criteria in practice

It seems iikely that policies designed to adjus distorted factor prices
would have been equaly ineffective in changing the choices made. On the
one hand, some techniques (the most labour-intensive among those used in
the cases studied) could not have been preferred unless relative factor prices
had been chunged to a degree that does not seem at all acceptable. On thz
other hand, other relatively labour-intensive techniques (the intermediate
G techniques in Thailand) were aready the most economica techniques at
existing wage rates—even a the wage rates paid in the “modern” sector of the
economy. Given the wide margin of existing cost advantage for these tech-
niques, there is no reason to believe that efforts to make it any wider by mani-
pulating relative factor prices would have achieved very much.

It is perhaps an unusual accident both of eur sampling and of the particular
history of can-making technology that the optirral selection from among the
particular techmigues in this study is not more sensitive to marginal shifts
of relative prices. This very limited sensitivity is also perhaps due to the fact
that we, like most of the companies making the decisions, have considered
production lines as complete units. We have described above aspects of the
behavicur of one multinational firm in Thailand which seemed to be yvite
flexible in its technica decision making: this company seemed to be unusually
responsive to prices and costs, and also to be more prepared than most of the
other firms to consider making :ip a production line with sub-processes drawn
from a variety of different sources; if faced with different relative prices this
company might have adjusted the average labour intensity of the whole line
by adjusting the mix of techniques within the line.

*In fact, the mana%ement of the firm using the Et technique did perceive product quality
requirements as a probable constraint on the Use of the G techniques. This, however, was
after they had already installed two units of the El technique.
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The cases suggest, then, that choices of technique are not highly sensi ive
to considerations of factor and unit cost. In the previous section we discussed
some factors which may dilute the influence of cost considerations a1 decision
making. Some of the factors do not seem actually to have beenoperative in
these cases. For example, we cannot use considerations relating to the scale
of the marketas=ven part of an explanation of the inappropriate choices
in Thailand; similarly the choice of more iabour-intensive G techniques
vw1end Of the El technique may in fact have ssimplified personnel management
cromade it easier rather than more difficult. In fact, these case studies suggest
conclusions Similar to those of a study carried out in the footwear and sugar
industries, namely that some decision makers appear to have been “impru-
dent”. * That study suggests that the explanation of this type of imprudence isio
be Found in the failure of =ngireers, with their limited vision, and to a lesser
extent of economigts, to exercise a more decisive influence on investmiew!
decisions. The can-making case studies confirm the existence of this kind of
limitation, but not in a mzaner systematic enough to allow any particular
categories of deciston maker to be identified as tending to be more “imprudent”
than others. We must therefore attempt to find the origins of apparently
imprudent decision making among the influences that cushion the influence
of prevailing i-rices and costs on the selection process, in particular iimited
knowleage, risk avoidance and the desire for system compatibility within
multi-plant firms.

We have described above some aspects of the differing behaviour of firms
which appear to be broadly similar. We should stress the point that it does not
seem possible to generalise about the types of decision maker who tend more
often than others to make imprudent decisions. For example, a multinational
enterprise using its engineers from a developed country was twice responsible
for the inappropriate choice of the El technique in Thailand. This may give
some support to general hypotheses about the malign influence of engineers.
However, other information we collected suggests that the influence of engineers
is not always malign. The production engineer of one firm, another muilti-
national enterprise, deliberately sought out information about the availa
bility of a wide range of techniques for its overseas plants. The firm’s choice
was limited hy a desire to maintain compatibility between the systems in its
Thai and headquarters plants. However, the costs of compatible techniques
were carefully balanced against the costs of other techniques. The firm incorpor-
ated selected elements of the G2 Asian technique with elements of other more

* See J. Pickett, D. J, C. Forsyth and N, S, McBain: “The choice of technology, economic
efficiency and employment in developing couniries™, in World Development, Vol. 2, No. 3,
Mar. 1974,
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familiar techniques ii: its Tha plant. The firm wes quite clearly seeking aleast-
cost selutinn to the choice problem at prevailing local factor prices.

We thus find similar firms?* which behaved differently and made different
decisions. In another example drawn from Thailand, two decisions with
different resulting technical choices were made by a single firm. The firm using
the G technique also selected the dlightly less capital-intensive G2 technique
This was only after the experience of using the Cl technique had increased
its ability to cope with: the risk perceived to be associated with the cheaper
and therefore apparently less reliable G2 linz.

Scope for national demonstration centres

I: seerns fairly clear from our observations in Thailand that inept decisions
are apparently quite widespread. (Although we have net directly compared
ihe alfernatives found in Thailand with those used in East Africa, the impli-
cation is that the situation is similar there.) We have until now described oniy
afew of the maore inappropriate decisions made by the firmsin the cases s:udied.
A few examples may illustrate the wider range of inappropriate choice of
techniques. The firm using technique G2 selected a line including two units
of machinery which have never been used and probably will never :gcec to be
used fur the types of product made. These two items cost 40,500 bahts—-about
38 per cent of the tota investment made. A number of the fruit-canning
firms chose to set up thsir own can-making lines when even an optimistic assess-
ment of their level of output would have indicated that purchase of cans from
a specialist can maker would probably have been more appropriate. Having
male that decision some of these firms then chose lines of equipment which
incorporate? unnecessary items or which calied for unnecessarily high-speed
techniques. Both of these features of the equipment made the capital costs
of production higher than they needed to be.

The East African end Tha case studies suggested, therefore, that steps
chould be taken to reduce or eliminate various randomly distributed forms
of imprudent selection of techniques and to reduce the influence of the factors
that insulate decision making from local prices and costs.

A first step would be to assemble detailed information about the available
techniques for the manufacture of the particular product-tin cans in zais
case. However, the case studies suggest that we should be very cautious about
proposals to set up technology information centres, particularly their inter-
national variants. At least three types of consideration secm to be important

__* Asdescribad above, these two firms are similar in only some respects. lo others they
differ: for example in the degree to which they are committed to can making ad to particuiar
types Of can-making technology and can-making techniques.
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in this respect. The assembled information shouid actuaily be brought to bear
on the decision-making process. This requires some system that can influence
both ine entreprencur in the informal sector in Bangkok and the decision
makers of the multinational enterprise in Europe or the United States. It seems
urrealistic 0 expect that the decisions of either would be much influenced if
the system consisted only of some international information centre. Without
accmponent a the national level at lez | it seems likely that any international
system Will be ignored.

The second point stems from the fact that the information available to the
decision maker probably needs to be of such a quality that it reduces risk
averston. The Thal, entrepreneur in case G1 knew of the existence, specifications,
costs and source of the less capital-intensive G2 technique, but he did not
trust it. The loca managemen: of the multinational firm of case El similarly
distrusted the G2 technique when they became aware of its existence. Interest-
ingly enough, the first steps they took to measure the risk were to visit a
local plant using the technique, to see it in operation and to take samples for
analysis in their own .esting laboratory. It seems likely tnat to reduce the
perception Of risk associated with alternative techniques the accumulated
information w1t not only have to be locally available but will also have to be
tangible and highly convincing. This seems to point to the need for demon-
gtration plants capable of operating on a production basis, perhaps in a govern-
ment-controiled production centre.

We noted earlier that the efficiency of a technique (in this cas. the G
techniques in Thailand) was highly sensitive to the way in which the technique
was operated. For example, inadequate operating capability ruled out the
possibility that the firms actualy using the G technique could supply cans to
certain quality-demanding segments of the market. Limited operating capability
may aisc severely restrict the average rate of output. Thus it may well reselt
in higher-cost, lower-quality output. This in itself is undesirable, but it will
aso affect decisions taken by other producers. the observed experience of
high-cost and low-quality output with a particular technique is likely to be
a strong influence on subsequent choices of technique by the same firm or by
others.

in addition, the existence of a kind of operational knowiedge about tech-
nology might be a considerable help in monitoring and controlling the choice
of tcchniques by multinational enterprises. For example, our information
suggesis that there would have been considerable social as well as private
gains if the multinational can producer had used G techniques instead of El.
In fact private gains from using G techniques are apparently so big that they
would amost certainly more than compensate for the private costs of losing
inter-plant technica compatibility. Whether they would make up for the loss
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of the fuil range of intra-firm benefits is a question thatwe cannot answer.
Obviously, in order to monitor effectively the choice of techniques by muiti-
national enterprises, one would need to be able to make this kind of point.
This again is an argument for accumulating detailed working information
aboutthe perating costs and performances of different techniques.

1t is true that in the first instance most of the gains from lower-cost pro-
duction through use of an intermediate technique would be appropriated by
multinational enterprises. This obvioudy raises questiciic of how the gains
will be distributed between the national economy and the firm (which may
simply increase the payments of profits abroad). The provision of operational
knowledge would therefore have to be accompanied by adequate control
over the activities of foreigas firms. Even in the absence of such control there
would, however, be somesocial gains, particularly in terms of more employment
per unit of output.

In general, then, we suggest that any attempt to influence the choice of
production techniques must be very firmly grounded in, and very closely
related to, 'ocal capability to operate them. The institutional instrument of
such a policy must be a centre of excellence in existing technology.

Such a policy is not necessarity an alternative to the manipu'ation of
relative factor prices; indeed, it is probably a necessary complement to it.
However, if itis the case, as we suggest on the basis of these case studies, that
the decision-making system is relatively unresponsive to relative prices, then
effcris to manipulate prices so as to change the decisons made are unlikely
to succeed unless the manipulation is massive-so massive that it would almost
certainly generate other undesirable economic distortions.

Similarly, the use of an ingdtitution dealing with existing technology to
influence decison making is not simply an alternative to policies designed
to expand the range of techniques that are available for choice. Again the two
appreaches are complemsntary. If, as the case studies saggest, rhe more
labour-intensive techniques available are not chosen despite lower costs at
prevailing factor prices, then simply making available yet more possible
techniques is unlikely to achieve a great deal. Excellence in operating and
making decisions about available techniques will be both a stepping-stone
towards and a necessary complement to design and production engineering
for local manufacture with the technique: to engineering modification of tech-
niques. and to any strategy of advance, through research and development,
towards techniques more appropriate in developing countries than those
evolved in the developed countries.

Clearly, a policy of the type we outline requires the use of resources.
Can this resource use be justified? The ana ysis of the Tha. :use studies can be
used to suggest a very approximate answer. We have adready in<i.ated, with
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reference t0o a single decision in Thailand, that the discounted present value
of amore appropriate decision than that which was made might be as high
as 10 million bahts (£200,000). To this must be added the value of the various
social benefits which we noted would have resulted from such a decision.
We must then include a vauation of the socialand private costs of all the
other “imprudent” decisions which we indicated had been made in the can-
making sector in Thailand. Where one complete unit for the G type technique
would have cost about 1.2 million to 1.5 mil'ion bahts, and where the tota
costs of employing an experienced, expatriate can-line engineer might be
amost about 500,000 bahts a year, it is likely that the rate of return on the
use Of resources to improve decision making could be quite substantial.

Having attempted to indicate roughly the possible returns of a change of
policy in this particular case, we should stress that in making any cost-benefit
evaluaijon of this type of use of resources to improve decison making one
must, of course, carefully consider the true opportunity costs of the particular
use of what mav be, in some countries, very scarce engineering and technical
resources. However, the evaluation must aso take into consideration the
fact that there may be significant external economies to this type of resource
alocation. The necessary types of decision making and operating capability
must to a large extent be developed from more genera technical skills through
a process of learning by doing.
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SECOND-HAND EQUIPMENT iN
DEVELOPING COUNTRIES:
JUTE PROCESSING MACHINERY IN KENYA

by C. Cooper and R. Kaplinsky ¥,
with the collaboration of R. Turner

It is hardly surprising that the recent preoccupation with problems of
unemployment should have revived interest in the use of second-hand machinery
in developing countries. It is often argued that second-hand machinery is
particularly appropriate to countries where investment capital is scarce and
labour plentiful, because compared to new machinzry it saves investment
costs per worker. So if the unemployment problem is primarily thr result of
a shortage of investment, it seems sensible to look at the possibility of using
second-hand machinery as a labour-intensive alternative, pariicularly in
manufacturing industry where the choice of new technologies is rather limited.

There are many counter-arguments. For example, some people argue that
second-hand machinery is nearly aways inefficient because while it may save
investment costs per worker compared to new equipment, it nearly aiways
entails both higher investment costs per unit of output and lower labour
productivity. Also, they argue that spare parts are an insuperable problem,
maintenance costs are prohibitive and irstallation bedevilled by specia diffi-
culties that enterprises in developing countries cannot overcome.

There is surprisingly little factual ev_dance on either side of the argument,
even though the question of whether secong-band machinery is “useful” or not
is basically an empirical one. Consequently, we thought it would be illuminating
to make an empir-cal case study of the economics of second-hand machinery.
This chapter gives the main results of the case study. It starts with a brief
review of the theory of second-hand machinery. It continues with an exami-
nation of the market for second-hand jute processing machinery in Dundee

1 Science Policy Research Unit and Institute of Development Studies, University of
Sussex. This chapter i a $» mmary of the findings of a case study the results of which are
discussed in more de'i 1 .. Cooper and R., Kaplinsky: Second-hand equipment in a develop-
ing country: A Ftuch ¢4, viooassing in Kenya (Geneva, ILO, 1974).
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and then with a comparison of the performance of second-hand and new
machinery of similar types ir a Kenyan factory. The last section reproduces
some conclusions of the czse study.

THEORY OF SECOND-HAND MACHINERY

The first step towards understanding what Amartya Sen has called “the use-
fulness of used machines’ n developing countries is to work cat how an
owner might value machines that are already ingtalled in his factor. and to
compare this to the value that they might have in a country where che rate
of interest or profit is higher.

What is the value of a machine that is aready installed?

Once the machine is installed, its value no longer depends on what was
paid for it but on what it will earn in the way of rent in the future. The rent
it can earn depends on the difference between the unit variable costs of oper-
ating the machine and the price of the fina output from it. In a competitive
market, the price of the output equals the total unit costs of making it with
the most efficient new machine (i.e. the “best practice maching”) that is avail-
able on -he capita goods market. So, the rant per unit of output from the
installed machine is egua to the difference between ictai unit costs on new
machines and unit variable costs on the installed machine. Tkis rent must
cover depreciation on the installed machine, as well as giving the owner some
net return. The value of the machine to him can be imputed from this net
return if we know the rate of interest or profit.

The theory is that the owner will go on using his machine so long s its
operating value is greater than zero #, or if it has some value as scrap, so long
as its operating value is greater than scrap value. However, if someone offers
the owner a price for the machine greater than its value in use, he would be
wise to part with it. So if there is a market for second-hand machinery, the
prices ruling in the market may determine when the owner sdlis his old machines
and buys new ones.

For the moment, however, the second-hand market will be lefi out of
account, and a little more attention will be devoted to the factors that determine
the value which the owner puts on installed machinery when there is no demand
for used equipment.

* Amartya Szn: “On the usefulness of used machines’, in Review of Economies and
Sratistics, Vol. XLIV, No. 3, Aug. 1962.

* The valze of the machine drops t0 zero When total unit costs on the best available new
machine falis below the unit variable costs On the instzlled one. For example, an innovatior
ma%/ resaiz in @ sharp reduction in total wniz COStS 0N new machines, or the unit variable costs
of the ¢id machines may increase with age.
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Some Of these factors are quite easily measurable. For example, the vaue
of installed machines depends, inter alia, on the price, rate of output, and
iabour productivity of new machines for the same output. If new machines
appear on the market at a lower price than before with a similar or greater rate
of output and labour productivity, the value of installed machinery will fall,
becruse the improvements in new machinery reduce the total unit costs of
production, and in consequence reduce the market price of the output (under
competitive conditions). The result is that the rents that can he earned from
installed machines wil!l fall, and sc aso their value. In the same way, an
increase in unit variable costs on old machines-due to increased maintenance
costs perhaps, or to a fal in their rate of output-will reduce their vaue,
even if the prices and performance of the machines are unchanged.

However, rhe value of installed machines also depends on expectations,
which are subjective and hard to quantify. Obviously, the rents that can be
got from old machines depend on factor costs such as wage costs. If machine
owners expect the wage rate to increase, and if new machines have higher
labour productivity than old, owners will put a lower value on installed
machines. Also, owners who think that the prices of new machines will fall
in fuf=re, or that innovations will appear with higher rates of output or Iabour
prod ctivity than those that are currently on the market, will place less value
on installed machines. In general, any expectations of falling product prices—
whether due to innovation or, for example, to an anticipated weakening in
demand-will pull down the vaue of installed machinery’, perhaps below
scrap value.

The value of installed machines may be thought of as the lowest price a?
which the machine owner is likely to part with them. One consequence of
this is that it might be very difficult to determine what the price is in genera
terms. it will be different for different machine owners because it depends
ultimately on their expectations of the future.

There are some conclusions to be drawn from the foregoing discussion.
Anything that reduces the value of installed machines is likely to increase the
supply of oid machinery on the second-hand market at any given price. * Broadly
speaking, there are three reasons why old machinery becomes available:

{a} because the variable costs of the machinery have increased with age, and
perhaps because wage costs for operators and maintenance in advanced
countries have risen, while labour productivity on old machines has fallen,
compared with that on new ones:

t Such expectations will also reduce ke equilibrium price of new machines in the capital
goods market.

*This idea of aprice level for second-hand machinery has to be reconsidered for the
case of jute machinery, as will be seen later.
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b} because technically more advanced equipment has reduced the value of
installed cquipment: or

{¢; because there is a de-line in demand for the products.

These reasons are not independent of each other. In case(a), for example,
the important factor is the relationship between variable costs on old equipment
and the price level. The price level, however, is a function of technology, since
it depends on total unit costs on new machines. In both cases b} and (c) the
important change is the fall in product prices under cempetitive conditions. 1

However, for practical purposes the' distinctions are important. Machines
which become available for reason (a) are likely to have very high running
costs and low labour productivities. Machines that are available for reason (bj
ma) be obsolete in both developing and advanced countries, and should he
treated with caution. On the other hand, it is possible that machines which
become available because of a downturn in demand will be technically up-to-
date and quite new.

So far. attention has been concentrated on the value of installed machines
to their present owners. The next question is, how do potential buyers of used
equipment (particularly buyers from developing countries) value it?

Let it be assumed that firms in the developing countries choose between
new machines (models that are also available to firms in advanced countries)
and second-hand machines from firms in advanced countries. In order to
mnaximise their profits, they should choose the equipment which gives the lowest
total unit costs at their factor prices. Let it aso he assumed that both new
and second-hand machines perform in the same way in an advanced and in
an underdeveloped country (so that rates of output, machine productivity
and labour productivity are the same in the two countries). Assume also that
there are no transport costs, instailation costs or differences in maintenance
costs between the two countries. The only significant differences are that the
rate of interest in the developing country is highet than in the advanced and
the wage rate lower. If we make these assumptions it turns out that the cheice
between new and second-hand machines depends only on the relative prices
of the machines. ¢

Usudly the price of new machines can he taken as given, i.e. as a world
market price. In that case there is some price for second-hand machines at
which the firm will be indifferent between them and the new machines. This

_ *However, the analysis does not depend on the assuruption Of perfect competition. It
will work equaly welt Tor oligopaly, provided we assume profit maximisation. See W. E.G.
Salter: Productivity and technical change (Cambridge University Press, 2nd ed., 1968), pp.90-93.

* Strictly speaking, we mast also assume that businessmen whe wish to buy the old
machines hxve ihe same expectations about future innovations as the machine owners,
so that they make Similar assumptions about machine life.
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price is the maximum price which the businessman in the developing country
can pay for second-hand machinery. If the price is higher he wili prefer new
machines. because they will give lower total unit costs. The important point
about this maximum price is that on the assumptions we have made, it is
always higher than the minimum price a which the machine owner in the
advanced country is prepared to part with the machine. !

This is an important result because it is really the basis of arguments in
favour of using second-hand machines in developing countries. It implies
that if firms inthe developing countries can buy second-hand machinery at
or near the price which reflects their value in use to the owrers in the advanced
countries. it will aiways he more profitable-from the private point of view—
to use the second-hand equipment. This is the first step in the argument.
The second is that second-hand machines must also have the advantage from a
social point of view: they save on foreign exchange; they wilibenefit more
than new machines if the shadow wage for labour is below the market wage,
and s0 on. Thus, the differential advantage of second-hand machines over new
ones is likely to be increased if social, as opposed to private, accounting is
used. Finaly. if policy makers put special weight on employment generated per
unit of investment (a“pure employment objective’)”, second-hand machinery
will in most cases he even more favoured over new eguipment.

However, the argument rests on some challenging assumptions. and much
of the debate about second-hand machinery centres on those assumptions

! Amartya Sen, “ On the usefulness of used machines™, op. Cit. See also the monograph
on which this chapter is based (C. Cooper and R. Kaplinsky, 0p. Cit.). ‘This result hoids
even if wage rates arc the same in the two countries; all we [eq[uwe is thet the rate of interest
and profit in the developing country should be higher than in the advanced. )

. Suppose that the second-hand machines are priced a their vauein operation to the
firm that owns them. This is the price that equalises the total unit costs an new and old
uipment at therate of interest prevailing in the advanced country (and also at the wage
rate In that country-—bur we wiil [eave wage rate differences out of ‘account). At this price
for second-hand machines, their unit capita costs will be a smaller proportion of tota unit
costs than with Nnew machines. |f now the rate of interest i increased, while maintaining the
prices Of old and new machines a ther original level, tota unit costs on both old znd new
machines will increase, because of increasing unit capital costs. The proportionate increase
in unit capitai costs Will also be the same on both old and new machines. But because unit
capital costs are absolutely Smaller with old machines, the absolute increase_in unit, capital
costs, and hence in total UNit costs, Will be tess with old machines than new. Then, since at
the original level of the rate of interest total unit costs were the same for bothtg it follows
that at"higher rates Of interest total unit costs will be lewer on the second-band machines
than on the new. This is the argument which Sen develops. A corollary is that at the higher
(developing country) rate of interest, the price for second-band machines at which their total
Unit costs are equal’ io those on new machines wiil be greater than at thelewer (advanced
country) rate of interest. This profit-equalising price in the developing country is the maximum
price which afirm in the deveI_I) oping country can afford to pay for the machines, and it is
necessarily higher than the minimum price & which the owner in an advanced country will
be prepared to pari with them.

¢ On the question of the pure employment objective SeeUNIDO: Guidelines for project
evaluation, OP. Cit.
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raiher thanenthe logic of the argument itself. Before we look at the empirical
results, we shalliist some of the assumptions and discuss the consequences of
dropping them.

t. There is the assumption that the second-hand machinery can be pur-
chused ater about the minimum price which is acceptable to its owner, or at
l=ast well below the maximum arice which the firm in the developing country
can afford to pay for it. This isreally an assumption about the organisation
and structure of the market for second-hand machinery. In his anayss, Sen
justifies this assumption on the grounds that . the underdeveloped country
(provides] only a very small part of the total demand for machinery of any age
group”. However. as we shal see in the case study, a thin market of this kind
con have quite different implications for price formation. There is adso the
possibifity that asubstantial demand for second-hand machinery might push
prices up. o *ha point where it becomes privatzly unproiitabie in at least
some developing countries (i.e. those where interest rates are not so high
and wage rates not so low compared with those of advanced countries).

2. The argument does not cover the possibility that the old machinery may
he available because of an innovation. A radical innovation could make the
machinery obsolete in the advanced country, but equaly, it could mean that
the maximum price that firms in the developing countries can afford to pay
for it is less than its price as scrap. In this case, there is no basis for a trans-
action and there wiil be none, unless someone makes a mistake (which can
happen). In some rather muddled arguments against second-hand machinery,
it is asserted that since second-hand machines generally become available
because Of innovation in the advanced countries, they are always sub-optimal
-even in developing countries. This is not a very sound argument. First,
as dready pointed out, the supply of second-hand machinery does not depend
only on there being an innovation in the advanced countries. Secondly, even
if there is an innovation, it does not follow a priori that the second-hand
machines will be sub-optimal in the developing countries. The point is only that
they may be-whether they are or not is a matter of fact, not logic. Thirdly, if the
machines are sub-optimal, presumably no one will wish to buy them anyway.

3. Transport, building and installation costs are left out of the argument.
Generaly speaking, these costs are the same for second-hand as for new
machines. If they are large they may substantially reduce the maximum price
that the firms in the developing country can afford to pay for the second-hand
machines themselves. It is possible that this maximum price could fall below the
minimum price the machine owners are prepared to accept.

4. The argument assumes that rates of output on new and second-hand
equipment are the sam= in the advanced as in the developing countries. Expe-
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rience in many industries suggests that this is extremeiy unlikely. Of course,
new equipment may be affected just as much as second-hand by sub-optimal
working, but there may be cases in which second-hand machines are more
serioudy affected. For example, new machines are often installed by the
machine makers. whereas second-hand ones may be installed by the purchaser
himself. Faultyinstaliation could be one reason why the loss of output on
second-hand machines is greater than on new.

5. The argument does not taeke account of problems of maintenance and
gpare parts, which may increase the variable costs of production on second-
hand machines more than on new machines.

6. Finally, the argument leaves out the role of expectations and risks in the
investment decision. Both the maximum buying price for second-hand machi-
nery in developing countries and the minimum selling price in advanced
countries depend on business expectations as well as on more easily measur-
able things like machine performance. For example, potential buyers of second-
hand machinery may, for one reason or another, have stronger expectations
of a future innovation than the sdllers. This could drive the maximum price
they are prepared to pay below the owner’'s minimum selling price, and destroy
the possibility of a transaction. Alternatively, buyers may be ignorant of
forthcoming innovations that sellers already kunow about, so that they take
an excessively optimistic view of the value of second-hand machinery. An
important point which is not considered is whether there are special risks in
buying second-hand equipment. greater than with new. The case study suggests
that there may be.

When we look more closely at the assumptions underlying the argument,
the rather optimistic view about the usefulness of used equipment which comes
out of the theoretica argument is a least attenuated. Precisely how much
importance attaches to these matters is a question that can be answered only
by locking at the facts of particular cases. The case study which follows is an
attempt to do this. Obviously, it cannot give a basis for broad generalisations,

but it can illuminate some of the problems that arise with the use of second-
hand machinery in reality.

THE DUNDEE MARKET FOR SECOND-HAND
JUTE PROCESSING EQUIPMENT

This section deals with the market for second-hand jute processing equip-
ment in Dundee, Scotland; Dundee isor has been the most important centre
for the jute processing industry in the advanced countries. This section is
more concerned with the organisation of the market than with its quantitative
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aspects. Before the results of the study in Dundee are examined = brief de-
scription of jute processing needs to be given.

Jute processing is not very complicated in principle, athough it is techni-
caly sophisticated in practic .. Jute is delivered to the processing plant in
bales of fibre. The bales are opencd, and the tangled fibres are spread out
(there are £ processes involved here-bale opening, batching, breaking
and finishing). Next, the tangled fibres are combed out in a number of stages
so that they lie parallel to one another. This is called “drawing”.

After drawing, the jute is in the form of a long flat strip of parale jute
fibres about 1.5-2 inches wide. The strip is crimped to give it greater tcnsile
strength. These strips of aligned fibres are called “slivers™.

At the next stage the diver is spun into yarn on a spinning frame. It is
then prepared for weaving by treatment and by winding on the appropriate
delivery spools. The yarn is then woven on varicus types of loom to produce
jute cloth.

The detailed study in the Kenyan factory, which is described in the next
section, is concerned with only two types of jute equipirent. These are circular
looms, which are used for weaving a tube of cloth for making maize bags,
and spinning frames. However, in looking a the market for second-hand
equipment we took account of other types of machinery as well.

Supply

A firgt conclusion is that the supply of second-hand jute machinery has
been affected by al three of the conditions previously mentioned, viz. ageing
of insialled equipment (without noticesble innovation in new equipment);
innovations, and declining demand for products from the United Kingdom
jute processing industry. We can designate three periods according to which
of these factors was dominant.

First there is the period up to the Second World War. In this period
there was not much innovation in jute processing. The supply of second-hand
equipment was mainly determined by the mechanical deterioration and the
consequent increase in unit variable costs on installed machines. This kind
of deterioration is slow on many kinds of jute machinery (which tends to be
mechanically simple and very robust), so a lot of the equipment that became
available in this period was very old-some of it had been in use for between
80 and 100 years.

The situation changed after the war. From 1945 until about 1960 there
was substantia demand for the products of the United Kingdom processing
industry, and also a considerable amount of innovation in machinery. Some
of the innovations led to large-scale replacement of installed capacity. The
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replacement of the old rove spinning capacity by so-called “dlip-draft” spinning
immediately after the war was an importa=t case in point. Other innovations,
however, actually reduced unit variable costs on installed machines and had
the effect of dowing down replacement. A particularly important one was
the automatic loader. This made it possible to replace shuttles without stopping
the loom,; it increased tabour productivity in weaving by a factor of 4, for a
rather small investment outlay per loom.

Since 1960 the supply of old machinery has been affected partly by inno-
vations, but mainly by the declining market for the products of the United
Kingdom jute processing industry. Demand fell off for a number of reasons.
Fo: one thing, the Government of the United Kingdom reduced tariffs and
did away with quotas on imported jute cloth and bags, so that Indian and
Pakistani manufacturers ran off with a large part of the bag market. Secondly,
substitute materials came on to the market-particularly paper and poly-
propylene for making bags. And thirdiy, agricultural demand for jute bags
fel! off because of bulk handling. The United Kingdom jute processing industry
diversified. Most firms withdrew from ihe bag market and concentrated on
high-quality jute cloth, particularty broadcloth for making tufted carpet.

The main result of this was to increase the supply of used narrow [ooms,
which had been used mainly for bag cloths. I-here was a substantial market
for these in Africa, and later on in Thailand. Also, used circular looms (which
are entirely specialised to bag making) became available. In the initial part
of this period the supply of spinning and drawing equipment was not increased
as much as the supply of weaving machinery. Diversification into broadcloths
did not require any major changes in spinning capacity.

Later on, however, after about 1965, the supply of used spinning frames
increased, partly because of innovation. A new type of spinning frame, called
the “apron-draft” frame, displaced some of the dip-draft frames that had
been installed just after the war. But the decline in the broadcloth market
(which was taken over in its turn by substitute materials, particularly poly-
propylene) meant that there was substantial excess capacity in both spinning
and weaving equipment in Dundee. During this period (i.e. 1965 to the present)
whole jute mills and weaving plants were sold second-hand (in Africa, Bangla-
desh and Thailand) and much of the equipment was relatively new.

Earlier we pointed out the different conditions which could lead to an
increase in the supply of old machinery. These conditions are of importance to
buyers, because the quality of the machinery that becomes avaiiable depends
partly on the reasons why the original owners want to get rid of it. This is
borne out to some extent by the study we made in Dundee. For example,
before the Second World War, machinery supply was mainly determined by
deterioration of equipment (which was subsequently replaced by machinery
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of more or less the same kind). Much of this equipment was very oid indeed
and of dubious quality. At that time the second-hand merchants were obliged
to do a considerable amount of reconditioning, which has been much less
common since the war as relatively newer equipment has been sold off because
of inpovation and replacement, and declining markets. * It is certainly true
that much of the equipment sold off in the late 1960s as a result of declining
markets was amost new, and was technically up-to-date.

However, the study also showed that the relationships between the under-
lying reasons for increases in the supply of machinery and its quality and poten-
tial usefulnessin the developing countries are not aways the same. For example,
rove spinning frames that were replaced in 1948 by the innovation of slip-
draft spinning were often very old, and many of them were in poor condition,
So innovation does not necessarily make relatively new machines available;
what counts is the rate of innovation and how lozg it is sustained. Another
problem is that even when there is a large amount of excess capacity, machine
owners quite often retain old machinery for long periods. There may be a
number of reasons for this. For example, the owners may hope for an eventua
recovery of demand, or they may hope that it wiil be possible to use old
machinery in new ways-for example by using jute looms to weave synthetic
substitute materias. Or they may keep the equipment in hopes of a particularly
profitable second-hand sale, perhaps by selling off the jute mill as a whole
instead of in bits and pieces. At al events, this form of “stocking” is quite
common in Dundee; it is helped aiong by the low opportunity cost of factory
space in a depressed area. Consequently, some of the machinery that has been
sold off as aresult of declining markets is older than might have been expected.
The second-hand circular looms which we studied in Kenya had been kept
idle in Dundee for about four years.

Organisation of the market

The second important result of the study in Dundee has to do with the
organisation of the market for second-hand equipment. It relates directly
to assumptions about the factors that determine the prices of second-hand
machines, which underlie a good ded of the theoretical argument discussed
in the first part of this paper.

To start with, we found that decisions to discard old machinery are hardly
ever affected by prospects of a second-hand sale. Nearly al replacement
decisions in Dundee are made independently of the market for second-hand

_ * Another reason for <ais May be that risi n% labour costs in the United Kingdom and
increasing ski'ls in the developing countries have meant that the comparative advantage
in reconditioning has passed to the developing countries.
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machines. The main reason for this is that the market is very thin. Buyers
only appear intermittently. They enter the market not in response to infor-
mation ahout the availability of old machinery in the United Kingdom but
because the firm in the developing country has decided on an investment
programme. The communication of information on used machinery for saie
is imperfect; moreover, sellers are usualy in the market for only a limited
time before they scrap their machinery. Whether or not a transaction takes
place depends, therefore, on there being a coincidence in timing between the
decision of buyers to hunt out secand-hand machines and replacement decisions
in Dundee. When these coincidences occur, they usualy involve only one
buyer and one sdller.

Some of these effects have been modified from time to time by.ae stock-
piling of unused equipment after a fall in demand, and aso by dealers who
sometimes supply a number of potentia buyers with information about the
mailability of eguipment. Generally speaking, however, the market remains
highly imperfect. There is simply no assured equilibrium price for used machines
which machine owners can teke into account when they make replacement
decisions.

A more important consegquence of this market organisation is that nearly
all transactions involve bargaining between the maximum price that the pur-
chaser is prepared to pay and the minimum that the seller can accept (which
may be neart¢ scrap value). The buyer is normaly a a disadvantage in the
bargaining process. Firgt, it is often difficult for him 1o know what is the maxi-
mum price he should pay. Apart from problems of predicting future innovations
(which buyers often know less about than sellers), there is the difficulty of
guessing how transport and reassembly may affect the performance of the
machinery. Secondly, the seller normaly has more information and knowl-
edge about the machine than the buyer; he is better informed about its past
history and its technical limitations. in these circumstances, prices may be
driven up well above the minimum acceptable price to the sdler; they may
end up quite close to the buyer’s maximum price. Indeed, as we shall see in
the factory study, the buyer can make serious mistakes about wha# his maximum _,
price should he, and the price at which the bargain is struck can be well above’
the celling which a more redlistic buyer would have set.

Role of dealers

A third subject of inquiry in the Dundee part of the study was the role
of second-hand dealers. The raisor d’étre for dedlers in this industry is that
sdllers and buyers know very little about one another. It would not be possible
for the Dundee firms to meet the overhead costs of keeping themselves informed
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about potential buyers, since each firm comes on to the market only very
occasionaly. Similarly, their customers would have to meet the casts of
keeping themselves informed about the availability of machinery in Dundee,
and that would he uneconomic for them. The deadler concentrates transactions
and is able to meet these costs, athough the market is not large enough to
support more than a very few dealers anyway.

The deder has other sources of advantage. The most important is that
he is in a much stronger position than his customers to assess the technical
quality of machinery in the Dundee factories. This is partly because he has
access to better technical advice than his customers, and anyway has much
more experience than they of making this kind ofjudgement. But probably more
important, the dealer is likely to know much more than his customers about
the way in which particular pieces of machinery have been treated during
their working life in Dundee.

Finally. the dealers carry out some particular functions for their customers.
They provide the labour to lift the old machines, pack them and transport
them to the shipment point; they do the legal and commercia paper work
of the transaction; they provide some assurance of spare parts, and sometimes
they are able to find engineers and technicians to help with re-assembly and
installation.

When it comes to the actua transaction, the knowledge the dedler has
about the quality of the machinery and the practices of the firm which is
making the sale is obvioudly useful in bargaining: it gives the dedler an advan-
tage over his customers. But he has other advantages also, particularly because
he can conduct the bargaining process in a way which his customers in devel-
oping countries simply cannot copy.

For example, many of the bargaining sSituations involve playing for time.
The dealer keeps his offer down and waits, hoping that the owner will be placed
in a position of accepting his price or else salling less profitably for scrap.
This procedure is likely to work best in cases where the company wishes to
free factory space for new equipment, when there are costs involved in waiting
for the dealer to increase his offer.

In this type of market it is difficult for a buyer to know whether it is better
to work through a dedler or to go it alone. The customer has to meet some
stringent conditions before he can he sure that he will he able to do better by
making a direct purchase: he must have a way of informing himself about
availability of old machinery (perhaps over quite a long period); he must
he sure tl:az his bargaining capacity is a least as good as the dealer's; he
must have detailed knowledge of the particular machines he is buying: and
he must he able to - >tain spare parts. Usually, the customer would have
to incur costs to meet these conditions, so that he has to be sure that these
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costs plus the actual selling price are iower than what he would have had tc
pay the dedler. The dedler is essentially a second-best solution, but since the
market IS imperfect :f may be quite difficult to find a better solution unless
the government in the advanced couatry is willing to step in to improve the
fiow Of information and knowleczge in the market.

COMPARATIVE PERFORMANCE IN KENYA OF JUTE PROCESSING
EQUIPMENT BOUGHT NEW AND SECOND-HAND

The red test of the economic value of second-hand machines in developing
countries is whether or not they are privately and socially profitable in opera-
tion: their advantages and disadvantages do not appear until they are used to
produce output.

This part of the chapter relates to a Kenya’ factory, and involves a compa
rison of the performance of second-hand machines with that of machines
which were purchased new by the factory owners. !

The comparison covers two iypes of jute machinery: first, circular looms,
which are used to make tubular cloth for grain bags, and secondly, 80-spindle
dip-draft spinning frames used to spin jute yarn. The factory uses both new
and second-hand machines in each category. The comparison is based on
output and costing data which we collected from factory records and from
extensive talks with the factory management over a period of two to three
months. The factory managers were extremely co-operative and helpful and
gave us unusualy free access to their records and knowledge.

The first part of the comparison is about the technica performance of the
machines. the second deals with economic performance.

Technical performance

Circular looms produce tubular cloth which is subsequently cut into bag
lengths and sewn. In Kenya the looms are used to make what are called
“combination grain bags’-“combination” because the cloth is made from a
combination of fibres: the weft is sisal and the warp is jute. The Kenyan bags
are made from very heavy yar:is: the weft is 1,100 tex and the warp 420 tex.
Circular looms are rather complex by comparison with most other types of
jute machinery.

* In the interest of brevity, the machines that had been purchased new are sometimes
referred to in this section as “new machines”, even though they were no longer new at the
time when the data were collected.
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There are four kinds of circular looms in the sample. which consists of:
8 machines (1949}, designated J2 Mk I 49; 12 machines (1954), designated J3 Mk
| 54; 4 machines (1963), designated J3 MKk Il 63; 5 machines (1966}, designated
I3 Mk 1 66. The 1949 machines are the ones that were bought second-hand.

There arc some technical differences vetween these types of machinery,
but as it turns cut, these differences do not affect our mair: conclusions.

We obtained output data on a shift-by-shift basis for each loom over a
period of 20 days. However, because we were suspicious of some of the readings
for the first 10 days, we mainly used the data for the second hdf of the period.
The average output per shift from the looms for this latter part of the period
was as follows:

Typeof | A t
ype oom pe:eég]lgﬁ: ?r?aeizll:gs)

J2 Mk 1 49 (second-hand) 68. |

J3 Mk 154 316.5

J3 Mk I 63 335.3

13 Mk 1566 215.4

All these average outputs differ significantly from one another (at the
1 per cent level), except those for 1965 and 1954. The results show ihat the
second-hand machines were much less productive than the machines which
had been purchased new. Both in our discussions with engineers in Dundee
(some of whom had been responsible for these very machines during
their working life in Dundee) and with factory management, we examined
a number of possible explanations for this extremely poor performance.
Using Kenyan yarn the machines were operating at a factory-rated efficiency
of 10-15 per cent; with yarn ofcomparable weight in Bundee they had operated
at about 50 per cent efficiency.

Some of the factors that contribute to this poor performance are not
specific to second-hand machines. However, the most strongly favoured
explanations, and the ones which are held to account for most of the loss of
output, arz specificaly related to the fact that the machines were second-hand.
The Dundee engireers (with whom we had extensive discussions) mentioned
the two main factors. Firs: the J2 looms had been standing idle in Dundee for
a long time-probably about four years. ‘They had certainly been looked
after during this period, but nevertheless they must have suffered considerably.
Secondly, because these were old looms that had stood in the same Dundee
factory for many years, they had “settled” in their original factory space.
Lifting, transport to Kenya and reassembly must have caused many problems
of alignment. The performance of the machines strongly suggests that these
problem; have not been solved. The machines were in fact installed by factory
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personnel in Kenya. They were purchased more or less directly by a senior
manage-r from the Kenyan factory, with minimum support from the second-
hand dealer. There was no technical assistance with installation.

At this stage, we took a look at comparable output data for the spinning
frames.

The spinning frames in the Kenyan factory were al SO-spindle dip-draft
frames weaving jute yarns. We have dready discussed how spinning is done.
An important point about it is that the machinery is simple and robust;
it is very different from circular looms from this point of view. There are
16 spinning irames in the sample. Six of them are Fairburn-Lawson frames
bought new in 1934 (referred to below as FL 54s). Six are Mackie frames
bought new in 1968. Four are Mackie frames made in 1963 and bought second-
hand in 1971. The output from these frames is indicated below.

Type of frame Cutput
per shift (kg)
FL 34 222. |
M 63 (second-hand) 300.0
M 68 335.2

The first point is the poor performance of the 1954 machines. They actualy
produce less per shift than the second-hand 1963 models. The main reason for
this is one of design: the machines are not necessarily being used inefliciently
-they are smply technicaly inefficient machines. Secondly, dathough the
average output from the second-hand machines is lower than from the tech-
nically comparable 1968 machines, it is not much lower; the difference is
only about 10 per cent. In the case of spinning frames the second-band machines
compare much more favourably with machines bought new than in the case
of circular looms. Part of the reason for this may be that the second-hand
spinning frames are not as old as the second-hand looms, nor did they stand
idle in Bundee for as long as the looms. But the main reason is amost certainly
that the spinning frames are much simpler machines than the looms. They
are built cn a massive metal framework, which reduces realignment problems
after lifting and transport, and the moving parts—per spindle at |least--are
simpler and more robust than in the case of the circular looms.

The lower average output on second-hand frames compared to that on
frames bought new is probably due to mechanica wear on rollers and other
movirg parts, which can lead to moie frequent yarn breakages. If the spinner
is reascnably skilled a yarn breakage on the spinning frames can be corrected
quit:: rapidly without stopping the frame. However, ii yarn breakages are fre-
guent, there may he deiays in rectifying them, since the worker may have some
ditficulty in keeping up, and may fail to notice al the breakages immediately.
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A second stage in the study of technical performance was the anaysis
of sources of variation in the output of machines. We considered two hypo-
theses. First, it seemed likely that there would be greater differences between
the performance of individual machine; of a given model as the model became
older. If this was so, it meant that purchasers of second-hand machines had
to solve the problem of choosing the better machines from a batch which
might be very variable in quaity. So we wished to know whether there were
greater differences between the machines in the second-hand group than
between the machines that had been bought new. Secondly, we thought that
the output of particular machines might vary more from day to day and
from shift to shift as the machines got older. Loom output could vary because
the efficiency of the weavers (and other workers who supported them) varied.
Our argument was that old-r looms were more sensitive to the efficiency of the
worker than new looms. Newer looms were stopped for more or less routine
reasons like shuttle changes or minor yarn breakages, which could i5¢ fixed
up fairly easily by semi-skilled workers. Semi-skilled workers probably took
about the same time as skilled ones to get the loom into operation again.
Consequently, while there might be some variation in the output from the
loom it wouid not be affected very much by the fact that some workers were
less skilled than others.

Older looms, however, particularly second-hand ones, were likely to
suffer from mechanical problems and possibly more severe yarn breakages
(because of alignment problems). In other words the ailments of older machines
were different from those of newer ones. It might need skill to cure these
ailments quickly, The production time that was lost on older machines might
depend on whether the man who tried to solve the problem was skilled or not,
to a greater extent than with newer machines. Since the workers were not
uniformly skilled, this should show up in a greater variation in the output
of the older looms.

The data on circular looms supported the first of these arguments. There
are no significant differences among machines of the newer 1966 model, but
there are among those of other models. Also the relative variation in output
increased with the age of the machines. The coefficient of variation was
0.015 for 1966 machines and 0.984 for the second-hand machines.

On the other hand the spinning frame data did not support the first hypo-
thesis. There were highly significant differences among machines of both the
1968 and the second-hand 1963 model, but the coefficients of variation among
machines were more or less the same for hoth models.

Once again we were led to the conclusion that the spinning frames had
not deteriorated with age to the same extent as the circular looms, nor did
they suffer as much from the ailments typical of the second-hand machines,

144




Second-hand jute processing machinery in Kenya

mainly because the spinning frames were robust machines and relatively
uncomplicated.

The second hypothesis suggests that the older second-hand machines may
be more sensitive to lack of operator skills than the new ones. The second-
hand circular looms show significant variation between shifts whereas the
newer models do not. Also coefficients of variation are greater for the second-
hand looms. In the case of the spinning frames, we cannot distinguish between
the new and the second-hand models in this way. The hypothesis is confirmed
for the circular looms but not for the spinning frames.

These comparisons of technical performance can be related to the key
assumptions in the argument about second-hand machines discussed in the
first section. In the case of the circular looms, it is clear that there were impor-
tant miscalculations about the attainable rate of output-miscalculations
which are specificaly the result of the second-hand origin of the machines
For these machines, the uncertainties about output performance were seriouslv
under-estimated. The spinning frames, on the other hand, do not zi.ciise
to this kind of problem. The relatively large differences among the second-hand
circular looms, and their relatively greater sensitivity to worker skills, aso
point towards an important kind of uncertainty. Once again, there is much
less of a problem with second-hand spinning frames.

Taken together, the results demonstrate the difficulties of generalising about
second-band machinery. However, they also suggest that it is possible to
distinguish between kinds of machinery that are more susceptible to the prob-
lems usually raised about second-hand equipment, and kinds that are less so.

Economic performance

To compare the economics of machines bought new or second-hand
respectively, we have to examine the rationality of the investment decision
which resutted in the firm’s buying second-hand in the first place. This involves
a comparison of the ex ante total nnit costs of production on esch type of
machine. To do this the following kinds of information are needed:

{a; alig of the variocus types of machine (including the second-hand ones)
that were available to the firm at the time it made the decision to buy
second-hand;

(b} the rates of output from each type of machine;

{cj the price of each tvpe of machine! (at the time of the investment decision),
anticipated economic life and the rate of interest; and

! To be precise, we need to know the total costs of ingtalling each type of machine, of
which the price of the machineitself iS e iy a part. We describe tota investment costs in
more detail later on.
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=t 21, Circuler looms: investment costs per loom
{EA shillings)

Tvpe of loom Total Of which:
investment purchase price
COosts of loom

J2 Mk 149 (second-hand) 41 414 5849

J3 Mk 1l 63 121324 63 248

13 Mk 166 125 459 71 528

{d; variable costs of production and working capita required on each type
of machine (we will specify these more completely later on).

A number of assumptions were made in order to set up these data for the
circular looms and the spinning frames. * First we assumed that the firm
could choose between the second-hand machines it actualy installed and new
machines of the type it had aready installed under earlier investment pro-
grammes. This is admittedly a bit arbitrary since it leaves out some other
possibiiities that might have been open to the firm, but it is justified on grounds
of data availability. Secondly, we made estimates of what machine prices
had been when the firm had installed the second-hand ones (i.e. in 1370).
These estimates were based as far as possible on quoted market prices at the
time. Thirdly, we made estir.ates of working capital costs dnd of various
smpaller components of variable costs. Faiethly, we calculated annual capital
costs on the basis of ihe convention=}ansuity formula, using the estimates
of machine life mr-ie by factory nersonnel.

The results of the cost comp: i son are summarised below. We look first
of al at total investment costs of the circular looms and the spinning frames,
and then at the total unit costs uf productior..

Table 21summarises some components of total investment costs for the
circular looms (at 1972 prices). It is a picture of some of the investment alter-
natives which were available when the firm bought second-hand J2 looms in
1971. The table shows how deceptive the low f.0.b. price of second-hand
machines can be as a guide to investment costs because of all the other costs
that are involved, and that remain the same whether a machine is bought new
or second-hand. The tota investment costs for a J3 Mk | loom are about
1.7 times greater than the f.o.b. cost of the loom itself. Total investment costs
for the second-hand looms were 7 times the f.o.b. cost of the loom alone.
Consequently, although the second-hand looms were bought at only 8 per cent

! These assumptions are discussed in detail in C. Cooper and R. Kaplinsky, 0Op. Cit.
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Tahle 22,  Spinning frames: investment costs per frame
(EA shitiings)

Type of frame Total investment Of which:
costs purchase price
of frame
FL 54 194 861 155 290
M 63 (second-hand) 73 745 29 706
M 68 196 179 150 156

of the price of anew J3 MKk | loom, their total investment costs were 33 per cent
of rhe imestment costs of a¥3 Mk 1.

Most of the damage is done by the high costs of installation for circuiar
looms. The machines are mounted on a specialy constructed wooden platform
about 10 feet high. Costs of installation were a good deal more than twice
the cost of the second-hand loes ., though only about one-fifth of the costs
of acw looms.

In ceneral tisclear from this data that a good deal of the price advantage
of second-hand machinery can be whittled away by these other elements in
investment costs. |f machinery is expensive to transport or to install or if a
iot of working capital is ngeded to operate it, the argument for buying
second-hand is considerably weakened.’

Table 22 gives comparable data for spinning frames.

Once again, the price advantage of second-hand machines is cut down by
other fixed eiements of investment cost, but the effect is much less marked
than with the looms. If the figures for the Mackie 1968 machines bought new
are compared with those for the Mackie 1963 machines bought second-hand,
it will be seen thet total investment costs of frames bought new are about 1.3
times the machines price (as against 1.7 times for looms). Total investment
costs for second-hand frames are 2.5 times the machine price (as against
7 times for looms). The purchase price of serond-hand frames is 20 per cent
of the price of anew frame (for looms the pryportion is 8 per cent) and their
iotal investment zosts are 37 per cent of total investment costs for new
machines. Obvioudy two factors sce a work. One is that to start with the
~zize of secona-hand frames is a quite high proportion of the price of uew
ones (higher than in the case of the looms). The other, more important factor
is smply that trarsperi and instalation costs are not as big ir relation to

1 This is certainly true from the point of view of the private busines.man. From & so-
cial point of view, the foreign exchange cost of the invesiment is an importent considera-
tion, though this is not as yet a major concern in Kenya, If the loca. cuirency is sersously
overvalued, the premium on foreign exchange will to some ¢ ent offset high local osts f
instatlation and working capital, in favour of the second-hand machines.
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Table 23, Cost of weaving 1 metre of tubular cloth on circular looms
{EA shillings)

Type Machine Warking Labour Powsr Indirect Total

of loom Costs capital costs cosls variable cost
costs COSIs

32 Mk I 49 (s/h} 071 014 167 007 .003 .265

J3 Mk i1 63 .031 007 .054 007 003 101

J3Mkiee 044 .009 058 007 .003 120

machine costs as they are for circular looms, so that advantages of low machine
price for the second-hand spinning frames are not whittled down to quite
the same extent as are the advantages of low-priced circular looms.

The data on looms, and to a somewhat lesser extent on spinning frames,
suggest that assu-nptions about transport and installation costs are very
important to the argument about second-hand machinery. Essentially, if
there are important elements of investment costs which are the same for beth
new and second-hand machires, this will tend to reduce the maximum price
which buyers in developing countries can afford to pay for second-hand
machinery and so reduce the range of purchase prices in which second-hand
machinery is uzeful to them.

Table 23 summaris~s the total unit costs of production in these various
types of looms. These c¢ata allow us to draw conclusions about the decision
to install second-hand looms.

Total unit costs on the second-hand 1949 machines are much greater than
on the new machines. The correct decision would have been to install J3 Mk |1
machines (or possibly some mere advanced loom which we have not taken
into account). The rate of cutput from the second-hand looms would have
to be more than 2.5 times what was actually achieved to make them an optimal
choice.

It is important to remember that there is a good deal of hindsight embodied
in the data. We know what rate of output was actually achieved on the sscond-
hand looms; we also know that it is very low mainly because of the problems
of lifting, transporting and reinstalling the looms. It is precisely this infor-
mation which was not available to the firm when it made the decision to buy
second-hand. The decision was amost certainly based on a higher anticipated
rate of output than was achieved in practice. The factory-rated efficiency of
the second-hand machines is exceedingly low--about 12 per cent or so.
It would not have been absurd to expect the machines to operate at about
35 per cent efficiency. Since at this rate of efficiency the second-hand looms
would certainly have been the correct choice, the main lesson to he drawn is
that there are very considerable risks in buyingcomplexeguipment second-hand.
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Table 24. Costs of spinning 1 kg of yarn

{EA shiilings)
Type oi Machine Working Labour Power Indirect Towal
frame costs capiial costs COsts variable cost
COsts costs
FL 54 495 006 111 .029 026 .267
M 63(/h) 027 .006 .063 032 027 153
M 68 062 006 067 .029 027 190

There is a second lesson implicit in the data, which is that the case for
buying second-hand looms depends much more on the anticipated rate of
output from the looms than on the price that is paid for them. In fact, while
machine price accounted for about 15-20 per cent of the total unit costs of
machines bought new, it accounts for only 4 per cent of the unit costs of
second-hand machines. Even if it had been possible to beat down the price
of the machines by half, the effect on total unit costs would have been extremely
small: they would have been lower by about .005 of an East African shilling.
A small increase in average output-say 10 per cent--would reduce unit
costs live times more than cutting the machine price by 50 per cent. So the
machine purchaser would have done well to put most of his efforts into finding
out about the mechanica performance of the looms, and the likely effects of
moving them. rather than bothering too much about the price he had to pay
for them. This is a good general rule about second-hand machinery for:

fa} labour-intensive processes with which investment costs as a whole do not
contribute much t¢ total unit costs; and

{#) both capital-intensive and labour-intensive processes in which case trans-
port and installation account for a mgjor part of total investment costs.

Table 23 aso leads to the interesting conclusion that because of the very
low rate of output obtained with the second-hand looms, they should probably
be scrapped and replaced with new J3 MK Il machines or with more modern
looms atogether, at least from the point of view of private profitability.
This conclusion follows from the fact that unit variable costs on the second-
hand looms are considerably higher than unit total costs on the 13 MKk 11 looms.

Table 24 gives the figures on unit costs of production on spinning frames.
The table shows clearly that it was a good decision to buy the second-hand
spinning frames. They have considerably lower total unit costs than equivalent
new machines (represented by the Mackie 1968 model). So in the case of
spinning frames the second-hand machines are the most profitable investment.
We can go further: the total unit costs of production on the second-hand
machines are in fact lower than unit variable costs on the Fairburn-Lawson
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machines, and:t would have been profitable to replace the Fairburn-Lawson
machines with second-hand 1963 ones.

We also examined the way total unit costs of production varied among
machines of the same type. Our expectation was that they would vary more
among older second-hand machines than among relatively new ones. This
was borne out in the case of the circular looms, in respect of whick both the
absolute variation in unit costs among machines and coefficients of variation
were Substantially larger for the second-hand machines than for the new.
However, there is afurther aspect. We found earlier that the variation in rates
of output were also bigger on the second-hand machines than on the new.
However. the results show that the differences between new models and the
second-hand ones were much greater in the case of variations in unit costs
than in the case of rates of output. This is essentialy a reflection of the shape
of rhe cost curves. the second-hand machines are operating in a range of
outputs where the unit cost curve dopes sharply downwards (because of
fiaed costs): the new machines, on the other hand, are operating a outputs
where the unit cost curve is much flatter (i.e. at the optimum point of produc-
tion). Couseguently, agiven absolute variation in output among second-hand
machines is reflected in a much greater variation in total unit costs of produc-
tion. whereas on new machines a given variation in output is reflected in a
smaller variation in unit costs. We think this is an important result because it
underiines the difficulties that can arise in predicting the performance of
individual second-hand machines of a hiven model and year.

Similar results were obtained for spinning frames. Even though we found
listle difference between new and second-hand frames from the point of
view of variations in rates of output, there were important differences between
them from the point of view of variations in unit costs. This again is because
the second-hand frames—even though comparstively much closer to new
machines in their outpet performance than the second-hand looms--are
nevertheless operating in a range where the unit cost curve dopes steeply
downwards. So even in the case of these comparatively high-quality second-
hand machines, there are much greater absolute and relative variations in
unit costs among individual machines than in the case of new ones.

Once more these results can be related to the assumptions underlying the
arguments about the usefulness of second-hand machinery. One assumption
which is frequently made is that the rates of output obtained from machines
in the advanced countries are a good guide to the rates that will be attainable
in developing countries. The case study on output from circular looms has
aready shown how mideading this can be. In particular in the case of circular
looms there are factors which are specific to machines bought second-hand
and which resulted in a very serious shortfal in output performance in Kenya
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compared with that in Dundee. The performance of spinning frames was less
aflected by the fact that they were second-hand, largely because they are more
rebust machines than circular looms.

The analysis of ezcnomic performance shows just how important the rate
of output ohiained from second-hand machinery can he. Unit costs of pro-
duction are very sensitive indeed to rates of output, much more so than to
machine prices themselves, athough a good deal of the discussion about the
second-hand machines centres on the price problem. This sensitivity to the
rate of output is an important point ¢f uncertainty about second-hand
machinery, particularly in cases like that of circular looms, in which there
are reasons to expect that the attainable outputs from second-hand machines
in the customer firm may he more unpredictable than output from new
machines. This economic analysis underlies the problem of risk and uncertainty.

The problem of uncertainty is the greater because differences among second-
hand machines in regard to output performance are sometimes greater than
differences among new machines. This was the case with circular looms though
net with spinning frames. More important, however, is the fact that these
differences among machines in terms of technical performance tend to appear as
even greater differences in economic performance. Even second-hand spinning
frames show more variation in total unii costs of production from one machine
to another than new ones, athough the output variations were much the same
as for new machines. This is a further reason for suspecting that there are
greater uncertainties in investment in second-hand machinery than in new.

It is difficult to generalise from the results of a single case study: there are
no grounds for asserting that the performance of circular looms in thir case
ismore characteristic of what happens when firms buy second-hand machinery
than the perfor.aance of the spinning frames; there is not even a basis for
guesswork about the question. However, it can he said that the case study
demonstrates the dangers of having a definite opinion either way about the
usefulness of second-hand miachines in general. This conclusion, of course,
isnot particularly comforting for either side in the debate.

The theoretical argument that lies behind the idea that developing countries
should use second-hand machines is compelling if one leaves aside such factors
as transport costs and differences in factor productivity between advanced
and developing countries. It is not difficult to show that the maximum price
which a firm in a developing country can afford to pay for a used machine is
higher than the minimum price a which a machine owner in an advanced
country will be prepared to part with it (leaving out the problem of scrap value
for the moment). Another way ofputting this is. the vaiue in use of second-hand
equipment is higher in developing countries than in advanced ones, because
of factor prices differences. As a result, there is a private and socia incentive
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to use second-hand machines in developing countries, so that it looks as if
such machines constitute an important source of efficient and relatively
labour-intensive technology.

Of course. we have shown that it is quite inadequate to assume away
transport costs, installation cost and the like. It i3 aso inappropriate to leave
out differences in factor productivities. For one thing, there are important
differences in labour Skills. For another, machine efficiency may deteriorate
in the process of moving the equipment from its origina factory to a new one.
These points alone, among a large number of others that have been made in
the course of this analysis, are quite sufficient to justify a certain reticence
about second-hand machines. When practical technological problems are
taken into account, the dogmatic advocacy of the use of second-hand machines
in developing countries begins to appear a little absurd. However, the opposing
view iS absurd too, i.e. the idea that second-hand machines are always inefficient.
aways have high maintenance and spare-part costs and a low rate of output,
and are dways on the point of economic obsolescence. The second hand
spinning frames in the case study are efficient and socially and privately
optiral; they use one-third of the investment per workplace needed for new
machines. They were obviously a very good investment. Generally speaking,
proponents and opponents of the use of second-hand machines both miss the
point. The arguments about the merits and demerits of second-hand machines
are carried out in terms that obscure the main problem, which can he put
simply: any investment involves risks and uncertainties; the problem about in-
vestment in second-hand machines is that the risks and uncertainties are nearly
aiways much greater than in the case of new machines. It is very easy to make
mistakes; the story of the second-band circular looms shows just how easy.

The fact that it is easy to make mistakes is important for two reasons.
First of ali, it leads to a wasteful use of investible resources, because mistakes
are usudly associat.d with low output-investment ratios. Also, a mistaken
investment in second-hand machines might nevertheless have the advantage
of providing arelatively large amount of employment per unit of investment in
the short run, hut thisis achieved at the cost of reducing the re-investible surplus
and the potential growth in employment and output. * These are, of course,
the vonventional arguments against the use of inefficient technologies. Secondly,
thereis a point that is left out of the conventional argument. If the performance
of the second-hand machines is poor enough, it can happen that unit variable
costs on them will he actualy higher than unit total costs on new machines.
In this case, profit-maximising firms will he strongly disposed to scrap the

* |f the second-hand machinery is inefficient—like the circular looms-there is, of course,
a sacrifice of output per unit of investment in the short run twe.
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machines and substitute new ones (or possibly much better second-hand
ones). The trouble is that replacement means the expenditure of more invest-
ible resources without generating more employment. |f replacement investment
is taken into account, a mistaken investment in secon!-hand machinery
can lead teastination where investment per workplace is ultimately higher
than it would have been if the investment had been made ir new machines
in the first place. So the high risk of making mistakes about second-hand
equipment is a very serious problem not only because of the usua disad-
vantages that follow from using meflicient technology but more particularly
pecause it can lead, paradoxically, to very high investment costs per workplace.

CONCLUSIONS

It is not easy to devise policies to deal with the problems oi risks and
uncertainty, or at least with the particular kinds of risk and uncertainty that
charac:erise second-hand machinery. However, some fundamental rules about
buying second-hand are suggested by the analysis, and could provide astarting-
point for the elaboration of a general policy on the matter.

The first rule is that the risks of Buying second-hand are much greater with
some types of machine than others. A ssimple, robust machine like a spinning
frame is a better proposition than a complex, sensitive machine. To repeat a
point made earlier, second-hand machinery is no? just old machinery, it is old
machinery which has been lifted, transported and reinstalled. Machine makers
do not generdly design machinery with this in mind. Some types of machine
stand up to the experience better than others, and this should be an important
consideration in deciding whether to use new or second-hand machinery.

A second rule is to find out why the machinery is for sale. Machinery may
be sold off because its variable costs have risen with age and are too high to
judtify its use in production. It is risky to buy such equipment. Although
it may seem that the machinery ill has a value in operation in developing
countries (kecause of lower wage rates), the risks of running out of spare
parts, or of incurring heavy maintenance costs, or of deterioration during
reinstallation, are generaly high.

Machinery that is sold because innovation has made it economically
obsolete is often till in good working order. The problem in this case is that
athough the machines may be reliable and economically efficient at developing
country factor prices, their economic life may be rather short: there may be
further innovation which will make the machinery obsolete even at low wage
rates. But there is another, potentially more difficult problem about this type
of machinery. After an innovation, it often happens that machinery manu-
facturers stop making the older type of machine. If the innovation results
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in widespread replacement of the older types of machines in the advanced
countries, the manufaciurers may stop making spare parts for the older
machines. Thus there can be considerable difficulties in obtaining spare parts.

Some machinery is sold »ecause producers in the advanced country face
adeclining demand for the product. Generally spesking, machinery that be-
comes avaitable because of changes in product markets in the advanced coun-
tries is probably the kind to buy. In such a situation the machines sold off
are quite often (though not aways) comparatively new.

In addition, it is important to check up on the production history and
maintenance records of used machinery. In particular, if the machines have
been idie for any length of time, it is essentia to find out what was done about
keeping them in working order.

A third principle is to give consideration to likely future changes in
technology and in factor prices. In industries in which there is a high rate of
mnovation. the economic life of second-hand machinery may be very short.
It may still be sensible to use it (indeed one consequence of a high rate of
innovation is that the second-hand machinery may be comparatively new);
but because of the short economic life of the equipment, the capital-saving
effect of buying second-hand may be a good den! less in the long run than it
seems to be in the short.

Fourthly, it is important not to be mided by very low machine prices
into excessive optimism about savings in investible resources. The case study
shows how important other elements in investment cost can be in comparison
to the cost of the machine. Transport and installation costs need to be con-
Sidered carefully.

Fifthly, it is very often more important to worry about how well the machines
will perform when they are re-installed then at.cut small reductions in their
second-hand price. This is particularly true in labour-intensive processes,
and where machine price is a small proporticn of total investment costs.
This is a difficult problem. It is inherently rather difficult to know what effect
transport and re-installation will have on machine performance, athough
the effect will be more marked with complex and sensitive equipment; as we
have seen, it can result in very large reductions in output.

The sixth rule is to bear in raind that second-hand machines differ from
one another more than new machines in terms of output performance. This
results in large relative variations in the unit costs of output between machines.

Finaly, there are two rather obvious problems, which can, however, be
overiooked: there is the problem of the availability of spare parts and the
problem of technica assistance with installation.

Clearly, it would aso be nice to have a lot more information about second-
hand machinery and its problems. For example, it would be useful to collate
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technologicai and economic information about how different types of machin-
ery deteriorate with age and are likely to be affected by lifting and re-installa-
tion. Tt might be possible for technologists to produce some sort of genera-
lisation on the question of which kinds of machines are likely to suffer most
through ageing and remova particularly in terms of output performance.

it would aso be valuable to know much more about how the markets
for different types of second-hand machinery actualy operate. Is the thin
market peculiar to the case of jute machinery because of particular historical
circumstances, or are there similar markets? Are the markets more competitive
in cases in which there is a substantial demand for second-hand machinery
in the advanced countries themselves? How does the existence of an internal
market like this affect prices and so the usefulness of used machines? For
example, dealers might have much more room to manoeuvre iniixing prices
in thin markets than in more smoothly functioning ones. How efficient is the
flow of information in the market? These are only a few of the questions that
cdl for an. answer.

It is of course very doubtful whether even a massive programme of em-
pirical research will produce clear categorisations of “good” and “bad” types
of second-hand machineiy. However, some level of generalisation about
empirical redlities, higher than what has aready been achieved, is almost
certainly possible and is probably worth striving for.

Even 1n the absence of further information, there are a few points to be
made about policies on the use of second-hand machinery. A first point is to
frecognise what is probably an important general limitation. Widespread use
of second-hand machinery may reduce investment costs per worker in the
short run, but in the long run it will not solve the empioyment and income
distribution problems that are caused by technologica changes biased towards
increased capital intensity: so the use of second-hand machinery is not an
alternative to the search for more “appropriate”’ technologies in the laboratories
and workshops of developing countries. It is of course possible that a policy
of using old machinery in developing countries might actually contribute
towards their technological capacity to create new “appropriate’” methods of
production. For example, it might create greater demands on local machine
shops and start a learning process there. Usualy, however, these external
economies will be achieved only if the productive sectors are specifically
organised to capture them, which often calls for government intervention.*

1 An interesting example in the case of Kenya is the possibility of using the large East
African Railway Workshops, as well as the small machine shops, as a technical support
service for industries in which second-hand machinery is widely used. If this were properly
planned, it might be a way of generating new types of technicsl knowledge in the railway
workshops, and, of course, it might contribute to making second-hand equipment more
viable in Kenya.
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A second point is that existing policies in developing countries in genera
on the use of second-hand equipment are rather uhdiscriminating. We have
nor been able to survey them :n any detail, but cur impression is that most
deveioping countries seem to fall into one of two extremes. they either ban
second-hand machinery atogether, or they allow it to be imported without
paying any attention to the particular problems and risks that are associated
with it. Furthermore, no explicit distinctions are drawn between the different
types of institutional setting in which transactions in second-hand machinery
take place. A transaction between a dealer in areasonabty competitive second-
hand market and an independent firm in the developing country is one thing;
an intraccompany transaction in which a foreign enterprise pays for equity
in a subsidiary company by supplying oid equipment from headguariers is
quite another. The first case is the one we have studied, and rai ses the problems
we have discussed. The second raises many more problems, particularly because
it may be very difficult indeed to assess the value which the foreign enterprise
places on the machinery; prices are rather arbitrary in an intra-company
transaction.

Neither an open door policy nor a policy of total prohibition is likely to be
optimal for business deas between independent enterprises. the open door
policy ignores the possibility that imperfect markets, imperfect communi-
cations between buyers and sdllers and technical weaknesses on the part of
buyers could lead to quite serious mistakes, wastage and misalocation of
investible resources and foreign exchange; whereas the policy of total pro-
hibition ignores the fact that there are economic and socia gains to be derived
from the use of second-hand machinery, if only one knows enough about it
to reduce risks.

One can imagine «:rcumstroes i which there would be a case for tota
prohibition. For example, where there is a serious lack of technical knowledge,
so that one cannot ccinpensate easily for the lack of technical skills in the
enterprises by creating advisory services, or one can do so only at very high
socia cost, total prohibition of second-hand machinery may be the only way
out. * However, it is rather doubtful whether existing policies of total prohibi-
tion are really based on such a rational evaluation.

In most cases an optimal policy would probably be a policy of discrimi-
naiing import of used machinery, based ouna knowledge of how various
second-hand markets are organised and on the accumulation of knowledge
about success and failure in the use of various types of old machines. The
rules we listed above provide some indication of the factors which it is neces-

' Even here, however, it may be that the net benefits of an open door polick/, after alowing
for the misallocations it may produce, would be greater than those of atotal prohibition.
Obvioudly, thisis an extremely difficuit evaluation to make,
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sary to be discriminating about. Discrimination in this sense involves a good
deal more than an act of will. It is probably only possible to implement this
kind of policy if the skills required in making an investment decision about
second-hand machinery are properly organised. This aspect will be touched on
in amoment. It is worth noticing, however, that neither of the extreme policies
discussed makes it possible to build up the skills and knowledge that are
needed in order to implementa policy of discriminating use of old machinery.

It is rather bard to generalise about the skills that are needed to purchase
old equipment successfully. At the most general level, it is probably traz that
any improvement in the qudity of management decison making is likely to
contribute Something to the capacity for making successful use of old machines.
More specifically, the technical skills available in the productive enterprises
are plainiy important too. Still more specifically, government intervention to
improve information and knowledge about the advantages and dangers of,
second-hand equipment would certainly be ne~ded to support any discrimi-
nating policy.

in some cases it might be possible to accuraulate expertise about old equip-
ment through existing research and technical organisation related to the
industries ccncerned. Better organisation of the machine shop sector, and
perhaps the encouragement of specialised units dealing only with old machines,
could aso provide a basis for building up the knowledge required.

Finaly. it seems that the flow of market information between buyers and
seliers is highly imperfect in & number of sectors. On the face of it, thisis a
problem which could be tackled by co-operation between governments,
possibiy through an appropriate part of the United Nations. There is aso
the possibility of setting up internationa classifications of machine quality,
which might reduce risks to the buyer. This would be hard to implement,
but might be considered as part of aid programmes. Generaly speaking, the
organisxtion of trade in second-hand machinery has not been given much
attention.
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THE CHOICE OF TECHNIQUE AND
EMPLOYMENT IN THE TEXTILE INDUSTRY

by H. Pack '

The implications of substituting labour for capital in manufacturing
processes has been a major topic in work on economic development published
over the past 20 years, and growing urban unemployment in less developed
countries has recently led to a resurgence of interest in the question. Until
recently there were few empirical studies of substitution possibilities, discussion
being mainly concerned with the relative desirability of abour-intensive and
capital-intensive production methods, on the assumption that there was in fact
a choice. For a variety of reasons existing estimates of statistical production
functions, though suggestive, are not well suited for resolving the issue. 2 In
particular, even relatively disaggregated studies, for example at the three-digit
level, may embody differences in product mix over time or across regions that
mask the relevant production relations. Moreover, the competitive assumptions
underlying the estimation of production functions are rarely justified in less
developed countries. * Since most policy discussions focus on individua
projects within a development plan, such relatively aggregative studies provide
decison makers with insufficiently refined analyses. Thus it is necessary to
undertake analyses with a different orientation, akin to that of process analysis,
if some of the ouisranding issues are to be resolved. In the past few years a few
inquiries of this type have been conducted using data. obtained primarily in less

t Associate Professor of Economics, Swarthmore College, Pennsylvania.

* See the review of empirical research on capital-labour substitution possibilities in
Chapter 2 of this velume.

* A brief survey of the problems encountered in obtai nmtt; useful information from
exigting studies is g|ven in H. Pack: “The employment-output frade-off in 1L.DCs; A micro-
economic approach {) cit. A recent article that attempts t0 surmount Some of the difi-

culties Of analysing the textile industry runs into other obstacles: see Peser Isard: “Employ-
rment impacts of fextile imports and investment: A vintage-capital model”, in American
Eeconomic Review, Vol LXIII, No. 3, June 1973,
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developed countries from firms currently in production. * The case considered
in thischapter differsin so far asit is based on data from the United Kingdom,
which nevertheless are quite relevant for less developed countries.

EVIDENCE OF SUBSTITUTION POSSIBILITIES
IN OLDER TECHNIQUES

In practice a magjor difficulty in calculating substitution possibilities in a
particular case is the scarcity of useful engineering comparisons of aternative
techniques (“technique’ here denoting a production method with a specified
capital-tabour ratio: a set of techniques generates anisoquant). There are, of
course, many potential sources of information on technicai characteristics
of production, including textbooks, trade publications and the material
published by equipment producer,. However, such publications are not very
useful for the problem at hand: they are of course not intended for the con-
struction of isoquants, and thus omit essential data. For example, in engineering
texts a technique is discussed and then pres:nted as optimal and its costs
including labour requirements are specified, but no comparison is given with
other techniques which exist (and perhaps were described as optimal in the last
edition). Moreover, there is very often no discussion of labour, al theauthor’s
atention being devoted to the technical processes. Trade journals and the
descriptive materia put out by egquipment producers consider one or two
machines in detail (including comparisons with earlier models) but provide
little information on any required changes in other stages of the production
process. for example, a discussion of such properties as the speed of a machine
and its output per hour may be extensive, but there will be no consideration of
the implications of increased output per hour for the next step in the production
(will more or faster machines be required at that stage, or are other aternatives
possible?). While the data needed can be pieced together from the information
given, there are substantial possibilities of error, particularly in consistency.
Fortunately, in textiles-a. field of considerable importance because of the mgjor
role assigned to it (perhaps incorrectly) in many development plans-a recent
study by the Textile Council of the United Kingdom presents process-wide
comparisons of aternative production methods in cotton textiles. 2 Since the
study was carried out to discover the ability of the United Kingdom textile

1 For a survey of much of this material see David Morawetz: “Employment implications
of industrialisation in developing countries: A survey”, in Economic Journal, Vol. 84, No. 335,
Sep. 1974,

2 Textile Council: Cotton and allied textiles, 2 vols. (Manchester, 1969). Two earlier
studies resulting from the interest of Indian planmers in textiles are those of A. S. Bhalla:
“Investment allocation and technological choice: A case study of cotton spinning techniques”,
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industry to meet import competition in the future, particularly from low-wage
ccantries, muck of the study focuses on the differential labour input of the
available techniques.

Although the techniques considered are primarily ones that are actualy
in use in the United Kingdom, or known but not used there, they are of
considerable interest for an analysis of the choices facing less developed
couniries because inisuch countries most of the technigues considered by a
company or a planning agency for starting production or replacing equipment,
while capable of adaptation, would belong to the spectrum of developed
country techniques. * A fundamental question, then, is whether older techniques
available in developed countries allow efficient substitution, by comparison
with new methods, of Yabour for capital and, if this is so, whether such sub-
gtitution is economically efficient for the less developed countries. The older
methods would, in some instances, depend on the purchase of used equipment,
although in some weaving activities machines are still being produced that
utilise older production methods.

The analysis of the Textile Council covers the three major divisions of the
industry, aamely spinning, weaving and finishing. Most of their analysis
focuses on the first two sub-sectors, and we shall confine our analysis to these
two activities. For each of these activities, a number of production methods
were considered. In spinning, the methods available correspond to different
ages of machines which differ primarily in such attributes as speed: the pro-
cesses available consist of production lines with ail-1950 equipment, all-
1960 equipment or all-1968 equipment, whereas in weaving there are Elitex
(Airjet), Sulzer, Lancashire, Battery, and Battery looms combined with
Unifii machine, the major difference among these combinations being the
method by which the weft is supplied within the loom. For each of the processes
in spinning and weaving, a compete list cf the kind of machines (and the
required numbers of each), power requirements, material wastage, space use
and labour requirements is provided. ® Thus it is possible to trace out the

op. cit., and Amartya Sen; Choice of fechnigues, op. cit., Appendix A. In both the focus is
on the efficiency of F1and| craft as compared with industrial methods as welt as the implication
of each technique for generating savings.

! Advertisements of equipment producers in Indian textile trade publications emphasise

“Western” features of their equinment, including the labour-saving devices. For examples
See ihe Indian Textile Journal.
_*For example, with regard to spinni n%, the auog gives the number and type of machines
in the biowroom, cardroora and ringroom that would be required to produce a given output
per week USing a1950, 1960 and 1968 technology. The number and type of wotkers consonant
with each combination are given. In addition, suchinformaion iSalso provided for each
vintage for severa different “qualities of %/arn. Spinning includes the preparing of fiores as
well as spinning proper. Though it is possible to disaggregate the data to allow for differences
in the development Of the preparing and spinning activities, we think the added detail would
obscure some of the important, more aggregated relationships.
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substitution possibilities among the inputs as well as to examine the economic
efficiency of such substitution at a variety of relative factor prices.

In effect. we shall be constructing isoquants with three, four or five tech-
niques, a typical linear programming isogquant. One cannot rule out the possibi-
lity that, even within the range of capital-labour ratios considered, other techni-
caly efficient alternatives exist, such as combinations of machines of various
vintages within the spinning process. These combinaiions wouid, of course,
correspond to additional techniques that would have to be analysed aong with
the original ones. Interestingly, the Council considered some mixed techniques
in cotton spinning such as 1950 ring frames combined with 1968 cards. Though
we cannot be sure that al retevant combinations of this type were considered,
the presentation and careful anaysis of a number of these mixed techniques
increases our confidence that the processes presented provide a reasonable
description of the choices actualiy avaiiable.

Spinning

In spinning. two major technicsl trends have developed; newer machines
use much less labour per unit of output and the output per spindle 1s higher:
“replacement of 1950 by 1963 conventional machinery leads to 50 per cent
improvement in output per spindle hour and a 100 per cent improvement in
labour productivity”. * This performance doer not necessarily imply the econ-
omic superiority of new machinery unless the increase in the price of machinery
required to realise such gains is such as not to offset its higher productivity.
Unfortunately, it is exceedingly difficult to obtain estimates of how much it
would cost to produce 1950-vintage equipment at the current time; even in less
developed countries with internal capital goods production capacity, pro-
duction of this type is not undertaken. Thus, in this section we consider the
profitability of various techniques on the assumption that the only source
of older-style equipment is used equipment. For many purposes this isaperfectly
proper point of departure since the quantity of such equipment in the developed
countries is quite large and since, at the probable rates of discarding, such
equipment should be more than sufficient to meet the needs of the less developed
countries. 2 Our analysis will also provide estimate of the prices a which

t Textile Council: Coston and ailied textiies, op. Cit., Vol 1,p. 61,

* On the rationality of using second-hand equipment! see A, K. Sen: “On the usefulness
of used machines’, op. cit. The most important factor in practice is the percentage of the
new price for which used equipment will sel1, Although the production of new but old-style
equipment in alocal Capital gfoods industry may be warranted for other reasons, existin
data suggest that the supply of used equipment will be considerable in relation to the needs
of the less developed countries. Thus it is estimated in a recent UNiDOQ OﬁWOjecjuon--UN DO:
The textile industry (New Y OrK, 1971)—-that a maximum of 28 mitlion Spindles will be needed
by theless developed countries over the1967-80 period. If ene adas half this amount for

162




The choice of technique and employment in the textile industry

new models of cider design would have to be available to constitute an econo-
mically rational choice.

The basic data for the 1950-68 comparison are shown in table 25. * These
show the costs incurred in producing 20 § cotton in dollars per round. Although
there are some differences ‘n costs for cotton yarn of other degrees of fineness,
mest Of the analysis below holds _ with some relatively small changes in magni-
tude, for these others as well. The capital charges for 1968 reflect assumed
borrowing and lending rates of either 9 or 19.5 per cent per annum and an
expected service life of 10 years. The formesr rate is that used by the Council,
whereas for most of the less developed countries a considerably higher rate
would seem appropriate, and the rate used here increases annual capital
charges by 50 per cent. 2 The additiona capital charges could also be viewed
as a correction for tke failure of most less developed countries t0O iinpose a
tariff on investment goods; amost al other products benefit from tariff pro-
tection, while imports of equipment are made excessively cheap by overvalued
exchange rates. The capital charge for 1950 assumes that equipment of this

replacement, there will be atotal requirement of 42 million spindles. In 1543 there were
over 61 million spindles in the United States, Canada, Japan and the developed countries
of Western EUrOpe (OECD: Modern cotton industry (Paris, 1965y, p. 91). Many of them
wilt probably come an to the world market as more labour-saving equipment becomes
available. Presumably the same will be true of equipment for other parts of the spinning
operation, such as opening, scutching and carding machines. The same sources indicate
that 10om demand by the less developed counrries might be about 632,000 over the same
period, whereas there were about 1,226,000 looms in place in 1963 in the developed countries.

Ii 1S obvious that many of the spindles and ioems in place in 1263 would be among the
more Modern types discussed in this chapter. Thus the less developed countries, if they rely
o eyuipent giscaracaar e develoned countries, wilt gradually be modernising themselves,
though continuing to use more labour-intensive equipment than the deveioped countries,
which will presumably continue to discover stilt more labour-saving equipment. This may
force the less developed countries to modernise more quickly than'they shauld, and if that
were to occur there would be astrong argument either for the developed”countries to produce
their older equipment or far the less developed countries to undertake such production
themselves. ON the other band, sufficiently rapid pro%reﬁs on the part of the developed
countries might require a wage that would be tower than the alternative cost of fabour in
less developed countries (See, for example, table 39, line 3). if this were the case, it would be
desirable to follow the trail blazed by ti= developed countries but t0 modernise Sowly.
The data presented later suggest tha:,”in spinning, ~=naning at any one stage of technelogical
advance may lead to values OF w* (bresk-even wage, in dellars, a which the 1950 and 1968
processes yield the same average cost of production) below subsistence, whereas in weaving
It wilt be possible to retain the Lancashire loom for a considerable time.

1 These differ in severd ways from the caleutation of the Textile Council: thei; method of
calculation uses actual Fabour costs rather than ihe underlying hour requirements; differential
space costs resulfing solely from assumed differences in capacity utilisation are here ignored;
and our Capital data assume similar rates of capacity utilisation, Usually 168 hours per week,
for al techniques.

: The gregent discounted value of an annuity of one dollar forie yearsat an interest
rate Of 0.09 per cent is 6.4176, wheress at an interest rate of 0.195 it is 4.2657. Asthe capital
cost Of a machine is divided by these numbers to obtain the equivaent yearly cost of using
amachine, the assumption of the tatter interest rate yields an increase of approximately
50 per cent in the annua cost.
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Table 25. Caosts per pound of 20 S carded cotton
(1968 doifars)

Costs Date of equipment
1950 1968

Power RUBE 0145
Waste 0343 Q210
Capital, if—

r= .09 0023 229

r=.195 L0035 .0344
Average total, if—

r= .09 .0485 .0593

r= .195 0497 L0708
Gperative hours per pound L0781 L0355

MNote: + = interast rale per ARMUM.

Source: Textile Council: Cottan and allied textiles, op. cit., Vol, |, p. 64.

vintage is available at i0 per cent of the price of new, 1968-type equipment.
The senditivity of our results to this assumption will be examined, but the
assumption does not appear to be unreasonable. The technical reports under-
lying the Council’s calculations indicate little resale vaue within the United
Kingdom. This is to be expected, since at current wage rates the average
varizble costs of the 1950 plant exceed the average totai costs of the 1968 plant.
On the other hand, it is not clear why the scrap value should have been quite
S0 low in recent years, since countries with lower *vages could have used such
equipment quite profitably. !

It may appear questionable whether used equipment should be given the
same life expectancy and the same maintenance costs asnaw equipment,
an assumption of our calculations. It is often argued that used equipment
breaks down more often and is increasingly difficult to repair because of a
growing absence Of spare parts as the original production date recedes further
into the past. This view overlooks the oft-cited ingenuity, obvious to any
visitor, shown by repairmen in less developed countries in keeping older
machines and venicles in use for extraordinary lengths of time; similarly it
disregards the ability of small machine shops (or the repair shops of industrial

' The COOpEr and Kaplinsky Study in this volume (Chapter 5) provides detailed estimates
of the actua cost of installing used equipment in Kenya, including both transport and
instafiation costs. These costs 0 NOt vary with the type of machine, and will thus cause a
greater proportionate iNCrease in the cost 0i aused niackine than in thet of anew one.
Gn the other hand, given the relation between variable and total cests, 0.10 sverstates the
acquisition cost per 5= and may be viewed asincluding these other costs. Tte calculations
below also provide estimates of the maximum amount that could be paid for used equipment
at a variety of wage rates, and these calculated values should bz viewed as including shipping
and instatlation costs.
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companies) to duplicate required parts. Moreover, the absence of spare parts
seems to be a spurious issue: there is a large, flourishing internationa trade
in such parts, and three or four well financed specidists in spare parts within
a country such as Kenya have been able to make the absence of parts largely
a myth. Repair may also be considerably less expensive in less developed
countries because the wages of skilled repairmen are only a fraction of those
of their counterparts in developed countries. Finaly there is some evidence,
however subjective in origin, that very modern machines (eg. numerically
controlled machine tools) are more difficult to service than older ones because
the basic scientific understanding of repairmen would have to be increased.
Thus in Kenya a firm utilising both automatic and manually controlled injec-
tion moulding equipment has to send its repairman to the United Kingdom
for further education as well as specific training to service automatic equipment,
whereas the manually controlled equipment was repaired by these relatively
nneducated men after a few months of training on the job. Though none of the
above evidence can prove that assumptions of similar life (at least 10 years,
the relevant planning horizon) and maintenance costs are correct, it would
seem that they are not unreasonable.

Consider a company facing the choice of an optimum production process,
choosing batween 1950 and 1968 equipment. The first question considered
is a what hourly wage, w¥, the two processes will yield equal average total
costs. At any wage less than w* the 1950 process will be less expensive, since
it is more iabour-intensive. Total non-labour costs per pound using the 1968
plant {assuming r = .09) are $0.0593, while they arc $0.0485 with the 175
plant. Operative nuurs per pound are shown at the bottom of table 25. w* is
found by solving the following expression:

$0.0485 + 0.0781 w* = $0.0593 + 0.0355 w*

and w* = $0.255 per hour in 1968 or about $530 per annum, if 2,080 hours
of work per annum are assumed to be average, including paid vacation.
By comparison, average hourly wages in Indian and Pakistani spinning com-
panies were about $0.175 per hour or $364 per annum in this period, and
even these rates are likely to exceed the shadow price of labour. Thus, if the
costs of acquiring 1950 equipment is about one-tenth of the price of new equip
ment and if the interest rate is 9 ner cent, the use of older equipment will
certainly be justified for at least some less developed countries. This result
is shown in the first columa of table 26. In a similar manner the break-even
wage can be calculated when capital costs are 50 per cent higher (r = C.195)
and amocunt to $978 per annum. The maximum amount (as a percentage
of the cost of new, 1968 equipment) that may be paid for a used machine
is shown in the third and fourth columns, a wage of $}00 being assumed.
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Table 26.  Alternative factor prices required for a 1950 spinning plant to be optimal
{assumed and calculated values)

Values assumed

o .100 L1100 .500 .500
r 630 J195 .090 .195 099 195
Ww 300 300 -
Yalues calenlcted {given assumed values ubove)
o L300 550
w* 530 978 87 366
Key: * = the percentage of the 1968 new plant price which is or can be paid for a 1950 plant.

r = imierest rate per anaum.

w = wage per annum in dollars.
w* = break-even wage, in dollars, at which the 1950 and 1968 processes yield the same average cost of pro-
cuction-

=« is 0.30 and 0.55, the latter being more useful given the more redistic
shadow rate of interest. Thus, if reliance upon newly produced equipment of old
design were to become widespread, its availability at prices considerably below
that for new equipment of current design would be of critical importance.

While the first two columns of table 26 assume the price of a 1950 plant to
be 10 per cent of that of al968 plant and the third and fourth columns indicate
the maximum price that could be paid with a wage of $300 per annum, it is of
interest to consider the question of the relative economic efficiency of equip.
ment of older design if it could be acquired only at higher prices than have been
indicated so far. If it could be produced for half the price of new 1968 equip-
ment 1, the new vaiue of w* (fifth and sixth columns), caculated as before,
yields a bresk-even wage of $0.04 per hour, or about $87 per annum, when an
interest rate of 9 per cent is used. The role of shadow prices becomes evident
when a shadow rate(19. per cent) is used, w* now being $366 per annum, a mar-
ket price of labour inm :ny less developed countries and surely above the shadow
price, whereas 387 may well fall below the shadow price for most such countries.

More generally, table 26 shows the assumed values of two of three variables
(price of used equipment as a percentage of new, the interest rate, wage) and
the calculated maximum value of the third that will result in the choice of 1950
plant rather than 1968 one. Each line of the table thus provides a different
solution to the equation

thsy + why = rheg + Wl

where Kk is the capital-output ratio (cents per pound of cotton) and | the labour-
output ratio (hours per pound of cotton); %5, will be some fraction, «, of kg

* This would reflect the savings on the various devices mstdled on new-design egwpment
that reduces its operating cogts, particularly labour-saving enes. Such a price would be more
likely if less developed countries, with their fower skilled Jabour cogt, produced such eguipment

themselves.
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Thus, for any column, an increase in r or adecrease in w* or « will augment the
profitabi .y of 1930 equipment in relation to that of 1968.* It should be noticed
that the former yields more than twice as much employment per unit of output
as the latter, but we leave further discussion of this aspect of the matter to a
later stage. ®

One other possibility relevamit o ovr own interest was calculated by the
Textile Council, namely modernisation of both 1950 and 1960 plants including
“new opening and cieaning machines, modernised cards, new draw frames, new
speed frames and modernised ring frames’. * Less extensive modernisation oi
a 1960 plant was also examined. Interestingly, the latter course proved most
economic, given United Kingdom labour costs: though a partly modernised
196u plant uses more labour, it saves enough capital by comparison with the
other two choices to make it the cptimal choice if modernisation is undertaken.
When factor prices prevailing in less developed countries are used in the
mo¢ernisation calculation, as long as the wage is less than 8375 the basic
urmodernised 1950 plant remains the most profitable one.

We have seen that the 1950 plant employs more than twice as much labour
as a1968 plant. We have argued elsewhere that the adoption of labour-
intensive production methods is likely to consist primarily of replacing auto-
mated material movement within a plant by the use of simpler, labour-intensive
movement methods: for example, barrels of paint may be moved by men instead
of through an expensive piping system. * Textiles, however, appeared to be one
industry in which material movement of the type described offered only minor
opportunities for additional employmeént, so that ifadditionai empioyment was
to be generated in this industry it would have to be through the use of more
labour-intensive primary processing equipment. The very nature of the spinning
process, which takes raw cotton and makes it longer while strengthening and
straightening it, suggests that the process will be much more efficient if material
is fed automatically from stage to stage. The figures in table 27 revea the
expected pattern. Equipment of 1950 provides more jobs, mainly for direct
production workers rather than for ancillary personnel: while 1950 equipment
uses about 125 per cent more labour than the 1968 equipment (53 additional
jobs for an output of 96,000 pounds of spun cotton per week), only four of the

1 More strictly, aterm representing deg reciation should be included; i.e., instead of »,
{r+d)k should represent capital costs. To keep the notation Smple, r aone is used in the
rest Of this chapter.

% See pp. 170-171 below.

a2 A potentia purchaser of textile equipment has the option of buying some combination
of new and used equipment, & possibility that provides a technique between the 1950 and
1968 ones.

4 For a number of suck examples, see H. Pack: “Employment and productivity in Kenyan
manufacturing”, in Fastern Africa Economic Review, Vol. 4, No. 2, Dec. 1972,
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Table 27. Number of workers ner shift required to produce 48 tans per week of cotton

yarn
Year of plang £} 2) (3} 4
Direct production Ancillary Total ()13}
workers workers (Percentages)
1950 78 17 95 17.9
1960 46 15 61 24.6
1968 29 13 42 1.0

Sourge: Textile Council: Corton and ellied textiles, op. cit., Vol. I, pp. 64-66,

additional jobs are in ancillary activities. But the major implication is the sub-
stitutability of labour for capital even where most workers are involved in the
primary producing activity.

Weaving

Whereas, in spinning, differences in equipment are best denoted by date of
manufacture, in weaving the magjor differences among equipment types depend
on the type of loom. Five types of looms will be compared-modernised
Lancashire, conventional modern automatic (Rattery), modern automatic with
Unifi], Elitex (Airjetj and Sulzer. Most of these types have been availabiz for
quite a time, athough improvements on the basic procedures have of course
been made. Recent developments--

have been concerned with the method of weft supply, There have been progressive
improvements in this field. At one extreme is the Lancashire loom where a grod
proportion oOf the olgerative’stime is taken up with replacing the small weft pirns
in the shuttle. At the other extreme are looms of the Sulzer and Elitex type where
the weft supply is taken direct from large packages. In addition, the newer looms

eneraly operate at higher speeds. A further factor working in favour of the Sulzer
ooms, and possibly zlse the Elitex, is that yam breakage rates tend to be lower,
since the yarn is subjected to less karsh treatment during the weaving Process.
The main effect of these changes is tc reduce the labour content per yard of cloth,
since operatives are able to look after greater numbers of the newer types of loom
than of the old.’

These changes in labour productivity have been achieved by increasingly
sophisticated machinery that costs more, and the desirability of utilising these
looms thus very much depends on relative factor prices. There are substantial
differences in the cost of weaving different materials. We first present a detailed
cdculation for shirting, then consider the costs of producing other types of
cloth. Table 28 shows the basic data on costs per 100 yards (in dollars) for
producing 4{-inch cotton-polyester shirting.

* Texiile Council: Cotton and allied texiiles, op. cit., Vol 1, p. 68.
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Table 28. Costs of weaving shirting material with looms of different types
(dollars per 100 yards)

Cosi Lancashire Battery Battery- Elitex Sulzer
Unifil (Airjet)
combination
Space 198 152 152 093 130
Power .385 .397 397 .385 250
Weft waste .035 035 035 408 .290
Pirning 525 .350
Capitai
r= .09 110 1.097 1.435 1.225 1.980
r= .195 .165 1.645 2.153 1.838 2.970
Average total
r= .09 1.253 2631 2.019 2.111 2.650
r=_195 1.308 2.379 2.737 2.724 3.640
Hours per 100 sy, yds. 0438 0222 0229 .0i63 0101

Source: Textile Council: Cotton and allied textiles, op. cit., Vol. II, pp. 83, 86-90.

Table 29 is similar in construction to table 26. In the first set of calculations,
those of w*, for the values assumed of two factor prices in the first two columns,
tha maximum wage that would allow the Lancashire process to bresk even is
shown in the third column. Any value less than the assumed or calculated one
would strengthen the profitability of the Lancashire loom in relation to that of
the other methods. What is conspicuous about the first set of calculations, those
of w¥, is the quite high wage rates that would still allow the Lancashire loom to
be as desirable as the others; with » = 0.09 the lowest value of w* being $653
(for the Elitex) and the highest being $1,141 (Sulzer). With r = 0.195 the range
changes to between $1,084 and $1,826. This suggests that even at market prices
for labour, most less developed countries would be well advised to choose the
Lancashire loom, if the quantities of used ones available on the world market
are sufficient so that their price is not more than 10 per cent of the price of new
Battery looms. Of course, to the extent that market interest rates are below 9
per cent in a particular country the wage would have to be lower to induce a
company to adopt this loom, but even at interest rates of 6 per cent the value of
w* would not lie below market wage rates in many of the less developed coun-
tries. On the other hand if companies had to pay interest rates that were close
to 19.5 pet cent, the wage at which it would still pay to adopt the Lancashire
loom, assuming it was available at 10 per cent of the Battery loom price, would
be amost at the wage level of developed countries.

It will be noticed in table 28 that the labour intensity per yard is more than
four times greater with the Lancashire loom than with the Sulzer loom, which
is the most labour-saving of those considered. Moreover, the additional labour
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Table 29. Alternative combinations of factor prices required for Lancashire looms to be
optimal in production of shirting material
(assumed and calcuiated values)

Tvpe of loom compared First set ! Second ser t
with Lancashire
3 ¥ w* & r W
Battery .10 090 755 48 090 300
.10 .195 1233 .65 195 300
Battery-Unifil .10 090 770 .36 -090 300
10 195 1441 .58 195 300
Elitex (Airjet) .10 .090 653 4z 090 300
.10 .195 1084 .62 .195 300
Sulzer 10 .09g 114} .61 .09 300
10 .195 1826 74 .195 300
I For explapnation see text,
Kev: = == the percentage of the 1968 new plant price which is or can be paid for a 1950 plant.

= {nterast rate per anfum,
= wage per annum in dollars.
W"‘ = break-even wage, in dollars, at which the 1950 and 1968 processes vicld the same average cosi of
preduction.

required on the former is not more highly skilled, contrary to the argument
that more modern equipment is a substitute for skilled labour and is therefore
suitable for less developed countries. On weighting the hours of each type of
operative by the one-shift wage paid to operatives on the Lancashire loom 1,
the average hourly wage on the Lancashire loom process was found to be $1.05
per hour and that on the Sulzer $1.06 per hour-hardly a differential to suggest
much skill replacement.

The second set of calculations in table 29 is that of the maximum amount
that could be paid for the Lancashire loom as a percentage of the value of each
other type of loom, if the Lancashire loom is to be competitive with it, assuming
awage of $300 per annum. The calculated values of « are generdly quite high;
when r =.02 theadoption of a ssimple new Lancashire loom would be warranted
if it could be obtained at about 36 to 61 per cent of the price Of the more
advanced types of loom, this range changing to between 58 and 74 per cent with
an interest rate of 19.5 per cent.

It is worth noting that even with the new looms currently available there is
no sense for a less developed country in adopting something as modern and
labour-saving as the Sulzer. For example, compare the Battery and Sulzer looms,
the former using more than twice as much labour per unit of output. At
r = 0.09 the value of w* a which the Battery would be equally profitable
is $2,086 per year, and at r=0.195 this value would be $3,132—in other words,

*The higher wage levels reported by the Textile Council for workers on other looms
reflected shift differentials.
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Table 30. Wage required for Lancashire loom to be as inexpensive as other looms in
production of sheeting material

Type of loom Values
Assumed Caiculared
a r w*

Lancashire compared to

Baitery 10 .090 189
10 .195 395
Batterv-Unifil .10 .090 46
19 .195 283
Sulzer .10 090 418
.10 195 792

the percentage of the 1968 new plani price which is or can be paid for a 1950 plant.

interest rate per annum.

w* = break-even wage. in doflars, at which the 1950 and 1968 processes yivld the same average cost of
production.

far above thewages paid in less developed countries. The argument often put
forward thutthe newest equipment is dominant in the sense of using less
labour and capita: per unit of output is not supported by these calculations.

One problem easily overlooked, in abstract discussion of choice of technique
is the possibility of producing a range of products with any given set of
machines. Unless product specifications are very similar, there is no a priori
reason ro assume that a given loom wiil exhibit the same relative efficiency in all
types of weaving operations. A loom that is efficient in producing one fabric may
not be sufficiently flexible to allow others to be made as efficiently. While it is
widely zcknowledged that some labour skills or machines are specific to an
industry, the possibility that such specificity is of importance at a process
level isvery rarely mentioned. To illustrate these considerations, we analysz the
production of cotton sheeting.

Table 30 shows that when the Lancashire loom is compared with the Bat-
tery and Battery-Unifil, the break-even wage becomes $189 and %46 respec-
tively when using a 9 per cent interest rate and $395 and $283 when using a
19.5 per cent interest rate. Of these, $46 is almost certainly less than the shadow
rate of wages in probably al countries, though even this may not be relevant
in so far asw* becomes $283, instead of $46, when amore redistic interest rate
is used. Thus despite the economic efficiency of the Lancashire loom in preduz-
ing shirting materid, it might not be economical to use it to produce shesting.

Given the differences in relative efficiencies in producing different fabrics,
it is interesting to see the values of w* for four major fabrics. These are set out
in table 31 in which part A shows the values of w* at two interest rates and
part B ranks the values of w* by fabric. For all materials except sheeting, the
Elitex (Atrjet) turns out to be the loom most competitive with the Lancashire,

1nm




Technology and employment in industry

Table 31. Break-even wage for four types of woven material (doliais)

Lancashire compared with:

Battery Battery- Elisex Sulzer
Unifil (Airjet)
A
= 10 r= 090
Shurting 755 70 653 1141
Sheeting 189 45 Not feasible 413
Zephyr 1090 1258 439 972
Printing 1073 1012 347 913
= .10 r= 195
Shirting 1233 1441 1084 1826
Sheeting 395 283 Not feasible 792
Zephyr 1716 2159 863 1641
Printing 1654 1789 715 1539
B. '

Ranking for each materizal

a= .10 r= 090

Shirting 2 3 1 4
Sheeting 2 1 3
Zephyr 3 4 1 2
Printing 4 3 i 2
= .10 r=.195

Shirting 2 3 1 4
Sheeting 2 1 3
Zephyr 3 4 i 2
Printing 3 4 1 2

though even here the values of w* are such as to suggest that its adoption would
be unwarranted if used Lancashires are available. Only in the production of
sheeting does the Lancashire ever require a wage likely to be below the shadow
price of labour in most of the less developed countries.

Some of the problems of making an optimal choice of technique are nicely
illustrated in table 31. Suppose that a semi-developed country with an oppoi-
tunity cost of labour of $1,000 and using an r of 0.195 is trying to choose
among different types of equipment. The Airjet loom would not be economic if
considerable amounts of shirting were to be produced, since the break-even
wage relative to the Lancashire is $1,084, and the use of the Lancashire would be
optimal. The Airjet would be the correct choice for zephyr and printing ma-
terids; on the other hand it cannot produce sheeting at al. Thus two fabrics
are produced most economically with the Airjet, one cannot be produced with
it a al and the fourth can be most cheaply produced with a Lancashire loom.
Though the example, particularly the wage alternative, is arbitrary, it forcefully
illustrates our earlier point, often lost sight of in the published material on
choice of techniques, that most plants (and machines) produce a considerable
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range of products, in each of which there may be a different relative efficiency.
Itis perfectly easy to minimise cost when the relative desirability of various
products is specified. by using linear programming; but it is not possible to
make choices solely on the grounds of factor proportions and factor prices
without having a specification of product choice. In the case considered here
the optimal technique cannot be ascertained without knowledge of the product
mix o be produced.

There are a number of issues that we have so far intentionally ignored but
which are of some importance to the results given above. The value of w*is
determined not only by differences in relative factor proportions but aso by
differences in intermediate materia costs. Formally, this can be seen in the
method of calculating w*. Der-ung ithe labour-intensive technique by the
subscript 1 and the capital-intensive technique by 2, w* is derived by equating
the costs uf production of the two techniques:

vy + pimy + WEL = rky + pomg + wEL

where 1 is the input of materials per unit of output. and »,, the cost per unit
of these materias. w* is thus equal to

P (ml - rnZ) " r (kl k2)
Lh—1 b+

or the marginal rate of substitution of intermediate materials for labour plus the
marginal rate of substitution of capital for labour. If intermediate input require-
ments are the same for different types of machine {s1;, = my), then w* will
depend solely on the margina rate of factor substitution. On the other hand,
differential intermediate requirements will change the value of w*.

It is often claimed that new machines are more efficient in their utilisation
of material and that this constitutes one of their attractions, at least partly
explaining their adoption in some less developed countries despite their
higher capital costs and lower labour utilisation. In textiles, the evidence on
this question is mixed: while newer spinning processes do reduce waste
considerably, the more recent loom designs result in higher waste levels than
does the Lancashire !; in both activities the difference in waste levels is an
important determinant of the level of w¥*, this being particularly important in
spinning, where the absolute differences 11 waste costs are quite large.

In power utilisation there is no consistent trend: newer weaving machines
use less power than the Lancashire, while 1968 spinning mills use considerably
more power than the 1950 one. The power costs used in our calculations were
those of the United Kingdom, and to the extent that power costs in the less

* Qualifications are necessary in so far as different fevels of waste occur in weaving
differert types of material,
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developed countries differ, the calculated value of w* will have been raised in
spinaing and lowered in weaving if the United Kingdom price is lower than
the correct (shadow) price in less developed countries, and vice versa if the
United Kingdom price is higher. Given the high values of w* in weaving, the
generad nature of our results will not be affected in this activity, though in
spinning the effect might be more significant. Without a detailed analysis of
power costs in the less developed countries it is difficult to evaluate the
significance of any such changes in prices.

AGGREGATE EMPLOYMENT EFFECTS

The evidence reproduced above demonstrates the economic sense of not
using the most modern production processes technically applicable to cotton
textile manufacturing. It was seen that until high wage levels were reached,
ths most labour-intensive equipment in use in the United Kingdom was
optimal in the sense of alowing the lowest average cost of production. We
have yet to consider the aggregate implications of the differences in capital-
labour ratios associated with the various techniques. Table 32 shows these
ratics measured as initizl equipment cost per man-year of labour engaged in
direct production. Although equipment is measured as a stock, conversion
into a flow would lend to proportional ckanges for al types of equipment if
equa lives and identical interest rates are assumed. It should be remembered
that the capital-labour ratios for the 1950 spinning plant and for the Lancashire
looms reflect assumptions about the cost of used equipment by comparison
with new in so far as the aider-style equipment is no Longer being produced.’

A 1968 spinning plant has about 21 (4.4) times the capital-labour ratio of
the 1950 spinning plant on the assumption that equipment of the latter costs
10 (50) per cent of new, 196%type equipment. The differences in factar intensity
in waving show an even greater range, the extreme being that a Sulzer loom
requires about 90 {18) times as much capital per worker as the Lancashire
loom when the latter’s price is 10 (50) per cent of that of a new Battery loom.?
Such magnitudes imply very large employment differentials. The employment
effects of choosing betwzen the techniques are of two kinds—
fa) the direct effect of producing & given output level with one technique

rather than another; this effect is measured as ({, — L) Q* where 1 denotes
the labour-intensive technique and 2 the capital-intensive one; and

! An intensive canvas of a mumber of engineering consultarts and equipment producers
to obtain estimates of the current ecost of producing older-siyle equipment was fruitless.
As mentioued earlier, the production of such equipment would presumably cost much less
than that of current models, given the simpler designs.

t The cost of the Lancashire |oom is assumed, as in the preceding section, to be directly
reiated t0 that of the next most tabeur-intensive |0am, the Battery Ioom.
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Table 32. Capital-labour ratio in spinning and weaving

Type of equipment iy ) 3
Equipment Man-years Capitalfiabour
{1968 %) of labour

ratio
{col.{1) £ col.(2))

A. Spinuing inputs per ion of cotton

1950 plant ! 44 L0781 566
1960 plant ® 220 L0781 2 830
1968 plant 442 L0355 12 462

B. Weaving inputs per million
square yards of shirting

Lancashire ® 7164 21.8 329
Lancashire 4 35 820 21.8 1 645
Battery 71 635 11.1 6454
Batiery-Unrndifii 32 803 11.5 8106
Ajrjet (Ehex; 78 177 8.2 9 665
Sulzer 150 063 5.1 20715

Note: Some muttiples are not precise because of rounding of underlying caleunlations.

1 Assumed 1o cost 10 per cemy of 1968 plant. 7 Assumed to cost 50 per cent of 1968 plant. * Each Lancashire
loom assumed to cost 10 por cent of Battery loom—mare Lanci-Hine leoms are needed for a given outpul
§ Each Lancashire loom assamsd to cost 50 per cent of Battery loom

(b) an indirect effect resulting from the saving in initia capital expenditure
due to the lower capital-output ratio of the less capital-intensive technique.

: (ks — k) OF : :
This latter effect can be expressed as————— where k. isthe capital-

(W),

output ratio for technique i. While direct employment gains are usualy
taken into consideration in the published work on the subject, indirect
gains have been largely ignored. This neglect presumably stems from the
assunpiion that the lower price of used equipment accurately reflects a
shorter remaining physical life, and that capital costs on a yearly amortised
basis will thus be the same for botb new and used equipment. However,
if the lower price represents economic obsolescence within the devel oped
countries whereas expected phvsical lives are about the same, the lower
initial price of used equipmen. represents a net saving in capital that is
equivalent to an increase in the real level of national saving. The expression
for the indirect increase in employment assumes that any capital saved
can be used to generate further employment that requires ne higher a
capital-labour ratio than the labour-intensive textile techniques. Moreover,
it assumes that the resultant output growth equa to (ke/ky — 1) Q* can
be sold without lowering profitability, a not unreasonable assumption
for many small, less developed countries.
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To obtain an indication of the number of jobs involved in a medium-size,
partly industrialised countty, a caculation using these formulae was made using
the approximate output levels of the Philippines for 1970, about 42,000 tons of
spun cotton and 227 million square yards of woven cloth. These levels are
considerably lower thapthose of the more developed countries of Latin
America, but greater than the magnitudes of almost al African countries.
The calculaticns indicate the benefits in terms of employment (and by impli-
cation in terms of cutpet) to be derived from pursuing an economically rational
choice of technique. Needless to say, such gains should not necessarily be
assumed to have been made (or to be capable of ackievement) in the Philippines,
which aready has in place equipment which may differ rom that used as the
norm in the calculations. Table 33 presents the results of the calculations.
In both spinning and weaving dternative assumptions about the cost of used
equipment are made: (1) for spinning, a 1950 plant is assumed to cost either
1vur 50 per cent of a 1968 one; (2) for weaving, a Lancashire loom is assumed
to cost either 10 or 50 percent of a Battery loom. Thedifferences in assumptions
have two effects, namely they change both the saving in capital costs resulting
from the choice of used equipment, and the capitai-labour ratio by which this
saving is trandated into additional employment. The figures in the first column
indicate that the potential gains in direct employment are quite large. Thus,
selection of a 1950 spinning plant and Lancashire looms instead of a 1968
plant and Battery-Unit? looms would increase employment from 4,086
(1,487 + 2,599) to 8,224 (3,275 + 4,94%), or by 100 per cent. if weaving was
done by the most modern technique, the Sulzer, the former figure would be
2,633. The addition of roughly 4,000 er 5,700 jobs (10t and 212 per cent)
in one sector of manufacturing can hardly be dismissed as being of little conse-
quence. Although the basis for the calculation is Philippine output levels,
proportional results would occur with other levels. Still more impressive, how-
ever, are the indirect gains. Again using the 1950 or 19¢8 spinning comparison
and the Lancashire or Battery-Unifil comparison, the combined direct and indi-
rect employment difference is 91,988 when the price of old equipment is put at
10 per cent of the new price and 15,197 when it is put at 50 per cent. These are,
of course, huge increases, and stem largely from the indirect effects. The latter
would be decreased if all the less developed countries followed a used equipment
policy, since they would bid up the price of the equipment.

The estimates in table 33 exclude other investment costs, such asin buildings
and inventories, that would he needed as complements to machines and fabour:
allowance for the need to finance these would perhaps halve the indirect
employment gains to be attributed to a policy of utilising used equipment.
Nevertheless, the added employment is so large that it is perhaps not excessive
to assert that if similar results were to hold in a number of other industries that
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Table 33. Increase in employment from use of labour-intensive techniques

Type of eguipment Employment
Direct Additional Total
indirect

Spinning

1968 1487 0 1487

1950°* 3275 28 761 32 036

1950* 3275 3195 6 470

Weaving

a. Battery 2520 0 252
Lancashire 3 4 949 44 483 49 432
Lancashire * 4 949 4943 9 892

b. Battery-Unifil 2599 0 2 599
ELancashire ® 4 949 59 089 64 038
Lancashire s 4 949 7 864 12 813

c. Airjet {Elitex) 1850 0 1850
Lancashire ® 4949 49 411 54 360
Lancashire ¢ 4 949 5028 10 877

d. Sulzer 1146 0 1146
Lancashire 3 4 949 9? 596 163 545
Lancashire * 4 949 15 765 20 714

t Assumed to cost 10 per cent of 1968 plant. * Assumed to cost 30 DEI cent of 1968 plaat.  * Each Lancashire
loom assumed to cost 10 per cent of Battery loom. 4 Each Lancashire loom ussumed to cost 50 DEI cent of
Battery loom—more Lancashire looms A€ needed for a giver output.

are likely to permit efficient factor substitution, much of the urban unemploy-
ment problem would be relatively easy to solve, athough the adoption of
appropriate policies might encounter strong opposition for a variety of reasons.

LIMITED USEFULNESS OF INTERMELIATE TECHNOLOGY

In recent years there has arisen, in response to the unemployment problem,
an important stream of thought that suggests the use of funds to finance an
intensive effort to generate new or “intermediate” techniques that will have
lower capital-iabour ratios than the most modern ones. yet be efficient in the
neo-classical economic sense. Presumably this suggestion has its origin in the
argument that there is as yet no aternative to existing capita-intensive tech-
niques, or in the difficulty of obtaining spare parts for the equipment used with
known older techniques. Yet the evidence in this chapter indicates that existing
older-style equipment does offer efficient labour-intensive possibilities (even
though little research on this type of equipment has been carried out in recent
years) and is available in large quantities in used form. Although it is not
possible a priori to rule out the potential generation of still more efficient
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fabour-intensive technigues if sufficient research funds were available, it is
far from clear that the effort is wairranted by a cost-benefit calculus. Resources
devoted to developing new techniques would, if successful, yieid a prototype
machine only after a nuinber of years, the actual beginning of substantial
production of thi: new textile equipment would take still longer, and a period
of adjustment woutd be necessary in actual textile production; thus potential
employment gains, if any, would accrue only a number of years later. Alter-
natively, the same resources could be devoted to disseminating information
on existing techniques, to help firms to make efficient use of more labour with
older-style equipment and to facilitate the storage and distribution of spare
parts. While it is not certain that the action just described is inherently superior
to the intermediate technology approach, the potential immediate employment
gains from utilisng existing labour-intensive techniques, as compared with
the delay and uncertainties attendant upon ihe generation of entirely new
techniques, suggest that in this industry the latter is not likely to be optimal.

CONCLUSIONS

The theme of this chapter is that it would be sensible to use older, used
equipment when undertaking investment in textile industries in the less
developed countries. The analysis presented suggests that, at factor prices
relevant for inany poorer countries, the choice of used equipment would be
optimal. Nevertheless, before recommending such a strategy without reser-
vation, it would be necessary to obtain other types of information. It was
assumed throughout the paper that the productivity of the various types of
equipment Would be the same in a less developed country as it is in the United
Kingdom.” While this is plausible a priori, some economists would claim that
a mgor advantage of newer equipment is that it can be a substitute for scarce
skilled labour. The absence of such labour could lead to poor performance
with older equipment, and thus the gap between what can be achieved in the
United Kingdom and in a less developed country would grow with the age of
equipment: the gap between potential and actual output would be greater
with the Lancashire than with the Sulzer, and hence there is an upward bias
inour caculations of the break-even wage and of the proportion of the price
ior new plant that can economicaly be paid for elder plant. On the other
hand, even if there were such differentials in actual productivity (and this is
far from certain), the maintenance difficulties duz to the greater technical

! See the careful study of these and related questions by Cooper and Kaplinsky in
Chapter 5.
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sophistication of the Sulzer loom might resuit in more down-time when repairs
become necessary. The net effects on machine productivity could go either
way, and an intensive analysis of the ability of less developed countries to
absorb different techniques is an important area of further research.

Similarly, detailed analyses of the effect of transport costs, licensing fees
and other costs, as well as of potential innovations that may be introduced
once used equipment is in place !, should he brought into the calculations.
Even if such additiona evidence is marshalled and supports the desirability
of using elderequpment, it will still be necessary to adopt policies that encourage
such decisions. Although changes in relative factor prices are an important
element of an over-al policy in this matter, they are unlikely to be sufficient
without better information and support. Unfortunately, few governments
have yet shown an interest in atering the economic environment to provide
better signals, and still fewer have supported the types of ingtitutions that
could perform essential functions connected with the identification and correct
use of used equipment. Yet on the evidence put forward in this chapter the
benefits of such an effort could be considerable, in terms both of employment
and of output.

1 See Paca, op. cit., for examples from Kenyan industry, and Gustav Ranis: “Industrial
sector labor absorption”, in Economic Development and Cultural Change, Vol. 21, No. 3,
Apr. 1973, for examples from Japanese experience.
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IN INDIA

by C. C. Baron'

SUGAR PROCESSING TECHNIQUES 7

The encouragement of labour-intensive techrologies and industries in the
manufacturing sector has frequently been recommended in recent years as an
important element in employment-oriented development strategy. In particular
each of the ILO’s comprehensive employment strategy missions 2 under the
World Employment Programme has to a greater or lesser extent proposed
measures, of various kinds, to influence factor prices and to promote research
and development so as to encourage labour intensity and thus a faster rate
of growth of employment in manufacturing. Nesertheless, because this is
largely virgin territory for the economist, the exiscence of technically efficient
labour-intensive alternatives to modern, large-scale production methods has
been a matter of some controversy and even scepticism.

However, an increasing number of analytical studies have in recent years
tended to justify the place of the choice of techniques in employment-oriented
development policy. Some of these studies are contained in this volume. The
present chapter extends our knowledge of technological choice as it exists in
practice. It is the result of field work in India® on methods of sugar production,

® |nternational Labour Office. Thanks are due, for many helpful discussionsir: Delhi,
to officias of the Ministry of Food and Agriculture, and to the National Federation of
Co-operative Sugar Factories. An earlier draft has benefited considerably from the comments
of the steering group of the IL0’s technology and employment SPrqect, namely Gustay
Ranis, Amartya Sen, Gerard Boon, Charles Cooper, Bruce Johnston, Howard Pack and
Paul Strassmann. The author is particularly indebted to Mr. M. K. Garg of the Planning
Research and Action Institute, Lucknow, far data an the small-scale sugar plants described
here, in the development of which he has played a pioneering role. Responsibility for the
comparison nevertheless rests entirely with the author.

2 That is, the ILO employment missions to Colombia (1970}, Sri Lanka (1971), Fran
and Kenya (1972), and the Phili r§Jp| nes g1973). The last-named developed policy recom-
mendations in these directions iN particular detall.

3 The author visited Indiaid 1972 and collected much of the data presented herein
Delhi, in the course of conversations with officials connected with the sugar industry. He aso
made severd visits to the sugar producing aress in Uttar Pradesh, and plants typifying the
aternative technologies were seen, as described in Appendix I1. A goad deal of information

{footnore conecluded overleaf)
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and its main theme is the comparison between a small-scale intermediate tech-
nology for making white sugar, and aiarger and better established capital-inten-
Six production process. The over-all conclusion tends to bewrout thedesirability
of intermediate technology. However, the study also illustrates the difficulties
thar arise, first in establishing to what extent a choice of technology can be said
to exist, and secondly in analysing the implications of such a choice in a manner
which takes into account all the issues involved. Product choice is found to be
highly relevant.

The arrangement of this chapter is therefore as follows. The two technologies
are first briefly described, as well as their operating characteristics and the
political and economic setting in which the can. sugar agro-industry operates.
Information is then suppiied on the factor and materia inputs required under
each technology, and the choice between the two technologies is then analysed
with reference both to private profitability and to the social costs of production,
drawing upon the considerations on shadow pricing in the surplus labour econ-
omy suggested in several works, most notably in the UNIDO Guidelines for
profect evaluation.® After a summary of the findings, the choice of technologies
and of products is discussed within the framework of decision making and
planning in India

THE TWO TECHNIQUES USED IN WHITE SUGAR PRODUCTION

Several different forms of sugar are produced in the world. The processes
for the production of brown and raw sugar differ dightly from that for the
production of wiiite. The present discussion relates only to white crystal sugar,
which is the variety produced by both the large and the small 2 plants under
review.

The production of white sugar from sugar cane involves a sequence of the
following processes. crushing of the cane to extract a juice, settling and
filtration of this juice to sepsrate out non-sugar components, boiling of the
filiered juice to concentrate for crystallisation, and centrifuging to separate
sugar crystals from molasses. Small quantities of chemicals such as sulfur are
added to aid the process. Bagasse, the cane fibre, is the by-product of crushing

about the large-scale sugar industry is also contained in the reports of various government
bodies, notably reports of the Sugar Enquiry Commission {1965),the Committee on the
Rehabilitation and Modernisaticn of Sugar Factories in India (1965), the Tariff Commission
(1969), and the Second Central Wage Board for the Sugar Industry (1970).

PUNIDO: Guidelines/or praject evaluation, Op. Cit.

* Some summary technical and engineering data on the small-scale plants is given in
Appendix HI below.
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and is used as a fue for the later stages of production. Other by-products,
especialy molasses which can be used in digtilleries, emerge at the last stage.
White crystal sugar was first manufactured in sugar mills in India in the
1920s. The passage of the Sugar Industry (Protection) Act in 1932 enabled the
industry to expand rapidly. There are now about 220 mills having an average
crushing capacity of 1,350 tons of sugar cane per day. Altogether these mills
have in the last three years produced an aanual average of 3.8 million tons of
sugar. Two or three new mills cpen each year, the rate of establishment being
determined by the Government’s licensing policy. The machinery ingtaled has
since the late 1950s been manufactured in India. itself. For the most part there is
not a wide technological choice, since the chemical processes referred to above
are standard. Certain operaticns, such as cane unloading, can be mechanised,
but this has been avoided in Indian sugar mills because of trade union and
socia pressure to maintain the level of employment. The choice oi machinery,
and the ways in which it is added to aad improved from time to time, is deter-
mined mainly by two considerations, namely the need to reduce costs by making
more sugar out of the same quantity of sugar cane (i.e. raising the recovery
rate), and the need to meet qudity standards set by the Government. Partly
because wages constitute only a fraction of total costs and aso because of trade
union pressure against any reduction in employment, there is little incentive to
substitute machines for men in the operations that can be mechanised.
However, in recent years a choice of techniques has emerged in the follow-
ing way. After triads at experimental plants * over several years sugar units
began to be established from 1960 onwards i Uttar Pradesh, the state that
produces the largest quantity of sugar cane in India. In 1965 thera were reported
to be 114 such units 2, and in 1972 they were said to number 550 in Uttar
Pradesh alone, without counting the units in other states. The small units
appear to be commercially successful and their contribution to employment
in Uttar Pradesh and to the total output of sugar is substantia 2, so that an
economic comparison of the small plants with the mills seems worth while.

* These pilot plants were supervised by the Planning Research and Action Indtitute in
Lucknow, aided by the National Sugar Institute its Kanpur. The Khadi and Village Industries
Commission, located in Bombay, has also actively encouraged the establishment of small-
scale sugar plants.

¢ Government of India, Ministry of Food and Agriculiure: Report of the Sugar ENQUiry
Commission, Ocreber 1965 1 Delhi, 1965).

3 No single government office is responsible for compiling statistics about the small-scale
units. The Report of the Sugar Enquiry Commission 1965, op. cit., mentions (p, 50}
114 units “using the sulfitation nrocess Of clarification”, mainly in Uttar Pradesh. It is
reported by the Planning, Research and Action Ingtitute that about 550 units were operating
in Uttar Pradesh in the1971-72 season. The putput and employment of these unitScan bé
estimated only very roughly, by making an assumption about the average crushing capacity
and associated employment creation. A conservative estimate would be that the annuat
output is of the order of 200,000 tons and that total employment in these units is about

{footrote concluded overleaf)
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The small units are technically known as open pan sutfitation (OPS) units,
to digtinguish them from the mills, which use the vacuum pan sulfitation
process. The technology employed is a simple version of the chemical processes
in a sugar mill, but with some characteristics of the traditional &handsari* sugar
cottage industry. In favourable circumstances the sugar produced in the small
units is of the same technical standard (in terms of colour, sire and dryness of
the crystals) as average mill sugar, although it is more generaly not quite up to
that standard. 2 There are, however, no difficulties in selling it, usually at a price
5 or 10 per cent below the free market price of mill sugar. Moreover, as we
shail see, the OPS units are labout-intensive and capital-saving in comparison
with the mills; these are considerable advantages in a developing country such
as!ndia with a shortage of capital and a serious rural employment problem.
On the other hand, their recovery rate of sugar from sngar cane is lower thar
that in the sugar mills, which constitutes a serious disadvantage. It is interesting
to speculate about how much more employment would have been generated had
the OPS technology been developed a a much earlier stage. Apparently this
possibility was considered before the introduction of the Sugar Industry
(Protection) Act in 1932, but a decision was then taken in favour of the modern
machinery.

THE POLITICAL AND ECONOMIC SETTING

It is necessary to outline the broader context within which the mills and OPS
units are to be compared. This is complicated by the fact that only 30 per cent of
the annual output of sugar cane is used for making sugar by these two types of
plant. The remainder is used for making gur ® and khandsari, the traditional
sweetening agents, apart from the 10-15 per cent of the cane used for replanting

75,000 persona, permanent and seasonal. These magnitudes are respectively 5 and 40 per cent
of the totals for all sugar millsin Indig, the second figure. for employment; being particularly
remarkable. Another 200 units are said to be operating in other states in India, mest notabl
Andhra Pradesh with 120. A field survey is really required to as-ertain the precise facts about
these units znd to estimate the associeted output and empioyment more precisaly.

1 The sugar produced by the khandsari process is yellow to whitish in colour and opaque
and dull in texture. It is either powdery or in small erystals, and is valued for its digestibility
and nutritional qualities. .

2 A sugar merchant in Kanpur Said that the distinction between mill sugar and ops
sugar was one te_ be drawn only by a specidist. A technologist a the National Federation
of "Co-operative Sugar Factories agreed that some of the OPS Sugar was “very good”. On the
other hand, the exten: to which 0Ps sugar deviates from the best standards of white, hard,
dry crystalsiscertainly dependent upon the diligence and skill of the supervisorsin the
gmall-&cale units, which vary. In the mills, on the cther hand, the chemical processes-boiling
times and temperatures, etc.--are well known and documented.

. * Obtained by boailing and evaporation of the clarified juice of sugar cane. Like khandsari,
it is claimed ta have a greater nutritional value than white sugar.
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and for anima feed. Of the two traditional products, gur is by far the more
important, accounting for about 50 per cent of cane consumption in an average
year. The output ¢f traditional khandsari isnow a avery low level.

The sugar cane cycle is responsible for many of the current difficulties of
the sugar industry. The cycle derives from the fact that in India, unlike other
sugar producing countries, which have large plantations, sugar cane is grown by
individual cultivatcrs who make their own choice of the crops to be sown each
year: a cultivator switches from sugar cane to food grains or a vegetable crop
according to his estimate of profitability. The tim- lag between planting and
harvesting is between 12 and 18 months, and it is this rime lag that generates
the eycle. In a year of deficiency in sugar cane production, prices rise as gur
producers and the sugar mills compete for cane supplies. Cultivators respond
by planting more cane, so that two or three years later cane is plentiful. Prices
fal despite the fact that the mills must pay a minimum price for cane--now
about 8 rupees per guintal ‘-because the gur producers are not so restricted and
account for most of the demand. Prices having thus fallen, production decreases
in the next two years, so completing the four-year cycle. The sugar cane cycle
causes recurrent deficiencies and surpluses in the supply of sugar, as well as
being responsible for under-utitised capacity in the sugar mills in most years,
and higher costs of production. Several measures to damp down the cycle
have been proposed: for example, the Sugar Enquiry Commission (1965)
suggested a large buffer stock for sugar. # To this the Tariff Commission Report
(1969) added the idea of a government support price for gur, which would
naturally support the cane price. However, no such policy has been implemented.

Economic analysis is complicated first by the existence of the cycle and
secondly by the various control measures employed by the Government to
stabilise the supply of sugar to consumers. Under the system cf partia decon-
trol * the Government buys 60 per cent of the sugar produced by the mills at a
fixed price, reselling it to consumers after levying an excise duty. This sugar
supply is termed “levy sugar”. The remaining 40 per cent of sugar produced,
“free”’ sugar, szlils on the open market at a much higher price. This system leads
to many abuses. Nor isit the only restriction on the mills: the minimum price of
sugar cane is fixed, as mentioned above; wages are fixed by a wage board, and
labour forces in the mills are held constant by trade union pressure to maintain
the level of employment; finaly, the growing sector of the sugar industry, the
co-operative sector, is indirectly controlled in the public interest, as a conse-
guence of its being financed by the public authorities and by semi-public

* A quintal is one-tenth of a ton.
& Report of the Sugar Enquiry Commission 1965, op. cit.,, p.163,

¥ Prevailing in Jul)t/_ 1912. The form of control over suPpIies exercised by the Government
varies from time to time according to the condition of the market.
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bodies. The OPS units in Uttar Pradesh, on the other hai.d, are not subject to
controls: their sugar may be sold freely on the open market, and labour is not
unionised ; there is no restriction on the price they pay for their cane; alow rate
of excise duty is levied, but on their capacity rather than on output, since
with so many units operating only a. capacity tax is administratively feasible.

The combined development of the modern technology of the sugar industry
in India is ensured by technologists connected with the National Sugar Insti-
tute at Kanpur and the two factory associations. Most of the machinery for
new factories and for the modernisation of old ones is made within India by
about adozen firms. This specialist industry still has some links with firms in
developed ~ountries, but was set up because of the foreign exchange crisis of
1957 to avoid the necessity of importing machinery as the sugar industry
developed. Since then, however, it has been making equipment for other indus-
tries also. The machinery for the OPS small-scae units is made by smaler
firms in provincia towns, and the expansion of the OPS units in Uttar Pradesh
is sad to have stimulated loca machine-building capability. Although the
technology of the OPS units has been locally developed, it is possible that white
sugar may at one time have been made with similarly simple equipment in
other countries now more economically advanced.

As regards the demand for sugar, consumption is low in India by compari-
son with other countries; in 1969 it was 5.8 kg per head, as against 24.9 kg
in Sri Lanka. 17.8 in the Philippines, and over 50 kg in advanced countries
such as the United Kingdom, the United States and Canada. There would
therefore appear to be plenty of room for a growth in demand. Most of the
underlying demand for sweetening agents is met by the traditional product,
gur, which is ofter: considered to be more nutritious than sugar, but the urban
population in India tends to prefer sugar, especialy with tea, the consumption
of which is increasing aso. Cur consumption till predominates in rura areas
and among the poorer people in the towns. A significant lacuna in the infor-
mation required to plan the sugar industry’s future development is the lack of
evidence concerning the relationship between the demand for sugar and the
price levels of gur and sugar respectively. * Even if the necessary datistics
existed, however, these would not represent true demand and true market
prices b~ ause of the measures of control of sugar supply adopted by the
Governmeut. It can be argued that this intervention in the market for sweet-

* An attempt te explain sugar consumption econometrically was attempted in S. C. Gupta,
S. N. Sinha and M. Prasad: “Relation between consumption and price of sugar to deal
with the problem of surplus production”, in fadiaz Sugar {New Delhi), Vol. XXI, No. 2,
May 1971. The price effect Was not found to be significant in this work. Micro-studies of
pnocde e(x:tn_d income elasticities Of demand would be useful in planning the future growth of sugar
production.
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ening agents implies a choice of products by the Government, a2 choice which
may be just as relevant to the over-all employment level as the choice of tech-
niques. Since each increment in sugar output in sugar mills or in small-scale
units displace; gur output, employment is to some extent diminished since gur
is much more labour-intensive.! The question of whether or not the Govern-
ment is intervening too strongly to protect the sugar industry and encourage
its future growth is. however, very difficult to answer, not only because of the
grear short-term fluctuation in supply but because the income elasticity of sugar
and gur demand is unknown. The determination of the long-term equilibrium
demand would, moreover, depend upon assumptions about the urban-rural
ncome distiiou 10N,

TIOM vas

COST OF LABGUR AND OF CAPITAL

We start cur comparison of the two techniques for the production of white
sugar by examining the cost of labour and of capital. Table 34 gives various
basic statistics in respect of representative units of the two technologies. The
first series relates tea modern mill of the type now being buiit, with a crushing
capacity of 1,250 tons per day, afixed capital investment (in land, buildings and
machinery) of 28 million rupees, and a labour force, permanent and seasonal,
of 90G persons. The sccond sertes relates to a standard OPS plant with a
crushing capacity of 80 tons per day, a fixed capital investment of 540,000
rupees and a labour force of 171 persons. The fixed capital per workplace
amounts 2 31,100 rupees in a modern mill and 3,160 rupees in an OPS plant.

The figures given in table 34 for employment include al employees, skilled
and unskilled, permanent and seasonal. The measure of employment versus
output might therefore be considered rather a rough one. However, it does in
fact reflect the labour-output ratio even when seasonality is taken into account.
In a typical OPS plant the permanent/seasonal breakdown is as shown below:

Permanent staff, for 12 months

(250 working days) 9
Seasond staff, for 5 months (150 days) 19
» » » 4 months (120 days) 3
» " » 100 days 140

—
—

! At its very simplest, gar production requires the employment of two bullocks and four
persons to process about IS5 tons of cane in a 160-day season. The labour input is about 5¢

man-days per ton of gur, as opposed to about 10 man-days per ton of sugar in the sugar mills.
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Table 34. Capital and labour requirements per unit of output

Item Modern mill OPS plant
9.5 per cent recovery * 11 per ¢eni recovery ¥ 8 per cent
recovery?

135-day 200-day 135-day 200-day
crushing crushing crushing crushing

season * seascen ¢ season * season *
Output per season {tons of sugar) 12 825 192 000 14 850 22 000 640
Fixed capital per ton of sugar
output (rupees) 2 183 1474 1885 1273 843.7
Output (tons of sugar) per employee 14.25 21.11 16.50 24.44 3,74
Employees per 100 tons output 7.02 4.74 6.06 4.08 26.7

* This has been the ail-India average for sugar mills in recent years, * This higher average corresponds to the
level reac_hed in Maharashtra State. °In the OPS plants, 8 per cent is a reasonable average; 8.5 per cent may also
be_]_tect_:mcally feasible. ¢ Average leogth of the season in Uttar Pradesh in recent years, ® Full capacity
utihsation.

By adding together the number of man-days worked in each category of
staff (as shown above) an employment-output ratio of 31 man-days per ton
of sugar can be derived. The corresponding measures for the mills were as
follows:

Man-days per ton Of sugar t

Highest Lowest
Uttar Pradesh:
west 16.5 5.1
East 20.7 9.3
Maharashtra 10.3 2.6
All-India average 10.42

The all-India average figure given here is about one-third of the figure of 31
man-days per ton calculated above for the OPS units. Even with the seasonal
nature of employment tatzn into account, therefore, the OPS units generate
about three times more employment per unit of output than the sugar mills.

There are severa reasons for this difference in labour intensity. First, in
the small units more watchers are needed for each chemical process, in place of
the scientific measuring ganges used in the mills. Secondly, in the mills the
juice obtained from the cane in crushing is moved betweea processes by power
pumps; in the OPS units pumps are used, but manual power aso plays its
part, particularly in certain operations during which the juice has to be stirred.

! Figures from the veport of the Committee on the Rehabilitation and Modernisation
of Sugar Factories in India (1965). They are for the season 1962-63, when production was
rather below average, during a trough in the sugar cycle. These figures are therefore probably
rather higher than the average over all years. This does not detract from the argument in
this section, but rather reinforces it.
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For the most part. the unskilled labour force employed in the mills in the
cashing season is used on cleaning operations; in the OPS units unskilled
labour hasrather wider functions.

The figures regarding the fixed capital requirement in table 34 show that
for any level of capacity utilisation the investment cost per unit of output-or
per workplace for that matter-is higher for a modern mill than for an OPS
unit. This is true even when output is high because of a high recovery rate of
sugar from sugar cane. In conjunction with the findings on the labour input
requirements, this shows that the two technologies are in a relationship of
efficiency with respect to each other: at no feasible level of capacity utilisation
do the capital-output and labour-output ratios for the modern mill both fall
below the corresponding ratios for an OPS unit.

Working capital, representing stocks of raw materials and finished product,
is likely to bear a higher ratio to fixed capita in a labour-intensive plant than
in a capita-intensive plant processing the same material. This consideration
may significantly affect the comparison of rates of surplus, as has been pointed
out and iltustrated in one case by Sen. * The extent of thiseffect depends upon
the time lag between the purchase of raw materials and the sale of the fina
product; it will thus be especialy significant in an industry in which most of the
cost is for the raw material. Nevertheless, in the Indian sugar industry, working
capital is probably higher for the mills than for the small-scale OPS units,
because the Government carefully regulates the sale of sugar by the mills, to
ensure that supply is reasonably evenly distributed over the year. The OPS
units are not subject to such regulation, and may therefore sell their sugar in
the course of the crushing season. If this were not so, and the mills and OPS
units were competing on an equal basis, with the same time lag between pro-
duction and sdles, then the ratio of total fixed and working capital to output
would be higher for the OPS units, relative to the mills, than is suggested by the
ratios for investment per unit of output in table 34.

The full implications of the difference in the factor inputs required under
each technology are brought out by comparing the output and employment aris-
ing from the same initia investment, 28 million rupees, in one modern mill and
in the corresponding number. 52, of OPS units. The output figures for the mills
are calculated on various possible assumptions about the length of season
(100 to 200 days) and recovery rates (9.5 to Il per cent). On that basis it will
be found that the modern mill employs 900 persons on a permanent and
seasona basis, and the corresponding OPS units 8,892 while the total output
ranges from 9,500 to 22,000 tons for the modern mill and amounts to 33,280

t See “Technigue for the cotton-weaving industry in India”, in Amartya Sen: Choice
of techniques, «p. cit., Appendix C.
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tons, assuming an 8 per cent recovery rate, for the OPS units. The OPS units
together therefore provide about ten times the employment per unit of output
generated by a modern mill (as long as we do not discriminate between per-
manent and seasonal staff); and for the same investment they generate between
one-and-a-half and three times the output of one mill, the exact ratio depending
on the recovery rate and length of season in that mill. If therefore it is desired
to maximise either output per unit of investment or employment, the OPS units
appear to be the best choice, even if we compare a very efficient modern mill in
Makarashtra, with an 11 per cent recovery rate and working a 200-day season,
with the equivalent number of OPS units. This discussion has, however, con-
cerned only the capital and labour inputs to production, regardless of the real
opportunity costs of these inputs, and the other elements in costs. To these we
now turn.

THE OVER-ALL COST STRUCTURE

The detailed data on costs in a standard OPS unit with a crushing capacity
of 80 tons per day are given in Appendix I. The main items in recurrent costs
are (1) sugar cane, (2) conversion costs, including minor material inputs, fuel
and power, (3) wages and salaries, and (4) depreciation, interest charges on
working capital, overheads, etc. In the OPS units, which work a standard
100-day season, the calculation of costs is easier than for the mills because
capacity utilisation does not vary greatly. The sum of the last three items above
is 286,000 rupees per season, or 45 rupees per quintal of sugar produced. To
this must be added the cost of cane, the price of which varies considerably.
For the purpose of this study, we assume a price fluctuation of between 8 and
12 rupees per quintal, which for an OPS recovery rate of 8 per cent implies a
cane cost of between 100 and 150 rupees per quintal of sugar.

The structure of costs of production in the sugar mills is more complex.
Every mill is different, so much so that one suggestion current in sugar circles
in India is that for levy sugar the fixed price to be paid by the Government
should be estimated separately for each mill. A report of the Tariff Commission
for Indiain 1969 * gave data on average costs throughout the country for the
season 1966-67. The actual average conversion cost, equivalent in composition
to the figure of 45 rupees per quintal quoted above for the OPS units, was
28 rupees per quintal. This average is therefore rather less than the estimate
for an OPS plant for the season 1971-72; on the other hand conversion costs
in the mills have increased considerably since the 1966-67 season.

! Government of India, Tariff Commission: Report or COSt siructure of the sugar industry
and the fair price for sugar, Bombay, I969 (Delni, 1970).
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Tabie 38, S mill: conversion coste per quintat of sugar

(rupees)

Costs 1965-66 1966-67 1967-68 1968-69 1969-70 197172
Salaries and wages 5.02 7.86 14.20 11.26 9.01 17.30

Fuel and power 1.84 1.60 2.05 2.09 1.14 6.08

Repairs and maintenance 1.26 3.04 4.04 2.80 1.84 5.13

Depreciation 14.70 13.48 16.65 10.53 7.66 106.09

Overheads 0.60 2.47 3.9 4.26 2.91 4.13

Total 23.42 23.45 40.84 30.94 22.56 2.73

Capacity utilisation (%) ! 52 45 34 59 98 54

¥ Capacity is defined for the purpose of this table as output at maximem daily crushing capacity in a 200-day
season with a [Q per cent recovery rate.

The accounts of one sugar mill visited, the S mill as we shall term it, serve
to illustrate this point, and also severa others. The § mill is quite a new co-
operative sugar factory in Uttar Pradesh, having a crushing capacity of 1,270
tons of cane per day. It is described in more detail in Appendix 1. Conversion
costs in tris mill were as shown in table 35.

From this table it is apparent that conversion costs are generally rather
higher than the 28 rupees per quintal mentioned in the Tariff Commission
report. An upward trend can be detected in several items despite the low costs
of the 1969-70 season, so that an estimate of costs for a 120-150 day season
might be 40 rupees per quintal of sugar. This approaches the OPS plant’'s
conversion cost of 45 rupees at 1971 prices, if the recovery rate is 8 per cent.

The conversion and capital costs together therefore account for only a
fraction of the total cost of sugar production. The cost of cane congtitutes by
far the greater expense--between 60 and 70 per cent of al costs-and here
the mills have an important advantage over the OPS units. Their higher
recovery rate means that they need less cane per unit of sugar produced:
whereas the sugar mills need between 9.1 and 10.5 tons of cane to produce 1
ton of sugar * (these figures corresponding to recovery rates of 1 1 per cent and

! The figure of 1.03 tons of cane per quintal of sugar is based on an average of 9.5 per cent
recovery. This is subject to variation according to mill efficiency and the quality of cane,
as the table below indicates.

State Average recovery rates per season Number of
factories
1967-63 1968-69 1969-70
Maharashtra 11.27 11.28 10.72 40
East Uttar Pradesh .62 9.42 9.24 2
West Uttar Pradesh 9.44 8.91 8.93
All India 9.87 250 9.33 215
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9.5 per cent respectively) the standard OFS unit requires between 11.8 and 13.3
tons of cane (for recovery rates of 7.5 to 8.5 per cent). Although the difference
depends upon which specific sugar mill and which OPS unit are being compared
it isgignificant enough in any case for the small-scale units to be accused by the
mill associations of being “cane wasters’. This turns out to be an argument of
limited validity, because the extra cane requirement of the OPS units is offset
by the additional capital requirement of the sugar mills; but it may nevertheless
be an argument of wide application, since processing agro-industries typicaly
have high raw material costs. Thus in developing countries where wage rates
are low, the choice of technology may be more dependent upon the price of
the principal input in relation to that of capital than upon the relative facto:/
price ratio between capital and labour.

Ara naive level of choice criteria the optima sugar production method is
not clear. On the one hand the engineer would prefer the more capital-intensive
technology because of the higher extraction and quality, but if employment
maximisation iS the objective the OPS units are preferred, as they are also if
output is to be maximised with investment resources as the constraint; and if
agricultural production is thought to be constrained, then the mills are preferred
because they require less cane per unit of output. There is therefore a conflict of
arguments which will be considered together in the analysis following.

SOCIAL COSTS

In this section we shall look more closely at the social costs and benefits of
the two technologies in order to determine in what circumstances the expansion
of large-scale sugar production is justifiable. Two difficulties stand in the way of
such an anaysis. The firgt is that the real benefit of sugar production is not
easily measurable. Because of the sugar cane cycle the price of free sugar
fluctuates despite the regulation of most of the supply by the Government;
thus what is actually paid for the average ton of sugar is not known, and a
price elasticity cannot be estimated. Moreover, as we have noted above, there is
a quality difference between OPS and mill sugar, athough not apparently a
very significant one to consumers: the OPS sugar tends to sell at a price 5 to
10 per cent below the free market price of mill sugar. To avoid thefirst difficulty
in a cost-benefit analysis we shall simplify matters by assuming an identical
product and so an identical benefit from sach method of production. The
benefits thus being regarded as the same, the analysis can concentrate on the
socia costs of production aone.

The second difficulty has been referred to before. It is that each sugar mill
operates with a different schedule of costs, and with varying technical efficiency.
The data used here are at best reasonable averages.
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The red opportunity costs of production by either technology have a
present value

L
PV(C) = B—— + LP,

e(1+0)°
where C, is the total of running costs each year (weighted as necessary by
shadow prices,, | isthe initial capital investment requirement, P; is the shadow
price of investment funds, and i is the socia rate of discount. This expression is
simplified by assuming’ that a one-time investment is followed by a constant
stream Of costs each year, and also by assuming a long lifc for machinery
(asis reasonable in this case). Then

PrCy =S + 1P,

This will be converted to an annual equivaent cost per unit of output to alow
a comparison between the two technologies. The annua equivaent cost will
in fact be our criterion of choice: the technology for which it islessis that which
economises most in the use of scarce resources per unit of output.

The shadow price of investment, 2;, is estimated by following the method
of Sen and Datta~-Chaudhri in aprevious evaluation of an industrial project in
India according to the formula

P, =r(l —a)/(i-ar)
where
a= rate of reinvestment of profits
r = rate of return on investment in the economy
i = social rate of discount.

Following these authors we shall assume that a =r = 0.20, ie. that the
rate of return on investment is 20 per cent, as is the proportion of profits
re-invested.

The socia rate of discount is both a parameter and an unknown in the
caculation. # However, in an economy such as India's in which consumption
per head is increasing only very sowly the socia rate of discount will be on the
low side. In the first calculation presented below, i has been taken to be 10 per
cent; in further calculations its value will be varied, with significant effect,
as we shall see. With i at 18 per cent, and a, r taking the values suggested, P,
equals 2.67, this figure indicating the present value of the aggregate consump-

1 A K. Sen and M, Datta-Chaudhri: “Durgapur Fertilizer Project. An economic evalua-
tien”, in Indian Economic Review (Delhi), Vol. V, No. 1, Apr. 1970.

2 This is the approach adopted in UNIDO: Guidelines for project evaluation, op. cit.,
p. 167. The importance of the value assigned to the social rate of discount can be determined
by sensitivity analysis.
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tion forgone elsewhere in the economy owing to the investment of irupze in
sugar production now. P; increase; as the socia rate of discount decreases,
reaching the value 16 when i equals 5 per cent.

Turning now to the details of the computations, in the first term of PH{C)
above, C/i, the costs included are (a) sugar cane, {&#) minor material inputs,
chemicals, fuel and power, (¢ repairs and maintenance, (d} overheads and
contingencies, and (e} salaries and wages. These are easy to estimate for the
OPS units, in which the length of season is fairly fixed. For a modern mill it is
necessary to estimate the costs, some fixed (i.e. ¢, d, €), and others variable
(i.e. a, b) from the time series for the 8 mill (which isin fact as typical a modern
mill as one could find). This has been done for three levels of capacity utilisation,
corresponding to seasons of 200, 150 and 100 days. By assumption, the price of
cane in these seasons is 8, 10 and 12 rupees per quintal.

Depreciation has been excluded from recurrent costs in the modern mill
and the OPS unit because it represents only a nominal transfer in favour of the
eventual replacement of machinery and equipment which is likely to be long-
lasting, and for which repair and renewa costs are alowed. *

Each item of costs can be valued in social terms. For example, the real social
cost of a marginal unit of electricity may be higher than the tariff value, in
so far as increments in eectricity supply involve the utilisation of scarce
foreign exchange and investment resources. Shadow pricing considerations of
this kind have not been taken into account in the present value calculations in
respect of the minor inputs. However, the two mgjor items in recurrent costs,
wages and salaries and sugar cane, deserve specia attention.

A typicd modern mill pays each employee four times more per annum
(2,450 rupees) than does the average OPS unit (684 rupees), so that despite
the greater labour intensity of the OPS units their labour costs per unit of
output are similar to those in a sugar mill. To be precise, the labour cost in
the S mill equals that in an OPS unit a a level of capacity utilisation in the
mill corresponding to a season of 135 days 2, which is equal, by coincidence,
to the average length of the season in Uttar Pradesh in recent years.

“See UNIDO: Guidelines for project evaluation, op. cit., p. 299.
2 Details of comparison of labour COSts:

S mill OPS
Totd saiary and wage costs (millions of rupees) 2.2 0.117
Number of workers 900 171
Sdary and wage costs per worker (rupees) 2450 648
Length of season (days) 100 150 200 100
Sadary and wage costs per tan of sugar (rupees) 232 154 116 183

The wage and salary bill for the modem mill given hereis estimated from thes mill
accounts for 1969-72, and is consistent with other data on sugar mill costs. The OPS sdlary
and wage hill figure is that alse shown in Appendix I.
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In economic theory the debate on choice of technique has usually been pur-
sued in the context of an assumption that the wage rate for labour is the same
for either technique. We see here that this is not the case. A sugar mill isin
fact an enclave of the manufacturing sector, although physically located in an
agricultural area. Thus the wage rate paid, and associated conditions, are
related to those in other manufacturing industries. The net payment to labour
in the sugar mills is determined from time to time by reference to the level of
consumer prices, the concept of a “minimum need-based wage rate” for
industrial workers, and the capacity of the employers to pay. ' Allowance is
not made for the fact that if a sugar mill did not exist its workers would be
earning very much less than they are in agricultura employment, if indeed
they were employed at al. A further subsidy to sugar mill workers is the pro-
vision of housing a alow rent in the vicinity of the mill. This provision repre-
sents the major element in the social cost of transferring labour from the agri-
cultural sector to the manufacturing sector.

The practicai effect on the calculation of the present value of socia costs
is that since wage costs per unit of output are more or less equa under the two
technologies, the attachment of a shadow price factor to these costs will make
no difference to the choice between the technologies. No adjustment of this
kind has therefore been made for the purpose of the present comparison,
although such an adjustment would be advisable if we were comparing the
socia costs of producing sugar with those in another industrial project.

There is one fina but possibly quite crucia point to be made in relation to
wages and employment. As we have seen, in each method of production, wage
costs per unit of output are roughly equal. However, in a mill a relatively high
wage is being paid to a few, in comparison with the OPS units in which a much
lower wage is paid to more workers, but for only a par: of the year. In social
wefare terms is it better to withdraw a few persons from the agricultural sector
and pay them a complete wage, or subsidise the agricultural incomes of a
greater number in the OPS units but only seasonally? Upon this essentially
value judgement the optimal choice of technology may depend. In view of the
incidence of rura poverty in India it is arguable that the average socia utility
of the OPS wage payments is higher than that of the mill wages.

Equally we might consider attaching a shadow price to sugar cane, to take
into account the labour element in its cost. Such a procedure would favour the
OPS units, since they require more cane per sugar output. Since the purchase
price of sugar cane varies from year to year as growers attempt to maximise

18ee Government of India, Ministry of Labour, Employment and Rehabilitation,
Department of Labour and Employment: Report of the Second Central Wage Board Jor the
Sugar Industry, 1970 (Faridabad, Government of India Press, 1970).
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Table 36. Present value of the cosis of sugar mill production

{rupees)
1. Length of season (days) 200 150 100
2. Tons of cane crushed 200 002 150 000 100 000
3, Tons of sugar output 12000 14 250 9 500
4. Price of cane per ton 80 100 120
5. Total cost of cane 16 000 000 15 000 000 12 0G0 000
6. Total wages and salaries 2 203 000 2 203 000 2203 000
7. Totial cost of material inputs
other than cane 850 000 637 500 425 000
8. Repairs and maintenance 489 000 489 000 489 000
9. Total running costs (addition
of lines 5-8) 19 542 000 18 329 500 15 117 600
10. Fresent value of total running costs
(discount rate 10 per cent} 195 420 000 183 295 000 151 170 600
1§. Investment cost 28 0600 000 28 00 000 28 000 600
12. Invesimient cost weighted by the
shadow price of investment ! 74 670 000 74 70 000 74 670 000
13. Present value of alf costs ?
{addition of lines 10 and 12) 270 090 000 257 965 000 225 840 000
14. Present value of all costs per ton 14 215 18 103 23773

of output (line 13 =- line 3)
15. Annual equivalent of line 14,
expressed per quintal of output 142 181 238

Lpp =267 *PVI(C)L

Note: To obtain the annual equivalent per quintal the previous line is twice divided by 10: {a) to convert from
per ton to per quintal; (b} to translate from present value to annual equivalent by multiplying by the rate of
interest {i=10 per cent) {see texy).

their income over arange of crops the opportunity cost of sugar cane is difficult
to gauge, although it may indeed be rather less than the minimum price payable
by the sugar mills. However, this possibility is insufficient justification for a
shadow pricing procedure, the only concrete reason for which would be a
clear-cut value judgement in favour of rural incomes at the expense of aggregate
consumption. *

The present value calculations at a socia rate of discount of 1O per cent are
set out in detail in rables 36 and 37. For the purpose of comparability, each
present value has been reduced to an annua equivalent figure per unit of
output, i.e. PV(C) has in each case been multiplied by i/Q.

At the assumed 10 per cent socia rate of discount, the mills appear to have
a clear advartage only when seasons last for an average of 200 days, 150 days

I Such z value judgement assumes that the social utility of an increment in a {low) rural
income is greater than the social utility of the same increment in a ¢higher) urban income. The
implications of this value judgement are discussed in depth in a recent study—Deepak Lal:
Men or mackines : A study of labour-capital substitution in road construction in the Philippines,
A WEP study on technology and employment (Geneva, ILO, 1978).
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Table 37. Present value of the costs of sugar preduction in an OPS plant !
(rupees)
1. Length of season (days) 200 i50 100
2. Price of cane per ton 30 100 120
3. Total cost of cane {8,000 tons) * 640 000 800 000 960 000
4. Fixed costs? 220 (80 220 080 220080
5. Present value of running costs {lines
3 + 4), discounting at 10 per cent 8 600 000 10 200 000 11 800 OGO
6. Investment cost 540 000 540 000 540 000
7. Investment cost weighted by the
shadow price of investment 1 440 000 1 440 000 1 440 000
&. Present value of all costs
{lines 5+ 7) 10 040 000 11 640 006 13 240 000
@, Present value of all costs per ton of
output (line & - 640 tons) 15 687 18 187 20 687
10. Annual equivalent of line 9
expressed per quintal of output 157 182 207

1 For fuller details see Appendix I.  ? Crushing capacity 80 tons per day. ? Repairs and renewals 17,020 rupess:
fuel, power and chemicals 65,460 rupees; overheads 24,608 rupees; contingengies 10,000 rupees; wapes znd
salaries 117,000 rupees.

iscloser to the actual average in al India, and for that average length of season
the present value of social costs is practically equal for the two techniques. For
a short 100-day season the OPS units produce sugar more cheaply. Thus, these
figures confirm whai is observed in practice, that the OPS units are growing
faster numerically in northern states, and not in Maharashtra, where the seasons
are longer and recovery rates significantly higher.

The influence of this last factor is more fully brought out in figure 3, which
is the result of the same present value calculations carried out for a range of
socid rates of discount and for two levels of recover: rate of sugar from cane,
9.5 per cent (the national average) and 11 per cent (the Maharashira average).
Since the socia rate of discount is hormally considered to be low in the surplus
labour economy, its significant range in these diagramsis O-10 per cent, and the
following remarks concern this range. Diagram | indicates that if seasons are
cily 100 days in length the OPS units clearly have lower socia costs of pro-
duction. With a season of intermediate length, Diagram Il indicates two switch-
ing values of the socia rate of discount. If the rate is considered to be below
9.6 per cent the small-scale units have lower socia costs per unit of ou‘;tput
than mills with a recovery rate of 9.5 per cent: if the social rate of discunt
is very low-less than roughly 6 per cemt-—the OPS units are preferable in
socid cost terms to even the most efficient mills. Diagram 1l confirms that
if the seasons last 200 days the socia costs of sugar mill production are lower
for either recovery rate. Apart, therefore, from the difference in recovery rates
among regions, the degree of capacity utilisation is vital. Sugar mills are not
justifiable if they crush cane for less than 150 days per season: above 150 days

197




Figure 3.  Annual equivalent of present value of cost of
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they become justfiable as long as weight is not attached to the value of a wider
income (and employment) distribution. (However, the fact that the small-scale
OPS units arc intended only to work a 100-day season each year renders
investment in them risk-free in a way that investment in the large sugar mills
is not since the latter are more dependent for their profitability on cane supplies
lasting beyond this 100-day period.)

PRIVATE PROFITS AND RE-INVESTMENT

The comparison of private profitability between the two techniques, large-
scale and small-scale, is confused by market conditions and the variability in
supply from year to year. OPS sugar tends te sell at a price 5 to 10 per cent
below the “free” price of mill sugar, but the mills are forced to sell most of their
output a a lower controlled price. The latter is said by the mill owners to have
been fixed at an unprofitable level, at least for mills in the north. Certainly in
years of short supply the OPS units enjoy thr private advantage of being able
toseli their sugar at a higher price than they might otherwise be able to secure
if there were not a system of supply control.

The small-scale units also profit when sugar cane is in surplus, for then,
athough the selling price of sugar may be low, the price of cane is aso low;
moreover, the OPS need not pay the minimum price fixed for cane by the
Government, and may thus enjoy a purchasing advantage over the mills. Their
cane purchasing position is a'so made easier because, individualy, they require
less cane and their demand can be met by the small growing area around them.
On the other hand a large-scale mill requires good communications to assure
capacity wutilisation, because sugar cane must be crushed within 24 hours of
cutting: even with such good communications, additional transport costs are
incurred that may add as much as 1 rupee to the cost per quintal of cane. The
choice of techniques may then be effected by location, and it is for this reason
that the small-scale units have received the support of aleading sugar technolo-
gist in India. *

The seasonal variation in output, and the consequent variation in costs and
prices, render the caculation of rates of return for each technique almost
meaningless. Asto the investible surplus, in the case of the modern co-operative
sugar mills it will be returned to the financial sources from which the initial

* See the speech of Mr. Gundu Rao & the opening of the Fourth Technical Seminar on
the Open Pan Suiphitation Process, Lucknow, 1966. IN the course of that speech, Mr. Rao
noted that the small-scale unit “ situated very close to the cane areas has the agvantage of
fresh cane. There are vacuum pan factories which are losing 0.5 to 1 per cent in recovery
on account of staleness.”
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investment is drawn, these sources including central and state governments and
the Industrial Finance Corporation. OPS profits may be consumed or invested
by their owners in rura industry and agriculture. Unfortunately, no figures are
available to sustain fully the thesis that rural areas benefit from such re-invest-
ment, athough this seems probable. A further long-term socia and economic
advantage offered by the small-scale unitsis that they allow the mobilisation and
development of mechanical and entrepreneurial skills in rural areas.

SUMMARY OF FINDINGS

Setting aside for the moment the dight difference in quality involved, the
conclusions that we can draw from the preceding sections about the choice of
technology in sugar production are as follows. It was established that neither
technology minimises costs over the entire range of costs of labour and capital.
Then a form of social cost-benefit analysis was applied so as to indicate the
parameters which determine the optimal choice between the technologies,
i.e. that choice which minimises real socia costs, given the objective of maxi-
mising aggregate consumption discounted over time. In fact this discount rate
emerged as a key parameter, on which depends the socid value attached to a
unit of investment. Other major parameters cf crucial importance in the
comparison between large-scale and small-scale production are the recovery
rate of sugar from cane and the average length of the crushing season. Inter-
estingly enough, the general level of wage rates makes little difference aslong as
the wage rate in the mills does not increase in relation to that paid by the smail-
scale OPS units.

These findings are confirmed by the fact that the sugar mills in Maharastra
have the advantage over OPS units because of their higher recovery rates and
longer crushing seasons. On the other hand, smail-scale production has devel-
opcd rapidly in the northern states of India because the mills obtain lower
recovery rates and are handicapped by the fact that the crushing seasons are
of uncertain and often short duration.

IMPLICATIONS FOR TECHNOLOGICAL CHOICE

It would be facile to conclude from the findings of this study that sugar
mills should be built in Maharastra and OPS units in the northern states. What
the analysis really demonstrates is the need for careful examination of proposals
for new mills, wherever these are to be located, in the light of the existence of
the small-scale technology. Two refinements in methodology are however
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required. The first of these is that a value judgement should be made on
wheiher or not a premium is to be attached to rural income and consumption
a the expense of aggregate consumption. If this were done the siteation would
be more favourable to the OPS units, especidly in so far as the surplus they
earn iSre-invested locally. Only if such apremiumis applied will the widespread
concern in India about rura poverty be reflected in the project evaluation. The
second refinement concerns the data: there is a clear need to verify the infor-
mation so far available on small-scale production costs, and to determine the
cost of overheads (extension services, research and development, etc.) entailed in
their expansion. *

Two arguments in defence of the mills have already been touched upon. but
are so important as to merit a concluding comment. The first is the assertion
that the OPS units are “cane wasters’ by comparison with the mills, because of
their lower recovery rate. Thisisavalid argument but clearly avery limited one,
for the mills may equally well be dubbed “ capital wasters’, especially in seasons
of low cane production.

This leads us to the second line of defence of the mills, which is that their
unit costs would be reduced if only the sugar cane cycle could be stabilised.
Investment in new sugar mills would then be rendered no more risky than invest-
ment in OPS units. However, it isnot at al clear how stabilisation in sugarcane
production is to be achieved, given the nature of the market, except by raising
the minimum price payable for cane to an otherwise unacceptable level.

Beyond the choice of technique in sugar production lies the more difficult
choice of products. In sugar production in India there are alternative techno-
logies resulting in similar, though not identical, products. The existence of
another, very labour-intensive Sweetening agent, gur, aso derived from sugar
cane, further complicates the question of the choice of products. The present
case study cannot therefore achieve the same clarity of conclusion as Timmer’s
study 2 of rice milling, in which five prircipal methods of production of varying
capital intensity resulted in the same end-product Yet it can be said that
if there is a case in a country like India, with a very low income per bead, for
amore equitable distribution of consumption goods, then rather than producing
ahigh-quality product such as sugar for consumption by the few, it may be
preferable to produce twice the quantity ofgur, which is a cheaper but reputedly
more nutritive food. A less extreme argument would be that the labour-
intensive production of low-grade sugar is preferable, on similar grounds, to

A field survey of the OPS units for this purpose has already becn suggested (see foot-
noie 3 to page 183 above).

! C. P. Timmer: “Fmpioyment aspects of investment in rice marketing in Indonesia”™,
it Food Research Institute Studies in Agricultural Economics, Trade, and Development (Stanford
University), Vol. XI, No. 1, 1972,
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the capital-intensive production of a lesser quantity of high-grade sugar
(given the -restraint on investment). Why then has government policy been so
preoccupied witb a product the quality of which is amost unduly high in
view of the poverty-weighted income distribution in India?

The answer to this question may in part lie in history. The sugar industry
was established behind a tariff wall during the colonia era. Possibly the con-
sumption needs of either the metropolitan country or the expatriate community
inIindia at that time played some part in the decison. Had there then been
research into small-scale methods of production the industry might have
developed differently.

Beyond that point in history there are other reasons for the continuing
expansion of capital-intensive and large-scale production. There isfirst a strong
and vocal vested interest in such expansion. This consists of professionals
and businessmen connected with the two employers associations, as well as
chemists, engineers, accountants and managers in mills throughout the country.
These people are proud of the modern technology of the industry, the more so
because all new machinery is now made in Tndiz itszif, and have little interest in
seeing small-scale prsduciion increase a the expense of mill expansion.
Altogether, this may be considered as another example of the institutional
urban bias in rural development planning in India. !

Capitd intensity is aso favoured, as we have seen, by the application of
what has been termed the “engineering criterion” of choice of technique. 2
(This phrase is due in the first place to Timmer 3, and the idea was aso devel-
oped by Wells*in acase study comparison of economic and engineering ration-
alisations of technological choice in Indonesia) In the past the engineering
criterion has been defended in the sugar industry on the grounds that high
quality is required in production for the purpose of export. However, this
argument is of doubtful weight because so small a proportion of production-at
most 10 per cent in recent years-is actually exported.

A final reason why the possibility of expanding small-scale production has
not been more carefully considered in India is that there is no single body

_ 'The phrase isdue te Lipton : “Strategy fOr agriculture: Urban bias and rural planning
in Indid’, in P. Streeten and M. Lipton {eds.): The CriSis of Indian pianning (London, Oxford
University Press, 1968).

., » The preference for the engineering criterion is revealed by the contents of the sugar
industry jeurnals, In which articles on engineering and chemical problems and the agronomics
of sugar cane cultivation have Pn de of place. What econumic articles do occasionally appear
are at asimple, descriptivelevel.

# ¢. P. Timmer, op. Cit.

*+ Louis T. Welis: “ Economic man and engi neerin% mar.: Choice of technology in alow-
wage ceuntry”, in C. Peter Timmer, John Woodward Thomas, Louis T. Wells, Jr., and David
Morawetz : The choice of technology 1N devel OPINg countries . Some cantionary tales, Harvard
Studies in international Affairs, No. 32 (Cambridge, Mass., Harvard University Center for
international Affairs, 1975).
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responsible for evaluating investment possibilities in the two technologies
together. New sugar mills licensed by the Government obtain loans at a rate of
interest of 7 per cent (other elements of the investment cost usually being interest-
free) from the Industria Finance Corporation. The latter appears to interpret
its function in a fairly narrow sense: it verifies the financia viability of the
proposals made to it for new sugar mills without taking into account the
existence of the alternative technology and without analysing the related conse-
guences for income distribution and employment. However, because of the
diminishing number of regions producing enough cane to justify new large
sugar mills, a policy of dua development, small-scaie and laige-scale, riay
become increasingly appropriate in the future.
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APPENDIX |

THE ECONOMICS OF SMALL-SCALE SUGAR PRODUCTION

The figures given here summarise the detailed data supplied by Mr. M. K. Garg
of the Planning Research and Action Ingtitute in Lucknow. They refer to a small
OPS plart with a crushing capacity of 80 tons per day in two-shift working.

Thousands
of rupees
Land 15
Buildings and construction 215
Machinery and fittings 310
Working capital 60
Total capital investment 600
Chemicals and other minor inputs 24.26
Fuel and power 41.26
Permanent staff 61.00
Unskilled iabour (at 4 rupees per man per day) 56.00
Contingencies 10.00
Depreciation
— on buildings, etc., a 5 per cent per annum 11.45
— on machinery at 10 per cent per annum 31.10
Repairs and renewals 17.02
Overhead charges (covering offics cxpenses, enicriainmcnt, otc.} i0.60
Interest on seasona working capital at 12 per cent 24.00
Total of working expenses, excluding the cost of cane 286.63
Cost of sugar cane (80,000 quintals in aseason) at 5.25 rupees per quintal 420.00
Excise duty and income tax 136.53
Working expenses (as detailed above) 286.63
Total annua running costs 843.16

This totad cost must be deducted from income to give the net profit. The income
from the sale of sugar and minor by-products, assuming a selling price for the sugar
of 160 rupees per guintal, will be 908,800 rupees. The net profit will amount to
65,640 rupees (908,800 — 843,160). Thus the rate of return on a capital investment
of 600,000 rupees is 10.9 per cent. This figure is very sensiiive to year-to-year varia-
tion, however, because it depends so greatly on the prices of sugar output and the
sugar cane input. (The estimates of these prices used above are lower than those
used in the text of the chapter.)
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DESCRIPTION OF A TYPICAL MODERN MILL
AND A TYPRICAL OPS LNIT

The S mill isa modern co-operative factory established in 1966 in West Uttar
Pradesh. The main building is over 200 metres in length and three or four floors
in height. There is a complexity of machinery. Around the factory itsdf is a small
housing estate. Most of the workers, seasonal or permanent, live in these quarters
at a fairly nominal rent. It will not be long before al the factory personnel are housed
in this way. The community is self-contained, the nearest town being 15 miles away,
S0 that most shopyping is done on the factory estate itself. Some of the workers are
said to be saving from their wages to boy houses elsewhere.

The book vaue of al the fixed capita stock, mainly purchased before 1965,
is 18.9 million rupees. (This compares with the cost of a mill being built in 1973 of
28 million rupees.) Of this sum about half is a loan from the Government of India,
the Government of Uttar Pradesh and a co-operative society of growers. The growers
receive a per etual return to their investment in the form of rather higher prices for
cane in the area around the mill than prevailed before its existence.

The senior staff have an air of professionaism. They are qudified engineers,
chemists and accountants. The quality of sugar has been high since the factory opened.
On the other hand, the miil has had considerable difficulty in obtaining sufficient
cane, so that this expensive and modern plant is poorly utilised.

The tabour force a the § mill numbers 285 permanent staff and 630 seasona
labourers who are paid a retainer alowance when not working. Because of trade
union pressure ng consideration iSgiven to the possibility of reducing costs by
diminishing the labour force. The milt has none the less decided to install some
expensive cane unloading machinery. This machinery will be more efficient than
the labour now employed on this task, which will not however be declared
redundant.

A typical open pan sulfitation unit in the same region was visited. This unit
has a daily crushing capacity of 60 tons of cane. It has been financed and is closely
managed by a large landowner who is to lose land in the coming land reform in
India and has therzfure decided to experiment in increasing the family income by
means of a small-scale rice mill and an OPS unit. The landowner is well satisfied
with the results of these experiments. The OPS unit has made a profit in every year
in the last four, and not only in years of sugar scarcity.

One difficulty is the karigars. These are the semi-skilled workers who are respon-
sible for the principa chemical processes in the manufacture of the sugar. The
karigars may achieve the right mix, timing and temperatures for a good-quality
sugar one day, but there is no guarantee that they will be able to repeat the perfor-
mance on the next; for this reason the quality of sugar is variable. Nevertheless,
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a sample of the sugar from this OPS unit was very good, athough a little moist by
comparison with mill sugar.

The OPS unit provides employment for about 150 persons during the crushing
season from December to March. These men live locally, mainly in a nearby village,
and have to leave in April to harvest other crops. For this reason the unit does not
generally work for more than about 100 days.
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OPEN PAN SULFITATION TECHNOLOGY ANC EQUIPMENT"

Summary description

The process is a smplified form of the single-sulfitation process employed iu
vacuum pan factories.

The cold raw juice from the crusher is received alternately in two tanks in the
mill house. It is pumped to a sulfitation tank where milk of lime of 15° Baume
is added to the juice to bring the pH to between 8.2 and 10.4. The sulfur is burnt
in a specia furnace with the help of a compressor and the SO, gas thus produced is
made to bubble through the juice in the sulfitation tank. The bubbling is continued
till the pH of the juice is between 6.8 and 7. The juice is then run into the sulfitation
bel where it is boiled. After sulfitation the juice comes out of the tank a a pi of
45 to 5.0. It Rows by gravity to the sulfured juice heating bei, which consists of
a gutter pan and a circular flat-bottomed paix at a lower level. The juice flows from
a tank into the gutter, where it is more or less neatralised with milk of lime and is
heated simultaneoudly. It is then run into the round pan where final neutralisation
is carried out and the juice is brought to the boil. In order to avoid charring, a small
ouantity of juice, just sufficient to cover the bottom of the gutter pan, is aways left
behind. After the juice has been boiled in the round pan it is pumped *e the settling
tanks. The clear juice from these tanks flows by gravity into the gutter pans of the
standard bel while the muddy juice is sent to hag idlters. Tbe filtrate from these,
together with the washing, IS also sent to the gutter pans of the bels. After the other
pans of the beis are filled, the juice is concentrated to raak in the usua manner.

The hot concentrated product from the bel is transferred directly without any
aeration to the crystallisers fitted with stirrers. Crystallisationin motion takes place,
and after the raab has cooled for two days it is ready for centrifuging. This gives
first sugar and the first heavy and light molasses. These molasses are re-boiled and
put into crystallisers smilar to those for the firs. raab but smalier in capacity. The
second raab is aso ready for centrifuging on the third day. The light and heavy
molasses obtained from the second raab are again boiled, yielding a third raab. This
is aerated, cooled and alowed to crystallise a rest in masonry tanks for four to
Eve weeks. On centrifuging, this gives third sugar and a finai molasses. The sugar
obtained is dried in the sun or in the dryer in the usual way.

1 Condensed from Planning Research and Action Ingtitute, Lucknow: Open pan sulfi-
tation Process Of khandsari sugar manafacture (1965). The Institute, whici: is located at
Kalakankar House in Lucknow, can supply further information to interested readers.

207




Technology and empioyment in industry

Machinery

The machinery requirements suggested in the context of India may be modified
elsewhere. The basic components in an OPS unit crushing 60 tons of cane per day
are---

I crushing urit (h-roller hydraulic crusher fitted with cane carrier and cutter);
2 pumps (open impeller type fitted with motor-2-i”. delivery):
1 compressor (20 cu. ft. air displacement capacity per minute, fitted with motor
and air receiver);
4 centrifugals (114 ft. %1 ft., fitted with motor);
1 dryer (complete);
| weighbridge (3 ton capacity);
i platforia balance (to weigh up to 2 guintals); and
7 eectric motors, including starters, switches, etc.--
| 60 h.p. motor (for 6 roller-crushers),
110 h.p. motor (for cane carrier and cultter),
17.5h.p. motor (for cane carrier and cutter), and
4 5h.p. motors (for crystallisers, etc.).

The smpler equipment listed below may be manufactured in loca workshops
with fairly smple equipment.
2 raw juice tanks — 8 ft.x 2 ft. x 13 ft. — made up of Y/, in. steel sheets;
2 aulfitation tanks — 29 ft. diameter == 7 ft. deen. fitted with lime-adding tanks;
Isulfitation bel consisting of the following:
2 long pans — 8 ft.x 3 ft. > | 14 ft.,
| round pan — fop diameter 614 ft.,, bottom diamewer 5 ft., height 114 ft.,
I round pan — top diameter 5i4 ft., bottom diameter 5 ft., height 114 ft.,
I round pan — top diameter 414 ft., bottom diameter 4 ft., height 1.5 ft,;
| sulfur furnace (casted);
1 scrubber — 10 In. diameter, 2% ft, hieh;
12 settling tanks — 3 ft. = 2 ft. x 4 ft.;
12 bag filters — 4 ft. x134 ft. x 4 ft,
2 filter presser — | 14 ft.x 114 ft. — 30 plates;
4 standard bels consisting of the following:
2 rectify’ng pans — 8 ft. x 2 ft. x1 ft.,
1 round pan — 6 ft. diameter, 714 in. deep, of 3/, in. thickness,
1 round pan-— 5 ft. diameter. 714 in. deen_ Of 3/. in thicknees
| parchha, casted — 314 ft. diameter, 714 in. deep, and
1 fourth pan — 414 ft. diameter, 714 in. deep, casted;
4 standard molasses bels consisting of the following:
! round pan 314 ft. diameter, 744 in. deep, casted,
1 round pan 3 ft. diameter, 6% in. deep, casted, and
1 round pan 2% ft. diawneter, 514 in. desn. casted;
3 recuperators fitted with either wet-bagasse or horseshoe furnaces; and
24 crystallisers:
18 for first raab-—35 ft. x 3% ft. x 314 ft., and
6 for second raab — 4 ft. x 3 ft. x 344 ft.

In addition various pipe and electrical fittings are required.
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MANUFACTURE OF CEMENT BLOCKS
IN KENYA !

by F. Stewart ?

Cement blocks are probably the most important building material in urban
Kenya. They are made by mixing cement, sand and small stones together and
forming the mixture into blocks of varying size. The blocks are then used as
bricks in the construction of buildings. Block manufacture was selected as an
example to illuminate the question of choice of techniques for two reasons—
first because it was believed that there wasin use in Kenya a range of techniques
ranging from hand-operated machines which could with justice qudify as
“intermediate technology” to fairly sophisticated mechanised machines, and
secondly because it was believed that the product resulting from these different
methods was homogeneous and hence that the obvious problems emanating
from non-homogeneity would be avoided. The second reason was a bad one in
two respects: first, and less important, the product turned out not to be com-
pletely homogeneous; secondly, a comparison of techniques that produce
homogeneous products limits the investigation and makes the results most
misleading. ? In this case attention is focused on the making of blocks to the
exclusion of other substitute building materials such as mud bricks, coral,
stones or mud. Consideration of some of these methods would extend the
choice of techniques, in the sense of technicaly efficient, labour-intensive
methods of production which meet the country’s requirements, far more than
would an examination of cement block manufacture alone.

Until recently, detailed empirica studies have been very rare. * The present

* This research was partly conducted with finance from the Ministry of Overseas
Development Of the United Kingdom (now the Overseas Development Administration).
I am grateful for their permission to publish this study.

*Senior Research Officer, Indtitute of Commonwedth Studies, University of Oxford.

* This point is discussed theoreticaliy in F. Stewart: “Choice of technique in developing
countries”, OP. Cit.

1 See Jenkins, Non-agricultural choice of technigue, op. cit., for references to other studies.
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study is designed to throw soine light on the question of whether an efficient
range of techniques exists or whether the later more capital-intensive techniques
invariably dominaie all other techniques by virtue of using less of all inputs per
unit of output. For this purpose the information needed was the quantity of
each input required to produce a given amount of output, not the money costs,
i.e. an engineering production function insteaa of a cost curve. Actual costs of
inputs become relevant only when an entrepreneur decides which technique to
use, or a planning office which technique would be optimal. However, it is
sometimes impossible conceptually, as with capital, and sometimes impossible
through iack of information, to disentangle money costs and the quantity of
input used. Other questions illuminated by the study are the relationship
between skill reguirements and the capital intensity of techniques; technique
and product quality; and the process approach to choice of techniques.

THE FIELD SURVEY

In 1969 23 different organisations were intzrviewed, each of which was
operating one nr more block-making machines. These organisations were not
intended to he a representative sample of block-makers in Kenya: the aim was
to find anumber of examples of each of the different ways of manufacturing
blocks rather than to give any accurate representation of the industry as a
whole. Of the 23 organisations, 19 were located in or very close to Nairobi;
the remaining four came from Thika, Machakos, Nyeri and Nanyuki. The
19 in Nairobi included &l the main block suppliers, but the rest of the
country was extremely sketchily represented. The organisations; to beinterviewed
were selected in a somewhat ad hoc way. The main types of organisation using
block-making machines-quarry operators, builders, local government
authorities, and some building material firms-were known. * The survey
included al the quarry operators who produced blocks in and around Nairobi.
Every building firm listed in the yellow pages of the Nairobi telephone directory
wasccntacted and if it owned a block-making machine the firm was requested,
and in most cases granted, a personal interview. The other organisations
interviewed in Nairobi were contacted through the advice of some of the
oiher firms questioned. The organisations outside Nairobi were selected in a

* For this and other information, including a comprehensive list of quarry operators,
| am extramely grateful tO E. J. Wellswho, in part in cq-o;lt)eratlon with E. Rado, was
conducting a mg[or study Of building materials, with particular referenceto quarries, in
Kenya, at the Insfitute for Development Studies, from 1966 to 1969. See E. J. Wells and
E. Rado: “The building industry In Kenya', in G. Smith (ed.): Industry and tabour in East
Africa (Nairobi, East African Publishing House, forthcomlng?)' and E.J. Wells: The
production and marketing of ballast IN Kenya (NaIrobi, nstitute of Development Studies,
1970: mimeographed,.
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much more arbitrary way. T was informed by others working in connected
fields that various firms operated block-making machines ! outside Nairobi,
and | contacted them accordingly.

The 23 covered a number of different types of erganisation:10 operated
quarries and themselves provided an outlet for some of the products of the
quarries -~hile benefiting from proximity to the most bulky raw material
(balast ¢r small stones) for bicck making. Eight were building firms. Whereas
the quarry operators produced blocks for sdle, al the builders produced
exclusively for their own building operations and not for sde. Most of the
builders relied on commercialy sold blocks for a good deal of their operations—
primarily those in Nairobi--and used their own block-makers only for out-of-
town jobs. Thus their requirements, in terms of scale of output and mobility
of the machine, differed substantialy from those of the main commercia
producers; this fact had important implications for the choice of techniques.
Three of the firms that supplied building materias but did not operate quarries
also made blocks for sale. One of these firms was a mgjor cement producer,
cement providing an obvious link with block making. Another produced
building materials such as tiles and had stopped production of cement blocks,
perhaps temporarily, because it was less profitable than the production of
other items. Representatives of two councils, the Nairobi City Council and the
Machakos County Council, were interviewed. Like the builders, they produced
for their own use exclusively. In Nairobi al the blocks for a mgor housing
scheme were being produced. and the Machakos block-makers provided
virtudly al the blocks used by Machakos County Council. Seventeen of the
organisations were owned and run by Asians: the remainder, with the obvious
exception of the two councils, were European. All the quarries were Asian.
The interviews were carried out in the midst of the implementation of the
Kenyanisation policy and the Asian exodus. This had some relevance to the
guestion* under survey since it appeared that in some cases short-lived assets
were being chosen in preference to long mainly because of the peculiar
uncertainties at that time.

The 23 organisations between them owned and operated 40 block-making
machines These machines could be classified. into three broad categories:
(g hand-operated machines; (&) vibrating stationary machines powered
by eectric motors or diesdl eagines; and (c) electricaly powered mobile
faying machines. Within each of these categories (which will be described in
more detail latcr) there were significant distinctions, The hand-operated
machines were basically of similar design, though they differed in age, in cost
when bought, and in manufacturer. Within the second category there were

1 In particular by E. J. Wells and bj‘ John Anderson, also then on the staff of the Institute
for Development Studies in Nairobi.
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major differences between imported raachines and locally manufactured
machines in terms of price, durability and repair and maintenance requirements.
This category has therefore been split into two--locally manufactured and
imported machines. Within the latter sub-category there were substantial
differences between the machines according to the scale of production for
which they were designed. Where scale is relevant the sub-category has been
split accordingty. The housing scheme in Nairobi used a localy produced
machine which had been especially adapted to the needs of the scheme according
to the design and under the supervision of the resident engineer. That machine,
therefore, isin a category of its own. Each of the machines in the third category
(the laying machines) differed in age and scale of production. Thus generalisa-
tion about the group as a whole is not very meaningful. In the rest of this
chapter the techniques have been categorised as follows:

category Technique
1 Hand-operated
Locally produced stationary vibrating machine, of which-
2a norma machine
2b special adaptation
3 Imported stationary vibrating machine, of which-
3a small
3b large
4 Laying vibrating machine, of which-
4a small
4h large

Table 38 indicates that quarries are less well represented among organisations
using hand-orerated machines (category 1, accounting for 30.8 per cent)
than among organisations using al types of machines (52.5 per cent); they are
particularly well represented in categories 2 and 3, the stationary vibrating
machines. The table also suggests that firms in Nairobi generaly use pro-
portionately fewer hand-operated machines than firms outside Nairobi; 54
per cent of hand-operated machines were in Nairobi, compared with 85 per
cent of the electrically or diesel powered machines. If we include the one
Mombasa firm interviewed with the Nairobi firms as “urban” firms, this con-
clusion is reinforced, with over 93 per cent of the powered machines being
urban as compared with 54 per cent of hand-operated machines. Table 39
gives a brzakdown by type of organisation separately for Nairobi and outside
Nairobi.

It will be seen that no quarriers used hand-operated machines in Nairobi,
whereas each of the quarriers outside Nairobi did. In Nairobi building firms
were the only organisations to use hand machines. All the builders operating in
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Table 38. Users, location and origin of the machines covered '

Itern Categories

1 2a 2b 3 4 All

Type of organisaiion:

Quarrier 4 (2) 8 (5) _— 7 (6) 2 (1) 21 (14)

Builder 7 (6) 3(3) —_ — 2 (2) _— 12 (11

Council 2 —_ — 1 (D — — — — K 74

Other —_ —_— —_ 1) 3 (2) 4 (3)
Location:

Nairobi 7 (6) 10 1) 9 (8) 3(2) 30 (24)

Other 6 (3) 11 —_ — 1 2 (1) 10 (8)

rigin of machine:

Imported 12 (8) —_—— —— 10 (9) 5(3) 27 (200

Local 1(}) 11 (8) 1 (1) _— — 13 (i0)
Sample toral 13 (9) 11 ¢8) ifl) 10 (%) 5(3) 40 (30)

i Some of the organisations operated more than one machine. The figures in parentheses show rthe number of
organisations. Since some organisations were responsible for more than one type of machine, the fotal of the
figures in parentheses is preater than the total number of organisations. ? Category 3 inciudes both large and
small imported vibrating machines. Al the large machines {of which there were five) were [ocated in Nairobi:
quarries operated four of them, a builder the fifth,

Table 38. Location of the techniques sampled and kind of organisations using them

Location and kind Machine catepories
of crganisation
1 2und 3 4 All
In MNairobi:
Quarriers 0 14 2 16
Builders 7 5 — 12
Other 0 1 1 2
Al 7 20 3 3¢
Qatside Nairohi:
Quarriers 4 1 — 5
Qther * 2 1 2 5
All ] 2 2 10

3 No buailders were interviewed ousside Nairobi.

Nairobi used hand-operated machines only for small or out-of-town jobs.
As we shall see, this mgjor difference between urban and rura choice of tech-
nique, which is paralleled elsewhere 1, is to be attributed to questions of scale,
product requirements and relative factor costs.

1 Sep my inquiry into maize grinding in Kenya, in a paper entitled “Employment and
the choice of technique: Two case studies in Kenya™, in Dharam Ghai and Martin Godirey
{eds.): Essays on employment in Kenya (Nairobi, Kenya Literature Bureau, 1979).
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Although altogether the organisations contacted were directly responsible
for 40 machines, data has not been included for &l 40 in what follows. In some
cases firms owned identical machines and gave identical answersto all questions
for two ot more machines. Such answers have been treated as applying to a
single case. In many interviews incomplete answers were obtained—e.g. N0
estimate of repair costs, or of mixture used. In genera, incomplete answers
have been included except where virtualy no information, beyor.d a statement
of the existence of the machine was provided. The detailed data analysed in
this paper therefore cover 33 cases, broken down as follows:

Category Number of examples
I 10

2a 8

2b 1

3a 4

3b 5

4 5

BLOCK-MAKING MACHINES

Block making is a process of mixing materials-cement, sand and ballast—
and ther: forming the mixture into blocks. The block-making machine, which
is the subject of this investigation, is the machine which converts the mixture
into blocks. Hand-operated machines consist basicaly of a box the size of the
block; the mixture is put into this block and is compressed by the pressure of
the lid (sometimes lowered severa times), which normaly has some system
of springs so as to increase the pressure applied. In some examples of hand-
operated machines the mixture was hit with sticks to compress it before the lid
was put on. After the mixture has been compressed the block is removed and
left to dry for two weeks or so, after which it is ready for use. Blocks may be of
various sizes, and either hollow or solid. Generally, the hand-operated machines
were less versatile than the mechanical ones, though some of them could
produce blocks of more than one size, either hollow or solid. Hollow blocks
have two advantages over solid ones: they use less materials and are lighter
to carry. On the other hand they are aso inclined to be weaker, are more
difficult to make and collapse more often.

With the stationary vibrating machine the mixture is put into mouids (which
can be changed to form solid or hollow blocks of different sizes); the machine
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then vibrates vigorously for about 30 seconds. after which the blocks are
removed and left to dry. The smallest vibrating machines take one block of
9918 in. a a time, or two of 6x9x18 in. The rate of output thus
varies substantially according to the size of block. Generally, the hand-operated
machines can take only one block at a time. Hollow blocks take longer than
solid ones because of the higher rate of breakage and the greater care required. *

Tie localy produced stationary vibrating machines were al designed to
produce either one 9x9 in. block or two 6x9 in. blocks at a time. Within
the imported category some machines also had this output, while others pro-
duced at roughly twice the rate with two 9x9 in. or four 6 X% in. blocks.
Where this difference affects the results, category 3 has been split into 3a and 3b
{small sod large imported stationary vibrating machines respectively). Laying
machines also produce blocks on the vibrating principle, but they are mobile
and lay rows of blocks on the ground as they move. The number they lay in
each row depends on the size of the machine, which varies substantialy,
and on the size of the blocks. Daily output also depends on the speed of oper-
aions or the number of rows laid per day. Since they lay the blocks directly
on the ground it is not necessary to transport the blocks from the machine to
adrying area as with the stationary machines. However, the mobility also
creates problems: the mixture has to be carried to the moving machine, and
the ground on which the blocks are laid has to be very smocth if a smooth
block is to be achieved. On the other hand, pallets, on which the blocks from
stationary machines are formed and carried away, are not needed. Pallets cost
between 2 and 4.50 East African shillings each, and between 2,000 and 4,000
are needed.

The vibrating process not only saves the use of fabour to exert the necessary
pressure but also produces a stronger block of more uniform quality. It was
claimed that the quality of blocks produced by hand-operated machines was
more variable:some easily met the minimum requirements of 400 Ib/sg. in.
crushing strength, whereas others did not. The uniformity and strength of
the blocks are also affected by the method of mixing and of transferring the
mixture from mixer to machines. In principle any method of mixing and transfer
is compatible with any type of block-maker; in practice, however, this is not
so, primarily because of the scale factor. The tendency for a weaker block can
be compensated for by increasing the proportion of cement used in the block.
However, cement is by far the most expensive materia: cement in Nairobi was
said to be around 245 shillings aton, compared with 15 or 20 shillings aton for
sand and a similar price for ballast; the figures given for Nyeri, about 80 miles

L Ore firm {using a stationary vibrating machine) suggested that fauliy blocks occurred
at the rate of 6 oui of 250 for solid blocks and 20 out of 250 for hollow.
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Table 40. Ratio of cement to other materials in cement blocks in individual cases. by
category of block-making machine

Category of machines

\ 2a 2b 3 !

171 162 1:41 1:5¢ 1:8
1:161

P9 1:7 1.7 1:8

[:10% 1:8 — 1:10 1:8

1512 |:8 — 1:11 1:12

1:12¢% 1:12 — 1:12 112

This was a double-storey building and included stones. For Q single-storey building the firm 11 question used
a ratio of ene part of cement to SIX parts of dust plus sand, which it obtained free of charge, Two hand machines
were used |1 this case. nN& ballast. ? This very strong mixture was justified explicitly. It was claimed thag it
produced a very stirong block, and that breakages were only Z per CEIN{, compared with an estimated 15 per cent
for a lighter mix. Since the firm concerned was A builder producing blacks for own use, it may have be¢n more
concerned about avoiding damaged blocks than other firms.  * With ballast. 5 Apart from cement, the mixture
is deseribed as corsisiing entirely of sand or whatever local materials are available.  ® A |ocal electric vibrating
machine had also been used, with A mix weakened 1o 1:135.

from Nairobi, were 400 shillings a ton for cement, 25 shillings a ton for sand
and 10 shillings for stones (estimates of materia costs varied according to the
location and nature of the producers, who tended to price their own products at
cost price). As aresult of these prices, an increase in the proportion of cement
used substantially increases the cost of the blocks. An officia in the materias
department of the Ministry of Public Works suggested that the correct pro-
portions for cement blocks were one part cement to nine of other ingredients
(three of sand and six of stones), but ratios of up to 1:12 (which produce a
weaker block) are quite common.

Table 40 shows the ratio of the mixture adopted by firms which supplied
information on this subject. There is no obvious tendency for a stronger mixture
to be adopted when hand machines are used, athough one firm which had
operated both types of machines used 1 :12 for hand machines and 1 :13 for
vibrating machines. The required strength of a block depends on how much
weight it is going to have to support: for one-storey buildings the required
strength is less than for multi-storey buildings. All the hand-operated machines
were producing for one-storey buildings only: most of the firms argued that
hand-operated machines were not suitable for multi-storey buildings, although
one operator claimed that they would be suitable if ihe mixture were strength-
ened. The mixture used by the modified local machine on the Nairobi housing
scheme was particularly interesting in this connection. One of the modifications
the engineer had introduced had been double vibrating, on the grounds that a
weaker mixture could then be used to secure a block of the same strength.
He had carried out & number of experiments showing how the uniformity and
predictability of block strength increased with the increasing rate of vibration.
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He also claimed that the modifications secured a more uniform and smoother
block which reduced building iabour requirements for laxing by 20 per cent.
Others argued that it was more difficult to get the blocks out of hand-operated
machines and that the blocks ‘were often dightly damaged. It seems likely
that laying time is greater with blocks produced by hand-operated machines
than with vibrated blocks.

The initial assumption of homogeneity of product is thus wrorg, since
the hand-operated machine produces blocks of more variable and generaly
Tower strength irom the same mixture and the blocks are more uneven and more
difficult to lay. Whether this is a serious objection to them depends on the
requirements. The engineer of the Machakos County Council was perfectly
satisfied with the results, as suitable for low-cost single-storey housing and other
buildings (including schools). The quarrier in Nanyuki was also satisfied. Only
in Nairobi, where multi-storey houses abound, are these characteristics a
decisive disadvantage. In the statistics, therefore, no allowance has been made
for the inferior quality of blocks produced by hand-operated machines, athough
these quality differences must be borne in mind in assessing the results.

The vibrating characteristic had other implications. Obvioudy such a
machine had fuel costs which the hand-operated machine did not. * The
vibratory action also increased repair and maintenance requirements since the
machine was vigoroudly vibrated, with the block, hundreds of times a day. Thus
these machines either have to be built of extremely tough materia and well
put together, or they need considerable repairs and have a short life. Estimates
of durability are amost always largely guesses, but there was sufficient unifor-
mity about these guesses to make them of interest for nine hand-operatzd
machines (category |)-five used intermittently and four continualy. All the
answering firms stated that ths machines could be maintained indefinitely.
Two similar replies were received for normal localy produced stationary
vibrating machines (2a), the other seven replies for this category indicating
alengtk of life of anything between tw=iiiten years, athough the lowest
estimates were all made by organisation . ‘ther no longer operated such
machines or made only occasional use of v-m. .16 only estimate for a specially
~ adapted machine (2b) was four years. The four est.mates for imported stationary
vibrating machines (3) were vzry vague;, viz. “indefinite’, “no estimate, but
17 years old and still going well”, “longer than local” and “over ten years'.
For laying machines there were two replies, one indicating a life of eight or
nine years and the other, concerning a machine in only occasional use, 14 or
15 years. Taken together, the estimates suggest that whereas hand-operated

1 Fuel costs are discussed in detail below. The minimum cost for operating the block-
maker alone was about 10 cents a block.
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machines lasted indefinitely, irrespective of whether they were operated inter-
mittently or continucusly, the vibrating machines were of limited durability.
Thedurability of vibrating machines clearly depends on use: one firm suggested
that the life of its machine would be halved if they operated a double shift.
From the opinions expressed, it would aso seem that the loca machine
generaly has a shorter life than its impoited counterpart.

Estimutes Of the durability of a machine should not be divorced from repair
and maintenance costs, since its life can be prolonged by heavy maintenance.
Estimates of repair costs are possibly the most unreliable of al for a number
of reasons. since it was impossible to check independently, this figure provided
an opportunity to exaggerate the costs of the business; ii was aso easy for
some spares to be forgoiten; and ambiguity about whether labour required
was or was not included also reduces the comparability of the figures. * One
year's repair costs may not be typical: and one would expect repair costs to
increase with age. A further problem arose from the replacement of moulds.
Mould replacement has not been included in the repair estimates, apart from
the high figures for two of the laying machines and one of the others. The
amount of replacement required was greatest for the stationary vibrating
machines, less for the laying machines and nil for the hand machines. While
the manufacturer of the imported machine estimated that replacement would
be required once a year, one of the firms suggested replacement every 60,000
blocks. which :s likely to be two or three times a year. The cost of mould re-
placement is around 2,000 shillings.

Table 41 shows the repair cost estimates together with the age of the
machine when the survey was made because that is likely to have influenced the
estimates. Hand machines require virtualy no repairs, whether used intermit-
tently or continuously. For all other types repairs were substantial if the
machines were used continuously, though they appear to have been less con-
Siderable if t:e machines were used only intermittently. The figures do not
reveal any tendency for repairs to increase with age; however, no conclusion
can be drawn from this fact because, where repair cost estimates were supplied,
sometimes only spares were included, sometimes labour used was also included,
and often it was unclear what the figure represented. The higher average age of
the imported vibrating machines might be regarded as independent evidence
for the view that they have longer lives. However, since local production of
machines started only in 1965, none of these machines was more than four years
old at the time of the survey in 1969. It can be concluded that the hand-operated

1N cases in which the owrer of the machine repaired it himself he normally did not
inciude hiSlabour a5 a cost. TO the extert that the opportunity cost of hisltabeur Was zero
he was right, but the skilled tabour involved isnene theless in many cases areal cost of
operating such a block-maker.
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Tabie 41. Examples of annual repair costs in individual cases, by category and age of machine

Category of machine

1 2a 3a 3b - 4
Age Repair costs Age Repair costs Age Repair costs Age Repair costs Age Repair
(vears) (EA shs.) (years) (EA shs) {years) (EA shs.} (years) {EA shs.) (vears} COosts
(EA shs)
2 0 1 200 3+ 1000 2 1000* 3+ 2000¢
4 0 1-1/2 03 6 1 000-2 000 . 20001t 3+ 20001
5 200 1-1/2 2400 6 3 000-4 000 ¢ 5 23 750 4
7 25 2 2 000-3 000 89 300-400 2 13 31 250 %5
12/13 100 2 3000¢ 14 1 600
15 1007 3 1004
17 0 4 2 000
50 25

1 Spares onfy. ® Labour also included. ? Machine only in intermittent use, 4 Tnrludes pattern replacement.
6,250 shs. Daily cost supplied; assumed 250 repair days per annum.  * Spares 20,000 shs., mechanic 5,000 shs., wear and tear of teols 6,250 shs, 7 After five years,

5 Spaies i2,500 shs., mechanic 5,000 shs., wear and tear of tools
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machines last amost indefinitely and require no repairs. In contrast, vibrating
machines subject to continuous use are of limited durability and require regular
and sizable repairs. Repair requirements for the loca stationary vibrating
machines are similar to those for the imported machines but the latter generally
last a good deal longer.

The third characteristic of the use of vibrating machines, as compared with
that of hand machines, is that it is to a greater extent machine paced. * In no
case did the pace of a vibrating machine entirely determine the pace of work,
since the machine could be slowed down, but the machine did impose a regular
rhythm which was lacking in hand operation. This impression was suggested
more by watching operations than by any statistics. In the case of block-making,
with vibrating machines each person performed his function in regular tine
ready for the next step. In the case of hand operation the whole thing was more
like making mud pies, filling the mouid, hitting it and then waiting to see
whether it collapsed or not. Several of those interviewed commented that a more
regular (and faster) mode of operation was achieved by the mechanised version.

PERFORMANCE

The output obtainable from the different machines varied according to the
speed of operation, the size of the blocks, whether they were solid or hollow,
and the hours in operation. The speed of operation was in turn dependent on
supporting machinery (such as mixers), the number of workers and efficiency
of operation. Since the hand machines were less suitable for hollow blocks
(though some organisations did make hollow blocks with them), and in the
interests of comparability, only solid blocks are considered here. The figures
should be reduced by about one-third for stationary machines producing
hollow blocks. It is assumed that each machine is operating a full single shift
of 8 or 9 hours, which is whit the machines were working except for those in
only intermittent use.

Table 42 shows the rate of output per shift reported by the operators. There
were significant design differences among the laying machines, with three
different manufacturers and each machine of a somewhat different design: these
differences are reflected in the very wide variations in output rate reported, and
it is therefore dmost impossible to generalise about this group. Within the
other categories all the machines were of a similar design. Among the hand-
operated machines the manufacturing firm varied but the machines were similar.

~ The concept of machine pacing was introduced vy A. 0. Hirschman, who suggested
it might be associated with capital-intensive techniques. See his Tie strategy of economic
development (New Haven, Conn., Yae Universty Press, 1958).
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Table 42. Number of blocks preduced per shift of 8 or 9 hours in individual cases, by cate-
gory of machine and size of block
{averages in italics)

Category of machine

L W 3b 4
Size of biock
9. 9in. §<9in.  9-9in, 6x]9 in. 6x9in. 9x9in. 6x%9in.  9x%in. O6x9in. 9x%in.
only
60-70 180" 90 1 800 — 800 2000 20002 525 350
150 < 200 150 500 300 2 800 1400 875 525
200 600 400 1 200 600-750 3000 1200 2000 1250
200 1 000 500 4000 2000 2300°
200-300 1200 600 1200 200 4000 2000 3 400
230 1200 700-800
250 1 600 800
300 1 800 1000
300-400
= 350
5004
260 972 336 1800 967 644 3160 17206 1820

' sed a different Iocal machine from ail others; also few workers and no mixing machings, * Sometimes too fast for
warkers, then about §,750 at slower speed. This is a different type of imported machine that makes the same number of
6x9in, or 9x 9 in. biocks. @® Holiow, but makes little difference with laying machige. * Flat ¢ut,

Seven of the eight local stationary vibrating machines were identical, being
produced by the same firm, while the eighth was of a similar scale and design.
All the small imported machines had the same m aufacturer, and variations of
design were dight. Four of the five large machines came from the same firm.
The fifth displayed some design differences. The locally manufactured machine
was basically a copy of the small imported mzchine. Differences between these
two categories lay largely in the method of manufacture and the materials
used, not in basic design.

Apart from tke laying mach’aes (category 4), therefore, any variation in the
rate of output within each category is not to be attributed to machine design.
A maximum speed of operation isimposed by the machine design, but variations
below this occur according to the number of workers, the organisation of
work and other factors. Despite these variations table 42 permits some gener-
alisations. On average the hand-operated machine produced a substantially
lower rate of output than the vibrating machines, about half the 9 > 9 rate of
production and a bit over a quarter of the 6 x 9 rate of the locally manufactured
vibrating machine. The locally manufactured and small imported stationary
machines had similar rates of output, as was to be expected given the basic
similarity of design, while the rate of output of the large imported machine
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Table 43. Average output and employment, by scale of produciion and category of

machine
Group and category Size of Output Average Blocks per Man-days
of mackine block (in.) employment man-day per black
(0) (L) (O/L) L/
Group 1:
1 6x9 260 6 43.3 023
Group I1:
2a 6x9 948 4 8.5 f11L5 009
9%x9 536 § y | 631 016
2b 6x% 1800 19 947 011
3a 6x9 367 } 9 107.4 .G09
9x9 644 71.6 .014
4a 6x9 700 } 9 | 718 013
9% 9 438 1 487 021
Group 1111
3b 6x9 3 160 1.5 274.8 004
9x9 1720 . { 149.6 .007
4b 6x9 2 567 15.5 i65.6 006

was over twice as great. The rate of output of three of the five laying machines
was similar to that of the large stationary machines. The modified local ma
chine's output was the same as the maximum rate reported among the unmodi-
fied machines.

In terms of scale of output the machines fal into three groups, as follows:
Group I: the hand-operated (category 1}; Group II: the small stationary
vibrating, whether imported or locally produced (2s, 2b and 3a) and the two
small laying machines (4a); Group |ll: the large stationary vibrating machine
(3b) and the large laying machine (4b).

Tables 43 and 44 show output and employment associated with the machines
according to these scale categories. Except for the local modified machine,
average employment requirements rise with the scale of output but less than
proportionately, so that labour productivity rises, and labeur input per block
manufactured fails, as the scale of output increases. As can be seen from this
data, the performance of the locally manufactured and the imported small sta-
tionary machine is very similar. However, within each category there are diver-
gences m performance according to the efficiency with which thz machines are
run, and the averages in table 44 conceal considerable variations in output and
employment. Averages are used there because if other “typical” or “representa-
tive” figures are used it is very easy to bias the evidence in selection. However,
particularly for categories 2a and 3a, the :'verage rate of output does seem to
diverge from what appeared to be typical of afairly efficient operation (a rate of
output of 1,800 blocks of 6 x 9in. and 800 of 9 x 9in.). In table 45 two sets of
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Table 44. Average and "typical” performance of small staticnary vibrating machines
{categories 2a and 3a)

Ttem Size of Average “Typical”
Bock (in.) performarce
OQutput 6x9 950 1200
9x9 570 6™"
Employment 3 X 8 i 85 12
Blocks per Man-day 6x9 111.8 100
9x9 67.1 66.7
Man-days Per block 6x9 0089 01
9x9 0149 015

figures have been used to represent this category of machines-the average for
the group as a whole, and what is taken to be a “ typica ” performance.

Table 45 compares the rate of output, employment and productivity of the
power-driven machines with those of the hand-operated machine.

On the whole, labour requirements per block tend to fall with scale aslabour
productivity rises, so that the largest machines use about one-quarter * of the
labour of the hand machines, while the small power-driven machines use about
half as much labour per block; labour intensity defined in terms of man-days
per block therefore fals considerably as the scale of production rises. The
lat.our involved was generally unskilled. Training on the job normally takes

Table 45. Performarne of various categories of machines in relation to that of hand-
operated machines
(hand-operated machines = 1)

Group and category Size of Output Average Blocks per Man-days
of machine block (in.) employment man-day per biock
a L o L
Fa [
Scale H:
“Typical” 22 and 3a 6x9 4.6\ 20 §23 043
9x9 31 g 115 0.65
Average 2a and 3a 6x9 371 1.4 2.6 0.39
9x9 22 f * 1.5 0.65
6x9 6.9 32 2.2 045
4a 6x9 271 is { 1.8 0.56
9x9 17§ YLl 0.89
Scale HI:
b 6x9 121 19 6.3 0.16
9x9 6.6 ' 3.5 0.29
4b 9x9 9.9 2.6 38 0.26

* Depending on which block is produced.
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less than a day. Some of the firms had a foreman whom they paid above the
unskilled rate, but he too was trained on site in a short period. Skiils were
required for repair and maintenance; as repair and maintenance requirements
rose with scale, so did the requirements for skill.

INVESTMENT AND RUNNING COSTS

With regard to capital costs, any definition of capital raises difficulties:
and questions of the measurement of capital raise insuperable theoretical
problems.t Some of the problems may be avoided here since we are concerned
with the investment costs of different techniques, not an aggregate measure of
capital.

The firms supplied figures for the cost of acquisition of the machines. Since
they were bought at varying times in the past, with changing prices, the figures
supplied may not be on a comparable basis; moreover. some of the machines
were bought new, others second-hand; and some firms gave a gross figure only,
inclusive of mixer machine and other capital costs. Table 46 shows the acquisi-
tion cogt, as reported with no adjustments. Table 47 shows the investment per
man employed and investment productivity, or daily output per shilling of
acquisition cost. Again the figures used are the unadjusted acquisition cost as
shown in table 46. The substantia variations between machines in each group
make it difficult to generalise. On average, investment costs per worker rise as
the scale of the machine increases. The localy produced vibrating machines
have an acquisition cost per worker, on average, nearly three times that of the
hand machines. The small imported machines involve nearly twice as much
investment per worker as the locally produced machines, while the large
impuiied stationary machines require eight times the investment per man of the
hand machines and over one-and-a-half times that of the smal imported
machines. ? The investment-output ratios in table 48 ace for 6 »§ in. blocks.
If the figures for 9 :< 9 in. blocks were used, the ratio for al categories except
hand machines would roughly double, and hence the comparison would be
substantially more favourable to the hand machines.

1 Some difficultics are powerfully presented in Joan Robinson: “The production function:
and the theory of capital—a reply”, in Review of Economic Studies, Vol. XXI1I, 1955, p. 247,
and more recently further theoretical problems have been raised in the re-switching contro-
versy; see articles by L. Pasinetti and P. Samuelson under the general heading “Paradoxes
in capital theory: A symposium”, in Quarterly Journa! of Economics, Vol. LXXX, No. 4,
MNov. 1966, For a review of the controversy over capital measurement and its relevance to
the question of choice of technique see Amartya Sen: “On some debates in capital theory™,
in Economica, Vol. XLI, No. 163, Aug. 1974.

~ ®Theugh this comparison should not be taken too seriously since one of the observations
includes mixer, chute, etc.
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Table 46. Acquisition cost Of machines, whether bought new or second-hand. in indivi-
dual Ccases o o
(East African shillings; second-hand purchases in itdics;

Category of magciine

1 2a 2b la 3b 4
4] 6 000 24 0001 6 000 15 000-20 000 5 006

360 7000* 23000 33000 13000
T 006 10 000 25 000-30 000 35 000 30000
1 800 1G 000 28 000 60 000 400000 °*
1 800 10 700 1100001 500 000 °
2000 12 000
2 800 12 000
4400 12 4G0
5000
8 000

! Tncludes mixer, chutes, ete. ® Cost 10 make. * Estimate of capital cost of full piant if new 196%. Estimaied
cost of similar block-making machine only, 54,000 shs.

The ratios used are not comparable to capital-output ratios as normally
defined-that is the ratios of capital stock to arnual output in value terms:
the ratios in table 48 are ratios of acquisition cost to daily output in volume
terms. This does not invalidate the comparison between categories, but deli-
berately makes it difficult to compare with normal capital-output ratios.’
The unadjusted ratios suggest that, on average, the investment-output ratio for
hand machines is lower, and investment productivity higher, for hand than for
mechanised machines. Thus the hand machines appear technically efficient,
saving investible resources in relation to output, as well as employment.
On the other hand, the ratios show greater investment costs in relation to
output for the small vibrating machines (whether imported or locally produced)
than for the large vibrating or laying machines. This suggests that the small
vibrating machines may be inefficient at any factor prices, using more of both
factors as compared with the large machines.

Historic acquisition costs may be of little relevance to current opportunities.
For the economy as a whole current opportunities include making or importing
new machines or imporiing second-hand machines. Noue of the daia inciuded
imported second-hand machines. Surveys of producers and retailers of equip-

t The somewhat odd concept of the ratio of acquisition cost to daily output has been
deliberately adopted here, to make it difficult to neglect the many reasons why capital-output
ratios can be misleading, Some of these are discussed later in the present chapter. For a
comprehensive diccussion see G, Myrdal: Asian drama {(London, Allen Lane The Penguin
Press, 1968), Appendix I, and W. B. Reddaway: The development of the Indian economy,
op. cit., Appendix C.
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Table 47, Individual and average ratios of acquisition costs®, employment? and output® (6 »x @ in. blacks)

Category of machine

1 2a 2 3a 3b 4

1 kS 1 2 1z d 2 4 L A ! !

I 7] L [7] L (7] L [7] 2 [7] L e
100 2.5 333 33 1263 13.3 1833 3444 2188 53 667 1t.4
200 15.3 892 7.6 2000 12.0 2917 8.75 1 444 14.9
286 5.7 1273 437 2333 233 3273 12.5 2143 15.0
300 7.2 1412 10.0 3833 19.2 5435 3040 30000 23.5%
300 7.8 1 600 12,0 68755 27.5% 3600¢ 15.9¢%
467 11.2 1 667 8.3
500 17.8 2000 20.0

1000 16.7 2000 500

1333 16.0
4987 11.1® 1397 04 1263 13.3 2 500 22.2 4137 16.9 2171 6.1

Figures in italics denote averages. Key: J = Investment; L = Labour; O = Output.
1 In East African shillings. * In man-days, * Number of blocks produced per day. *9x9in. % Includes mixer and chutes,

derived from costs for similar machine. 7 The averages are 598 for machines bought new and 150 tor those bHought secand-haad.
new and 9,0 for those bought second-hand,

* Using estimated cosi for block-maker alone
& The averages are 1.8 for machines bought

Ansnput ut suswiojdius pue AGojouyas)
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Table 48.  Investmeni-labour, investment-output and output-labour ratios, by category
of machine {6 x 9 in. blocks)

Category of machine Price Daily Employ- i i o
{thousands output meRi T 7] A
af EA shs,}
1 21 260 6 333 7.7 43.3
2a “Typical” 12 1200 12 1000 10.0 100
Average 950 8.5 1412 12.6 1158
2b 24¢ 1 800 19 1263 13.3 4.7
3a “Typical” 23 1 200 12 1917 19.2 100
Average 950 8.5 2706 24.2 111.8
3b 35 3 160 11.5 3043 11.1 274.8
4b 343 2 300 15 3 600 23.5 153.3

1 Price of Iocall;r produced machine; import price 2,100 shs. * Includes chutes, mixers, etc. ° Within the laying
categary (4), reliak lg data including acquisition cost for a new machine were available only for one laying machine,
with a daily cutput rate of 2,300 6 %9 in. blocks, so that only the data for this machine are included in the table.

ment, together with the information supplied by users who had recently
(i.e. within a year or so of the survey) bought equipment new, suggested the
prices indicated in table 48, which also shows the various ratios calculated on
the basis of these prices.

Investment intensity, when defined as investment per man, is substantialy
higher for all the power-driven categories than for the hand-operated machine.
Investment requirements per unit of output are also lowest for the hand-
operated machines, while labour requirements per unit of output are highest
for the hand machines. Table 49 shows the ratios in table 48 expressed as a
proportion of the figures for the hand-operated machines.

The ratio of acquisition cost to output makes no allowance for different
asset liver, and is therefore likely to be mideading if used to compare assets
with substantially different lives. The acquisition cost may be converted
tc an anrual investment cost: the conversion rate depends cm the interest rate
assumed. * Table 50 shows the annual capital cost of each asset on the assump
tion of 0, 10 and 20 per cent interest. Because of its very long life the hand
machine appears substantially cheaper than before while the short life of the

* The formula for converting a constant annual cash Row, A, into present value is well

known:
A i
| =5 [1- ]
where r= interest rate and « = number of years. o o )
In this case the inverse operation is performed, and an initiad acquisition cost, which may
be thought of as the present value of the capital cost, iSconverted into aconstant annual

1
cash Sow, A, by dividing the initial cost by [1 - (1_+?):] .
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Table 43.  investment-labour, investment-output! and labour-output ratios of various
categories of machine in relation to those of hand.operated m: chines
{hand-operated machines = 1)

Category of machine Cost of maching L i ] L
L ¢ L o
1 1.0 10 1.0 1.0 10
2a “Typical” 6.0 3.0 1.3 2.3 0.43
Average 42 1.6 28 Q.38
2b 120 38 1.7 2.2 045
3a "Typicat” 11.5 5.8 2.5 23 0.43
Average 8.1 3.1 2.6 0.38
3b 17.5 9.1 1.4 6.4 0.16
4b 270 10.8 3.1 3.5 0.29

VOutpat tn 6 <9 Lo, blocks,

locally produced vibrating machine just offsets its lower acquisition cost as
compared with the imported machine. At a discount rate of 10 per cent the
annual investment costs of the two types of small stationary machine (locally
produced and imported) become very similar. The extremely short life assumed
for the specially adapted local machine substantially increases its relative invest-
ment costs, so that at low rates of discount it exceeds that of all othertechniques.

Table 51 shows how the adjusted ratios (at 0 and 20 per cent discount)
affect the relative investment costs in relation to employment (/L) and output
(4/@). The annual adjustment improves the relative performance of the hand
machine for both ratios, and to an extent that increases as the interest rate falls.
The ordering of the investment-fabour ratio is not serioudy affected by the
annua adjustment, although the small stationary machines come much closer
together, while the ratio of the adapted local machine increases substantialy.

Table 50. Annual investment cost by category of machine
(East African shillings}

Category Estimated life  Annual investment cost at percentage
of machine {in years) discount rate indicated
0 10 20

i 30 70 210 400
2a 3 2400 3170 4010
bl 134 61 000 50 M3 48009
36 15 2340 4 600 7 490
4b 12 4 500 7930 12 170
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Table 51, Investment-fabour and investment-output ratios by category of machine. in
relation to those for hand-operated machines. aftér adjustment for different
assumptions concerning asset life and the rate of intered
thand-operated machine = 1)

Catepory of machine investment-labour ratio Investment-output ratic
Unadjusted  Annual cost Unadjusted  Annwal cost
acquigition discounted at acquisiti i
cost —_—— —— cost ——
{ per cent 20 per cent O per cent 20 per cent
1 1.0 10 1.0 10 1.0 1.0
2a “Typical” 3.0 179 5.0 13 7.7 2.2
Average 4.2 25.3 7.0 16 9.7 2.7
2b 38 28.3 6.3 17 2.8 29
3a “Typical” 5.8 114 6.1 25 4.9 2.6
Average 8.1 16.2 8.6 31 6.2 33
3b 9.1 182 9.7 14 2.8 15
4b 108 26.8 121 31 75 34

It remains true, broadly that the investment-labour ratio rises as the scale
increases. All techniques use more investment in relation to output than the-
hand techniques: how much more depends on the exact basis of the calculations.

When the mechanically powered techniques are compared, the large impor-
ted stationary machine is found to have significantly the lowest investment-
output ratio: it also (see table 49) has the highest output-labour ratio. In
contrast to this, the laying machine and the small stationary vibrating machines
appear to represent inferior techniques, since their investment and labour Costs
per unit of output are both higher than those of 3b. Thisis illustrated in figure
4. All the techniques are to the north-east of the line joining the hand technique
to the large imported stationary machine. This indicates their inferiority, It is
true both at 0 and at 20 per cent interest. The diagram does not take the scale of
production into consideration. Since the techniques are designed for different
scales the conclusions may be altered when scale is considered. There are also
important dimensions of cost which have been omitted from the analysis. These
are repair costs, mould replacement and fuel consumption.

As seen earlier, the different techniques are associated with different annual
repair costs. The vibrating machines also require periodic replacement of the
patterns or moulds in which the blocks are formed. This does not apply to the
hand machine. Mould replacement costs between 2,000 and 4,000 shillings a
year for the small stationary vibrating machines and somewhat more for the
larger machines which require more expensive moulds. Repair costs for the

1 The term “broadly” is used because the investment-tabour ratio (adjusted) of the layin
machine (and of the local adapted machine at low interest rates) are greater than tha o
the large stationary machine, alhough the scale of output is smaller’in the farmer categories.
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Figure 4. Relative efficiency of block-making technigues using different types of machine
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machine varied, as can be seen in table 41. They were much smaiier for the
hand techniques than for the powered techniques, but there appeared to be
little consistent difference between the repair requirements of the three station-
ary vibrating techniques: al were around 2,000 shillings a year. Thus allowing
for pattern replacement and repairs would raise the annual costs of these
techniques by between 4,000 and 8,000 shillings a year, which is as much as or
more than the annual adjusted investment costs. The repair costs of the hand
machines were much lower, about 50 shillings a year. Inclusion of repair costs
and mould replacement reduces the relative costs of the hand machine, but
does not significantly ater the comparison between the stationary vibrating
machines.

The estimated annual repair costs of the laying machine (inclusive of pattern
replacement) were higher than those of the stationary techniques. Repair costs
for the locally adapted machine, which had only recently been installed, were
not supplied. However, the intention was to use the equipment fully for four
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Table 52.  Fuel costs by category of machine

Category Per block, Per annum,
of machine 1N cents IN shiltings
1 0 0
2a

) [-25 2 500-6250
3a
36 0.7t 5 250-7 500
4a 0.3-0.9 3060-3150
4b 0.3-0.9 5175

years and then scrap it, and repair costs were expected to be correspondingly
low, thus partially offsetting the high annual investment cost due to the short
life of this equipment.

Estimates for fuel consumption were supplied on a number of different
bases. For some no estimates were supplied; for others a total figure was given
inclusive of mixer, and sometimes quarry works. Piecing the evidence together,
and deducting for quarry and mixer, suggests the approximate estimate given
in table 52.

Table 53 brings together the estimates of investment, repair and fuel costs.
As the table shows, the non-labour costs per block are substantially lower for
the hand technique than for the other techniques.

Table 54 shows the total costs per block when investment costs are valued
using a 10 per cent discount rate, as labour costs vary between 2.5 shillings
and 10 shillingsa day.

If the two “efficient” techniques (those using the hand machine and the
large stationary vibrating machine) are compared, it will be seen that the savings
in non-labour costs on the hand machine are outweighed by the extra labour
costs even at wage rates as low as 2.5 shillings a day. (The minimum urban
wage at the time was 7 shillings a day; the estimated opportunity costs of rural
labour around 2 or 3 shillings a day.) * With a 10 per cent discount rate the
switching wage for these two techniques is 1.03 shillings-i.e. a wages above
this the vibrating machine is cheapest, while a wages below it is the hand
machine. Using discount rates below 10 per cent would raise the switching wage,
while using discount rates above 10 per cent would reduce it. The costs per
block of the other powered techniques are substantially higher than that of
the large stationary vibrating machine, as shown in table 55. The smal sta-

: Estimates produced by M. Scott and N. Stern in their cost-benefit analyses. See
N. H. Stern: “Experience with the use of the Little-Mirrlees method for an appraisal of
small-holder tea'in Kenya', in Bulletin of the Oxford University Institute of Ecenomics and
Sraristics, Vol. 34, No. 1, Feb. 1972, and M. Scott: “Estimates of shadow wages in Kenya’
(1973, mimeographed).
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Table 53.  Annual non-labour costs by category of machine
(East African shillings)

Type of cost Category of machine
I Zat b 3b 4b
3a
Annual investment 2 2100 3 100 7570 4600 7 930
Repairs and moulds 50 5 000} 10000 4 { 8000 15000
Fuel ? 0 4380 | 6380 5180
Total *: 260 12 480 17 570 18 980 28 110
Absolute figures 260 12480 17 570 18 980 28 110
Cents per block 0.4 5.3 39 2.4 4.9
Ratio (hand-operated
machine = 1) 7 i3.1 2.8 6.0 12,2

* Estimates for the imporied and locally produced stationary vibrating mackine are so :lose that they are treated
together here,  * Assuming a discount rate of 10 per cent, 8 Taking mid-point of fuel ¢stiinates shown in table 52,
4 Estimate.  ° Assuming 250 working days a year.

tionary vibrating machine is the nearest to the hand machine in price and
scale, and consequently in some sense its closest competitor. The switching
wage between these two techniques, again using a 10 per cent discount rate, is
3.40 shillings, which is higher than the competitive rural wage rate, and probably
higher than the urban opportunity cost of labour. Irrespective of whether it is
locally manufactured or imported, the small stationary vibrating machine is a
product of an “old” technology from an advanced country; and it is accordingly
interesting to compare its costs with those of the technique as adapted to loca
conditions. In fact, it appears that total costs were very similar, with the adapted
technique involving a somewhat higher element of labour costs and lower non-

Table 54. Costs per block by category of machine
(East African cents)

Tvpe of cost Wage rate  Category of machine
(EA shs.)
2a, 3a 2 3b 4h
Non-labour * 0.4 53 39 2.4 49
Labour, at wage rates indicated 2.50 5.8 2.2 2.7 0.9 16
5.00 11.6 45 53 18 33
7.00 16.2 6.2 74 2.5 4.6
10.00 23.1 89 10,6 3.6 6.5
Total, at wage rates indicated 2.50 6.2 75 6.6 33 6.5
500 12.0 9.8 9.2 4.2 82
7.00 16.6 115 113 49 95

10.00 23.5 142 145 6.0 114

1 Assuming 2 discount rate of 10 per ceni.
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Table 55. Non-labour costs per block, at the output level of a hand-operated machine,
on the assumption that investment costs do not vary and on different assump-
tions about other non-labour costs, by category of machine
{East African cents)

Category of machine Assuming that the other non- Assuming that hall of the
labour ¢osts vary proportionately other non-labour cosis do
with output nel vary proportionately

with output

i 0.4 0.4

2a | 8.8 14.0

3a |

2b 13.8 20.4

3b 8.9 1.0

4b 15.7 15.7

labour costs. Hence the adaptation, though not dramatic, was in the right
direction.

The calculations so far have ignored scale. In fact each of the techniques is
indivisible in the sense that investment costs cannot be saved by operating at a
lower scale. if operations were on a smaller scale the other costs would be less,
but not proportionately less. If we assume that investment costs are invariable
with respect to output, but that al other costs vary proportionately with output
{i.e. costs per block are constant for each technique), then if al techniques
were utilised to the point at which output was equal to the &-hour output of the
hand techniques (working 250 days a year), the investment costs per block of all
the techniques other than the hand technique would rise correspondingly. The
switching wage between the hand machine and the large stationary vibrating
machine would then be 4.35 shiliings. T the rural areas where wages are gener-
ally less than this the hand machine would be the sensible choice. In the urban
arens, the social cost of labour is probably lower than this figure.

These calculations assume that al! non-acquisition costs are variable. In
fact there are other costs that are unlikely to vary proportionately with output.
Suppose we assume that labour costs vary proportionately with output but that
half of the repair, maintenance and fuel costs do not vary with respect to output.
then to use the powered techniques to produce the level of output of the hand
machine would raise their costs significantly more. For example, the switching
wage between hand machines and large stationary vibrating machines would
rise to just over 9.00 shillings. In this situation the costs of the small stationary
vibrating machine would be less than those of the large machine for wages

fess than 9.43 shillings. ! Table 55 shows the non-labour costs per block

1 All these calculations assume a 10 per cent discount rate.
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for each technique, for output levels of the hand machine, according to the
two assumptions.

The figures are illustrative of the importance of scale and capacity utilisation
in determining the relative costs of different techniques designed for different
scales of ouipur. Because of heavy transport costs (a solid 6 = 9x 9 in. block
weighs 52 kg) the scale of production is determined by the market for blocksin
the immediate vicinity.! in the rura areas the market is often smaller than the
output obtained from 8-hour capacity use of a hand machine, and the machines
lie idle much of the time. In such situations, while the costs of all the techniques
would rise, those “f the hand machine would rise least, since the greatest
proportion of its costs are lsbour and therefore escapable; conver:ely, if each
of the techniques were operated for more than the one shift aday al costs would
fall, but those of the capital-intensive techniques would fall most.

The considerations discussed suggest why rural and urban choice technique
may differ. First, there is the question of product standard: blocks in large
cities may have to be strong enough for more than une-storey accommodation.
Secondly, there is the question of scale. Thirdly, wage costs differ, wage rates
being lower in rural areas. All these considerations indicate that more labour-
intensive hand-operated machines are more suitable for rura use.

THE PRCCESS APPROACH

The production of any good can be split into a number of activities. The
anaysis so far has been entirely concerned with examining the costs associated
with different types of block-making machinery. But in the production of
blocks the operation of the actual block-making machine is only one part of
the production process. The production process as a whole can be split up as
follows :

1. Production of raw materials.
. (g Transfer to site.
(b) Transfer to mixing area.
. Mixing raw materials.
. Transfer of mixture to block-making machine.
. Operation of block-maker.
. Transfer of blocks from machine t” drying area.
. Watering blocks when drying.
. Stacking blocks.
. Transporting blocks from site to where needed.

N

©CooOo~NOOOThd W

*In addition to the other factors determining capacity utilisatios.
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The first phase itself covers a large number of activities. The divisions are
to some extent arbitrary. and reflect the type of machines available. Thus, if a
single machine were aways used to mix and produce the blocks these two
activities might be amalgamated into one. In each of the activities described
some choice of technique is possible. Thus transport (~f materials and then of
blocks) may be done in a number of ways, depending on distance, quantities
and costs. The technique used in the production of raw materias was not
included in the survey.?

The following range of techniques was observed for different activities:

2z and 9 Transport to and from site: lorry.
2b Transfer to mixing area: spade. wheelbarrow or lerry, depending on
scale and distance.

3 Mixing: spade or either local or imported mixing machine (diesel ot
electric).

Transfer of mixture to block-making machine: spade or automatic
chute.

Block-maker: aready covered.

Transport of blocks to drying area manua or by wheeled trolley.

Watering: women with watering cans ox hoses or automatic hoses.

Stacking: manual or by hand-operated trolley or eectrically operated
stacking machine.

7 here was no unbreskable connection between choice of technique at one
stage and choice at another: in theory one could combine very labour-intensive
mixing (on the ground) with a more mechanised block-maker; but in practice,
choice of technique at one stage did partly determine choice at another. This
was in part a question of speed, and in part of scale. The larger block-makers
required a steady and rapid flow of mixture--which virtualy ruled out mixing
on the ground; generaly the larger m:chines were combined with automatic
mixers so that the mixture was automatically transferred to the machine. The
quality of the blocks, in terms of strength and uniformity for a given ratio of
materials, tended to be greater for automatic thanfor manual mixing, and aso,
it was claimed, if the mixture was transferred automatically from mixer to
machine.

In generd, therefore, the most labour-intensive methods of block making
(the hand machines) were also combined with the most labour-intensive methods

~

0 N o Uh

1 The choice of technique in the production of material used has been established
elsewhere. For different methods in quarrying see E. |, Wells: The producrion and markering
of ballast IN Kenya, OP. Cit.; for cement, see I” particular Leonard A. Doyle: Inter-economy
compurisons: A case study (Berkeley. University of California Press; London, Cambridge
University Press, 1963), and Carlos F. Diaz Alejandro: Labor productivity and other charge-
teristics af cement plants, Discusson Paper No. 105 (Yale University Economic Growth
Center, 1971).
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Table 56. Typical investment costs of cement-mixing techniques, by type of equipment

Type of mixing equipment Cost (EA shillings} Suitable for use in association with
Spade 23 (1) hand-operated block-maker

(2} vossibly small vibrating machine
Small mixer 6 000-10 000 (1} hand-operated block-maker

(2) small vibrating machine

Large mixer 40 000-50 000 (1) large stationary vibrating machines
{2) laying machines {large)

of mixing, etc. while the converse applied for the more capital-intensive
methods. This partly reflected different attitudes to mechanisation on the part
of the entrepreneurs, which influenced al their decisions; but it also reflected the
fact that requirements of scale and standard of block which led to the adoption
of capita-intensive methods of block manufacture led to similar decisions in
mixing. For stacking and watering the use of mechanised methods was confined
to the larger mechanised block-makers, but many of them used the most labour-
intensive methods for this part of the process.

Since different block-making machines may be used in combination with any
mixing process, etc. the figures for relative costs of the different block-making
machines do not need to be amended to alow for different costs of mixers.
Hand mixing was observed for some of the smaller power-driven machines as
well as the hand machines. However, as already stated, in practice the type of
block-maker does partly determine the mixing method, and a comparison of
costs of techniques should take this into account.in the typical case the hand
machines were used with manual mixing, the small vibrating machines with
small local or imported mixers and the targer vibrating machines with larger
mixerscombined with a system ofautomatic chutes. The typical investment costs
might therefore be affected as shown in table 56. Inclusion of costs of mixing
may thus make a substantial difference to the comparison. Very roughly the
cost of the typical mixer isin line wiih the cost of the block-maker. Mixers also
need repairs and use fuel. Generally, the repair cost seemed substantialy less
than that for the block-makers (about a third), but the fuel costs were of a
similar magnitude. On the assumption that the hand-operated machines use no
mixer and that their investment ceosts are unchanged but that the non-fabour
costs of the other categories increase by 50 per cent as compared with table 55,
the costs per block become those listed in table 57. Inclusion of the mixer
increaser the costs of the mechanised machines in relation to the hand machines
but does not alter the over-all results.

Other investment costs might aso be included. Ths costs of erecting the
necessary buildings and floor can be substantial, but since such costs are not
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Table 57. Ceosts per block by categery of machine, including provision for corres-
ponding mixers
{East African cents)

Category of Size of black (in.) Non-labour costs ! Total costs at wage rate indicaied
machine (EA shillings)

5.00 10,00
1 04 12.00 23.50
3a and 3a 6x9 8.2 12.90 17.10
3b 9x9 3.6 5.40 7.20
4b 6x9 7.4 10.70 13.90

1 Piscauntesd at 10 per cent, and taken from table 54: category | same as in tabie 54; other categories one-
ar, -l v es the figures in table 54,

associated with particular block-making machines they have not been included.
Generally, inclusion of these costs is likely to raise the costs of al the powered
technigues, in relation to the use of the hand machine, since the latter is often
v.zd with @ minimum of infrastructural and building investment.

FRODUCT CHOICE: OTHER BUILDING MATERIALS

Thesurvey covered different methods of making cement blocks in Kenya
Hewever, the labour intensity of material manufacture and construction may
ai=» be atered by selecting different building materials. To supplement the
survey, therefore, some of the other materials available in Kenya are briefly
described below with a report on the associated input requirements, based on
interviews conducted in 1972.

Mud and wattle

Mud and wattle are the materials from which traditional housing is made;
the vast mgority of the rural population are housed in mud and wattle
houses. The construction of these houses is aimost exciusively labour-using,
in the sense that they are made with local materials, loca labour and no pur-
chased equipment. ! They are not suitable for much urban housing because
of lack of materials within eas: distance, and because they generaly fal below
the standards se: by urban housing authorities. However, although they do not
meet those requirements, they are often of far better quality than the houses

1 See Yoo Kanyatta: Facing Mount Kenya (New York, Vintage Books, 1961}, pp. 78-
82 for a descrintio.; of the way in which these houses are constructed by the Kikuyu.
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made of cardboard boxes, newspapers, etc., which urban dwellers often use as
building materias. At Thika, the City Council .as produced some experimental
houses with mud and wattle walls covered with varicus plaster and cement
washes. The Council found these unsatisfactory, as they deteriorated rapidly
and required more labour and materials than dried blocks. Mud and wattle is
labour-intensive in terms of maintenance requirements as well as of initia
construction. It is therefore most suitable, and most often to be found, as a
building method where labour is costed at close to zero, as in the subsistence
sector.

Sun-dried clay blocks

Sun-dried clay blocks are made entirely from local materias. The clay is
mixed with nurram® and a little grass, and moulded in wooden moulds; the
blocks are then dried in the sun. It is estimated that one man makes up to 60
blocks in a day (not including the 1abour for digging up the materials). Block
manufacture thus normally includes no purchased equipment, and in this
sense is amost purely labour-intensive.? Labour used in censtructing buildings
made of these blocks issimilar to that in concrete block building. The walls may
be covered with cement or plaster to improve their resistance to the rain. The
production of clay blacks is more labour-intensive than that of concrete blocks,
both in the manufacture of materials to make the blocks and in the manufacture
of the blocks themsealves; bur the quality of the blocks is inferior. This type of
block can be produced in a block-maker similar to that used for concrete
blocks. In one case where a machine was used, six untrained men produced
450 blocks in an hour, or nearly 80 per man per day. The machine cost 1,500
shillings and was similar to the hand-operated block-makers described above.

A stronger clay block was made by the prisoners a Thika. To form the
blocks they used a machine (costing 50,000 shillings in 1956), which made
2,500 blocks a day and employ=d 100 people, including those digging and
moving the blocks around. It is impossible to compare the (apparently low)
labour productivity with that of the concrete block-makers because of the
inclusion of labour for digging in the prison figures. The investment-output
ratio (at 20) was similar to that of the mechanically operated block-makers and

! Alocal red earth.

# In al the methods which use only lecai labour and ro machinery bought from abroad,
or from the indugtriad sector of Kenya, some investment occurs in the sense of delay between
the input of the labour and the final output. However, in so far as the scarce investment
resources consist of imported equipment or equipment from the industrial sector, this
investment does not involve the costs associated with capital-intensive techniques requiring
purchased - equipment.
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above that of the hand machine (see table 48). The very low labour cost (the
prisoners were paid 10-12 cents a day) was passed on in the block prive, which as
aresult was also very low.

Nurram-enforced blocks

AMurraim-enforced blocks are made from muwrrar, cement and sand. On the
Nairobi City Council estate they were made with a hand-operated block-
make:. which cost {,800 shillings when new. Four men could produce 300 blocks
a day. The chief difference between this operation and that of hand-opcrated
cement block manufacture was the use of murram instead of stone?. This led
tou considerable cost saving-a typical block cost 40 centsinstead of 1.25
shillings-but the quality was substantially lower. The crushing strength of the
murram blocks wis found to be150-220 1b/sq. in. on one testing, compared with
the official requirement of 400 Ib/sq. in. The labour requirements for building
were dightly above those for concrete blocks because of the uneven quality of
the blocks.

Black cotton bricks

Black cotton is the type of soil found in many areas where the richer murran:
is absent. i is mixed with water and put in moulds. After drying and removal
from the moulds the bricks are stacked and dried, using a primitive oven
consisting of a hole in the gound, as in traditional charcoal burning. Two people
can produce 250 bricks a day. (The bricks are about half the size of a normal
cement biock.) Black cotton bricks are not as strong as murrarm but are cheaper
in the areas where murram is not available.

Stone

The possibility of using stone depends on the availability of nearby quarries
since stone is too heavy to transport far. The use of stone is highly labour
intensive. It is estimated that one man can quarry six blocks of stone in one
(intensive) hour. They then require a good deal of skilled or semi-skilled labour
for building because of their uneven edges. The resulting building is of high
quality.

Timter

Building with timber tends to be fairly skill-intensive, though little capital
equipment is required for either production or building. In an experimental
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congtruction project *, Nairobi City Council employed nearly as many car-
penters (15) as unskilled labourers (20) on the site, and considerably more
carpenters (&-10) than labourers (about 4) in the workshop where the panels
were prepared.

A breakdown of the costs of a single-storey timber house (total costs per
house EA£800-850) showed that labour costs varied between 30 and 47 per
cent of total costs, materizl costs varied between 47 and 53 per cent and plant
cost between 4 and 11 per cent. The proportion of labour costs was higher
than that for the construction sector as awholein 1962 2; labour costs accounted
for 29.2 per cent of gross output, materia inputs for 51.3 per cent and operating
surplus for 19.5 per cent. Three different low-cost housing projects around
Nairobi gavelabour costsas 30 per cent of total costs, with materials accounting
for between 50 and 60 per cent. * These three schemes used cement blocks or
reinforced murram blocks. The relatively high proportion of labour costsin the
timber project reflects high skill levels and wage rates rather than greater
employment generation. Moreover, a greater proportion of labeur employment
in preparation of materials has been included, as compared with the other
figures.

Precast concrete panels

There are various methods of forming precast concrete panels. Broadly
speaking, their manufacture is similar to that of the manufacture of cement
blocks, and involves mixing cement and other materias, vibrating to strengthen
and then leaving to dry. The labour intensity of the method varies according
to the machinery used, which tends to vary with scale. One precast production
unit visited had the following characteristics:

Cost of mixer 1,500 shillings
Cogt of air vibrator 30,000 shillings
Cost of moulds no estimate
Output 14 panels a day (8 ft. %3 ft.)
~300 blocks per day
Cost of wire for reinforcement 5 shillings per panel
Employment 5 unskilled labourers

L Timber housing pilot project at Kariobangi, Nairobi, report by R.S. Ryatt, Resident
Engineer {(mimeographed, 1972).

* Figures from D. Turin: Notes on housing and construction, paper prepared for the
ILO-organised comprehensive employment strategy mission to Kenya, 1972, para. 5.5.
3 1bid., para, 5.8.
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Output-labour ratio (block 60 blocks per man-day

equivalent)
Investment-labour ratio ex mixer and

ex moulds 6,000 shillings per worker
Investment-output ratio ex mixer and

ex moulds 100 shillings per block
[nvestment-fabour ratio including

mixer and alowing 2,000 shillings

for moulds 6,700 shillings per worker
Investment-output ratio including

mixer and ex moulds 112 shillings per block

Mixture used: 1 part cement, 2 of sand and 4 of ballast.

If this one example of a pre-cast production unit is compared with the
earlier figures for cement block manufacture, it appears that the ratio of invest-
ment cost to output and investment cost per worker is higher in the case of the
pre-cast unit than in any examples of block manufacture. The rate of labour
productivity, moreover, appears to be somewhat lower than that of most of
the block-makers. However, this might be offset by improved labour producti-
vity in construction, since the pre-cast units avoid much of the labour involved
in laying blocks. However, the general impression given was that such labour
saving in construction was dlight because the panels were so heavy that a
considerable amount of manpower was needed to lift and place them in position.
Hence the pre-cast technology observed would appear to be inferior to the
block-making technology, being more capital-intensive with little if any con-
sequent labor. saving. * This conclusion was supported by the fact that demand
for the existing units was extremely low, and the factory was producing them
only intermittently.

Pre-cast concreia panels made with a foamir.g agent

The mgjor problem with pre-cast concrete panels is their weight. This
problem has been partialy overcome by a new technology involving the addi-
tion of a foaming agent to the mixture, which by creating bubbles in the panel
improves insulation and makes it lighter. One production unit using such an

1 This is also the conclusion to be drawn from W. P. Strassmann’s figures which show
a fait in the labour share in conutruction costs, a rise in materials costs and a rise in absolute
costs per square meirs, which can of course be offset by reduced land area and costs, as the
weight of buildings rises and a switch is made from blocks to pre-cast panels. See W. P. Strass-
mann: “Mass production of dwellings in Colombia: A case study™, Appendix C in Michigan
State University: Honsing and building technology in developing countries, International
Business and Economic Studies (East Lansing, 1978).
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agent was observed. It was precasting the panels on site for the building of
93 houses. and had the following characteristics:

Cost of mixer from the United

Kingdom 29,000 shillings
Cost of motorised carrier 18,000 shillings
Cost of mould (100 at 500 shillings
each) 50,000 shillings
output 50 panels (of 2.3 square metres
aday) ~ 1,000 blocks a day
Employment 30 workers (of whom 2 skilled)

Output-iabour ratio (block equivalent)  33.3 blocks per man-day
Investment-labour ratio ex moulds and

ex carrier 967 shillings per worker
Investment-output ratio ex moulds and

ex carrier 29 shillings per block
Investment-labour ratio including moulds

and carrier 3,233 shillings per worker
Investment-output ratio including

moulds and carrier 97 shillings per block

Mixture: 1 part cement and 3 of sand and foaming agent.

Labour productivity in the manufacture of these precast panels appears to
be somewhat lower than in the making of cement blocks. Investment per
worker is higher than in the case of some of the cement-block-making techniques.
Much depends on how many moulds are included, what allowance is made for
other equipment such as metal pipes, and whether costs of the mixer are
included. Investment costs per unit of output tend to be higher than in the
case of the block-makers for cement. In genera, it seems that this type of
production of panels is somewhat more capita-intensive than block-making.
The cost of the foaming agent, owned and licensed by a United Kingdom
company, must also be added. It is in construction, however, that the chief
differences arise. The use of these precast panels yields a considerable saving,
which the manager of this unit estimated at 80 per cent, in labour. It also
requires more capital equipment in construction-particularly cranes.
Consequently, over dl, the use of the panels involves greater capital intensity
and less labour use than concrete blocks. Although it would require much
more detailed research to establish precise magnitudes, this conclusion em-
phasises the validity of a genera principle in discussion of choice of techniques,
namely that iooking at one stage of a chain production process can be highly
misleading.
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Cement blocks made with a chemica additive

Recent technological developments include the addition of a foaming agent
to the mixture for the manufacture of cement blocks, making them lighter and
better insulated. The operation requires careful supervision by scientifically
qualified personnel, and is for large-scae production. The Ministry of Works
received proposals for the establishment of a factory making these blocks from
a multinational enterprise. The estimated capital cost of the proposed factory
was EA £1 million, and the estimated labour force 150-2008 workers and
supervisors —a capital cost per workplace of between EA £5,000 and EA £7,000
or between EA f 100,000 and EA f 140,000 al told-over ten times the capital
cost per worker of any of the block-makers. Among those employed 19 were to
be managerial, including a number of chemists. Total block production was
estimated at 400 cubic metres per year, on atwo-shift basis, which is enough to
build 7,000 houses. Since the total number of houses built in Kenyain 1970-71
was 7,000, the factory would displace most of the existing block-makers. There
is an estimated 10 per cent saving in construction labour because of the even
quality of the blocks. The very high quaity of the blocks—even, light and
strong, meeting al international specifications--was stressed. The material
requirements are 5-10 per cent cement, 70 per cent lime and the balance sand.
Particular specifications of lime and sand are required, so that the materias
would need to be either transported over zonsiderable distances or impurted;
to meet the reguirements locally might well involve mechanisation of the pro-
duction of materials to ensure the uniform quality required. The proposed
factory, which had not fin 1972) been accepted, illustrates many aspects of
choice of technique. First, the relationship of choice of technique to product
specifications; given sufficiently detailed product specifications to meet inter-
national requirements 1, the proposed factory might seem the only possibility
available, despite the capital intensity of the technique. Secondly, technological
developments in the advanced countries threaten to overtake older and more
labour-intensive techniques. While in fact the proposal would probably have
involved a higher-cost block, with greater productivity associated with further
technical advances, it might have produced cheaper blocks than the block-
makers for cement, and consequently have displaced 2,000 or so workers in
block manufacture and as many more in construction. Thirdly, indivisihilities
in modern techniques are such that marginal additions to productive capacity,
which may meet the additiona demand without creating excess capacity, are
often not possible.

1'In block making, transport costs effectively prevent international trade and hence
remove the need ta compete as a reason for meeting international requirements; but in
traded goods this becomes an important consideration. See F. Stewart: “ Trade and techno-
logy” in P. P. Sweeten {ed.): Trade strategies for develogpmeny (LOndon, Macmillan, 1973).
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CONCLUSIONS

If a choice of building materias is included in choice of techniques, the
choice is widened well beyond that which appears if only one building material
is taken into consideration. Once a range of products is considered, two
aspects of choice of technique that are easy to ignore in looking at a single
maierial become of key importance: one is the question of product qudlity,
and hence of consumer requirements, which are closely related to levels of
income distribution; the other is that discussed above, namely the need to look
ai the productive process as a chain, in which choice of technique at ene stage
heips to determine choice of technique at other stages. In relation to building
materials the following steps in the chain need detailed examination:

(13 Production (excavation and processing) of raw materials.

(2) Transport of raw materials to next stage of processing.

(3) Processing of raw materials-i.e. block manufacture, preparation of timber
panels, etc.

{4 ‘Transport to the building site.

{5) Building techniques.

The use of a particular material may appear labour-intensive at one stage, but
impose different requirements at subsequent stages. 1nvestigation of technical
choice at each stage is needed.

These powts are illustrated by a compariscn of the characteristics of dif-
ferent material technological requirements, as shown in table 58. The table
sheds some light on the question, which has exercised a number of people ?,
whether there is any necessary association between the labour intendity of a
technique and product characteristics, or in other words whether products inten-
ded for the lower income groups are necessarily more labour-intensive. Common
sense suggests that there need be no such association, but the table suggests that
there is in fact quite a close association in this particular case: the higher-
income products are associated with more capital -intensive techniques, with the
exception of stone production, which is a high-income product produced in a
labour-intensive way. Some such association between product characteristics
and labour intensity of techniques is likely in practice for historical reasons.
The bulk of the population in traditional societies tend to be low-income, and
to use labour-intensive techniques because they lack the knowledge and money
required for the use of capital-intensive techniques. Hence, traditional methods

* The association was discussed by F. Stewart in “Choice «f technique in developing
countries”, op. Cit.; and questioned tX D. Morawetz: “Employinent impiications of indus-
trialisation in developing countries: A survey”, op. Cit., and G. K. Helleiner: Techmology
and the international firm (mimeographed, 1974).
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Table 58. Choice of building materials in relation to quality of building, consumer income, saurce of basic material and labour intensity

Material Quality of Tncome class ! Souree of basic material 2 Labour intensity *
building of consumer
Place Economic Material Processing Building
sector production
Mud and walttie low subsistence local informal high high high
Sun-dried clay blocks slightly above Tocal informal high high high
low 1 subsistence (rural) _ _ _
Murram-enforced blocks ow Lo low (urban) local informal high high-medium high
medium . formal *
Black cotton bricks local informal high high high
Stones high mainly high local informat high high high
formal
Timber medium medium and high  local informal .5 & 8
formal
Pre-cast concrete panels medinm medium and high  local forma medium * medium * medium
Pre-cast cOncrete panels medium medium and high local and formuai medium ? medium * low to
made with a foaming agent imported medium
Cement blocksmade witha  high medium and high  local and formal low low iow t0
chemicd additive imported medium
Cement  blacks medium medium and high  loca formal medium ° medium ? medivim

! Low! rural subsistence and most small-scale market production, urban unemployed, under-employed—including most informal-sector activities. Medium: unskilled and semi-
skilled formal-sector (mastly urban) workers. High: skifled and professionai. The wse of this classification means that the majority of the population should be classified as [on-
income. ® This refers both to geographieal tocation (local or imported) and to sector of the lacal economy, which is regarded as being divided into an informal and e formal
sector. Broadly, the informal sector is more labour-using, while formal-sector production involves more equipment, ofter imported, ° To classify production methods according
to fabour intensity implies that each material may be identified with a single technique; as the survey of cement block making showed, that is not the case, and considerable varia.

tion may be possible. ¢ Cemeni.

® Intensive yse of skilied Jabour 2nd naturat Fesourtes,

® Intensive use of skilled labour and some ase of machinery. * Varles (see footnote 3).
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-mud and wattle, sun-dried blocks, etc.-tend both to be labour-intensive and
to be directed to production for a low-income market. In contrast, tezhnology
recently developed in the advanced countries tends to be suitable for their
income levels (i.e. high-income consumers by comparison with those in develop-
ing countries) and their factor availability (i.e. suited to factory methods, skill-
intensive and capita-intensive). This is illustrated in the case of the precast
units with foaming additives. Techniques such as concrete block manufacture,
which originated some time ago in developed countries, tend to be intermediate
(by modern standards) in terms both of product characteristics and of techno-
logy used, reflecting the intermediate factor availability and income levels of
advanced countries some decades ago, when the techniques were developed.
But of course, there is not a necessary association. Thus craft production, as
often suitable for high-income consumers, and modern technology can be
harnessed o the production of low-income goods.

This brief look at different building materials has thus illustrated some of the
complex relationships between choice of product and choice of technique and
between income levels and distribution. For high-quality construction meeting
international specifications and demanded by high-income consumers, there are
broadly two possibilities, namely the craft-intensive high-quality construction
in timber and stone or the mechanised methods of manufacturing precast
concrete panels or blocks. Low-income consumers, on the other hand, provide
the market for hand-operated cement block manufacture and the various other
blocks and bricks formed with primitive technology from local materias. Thus
choice of product and technique cannot be divorced from income levels among
consumers. Choaice of technique aso influences income distribution; the mech-
anised large-scale techniques tend to be associated with relatively high wages,
and with profits of medium-scale to large-scale entrepreneurs. In contrast, the
low-income techniques are often used outside the formal sector, and generate
low incomes among those they employ.
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MANUFACTURE OF LEATHER SHOES
AND BRICKS IN MALAYSIA

by Chee Peng Lim!

The abjective of this study is twofold. First, we wish to isolate, at the enter-
prise level, the factors that influence choice of production processes (and
thereby factor proportions). Among these factors are input costs, scale of out-
put, information access capability of the entrepreneur and market structure
(or degree ofcompetition). Secondly we wish to discover who ina firm originates
adaptation in existing manufacturing procedures aund in response to what
stimuli. In this connection, we will also examine the information network
and management’s efficiency in evaluating the technica information it acquires.

The study is concerned with the leather shoe and brick industries. The
leather shoes in question are made entirely of leather or of a combination of
leather and polyvinyl chloride (PVC); they do not include boots or high-
heeled women’s shoes. We decided to concentrate on this particular category
of shoes because they are produced by a common process or set of processes,
the other categories require different skills and equipment. The bricks that are
the subject of this study comprise common bricks and facing bricks made
of clay. More or less the same processes are used to produce both types.
The major difference between the two types is their appearance. Facing bricks
are those that meet the minimum requirements for common bricks but are
specialy manufactured or selected for decorative purposes. they have very
smooth and clear-cut surfaces, whereas common bricks have a coarser appear-
ance and need plastering. Fire bricks have been excluded from the study because
they require a type of technology different from that used in producing common
or facing bricks. In the survey ® atotal of 148 establishments in the two industries
were Selected for persona interviews. The establishments were chosen at

! Faculty of Economics and Administration, University of Malaya, Kuala Lumpur.

? The survey was confined to Peninsular Malaysia, officially designated previously as
“West Malaysia” (i.e, all the states in Malaysia except Sabah and Sarawak).
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Tabie 59. Establishments selected, by employment size and industry

™o. of workers  Leather shoe industry Brick industry

~o. of estab-  No, of estab- Ya No. rl[' estab-  No. of estab- %%

lishments lishments lishinents lishments

in sample 11 industry 1 in sample in industry L
< 10 26 25 104.0 4 14 286
i0-19 16 12 1333 9 20 45.0
20-29 i) 8 75.0 9 17 329
30-39 3 6 66.7 3 23 56.5
40-449 1 8
20-74 ! 3 166.7 > 23 34.8
75-99 2 3
“- 100 4 4 100.0 3 11 27.3
Total 61 58 105.2 46 108 426

1 According to Malaysia, Department of Statistics: Survey of mwmﬂxum:ing r'nrl.us"nt'eS. H"e:s'r Malapsic:, 1v:2,
Vol. I1 (Kuala Lumpur). The total number of establishments in the brick industry includes firms making other
structural clay products, pottery, china and earthenware products.

random from the mailing list maintained by the Department of Statistics.
The sample was stratified by paid full-time employment size groups into eight
categories. Of the 148 interviews conducted only 107 were successful. There were
61 successful interviews in leather shoes firms and 46 in brick firms (table 59).

There are no recent data on the population of the firms in the two industries.
The Department of Statistics conducts a survey of manufacturing industries
every vear and a census every five years. The census covers al manufacturing
establishments whereas the survey leaves out most of the small establishments.
However, athough the census data are more comprehensive, they are rather
out of date since the latest census results were published in 1968. (The 1973
census has been completed but the data have not been published.) The latest
published survey of manufacturing industries is for the year 1972, athough
selected dtatistics of certain manufacturing establishments from more recent
surveys are published in the Monthly Industrial Statistics, Peninsular Malaysia.
We have used data from the 1972 survey of manufacturing indstries to provide
an indication of the sample representation. Table 59 shows that our sample
was less comprehensive in coverage for the small establishments in the two
industries, as is understandable since the survey data left out most of the small
establishments. On the other hand, interviews were conducted with representa-
tives of al the large establishments in the leather shoe industry. We believe
that the same applies to the brick industry although there is no way of con-
firming this impression since the survey data include firms making other clay
products.

238



Manufacture of leather shoes and bricks iN Malaysia

There were several reasons for faling to interview some Of the firms. the
main one being that some of the firms, particuiarly small ones, had closed
down. Others refused to co-operate, while the remainder (again mainly small
ones) could not be located. Another possible bias in the sampie may lic in some
of the answers given by the respondents. We suspect that some Of the respon-
dents. possibly for tax-avoidance reasons. may have undercstimated the valug
of sales or overestimated the value of lined assets. Thr attempts made to correct
the distertion were not always very successful. Apart from specifically requested
interviews with films, contacts with equipment manufacturers, research
institutions, consultants and government agencies were also used t0 obtain data.

LEATHER SHOES

The footwear industry is onc Of the most old established in Malaysia,
going back to the 1930s, and thus shoe manufacturers may be regarded as
being among the pioneer industriaists of the country. Despite the tremendous
advaacc in the leather shoe technology in recent years the manufacturing
process is still iabour-intensive. The nature of the product, particularly the
diversity of styles and sizes of shoes produced, has limited the scope for the
introduction of automatic machinery. Most of the machines used at present
are powered tools dependent on the skill of the cperator for their efficient
operation.

Production stages

There arc two main technologies for producing shoes: built up and fully
injected. Leather shoes arc aways built up. Their manufacture is largely a
matter of assembling a number of components. heel, sole, counter, upper
(vamp and quarter), lining, toe box, welting, insole, ornamentation and the
like. A great variety of types of machines and devices arc used, each for a
different specialised operation. One can distinguish between eight different
stages in the manufacture of leather shoes: (i) designing, (ii) combining,
(iii) cutting, or clicking, (iv) manipulation preparation, (v) sewing of uppers,
(vi) shoe making or building, (vii) finishing, and (viii) packing.

The first step in making a shoe is to design it. The large manufacturers
employ speciaist designers while most of the smaller ones imitate popular
designs. From the designs a sample has to be made up and production planned.
Patterns for cutting the upper parts have to be made and materials procured.
Separate patterns arc usualy made for each size of shoe, but a grading machine
is available for making various sizes once a master pattern has been cut.
At the second stage (combining) the leather is sorted out for quality. The
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best quality leather must be selected for the uppers, the vamps and quarters.
The leather ii thencut into pieces suitable for uppers, lining, soles, inner
soles and certain types of heels. The fourth stage is preparatory manipulation
of the picces between the clicking department. where the leather is cut, and
the sewing or fitting department where the parts are sewn together. The cut
parts are marked with sizes, serial numbers and the trade name, and are then
skived (shaved down) to ensure an even thickness. Where decorations of the
leather are desired, an embossing machine is used. In the sewing department
the following operations are carried out (depending on the class and model
of shoes): heel joining, opening of heel, eyeletting, counter stitching, binding,
doubling of vamp, vamp gtitching, stitching for lasting or insole stitching,
checking and supervision.

As the shoe moves out of the fitting room it is ready for the shoe making
proper. Three different methods of shoe making are commonly used: the
stitchdown, the cemented and the goodyear welt respectively. In stitchdown,
the upper is turned out and stitched down to the sole. In cementing the outer
sole is attached to the insole and upper by adhesives. With the goodyear welt
method the sole is sewed to a welt strip that has previously been sewed to the
upper and insole. Each kind of shoe making has distinctive features that make
it particularly adaptable for certain kinds of wear. For example, cement
construction is the simplest and most economical, and is commonly used. It
also enables shoes to be made on lighter, deeker lines and is therefore used
for most women’s and many girls shoes and for some lighter types of men's
shoes. The goodyear welt process, known for its sturdiness, is commonly used
in men's and boys dress shoes as well as in better grade children’s shoes of
certain types. More than 93 per cent of the producers interviewed use cemented
methods in order to save time and labour. Stitchdown is usualy reserved for
special types of shoes (safari shoes). A goodyewr welt requires a great deal
of skill and is consequently rarely used.

With each of the three above methods, shoe making can be divided into two
basic sub-stages: lasting and bottoming. Each of the two consists of 2 humber
of operations. Essentiadly, lasting consists in attaching certain basic parts of
the shoe-the upper, the toe and the heel and sidesto the inner sole. Firgt,
the assembled upper, in loose form, is made ready to be fitted over the last
(foot model or form),” which is precisely designed for each pattern. Before

U Almost ali the establishments in the sample used wooden lasts. A few used plastic
or metal lasts in addition to wooden lasts, but even in such cases the proportion of non-
wooden lasts used was very small. Metat lasts can be used only if lasting machines are also
used. Wooden lasts are made from birch wood. Those made locally are inferior in quality
because the wood is not properly weathered beforehand and the lasts therefore tend to
shrink after a year or two. On the average, local lasts cost $13 a pair.
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that the insole is placed on the bottom of the last. This insole, of ashapeand
sire to conform exactly to the bottom of the lagt, is a sort of “security layer™
between the upper parts of the shoe and the outer sole to bold the shoe parts
together and form a firm unit. The counter or stiffener at the back part of the
shoe is placed between the lining and the outside of the upper. These puts-
insole, counter and upper--are now on the last, and the entire unit is presented
to the assembling machine.

After lasting, a number of operations are required to prepare the shoe for
bottoming. It is at this stage that some of the essentia differences between the
various types of shoe manufacture occur: the goodyear welt, cement and
stitchdown enter the sole-laying stage under different sets of prepared con-
ditions. Also, the method by which the sole is attached is distinctly diffcrent.
Fou instance, in the cemented method three basic operations are nerformed:
bottom roughing. bottom cementing and sole attaching.

Once the sole isattached it must still receive finishing touches. the edges
arc trimmed. stained and burnished, the bottom of the sole is cleaned ¢+ buffed
and polished, heel or sock linings are applied, laces may be inserted, buckles
may be attached to a strap, and the shoe is brushed or polished. Finally there
isu thorough inspection, and the shoes are then ready for packing and shipping.

From the above account it would appear that the most important Stager
are cutting, swing and lasting. These are also stager which show a high degree
of variation in factor proportions. Accordingly, our discussion will now be
confined to these three stages.

Choice of technique by scale of establishment

A number of studies have shown that scale is a key determinant of choice
of technique’ Many types of capital equipment are not available in small-
capacity units. Few firms will purchase a piece of equipment to operate indefi-
nitely at cnly a fraction of its designed capacity. Thus small ® firms producing

1 See for example F, Stewart: “Manufacture of cement blocks in Kenya™ Chapter 8
of the present work); G. K. Boon: Economic cheice of human and physical jactors in pro-
duction (Amsterdam, North Heliand Publishing co., 1964); and W.A. Yeoman: Sefection
of production processes for manufucturing subsidiaries of U.S.-based multi-national corpor-
ationy, D.B.A, thesis, Harvard Business School, 1968.

~ *Inthis paper “small” firms are those which have less than to workers; medium-sired
firms are those having between 10 and 99 workers, and “large” firms are those having 100
or more Workers, “Workers’ include unpaid and part-time workers. Apart from employment,
other measures Of firm size are capacity output and fixed assets. Capacity is closely cor-
related with employment in the shoe sample (correlation coefficiens = 0.82). However,
output data are much tess reliable than employment data; mest firms tend to underestimate
output, and there 1i NO refiable Way t0 check ‘on the data. The same applies tO fixed asSets,
but in that care the correlation coeficient is only 0.5. In view of al this we have decided to
use employment as a measure of firra Sire even though we are aware that it isnot anideal
measure.

251




Technology and employment in industry

atarelatively low level of output may be expected to be more labour-intensive
than Targe ones. We will explore this proposition using various indicators
of labour intensity. We begin by considering the various techniques which are
available for the cutting, sewing and lasting stages. These techniques range
from the most labour-intensive to the most capital-intensive,

Three main cutting technologies are now well established, while a fourth
is evolving. They are as follows:

fa) cutting by hand,

b} mechanica clicking;
{¢} hydraulic clicking; and
() electronic clicking.

Electronic clicking is a new technique which is alre..dy operational, but is still
under further development. Although the equipment in this case is considerably
more expensive. it saves leather since the maximum nun:5er of parts can he
cut from any one piece. Also it eiminates the cost of the dies and the corre-
sponding costs of marking. The production capacity of the machine is com-
parable to that of the other cutting technologies, that is, 230 cuts per hour.
Sirce the machine is controlled by tapes it can be used to produce smal
lots. However, eectronic clicking is a new technique, and is not widely used
even in the developed countries. In Malaysia the technique has not been
introduced even in the most modernised firm. So there is at present a local
choice of three different techniques, namely manual cutting. mechanical
clicking and hydraulic clicking.
In sewing the different techniques available are as follows:

{a} exclusively by hand;

(5} by means of a hand- or pedal-operated non-electrical sewing machine;
{'c} by means of hand-operated eectrica sewing machines;

{d) electrical automatic sewing with patterns; and

(¢} electronic sewing, electronically controlled by tapes.

The great mgjority of firms employ non-electrical or electrical sewing machines
(methods (&) and (c}}. Among the latter one can distinguish between one-
needle, two-needle and three-needle machines. Almost al the small establish-
ments use the single-needle machines; the double-needle machines are 30 to
40 per cent more expensive, and are thus generaly beyond the means of small
operators. Sewing entirely by hand is rarely used and is usualy reserved for
high-quality shoes because it is time-consuming. Also, sewing machines-at
least used ones—are within the means of the smallest operator. So one may
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safely exclude hand sewing from further consideration.! Methods 74 and (¢ )
are highly mechanised and arc applicable only to specia proccsses like hon-
functional dtitching of ornaments. In any case, none of the large firms uses
these techniques.

Lasting can be carried out:

{a) by hand:
(b} by a hand-operated machine; or
(c) by semi-automatic or automatic machines

The lasting process consists of three parts-toe iasting, heel lasting and
guarter or side lasting. In the manua method skilled workers use hand tools
to attach the three basic parts of the shoe to the inner sele. The output is
about 30 pairs per operation daily or three to four pairs per man-hour, de-
pending on the model of the shoe. Like manual cutting, manual lasting is also
advantagzous for factories with small lot sizes. The hand tools do not cost
more than $30. All, except four small establishments, use the manua method.
The lasting machines in the four small establishments are all reconditioned
machines.

Where a manua lasting machine is used the toe is lasted by pulling the
leather over the last with the hand or a pedal. The same method is used for
forming the toe. T he hedl is lasted by using a hand- or foot-operated machine.
Sige lagting is done by hand. Three of the medium-sized firm: have manual
lasting machines. Two of these firms bought reconditioned machines while
the third bought new machines. The reconditioned machines cost around
$300 while the cost of the new manua lasting machine ranges from $8,000
to $30,000 depending on the make and model. A manual lasting machine can
last about 200 pairs of shoes in the course of an Y-hour shift. Where an auto-
matic lasting machine is used, toe lasting is done with automatic injection of
thermoplastic cement. The heel and side are also lasted with autoraatic injec-
tion of thermoplastic cement or tacks. All the large firms have automatic lasting
machines, which they bought new, at prices ranging from $10,000 for an
automatic side-lasting machine to $100,000 for a highly sophisticated auto-
matic toe-lasting machine. Most of these machines come {rom the Federal
Republic of Germany, and can last about 1,000 pairs of shoes in the
course of an 8-hour shift.

An examination of tables 60 to 62 shows that a large propertion Of small
establishments use the manual technique in each of the three processes under
consideration. Table 60 shows the system of cutting adopted by size of establish-

! However there may be some set of factor prices that wouid render hand sewing optimal.
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Tahie 60. Type of cutting system by number of workers

No. of No. of establishments
workers

Cuitting system

Total

Manual Mechunical Hydraulic

Absclute Per cent Absalute Per C m , Absolute Per cent Absolute Per cent

figures figures Agures figures
< 10 24 92.3 2 7.7 — 0.0 26 100.0
10-19 9 56.3 5 312 2 125 16 100.0
0-29 3 50.0 2 33.3 1 16.7 6 100.0
30-39 — 0.0 1 33.3 2 66.7 3 100.0
40-49 — .0 1 1000 — 0.0 1 100.0
30-74  — 0.0 1 33.3 2 66.7 3 100.0
7599 — 0. — 0.0 2 100.0 2 10p.0
=100 — 0.0 —_ 0.0 4 100.0 4 100.0
Any no. 36 12 13 81

ment. Almost al of the establishments with fewer than 1=n workers cut by hand.
{In the survey we found only two exceptions to this rule: these two firms have
managed to secure reconditioned mechanical clickers which they .wsed in
combination with the manual method.) For manua cutting only a knife and
a marble table top are required. The output is 80 to 100 pairs per operation
daily or 12 to 13 pairs per man-hour, depending on the model and theintricacy
of the design.” Manual cutting has one main advantage. It is very economical
for factories with small lot sizes, and with great variety in their models. The
aternative to hand cutting is die coding with a mechanica or hydraulic clicker.
A large assortment of mechanical clickers is on the market. The price of an
average clicker is about $12,000, and it has a capacity of about 250 cuts per
hour. A hydraulic clicking press is more costly. An average one costs about
$50,000. The hydraulic clicker cuts faster and has a longer life than the mech-
anical clicker. It is aso simple, easier to maintain and can be used for cutting
rubber as well, whereas the mechanical clicker cuts leather only, The hydraulic
clicker is also safer in handling and makes less noise. In addition, the cutting
knives last longer and there is less damage to the cutting tables than with

t Qutput per man-hour for manua cutting tends to vary with total production. When
production is low the eutter also has to draw the design, which in some cases iS very intricate.
When productior: iS high the cutter cuts leather on Which the design has alre béen drawn
(by the designer): furthermore in such cases the designs are also relatively simple and
productivity 1s thus higher.
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Table 61. Type Of sewing machines by number Of workers

No. of workers No. of establishments

Typeof Machine

Tetal

Manually-operated Electrical

Absolute Per cent Absolute Per cenr Absolute Per cuitt

figures figirrss figures
< 10 40 58.8 28 412 68 100.0
10-19 10.7 67 89.3 75 100.0
20-29 3 75 37 2.5 40 100.0
30-39 1 3.8 25 96.2 26 1000
40-49 — 0.0 10 100.0 10 100.0
50-74 1 2.1 47 97.9 48 100.0
75-99 _ 0.0 44 100.0 44 100.0
a 100 0.0 205 100.0 205 100.0
Any Lo, 53 463 516

mechanical clicking. Die cutting iS more common =z the medium-sired
and large firms: al the large firms rely on this method, as ..o more than half
of the medium-sized firms (table 60). Most of thr medium-sized firms have
mechanical clickers, while al the large firms have the hydraulic iype.

In the sewing department the small firms have a significantly larger
proportion of manuzally-operated sewing machines than do the medium-sired
and large firms (table 61). However, a manually operated sewing machize can
be easiiy converted to electrical operation by attaching a small electrical motor
which costs less than $100. Needless to say the electrically operated sewing
machine is faster and requires less effort to use. Practically ali the medium-
sized and large firms use only electrica sewing machines. Singer is the most
popular brand, and its price ranges from $1,000 io $4,0G¢; other common
brands are Pfaff and Janome; all three brands are imported. Less than half of
the number of sewing machines used by the small firms had been purchased
near. On the other hand, very few of the large firms had second-hand sewing
machines.

Table 62 shows the system of lasting adopted by size of establishment.
The proportion of small firms (less than 10 workers) and medium-sized firms
(between 10 and 50 workers) using the manual method is the same (84.6 per
cent). Hore of the large firms uses this method: they have automatic lasting
machines.
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No. of
workers
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Swstemn of lasting by number of workers

.

Manual

i ol eriablishrenia

M wally aperated
maci ine

Absolute  Per cent

Adutomatie uchine

Absolute  Per cemt

Absolute  Per cent Absolute  Per cemt

figures figures il es figures
<10 22 846 4 iS4 — — 26 100.0
10-19 i6 160.0 — — —_ — 16 100.0
20-29 4 660.7 33.3 — —_ 6 100.0
30-39 1 333 I 333 1 333 3 100.0
40-49 1 1000 — — — — 1 100.0
50-74 — — — — 3 160.0 3 100.0
75-99 — — — — 2 166.0 2 100.0
=100 — — — — 4 1600 4 100.0
Any no. 44 7 10 61

Table 43 shows the system of materials handling adopted by size of establish-
ment. All the small establishments use the manual system of materials handling
while three of the medium-sized firms use the cart system. None of the large
firms uses the manua system: al have carts, trolleys or conveyors.

Table 63. System of material; handling by number of workers
No. of System of materials ha‘"dling
workers Total
Manual Cart or trolley Manually oper- Automatic con-
ated conveyor veyor
A Per cent  Ab- Per cenf  Ab- Per cemt Ab- Per cenr Ab- Per cent
solte solute solute solute solute
figures figures fipures figures figures
26 000 — — — — — — 26 100.0
16 1000 — o — — - 16 100.0
6 100 — -— - — — — 6 100.0
2 750 | 250 — — — — 4 190.0
1 000 — — — — — — 1 100.0
— 1 e — — — — 1 100.0
— 1 50.0 1 506 — — 2 100.0
- 2 40.0 40.0 1 20.0 5 100.0
5 . 3 1 6l
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Table 64. Fized assets per worker by size of e:tablishment

No, of workers Absaolute figurzs (US doillars) Index I
< 16 5 586 359
10-19 375t 26.1
X-29 2612 18.2
30-39 6051 422
Ar49 6378 445
50-74 6 684 46.6
75-99 7797 543
= 100 14 346 100.0
Average 6 651

1 Establishments with 100 workers and over = 100.

From the above account it is obvious that the small firms tend to use the
manual, labour-intensive technique while the large firms tend to choose a
relatively more capital-intensive technique. The associution between size of
firm and factor intensity can be observed in a number of other indicators
such as the capital-labour ratio and the vaue of electricity consumed per
worker.

The usual measure of physical capital intensity is fixed assets per worker.
‘Table 64 shows the fixed assets per worker by size of establishment. Among
firms with at least 20 workers, there is a steady progression in fixed assets
with size of firm. Even small firms need a minimum amount of fixed assets to
operate; this probably accounts for the fact that firms with fewer than
20 workers have a higher capital intensity than firms with between 20 and 30.
However, what is probably more significant is that in the large firms the value
of the fixed assets per worker is more than twice that in the small firms: thus
the large firms do use more capital-intersive methods of production than the
small ones.

Table 65 shows the value of the electric power consumed per worker by
size of establishment. Establishments with fewer than 10 workers appear to
consume more electricity per worker than establishments with between 10 and
- 75 workers: the value of eectricity consumed would appear to reach a minimum

for acertain size of firm and to increase after that. A firm with one or two
~workers does not consume very much less electricity than one with 19 or 11 if

: 1 Fixed assets do not include land and are estimated at replacement cost. The capital-
“labour ratios have been adjusted far differences in the number of shifts.
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Tabie 85.  Elecrric power consumed per worker by size of -establishment

Na. of workers Electric pawer consumed Tndex 1
per workz: {US dollars)

< 10 9.6 245
10-19 45 115
20-25 5.4 138
30-39 51 13.0
40-49 6.0 15.3
50-74 6.0 153
75-99 114 29.1
= 100 39.2 100.0
Average 16.9

t bsiahhishmonts with 100 workers and over = 100.

both are using labour-intensive methods of production. What is significant
isthat the largest firms (100 vorkers and over) ccasume more than four times
as much electricity as the smaliest firms (fewer than 10 workers). This would
again seem to indicate that 1=rge firms use more capital-intensive methods of
production than small ones. This is clearly shown in figure 5, which shows
a tendency for the indices both of fixed assets and of electricity consumption
to vary by employment size. An interesting feature which emerges from the
graph is the sharp increase in capital intensity for firms employing 100 and
more workers by comparison with those employing fewer than 100 workers.

To sum up, ali the available data seem to indicate a positive relationship
between size of establishment and capital intensity. In leather shoe manu-
facturing this can be easily explained as folicw.vo. Output is generally correlated
with the size of firm. Table 66 shows the daily production by size of establish-
ment. The small firms produce less than 20 pairs of shoes a day; the medium-
sized firms (between 10 and 50 workers) less than 100 pairs a day; while the
iarge firms produce up to over 500 pairs a day.’ In terms of physical output,
actual daily production in the small firms is less than 4 per cent of that in the
large firms; in terms of value, it is even lower, which indicates, no doubt,
that small firms produce low-price, low-quality shoes. The difference between
capacity and actua output is not tremendoudly greater in the smell firms than
in the iarge, vhether in terms of physical output or of vaue. Even at capacity
output the small firms would produce fewer than 190 pairs of shoes a day.

t The output may be underestimated since the year of the survey (1975) was a recession
year for the snoe industry.
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Indices of value -f fixed assets per worker and of electricity consumption par
p P

Figure 5.
worker, by size of establishment

Indices (maximum amount =100}
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Table 66. Daily picduction of shioes by number of workers

No. of Daily production
workers B P _— N
Actual At full capacity
‘N04 ot pairs of shoes Value in US dollzrs No of pairs ;l‘ shoes _\-/.;l[ut in US d.nllars
;soilu’ur:mr !na‘erili Esjh;e— Index1 ;bsolutc tiglext - ;;s;lut: Ina;'x 1_
figures figures figures figures
< 10 18.3 3.5 201.6 2.3 67.8 6.2 711.2 4.2
10-19 42.7 8.3 532.9 6.1 143.8 13.7 18118 107
20-29 444 8.0 906.9 10.3 153.8 140 31190 184
30-39 40.2 7.8 1203.2 137 148.8 136 33850 199
40-49 83.3 16.2 1465.1 166 287.4 262 50554 298
50.74 105.0 204 1 656.7 158 400.7 374 64790 378
7599 250.0 485 4 666.7 32.9 §70.3 79.3 It 2552 957
= J00 5156 100.0 §812.7 1000 1096.8 1000 167360 1090 {
Average
for all
groups 1374 24309 397.3 6717.2

{ Establishments with 100 workers and over = 100,

Needless to say, at low levels of output it would be more economical to use
the manual method of production. If a machine were purchased it would be
underused most of the time. For instance the cupacity of a manud lasting
machine is around 200 pairs of shoes a day. In a small firm with an output of
Iess than 20 pairs a day, the machine would bc idle most of the time. This was
the case with the four smal firms which had purchased a lasting machine’
In their case, however, all the machines were reconditioned and bad cost
them crly about a fifth of the price of new machines. Possibly for this reason
the owners considered them economical even at low levels of output; alterna-
tively, the owners may have been optimistic about the prospects for expansion.
In general, however, the technique adopted is dictated by the level of output
and thus the sire of the firm.,

Wage differentials may be another important factor accounting for inter-
firm size variations. Table 67 shows the average level of wages per worker by

* The same applies to a finishing or scouring machine, which has an average throughput
of 37 pairs aday in a small firm. The rated capacity of such a machine is around 5p0 pairs
per day. Perhaps What is needed in a small firm is & machine which is specificaly designed
to produce at alow level of production. See N. S. McBain and David J. C. Forsyth: “An
intermediatetechnalogy for shoe-making in less developed countries’, in Appropr.ate Teck
nelogy, VOl 2, NO. 3, pp. 26-28.
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Table 67. Average monthly wage per worker by number of workers
(in United States dollars)

No. of workers Average monthly wage D€ worker
Including imputed | wages Exciuding imputed ! wages
Absolute  figures Index?® Absolute  figures  Index?
< to 172.8 72.2 1112 524
10-19 1925 80.4 163.3 76.9
m-29 175.3 732 189.1 89.0
30-39 202.7 84.6 186.5 07.8
40-49 228.0 952 2'0.0 98.9
50-74 2313 96.6 2043 96.2
75-9% 2255 94.2 205.7 96.8
= {00 2395 100.0 212.4 100.0
Average for
an groups 2085 1814

1 For unpaid workers. 2 Establishments with 100 workers and over = 100

sire of establishment. The table shows two types of wage calculations. One
includes an imputed element for unpaid workers while the other excludes the
imputed payment. If the imputed element is included, the wage differentia
appears relatively small. Wages in small establishments (fewer than 10 workers)
are 72.2 per cent of those prevailing in the large establishments (more than
100 workers). However, when the imputed element is excluded from the cal-
culation we find that firms employing fewer than 20 workers have significantly
lower wage costs, and hence we may expect relative factor prices to influence
the choice cf technology in these firms if wages play an important role. In any
case the data in the table strengthen the impression that unpaid labour i an
important element in small firms. The availability of unpaid workers, or of
workers paid low wages. encourages the small firms to use labour-intensive
methods of producticn. This is one way in which they can compete effectively
with large firsss.

Not only islabour relatively cheaper for the smal firms, capital is relatively
scarce and more expensive. Generally access to credit facilities in the organised
financial sector appears to be a positive function of the size of establishment:
- large firms have easy credit while small firms have hardly any.! Table 68 shows
that less than 4 per cent of small firmes can draw on overdrafts with commercia

1 This has been confirmed by a number of studies, including one made by the author
(Chee Peng Lim: The role of sma!l industry in the Mulaysian economy, Ph.D. thess, University
of Maaya, 1975).
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Table 68. Access to overdrzft facilities of commercial banks, by number of workers

No. of workers Totai po. of estab- Establishments with
lishments ir. sample overdraft facilities

Absolute figures Pereentages
< 10 26 1 38
10-19 16 1 6.3
20-29 6 1 16.7
30-39 3 2 658.7
40-49 1 i 100.0
56-74 3 2 66.7
7599 2 2 100.0
= 100 4 4 100.0
All establishments 61 14 22.9

banks, as any large firmcan do. There art several reasons why commercial
banks «re reluctant to lend to small firms. First, it is less profitable because of
the higher lending costs and greater risks involved. Lending costs tend to be
higher because of the diseconomies of scale. The risk tends to be greater
because typical small enterprises have little capital and acceptable collateral.
The risk of business failure is also higher for small enterprises. Secondly, the
banks find it difficult to obtain information about the credit of applicants and
their businesses. The loan applications are often not accompanied by balance
sheets and income statements. Even when such statements exist, they are not
properly prepared. In a number of cases it would also be necessary to visit the
establishment, but few ban.s have the personnel or the time to do so. Not
only do small firms have difficulty in obtaining overdrafts; they also find it
difficult to obtain credit from suppliers for purchases of raw materials. Table 69
shows purchase on credit as a proportion of total purchases by employment
size. Firms with fewer than 10 workers usually purchase less than 47 per cent
of their raw materials on credit, whereas large firms are able to purchase about
76 per cent of their raw materials on such terms.

_ To sum up. credit is relatively short for small firms. It is alse more costly.
+ - The rate of interest charged by commercia banks on aloan depends very much
" on the type of collateral offered and the banks evaluation of the degree of risk
" associated with the loan; on both counts the small firms generaly lose out to
.. the large ones, and for this reason have to pay a higher rate of interest. However,
-we arc unable to substantiate this point for the shoe industry since only one

N > small firm has access to bank credit. Nevertheless, one can assume that since

)




Manufacture of leather shoes and bricks i Malaysia

Table 69. Purchase of raw materials on credit, by number of workers

Mo. of workers Percentaee of 1otal purchases Irdex
(sirms with 100 workers
mnd aver = 100)
<10 46.5 66.9
10-19 78.0 102.2
2029 78.3 102.6
30-39 70.0 91.7
40-49 60.0 78.6
50-74 8L7 1071
7599 63.0 935
2= 100 76.3 100.0
Average for all groups 69.5

smal! firms have as much need for capital as large firms (if not an even greater
need), a number of them obtain their credit from relatively costly sources such
as finance companies, pawnshops and moneylenders. The interest charged by
these sources is usualy in excess of 20 per cent per annum. Finaly, not many
equipment suppliers offer hire-purchase facilities, and those which do often
discriminate againgt small firms. In view of al these factors, small firms may
be forced to rely on labour-intensive techuigues of production.

BRICKS

Brick making is among the most long established industries in Maaysia.
According to the owners of the older brick works, the industry was started
about 100 years ago by the Chinese who brought the technique of brick
making from China. These pioneers used the hand-made method of brick
making and fired the bricks in Chinese-style kilns.

‘There are three main types of bricks: common bricks, facing bricks and
fire bricks. This study is concerned mainly with common and facing bricks.
Common bricks can be classified i,dto three categories. red, black and white.
The red are bricks that have been properly fired, and they usualy constitute
about 95 per cent of the total brick output ¢f a single establishment. They also
fetch the highest price. Black bricks are those that ware nearest to the fire, and
overburnt; they are sold at a lower price. About 5 per cent of the total brick
output is made up of black bricks. White bricks »«te those that were furthest
away from the fire, and are therefore inadequately fired. They are usualy
re-fired in the next firing session.
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The principal customers of the brick industry are housing developer;,
construction firms, building contracters and hardware shops. (Six of the
sample establishments are subsidiaries of construction firms or housing
developers.) Peninsular Malaysia produces all the building bricks it reguires,
except for a very small quantity of better bricks from Singapore. The apparent
consumption of bricks in Peninsular Maaysa is estimated from available
dtatistics of production, imports and exports. 1t appears that the brick industry
is expanding owing to increasing demand for houses and also because of lack
of competition from foreign products. The increase in demand for houses may
be due to severa reasons. The first possible reason may be an increase in
population andan increase in the number of married couples who constitute
an important variable in the demand fo: houses. Secondly, according to the
Third Maaysia Plan the fulfitment of housing needs is a major social objective
of nationa development. Theaiin is to ensure that all Malaysians, in particular
the lower income groups, have access to adequate housing. It is also govern-
ment pelicy to provide loans to its employees to finance the purchase of houses.
Commercia banks and financia ingtitutions have also been persuaded to give
preferenceio housing Loans.

Production stages
There are five main stages i the making of a brick:
{a; winning and haulage of ciays;
(h) preparation and weathering Of clays;
(¢j brick-making;
(d} drying; and
e} firing.

At the initia stage, the owner of the brick works will first determine the
suitability of the clays for making common bricks. Usualy this is done by
visual examination, ard much depends on the experience of the owner or the
genera manager. If the clays are found to be suitable, the clays are won or
dug up marually with hand shovels or mechanicdly with excavators and
tractors. The clay deposits are usudly located within the factory area. But
should the clay deposits there be exhausted or found to be unsuitable, then
clays are bought from other owners or the brick establishment may own a
pizce Of land where clays are obtained but this land may be some distance
from the works. In Perak, especialy near mining areas, the brickworks usually
obtain their clays from the mines, which produce clays as a waste product.
Whercar the clays used to be sold to brickworks at about $1 per ton, the pri:«=
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has now risen to $1.50 per ton. The clays are transported to the factory dte
by lorries.

Clays obtained within the factory area are transported from the clay site
to the factory compound with the help of wheelbarrows, carts or unlicensed
lorries.” On reaching the factory compound, and until required, the clays are
usually dumped either on open ground or on acemen:ed surface which
may or may not be roofed. The purpose of the roof is to ensure that the
moisture content of the clays is retained during the dry season. and conversely
that during the monsoon the clays will not become too soft and wet, and thus
unsuitable for extrusion. The stored clays are mired with wet clays to the right
consistency before they go through the extrusion process. In some cases a
laboratory analysis is performed to separate the clays into two categories,
namely high temperature clays and low temperature clays. This sort of analysis
is performed only in the large estabiishments. Usually the large firms will
reject high temperature clays since they require a lo: of heat during the firing
process. and thus more fuel, which means higher cost. The large firms use
heavy oil, e.g. diesel or third grade oil, to fire their bricks; such fuel being
more expensive than firewood, there is a need to economise on fuel. The clays
can also be sukdivided into clays with a high laterite content and clays with a
high sand content. Clays with a high laterite content are in greater demand
because such clays produce bricks which have a dark red colour, whereas
bricks made from clays with a high sand content are lighter in colour. Not-
withstanding this, sand is till an important ingredient in brick making.
Silicon reinforces the bricks: when silicon is fired it binds the clay particles
tightly together. However, where the 'sand content is too high other materials
such as red earth are added until the clays are suitable for brick production.
Large firms have their own laboratories to analyse their clays and to test them
for shrinkage, porosity and crushing strength. Small firms do not have labora-
tories. Analysis is carried out visualy on the basis of experience.

We now <ome to the second stage, i.e. clay preparation and weathering.
Apparently most brickworks in Malaysia do not have a primary treatment
for their clays before they go into the third stage, i.e. the brick-making stage.
Only the large firms provide primary treatment of the clays, o1 clay preparation
asit iscdled. Thisinvolves four sub-stages. First, the drier clays pass through
afeeder box where they are crusued into smaller pieces. The crushed dry clays
are then transported by conveyor belt to a wet pan, where water is added to

1 Unlicensed lorries are those on which road tax has not been paid. Since these lorries
are used only for transporting clays and do not leave the factory area, the owners try to
save on the road tax, which can amount to more than $300 per annum for a lorry. This
practice is illegal. .
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them to bring the moisture content to 20 per cent, and then to a grinucr, -where
they are sround into even finer pieces, i.e. small lumps. In the third sub-stage
the clays pass through a double roii crusher which crushes and rolls them into
thin and small irregular sheets less than hali aninch thick. Lastly the clays
enter a double shaft mixer where they are further mined with water, and where
other inputs such as sand or laterite are added to the right consistency. The
moisture content of the clays is new about 24 per cent, which makes them
soft enough far extrusion.

The third stage is that of brick making proper. Severa methods can be
used at this stage, namely the band moulding, extrusion, soft mud, stiff plastic
and semi-dry press processes.’ The two methods used in Maaysia are the
hard-moulding and the extrusion process. Whatever the method used the
object is the same-to shape the soft clays to take the rectang:lar form of
bricks. Once this is done the bricks, slightly greenish-grey in colour, are
removed from the take-off table and stacked manuaily on pallets. The pallets
are then transported by a fork-lift truck to the sheds for drying Alternatively,
they may be carried manualy from the take-off table or transported with the
help of wheelbarrows to the drying sheds.

The fourth stage of production is the drying process. The purpose of
drying clay products is to remove enough water to make them suificiently
stiff to be set in a kiln. The water content should be reduced till the green brick
reaches the so-called “leather hardness’ level. The moisture content will then
be between 8 and 14 per cent, depending upon the clay. Drying ensures that
the bricks in the lower layers do not collapse under the weight of those on top
when fired in the kiln. When the bricks are dried they change from greenish
grey to alighter colour, usually white. In the large firms a sample of the bricks
are tested to determine whether they are ready for firing. This is usualy done
by breaking up some of the bricks and sending them to the laboratory to
determine their moisture content before firing begins. In a smal firm the
manager does not usually test the bricks, but relies on his experience.

The final production stage in the making of common bricks is the firing
process. Different types of kilns are used in the industry: they range from the
traditional wood-firing kiln to the advanced tunnel kiln. After firing, the bricks
are alowed to cool down, and the red ones are separated from the black and
from the white unburnt bricks which will be returned to the kiln to be
re-fired.

! For a discussion of the various methods of brick making see United Nations: The
estahlishment of the brick and tile industry in developing countries (New York, 1969).
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Choice of technique by scae of establishment

The moest important stages in brick making are winning, making, drying
and firing. Accordingly, the choice of technique will he examined with reference
to these stages. Initialy we besin by discussing the choice of techrique by size
of establishment. In this analysis “small” firms are those that have fewer than
10 workers; “medium-sired” firms those that have between 10 and 50 workers,
and ~large” firms are those that have 5¢ workers or more. As in the previous
analysis, the workers taken inio account include those who are unpaid or part-
time. Also. as in the previous analysis, other measures of firm size such as
capacity output and fixed assets are not used because data corresponding to
such criteria are much less reliable than employment data. In any case, employ-
ment is closely correlated with fixed assets and capacity output: for instance,
the correlation coefficient for employment and value of fixed assets at replace-
ment cost is equal to 0.88.

Employment - ill therefore be used as an indicator of the size of establish-
ment even though we are aware that it is not an ideal measure.

We begin by considering the various techniques that are availabie for
winning clays. Two principa techniques are used in Maaysia-manua (hy
using hand shovels) and mechanical (by using excavators, tractors and hull-
dozers). The manual method is only popular with the smal firms and some of
the medium-sized firms, especidly those with fewer than =0 workers. It has
been shown in an exhaustive study of shovelling that two men working to-
gether can win and harrow over a distance of 100 yards (91.4 metres) sufficient
material for ten tons of fired product, which is equivaiert to an output of over
3,500 bricks a day. Many small firms have an output much lower than this
(see table 76). Mechanical clay winning becomes a paying proposition when
the required output exceeds 20 tons of fired product per day (equivalent to an
output of over 7,000 bricks a day). The most frequently used clay winning
machines in Maiaysia are excavators and tractors. The choice between the
two kinds of machine depends on the nature of the clay deposit. Where the
deposit is hard an excavator is generally used; a tractor can be employed on
soft clays. Only one man is required to win and load with an excavator, which
can dig enough material for up to 11.4 tons of fired product per hour.” Thus
it would appear that in an B-hour day one man with an excavator can win as
much clay as 18 men using shovels.

1 The labour requirement is typically 0.02 to 0.1 man-hours per ton, according to
United Nations, Op. Cit., p. 3L
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Table 70. Type of wi.ning system by number of workers

No. of workers N, f establishments L

Manual Mechanical Total

(hand shovel)

Excavator Tractor

<10 4 — - 4
10-19 6 2 1 9
20-22 3 4 4 11
30-39 — 4 ) ;
40-49 - 8 4 12
50-74 4 6
75-99 2 3
== 100 — 2 1 3
Total 13 26 14 53

! The total number of establishments exceeds the number of establishments in the sample because some estab-
lishments use more than one technique,

Table 70 shows the type of winning system used by number of workers
employed. Less than 30 per cent of the establishments interviewed use the
manual system, and al of them are firms employing fewer than 30 workers.
The most popular technique used is mechanical, using an excavator. This
accounts for 57 per cent of the establishments in the sample. The rest use a
tractor. The table shows that none of the small firms use the mechanical
technique, which is confined mainly to the larger firms. A few of the smaller
medium-sized firms using an excavator had hired it from a contractor.

At ihe brick making stage, two techniques commonly used in Maaysia are
hand moulding and extrusion. Under the manunal method the worker starts
by using a shovel to dig the clays from the field which is rented out to the
factory owner. The clays are piled on top of a small wooden table. The worker
then takes a sufticient amount, without mixing in any other material, and puts
them in a wooden mould after lining the sides of the mould with a thin layer
of sand to ensure that the clays will not stick to the mould. A metal wire
scraper is used to scrape off the excess clays. The moulded clays are then dropped
from the mould and stacked one on top of the other behind the table. Each
worker works at his owa table which is under a simple shed. The newly made
bricks are left to dry in the sun, unprotected from the elements except for some
coconut leaves. When the bricks are dry, a worker puts them on a plank and
carries them on his shoulder to a wood-firing kiln. The firing takes about
13 days if the wood is wet and 10 days if it is dry. Rubber wood is used at the
beginning, but cheaper timber planks are used towards the end.
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The hand moulding method was commonly used in Malaysia before 1950,
hut since then it has been largely superseded by the extrusion process, par-
ticularly along the west coast of Perinsular Maaysia. The firms stiil using the
hand moulding method are largely very small firms in terms of fixed assets
and are confined to the poorer States such as Kelantan and Trengganu aong
the east coast. In these states demand for bricks is low since houses aie il
largely of wood. Meorsover, wages in these states are only haf of the level
prevailing in the most progressive states. Seasonal workers are easy io recruit
from the paddy fields. Another factor favouring the hand moulding method
is the severity of the monsoon season on the east coast. Many of the small
brick works along the east coast are located in flood-prone paddy field areas
(where the clay deposits are). Machines installed in such areas would be easily
damaged by seasonal floods. Moreover work usnally stops for about three
months during the monsoon (usually from November to January) because
the heavy rain makes clay winning difficult. Thus machines wouid not be
utilised for at least three months of the year. The critical factor favouring the
hand moulding method is that it dispenses with the expense of electricity,
which isin any event not available in many of the rura areas where the small
brick works in Kelantan and ‘Trengganu are located. An electric generator
could be used, but the electricity generated would be almost twice as expensive
as that from a public power supply.’

In the extrusion process the clays are deposited onto a platform above the
brick-making machine. All thke materials-clays, sand and water-are fed into
the hopper which leads into the machine. A screen across it prevents stones,
roots and other impurities from entering. The most important and widely
used machine is the screw extruder or auger machine.? In its simplest form,
the extruder consists of a cylindrical barrel in which there is a rotating screw.
Materiads fed into the inlet a one end are pressed through the die at the other
end to produce a shaped column that can be cut into required lengths by
appropriately spaced wires. This gives the process its alternative name of
“wire cut”. The wire cutter can be operated manualy or automatically. When
operated manually it can cut the clays into 6 to 10 bricks at a time. An auto-
matic cutter can cut as many as IS bricks at one time.

Table 71 shows the type of brick making system used by number of workers.
Only about a quarter of the firms use the hand-made method, while the rest
use mainly the extrusion technique, which accounts for about 70.8 per cent

L Similar considerations favour the use of labour-intensive, manual methods in the
rurd areas for the manufacture of cement blocks in Kenya (see Chapter 8).

& Other instrumenss USed for moving clay through the die are piston extruders, or
“stupids”, and expression rolls.

!
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Table 71. Type of brick-making system by number of workers .

No. of workers No. of establishmenis1
Manual Mechanical Other Total
{hand-made) extrusion
< 10 4 — — 4
10-19 6 3 — 9
20-29 1 8 -— S
30-39 — 5 — 5
40-49 — g8 — 8
50-74 — 5 — 5
7599 — 3 -— 3
= 100 1 2 2 5
T ota! 12 34 2 48

1 The total number of establishments excesds the number of establishments in the sample because some estab-
lishments use more than one technigue.

of the total. The establishments using the hand-made method are al small,
with the exception of one of the large firms which uses the hand-made process
for certain types of bricks, usually in accordance with the requirements of the
customers. Two of the large firms use “other” methods of brick making,
namely giff plastic and semi-dry. Most of the firms use localy mad: hand-
operated extruders with a cutting capacity of 10 uwuits per cut. The cost of such
extruders and less sophisticated ones ranges from $5,000 to $10,000 for the
cheaper quality and from $11,000 to approximately $20,000 for the better
quality extruders. Some firms use foreign-made extruders which are mainly
imported from the United Kingdom. A few firms purchase their machinery
from China, the Federa Republic of Germany, the Netherlands and Singapore.
The extruders are usualy powered by diesel engines which are mainly foreign-
made. The most popular brand of engine used is the Lister engine, imported
from the United Kingdom. The engine costs $5,000 to $20,000 depending
on the horsepower. Diesel engines with about 40 horsepower cost about
$7,000 and engines with about 120 horsepower and above cost about $15,000
.-+ t0 $20,000. In alarge firm the extruder is powered by a diesal engine of about

'.._'._"_:100 to 180 horsepower. In a medium-sized firm, the engines may range from
*."-40 to 80 horsepower. Some firms use engines made in the Federal Republic

- of Germany (the brand most cossmonly found is Mercedes-Benz). Engines

-.of Chinese and Japanese make ar: aso found, hut they cost no less and are
“not so popular. Only five firms out of the 46 interviewed use second-hand
- diesel engines.

.- 279




Manufacture Of Joather shoes and bricks iN Mzlaysia

The traditional method of drying bricks is to ailow them to dry naturaly
in the open air with some protection against rain and direct sun. The protection
may take the form of simply placing a layer of coconut leaves on top of the
bricks to prevent them from cracking as a result of being exposed tO excess
heat or drying too quickly. More efiective protection iS given when large
sheds are built to cover the area where the bricks arc laid out t. dry. The
sheds may have a zinc or thatched roof. Some firmsusea pulley system to
adjust openings in the rcof as required. Drying can also be carried out arti-
ficidly in a tunnel kiln or in a tunnd dryer, usually built parallel to the tunnel
kiln, which taps the excess heat from it to dry the bricks. Under the iatter
system, pipes connected to the kiln transport the excess heat to the Jryer. The
tunnel dryer has ledges on both sides for the support of the brick-loaded laths
or palleis. These are usualy introduced into the tunnel by a finger car which
moves on tracks. After drying has been completed, they ave again withdrawn
in the same manner. Natural drying takes about 14 to 20 days, depending on
the weather. Artificial drying takes less than 9 days. Actualy the tunnel dryer
takes only about 30 hours to dry the bricks, but before the bricks go into the
dryer they are dried for a week in the sheds. This reduces the moisture content
to about 10 per cent. The dryer then reduces the moisture content to | per cent
before the bricks are ready for firing.

Since it is faster and does not in itsalf involve any fud cost, artificial drying
would appear to be superior to open-air drying. However, very few brick
factories have tunnel kilns, and therefore artificial drying has not been widely
adopted. Moreover, Maaysia is a tropical country where the weather is warm
throughout the year. Thus open-air drying is more common. The advantages
of open-air drying lie in the low capital investment and the saving in fuel cost.
It does not require elaborate equipment. However, breakage and wastage
tend to be high due to handling. Moreover, open-air drying requires a lot of
space.” It cannot be controlled, and this factor results in uneven quality of the
bricks. It will be seen frem table 72 that only six establishments have tunne!
dryers. These are establishments with tunnei kilns (see table 73).* The rest of
the establishments, including al the small and most of the medium-sized firms,
use the natural drying technique.

For firing, two types of kilns are used in Maaysia: the traditional wood-
firing kiln and the advanced tunnel kiln. The majority of brick factories in
Malaysia use the former. Those kilns have permanent rectangular walls, made

! The space required for the natural drying of 300,000 bricks will bs about 2,000 m?
(2,000f% including paths for fork-lift trucks.

2 Since tunnel dryers have a limited capacity the large firms till have to resort to natural
drying te supplement these tunnel dryers.
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Table 72.  Type of drying system by number of workers

Nn. of workers No. of establishments !
Nazural Artificial Total
{open-air) (tuunel dryer}
< 10 4 — 4
10-19 8 — 8
20-29 12 - 12
30-39 6 — 6
40-49 9 t 10
50-7% 6 1 7
75-99 2 2 4
= 1060 4 2 6
Total 51 . 6 37

! The total number of establishments exceeds the sumber of establishments in the samople because some estab-
lishmignis pse moere than one techrtique.

of the same kind of bricks as are produced by the brick works, with fire holes
in the side walls at ground level. The hot gases produced by the firewood
pass up through the bricks and are exhausted a the crown. A typica size
wood-firing kiln is 30 ft by 15 ft wide and 12 ft to 15 ft high. The fuei used
in the wood-firing kiln is mainly rubber wood or even odd pieces of cheaper
wood, if these are available. The wood-firing kiln has the advantage of having
no permanent stacks and hence lower initial capital cost. On the other hand,
there is inadequate control of temperature at various stages of the firing cycle,
the heat generated is insufficient to bring the firing to the finishing temperature
of about 1,150°C and the uneven flow of heat causes considerable overburning
and underburning. In addition fuel economy is extremely low, fuel consump*ion
being sometimes five to seven times as high as in a tunnel kiln. However, since
the fuel used is wood, fuel cost is till lower than that of a tunnel kiln using
diesdl or third grade oil.

A tunnel kiln is along tunnel internalty lined with firebricks and has been
described as the most perfect means of firing bricks. The kiln is filled with
cars loaded or stacked to about 6 ft high with bricks. The bricks are stacked
in a certain pattern so that -they can be properly and thoroughly fired. The

*._tiring is continuous. The car is pushed forward half a car length at a time so

", that the fuel burns in spaces left across the car at the mid-car level and between
car positions. The fire combustion chambers are located at the side of the kiln
walls. In a tunnel kiln the bricks have to pass through three fixed zones, the
. preheating zone, the furnace or hesting zone and the cooling zone. In al types
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of ki <firing isa24-hour process and requires workers wiih afew years of
e once, SKill is required to ensure that the bricks will be evenly fired and
ih.sther Will be very little wastage due to overburnt or uncooked bricks. The
tuane ins found in Malaysia are side-fired with heavy fuel oil such as diesel
or \hird grade oil. One firm uses charcoal dust (waste) and it is possible that
more firms may follow suit as both diesel and third grade oil become more
expensive: charcoal dust is easily available and is very much cheaper. The
firm which uses charcoal dust as fuel obtains it from the Malayawata steel
mill. The quality of bricks obtained is not affected by the use of charcoal dust;
the only disadvantage is that the charcoa dust may procuce soot which clogs
up the firing system, but the use of diesel and third grade oil also giver rise to
this problem. Fortunately the firm that uses charcoal dus: asa fuel has invented
a system of its own to remove the soot and prevent clogging. The possibility
of using charcoa dust will make the tunnel kiln more competitive with the
wood-fired kiln.

At present the main drawbacks of the tunnel kiln are its inability to burn
any fuel other than liquids or gases and the relatively high cost of such fuels.
Another disadvantage is the high initial cost. The current price of atunnei
kiln is about $40,000, whereas the price of a wood-firing kiln ranges from
$2.500 0 about $20,000 depending on the size of the kiln and when and where
it was built. For example, between 1972 and 1973, a kiln with a capacity of
70,000 Hricks costs about $4,000 in a poorer staie (e.g. Kelantan) as compared
with about $8,000 to $10,000 for a kiln with similar capacity in a more aifiuent
state (e.g. Selangor). But athough the tunnel kiln costs more, its capacity is
very much larger. It can fire 160,000-180,000 bricks at a time, as compared
with 20,000-100,000 bricks for a wood-firing kiln. The average firing time of a
tunnel kiln is less than 9 days while the wooed-iiring kiln takes about 12 to
20 days. Finally the turnel kiln lends itself more readily to incorporation
within a highly mecchanised flow line production layout. The tunnel kiln is
well controlled, and very little wastage due to improper firing occurs. The
quality of the bricks produced is also better and they are more uniformly tired.
Degspite its advantages experience in industrialiscd countries suggests that only
when wase rates rise to the level of affluence is the tunnel kiln an economic
means of brick making. It will be seen frem table 73 that only six establish-
ments in the sample have tunnel kilns. The rest use wood-firing kilns. The firms
that use the more capital-intensive tunnel kilns are mainly the large ones
which have more than 75 workers.

Finally table 74 shows the system of materials handling adopted by size
of establishment. All small establishments with fewer than 20 workers use the
manual system of materia handling, i.e. the wheelbarrow, while the medium-
sized firms use both wheelbarrows and fork-lift trucks.
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Table 73. Type of kiln used, by number of workers in the gstablishment

No. of workers Wood-firing Tunngl

< 10
10-19
20-29
30-3%
40-49
50-74
75-99
= 100
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Table 74, System of materizl handling by numbar of workers in the establiskment

No. of workers Number of establishmenis

‘Wheelbarrows Fork-lifi trucks Other

< 10
1012
20-29
20-39
45-49
5G-74
75-99
= 100 —

lel.P-*-J.FAM
NwwMun—-l
[

—

Total 25 t4 11

From the foregoing description of the choice of techniques at various
stages of production, it is obvious that the small firms tend to use manual and
ilabour-intensive techniques, while those chosen by the large firms tend to be
more capital-intensive. A more comprehensive indicator of capital intensity
is fixed assets p=r worker valued at replacement cost. (Fixed assets include
land, which is an important input in the brick industry. The land may be used
to supply clays for the brick works or to provide storage and drying space for
the bricks. In the case of small firms as much as 78 per cent of fixed assets is
in the form of land.) Table 75 shows that the value of fixed assets per worker
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Table 75. Value of fixed assets at replacement cost per worker, by number of workers
in the establishment

Wo. of workers Fixed assets per worker
Ununited States dollars Index1

< 10 31861.8 238
16-19 5 609.9 346
20-29 6278.8 38.8
30-39 6790.5 419
40-49 6903.5 42.6
50-74 77219 47.7
75.G9 94173 58.1
= 100 16 1989 100.0
Average 70728

L Establishments with 100 workers and over = 100,

increases with the size of the firm and is about four times higher in firms with
over 100 workers than in firms with fewer than 0. To sum up, ali the available
data seem to indicate a positive relationship between the sire of the establish-
ment and capital intensity. In the brick-making industry this can be explained
as follows. Actua output is generally correlated with the size of establishments
in terms of number of workers. It will be seen from table 76 that the small
firms produce about 45,000 individual bricks a month, while the medium-
sized firms produce 500,000 to 3 million (the output of the large firms is not
available). Since the output of the small firms with fewer than 10 workers is
less than 10 per cent of that of firms with between 10 and 20 workers,, and less
than 2 per cent of the maximum output achieved by the larger medium-sized
firms, it would not be feasible for the small firms to adopt the same techniques

Table 76. Average actua! manthly physical autput, by aumber of workers

No. of workers Qutput
(individuaal bricks}

< 10 45 800
10-1% 571 400
20-29 1 441 000
30-39 2500 000
40-49 3 577 869
50-74 2921 049
75-99 2 093 900
= 100 n.a.

275




Technology and empioyment in industry

Table 77. Wages per worker, by number of workers employed in the establishment

No. of workers ‘Wages per wosker
United States dollars Index !

< 1 115 454
10-1% 154 61.14
20-29 217 86.1
30-39 198 786
40-49 213 86.9
50-74 215 85.3
75-99 193 76.6
= 0 252 100.0

1 Establishments with 100 workers and over = 100,

of production as are used by their larger counterparts. If machines were widely
used by the small firms such machines would be idle most of the time.
Wage differentials may be another important actor which may also
account for the correlation between the sire of a firm and the techniques it
uses. From iable 77, which shows the average level of wages per worker by
size of establishment,’ it will be seen that in the smallest firms wages are less
than half as high as those paid in the largest firms. Low wages may make
labour-intensive methods of production more economical for small firms, and
enable them to compete with the large firms. Not only is labour cost lower
for the small firms, capita is relatively scarce and more expensive. In brick
making as in the shoe industry, access to credit appears to be generaly related
to the sire of the establishment. Table 78 shows the number of establishments
in the brick sample which have access to commercial bank overdrafts, by
employment size. The table shows that less than 35 per cent of al firms in the
samr nle have access to such facilities. None of the firms with fewer than 10
workers has such facilities, while all the large firms have. Access to overdraft
facilities appears to be a positive function of employment size. In short,
relatively low wages and less accessibility to capital combined with low levels
of output induce small firms to adopt labour-intensive methods of production.

FACTORS INFLUENCING TECHNOLOGY CHOICE

The analysis in the preceding sections indicates that choice of technique in
both the shoe and brick industries is scale-determined. The question then

1 Since unpaid labour iS Not common in the brick industry, the wages paid do not
include an imputed element as in the analysis of the shoe industry.
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Table 78.  Access to overdraft facilities of commercial banks, by number of workers

No. of workers Total no. of estab- _ Establishments with
lishments in sample” overdraft facilities

Absclute figures Percentages
< 10 4 — —
10-19 9 1 111
20-2% 9 1 i1
30-39 5 1 20.0
40-49 8 4 500
50-74 5 3 60.0
75-99 3 3 100.0
100 3 3 100.0
Total 46 16 34.8

follows. what determines the scale of total output? We believe the detcrmining
factors are access to credit and to information; the level of education and
training or experience of the decision-maker;’ the extent of foreign owner-
ship; fiscal incentives, labour relations; location; variety of products; and
quality. We briefly examine these factors below.

Credit

Accessibility to bank credit may induce a firm to adopt a more capital-
intensive technique of production than it would normally adopt in the absence
of such credit. In the survey we found that only 14 out of the 61 sstablishments
in the shoe sample had bank credit facilities while only 10 out of the 46 estab-
lishments in the brick sample had such facilities. If our proposition that firms
are relatively more capita-intensive if they have easy access to credit facilities
is correct then most of these firms should be capital-intensive according to
our method of classification. Out of four capita-intensive firms in the shoe
sample three had access to credit facilities. Of the 27 labour-intensive firms
only three, or i 1.7 per cent, had access to credit facilities. In the brick sample
two oul of the three napital intensive firms < had access to credit, whiie none of
the labour-intensive firms had access to any such facilities.

* The decision-maker iS defined as the person responsible for magjor decisions an the
choice of new equipment or Who makes recommendations te the board of directors for
the purchase of such equipment. In dmogt all cases this will ke the general manager, although
in ONE O two cases the production or factory manager also has an important say. In the

case of a partnership or a large company thé decision may be made by al the partners or
the senior managers.
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Table 79. Importance attached to different sources of technological information by
establishments in the shoe industry

Scurce of information Kinds of information used, classified by importance artached to it in each
case by user establishments

Very important Less important Not  important  Toral
Ab- Per- Ab- Pere Ab- Per- Ab- Per-
solute centeges solute  cemrages solule  rceninges solutc  centnges
figures fizures figures figures
Personal experience in
another shoe firm 50 826 1 16 1" 164 =6l 100.0
Direct contact with
ther shoe nrms 16 26.2 6 9.8 39 63.9 6, 100.0
Adv.-e from equipment
supplier Il 18.0 10 164 40 65.6 61 100.0
Plant visit abroad 7 11.5 6 9.8 48 78.7 61 106.0
Cther 8 13.1 15 24.6 38 62.3 61 100.0

Infosmation

Shoe and brick manufacturers in Maaysia receive technologica infar-
mation through various channels. In the shoe survey respondents were asked
to rank the various sources of technological information which tbey used
before purchasing their machinery or equipment. Table 79 shows that the
most imipertant Of these sources in the shoe industry are: persona experience
in another shoe firm; direct contact with other shoe firms; advice from equip-
ment suppliers; and plant visits abroad. Other sources or information ranked
lower down in the scale are: trade fairs, technica journals and censultancy
services. Almost al the respondents who gave prime importance to personal
experience had more than ten years of experience in the shce industry. Many
of these respondents had spent their whole working lives in the industry,
generally beginning as apprentices and subsequently setting up businesses on
their own. In the course of their work they had learnt to make various parts
of the shoe and to handle various tools and equipment, and they had generaly
acquired a fuil technica knowledge of shoe making. The second-most im-
portant source of information is direct contact with other shoe firms. Appar-
ently this is an impertant source of information for the smaller firtrs. The
shoe makers in these firms generally visit each other and exchange information
regarding the cost, capacity and efficiency of various kinds of shoe machinery
in the market. The machinery is then bought on the basis of an informa
evaluation relying on this information.
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Another important source of information is advice from suppliers of
shoe-making equipment. Many of them visit their customers mainly to intro-
duce then: to their new range of equipment. The frequency of the visits depends
on the size of the customer’s firm. According to one leading shoe equipment
importer. shoe firms are categorised into three groups. Firms producing more
than 200 pairs of shoes a day belong to Group A, firms producing 100 to
200 pairs of shoes a day belong to Group B, and firms producing less than
100 pairs of shees a day belong to Group C. The importer visits the local
Group A and B firms two or three times a month. The local firmsin Group C
are visited once in every two to three months. Firms in the A and B Groups
located in remote areas are visited oncea month while those in the C Group
are visted only when the sales representative has the time. Answers supplied
by the respondents indicate that sales representatives rarely visit the Group C
shoe firms that are not easily accessible; even the local Group C shoe firms are
neglected by the sales representatives unless such firms are near the top ot the
group, that is, producing at least 80 to 100 pairs of shoes a day.

Other information comes from trade fairs and plant visits abroad. Tech-
nica journals, consultancy services and research in-titntes are hardly ever
cited as sources of information. However, technical journals and consultancy
services mey be of some importance for the large firms who have highly
qualified de&ion-makers and who can afford the rather expensive services of
the consultants. In the medium-sized and small firms the decision-maker more
often than not has little if any formal education. Thus most of the journas to
which he subscribes deal mainly with fashions in shoes. Consultancy Services,
of course, are out of the question, and there are no local institutes engaged in
research directly related to the shoe industry.

Traditional economic theory assumes a perfect transmission of techno-
logical information, so that available technology is assumed to be the same for
ali firms.” As the foregoing discussion has shown, larger firms have access to
a greater variety of information, from more sophisticated sources, than smaller
firms.

in the shoe sample we found that the most capital-intensive firms rank
plant visits abroad as their most important sources of information (table 80).
The most labour-intensive firms, on the other hand, rank persona experience
in another shoe firm as their most important source of information. For firms
at the bottom of the intermediate category (assets ranging from $2,000 to
$12,000) dependence on plant visits abroad appears more important as capital
intensity increases. Most of these v.sits were to plants in advanced zountries
such as the Federa Republic of Germany and the United Kingdom.

v K. Laacaster: Introduction to madern microeconomics (Chicago, Rand McNally, 1975).
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Table 80. Most important source of techinological information of individual establish-
ments in the shoe industry, by value of fixed assets

Fixed assets Number of esteblishments identifying source as most imporzant 1 Mo. of

{in Upitcd S:ates dollars) establish-
ments
n sample
a b [ d €
< $2,000 6 2 1 — — 9
$2,650-3,999 9 3 3 i 2 i8
£4,000-5,999 9 2 2 — —_ 13
$6,000-7,999 5 2 2 i — 10
$8,000-9,999 1 — — 1 - 2
$10,000-11,999 1 — — 1 — 2
312,000-13,99% 1 — 1 1 3
314,000-15,999 — — 1 1 — 2
= 516,000 - — —_ 2 —_ 2
Al establishmenis 32 9 9 8 3 6l

1 Key: a = personal experience in another shoe firm; b = direct contact with other shoe firms; ¢ = advice
from ~quipment suppiier; 4 = plant visit abroad; e = other.

Education, training and experience

Access to technological information alone is not enough. The decision-
makers must be in a position to evaluate the information received. This will
depend very much on the level of their education (see table 81) and the type of
training they have had. Decision-makers who have had adequate education
and training will be in a better position to seek out new equipment and keep
abreast of technological changes in the industry. They will also be able to
evaluate such equipment and development in the industry and decide whether
the new eguipment will enable them to increase the efficiency and profitability
of their operations. In view of this they may be more receptive to modern
methods of production, which tend in general to be capital-intensive. In the
shoe sample we found that two of the four key decision-makers in the capital-
intensive firms had university degrees (both in arts) wkile one had an upper
secondary education plus overseas training in shoe making. On the other hand,
19 out of the 27 key decision-makers in the labour-intensive firms had only a
primary education, or no formaleducati.n at al. In the brick sample we
found that two of the four ke .+ - sion-makers in the capital-intensive firms
had a university education. Or: - her hand, one key decision-maker in the
labour-intensive firms had ne formal education, one had a lower secondary
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Table 81. tevei of education of key decision-makers in the shoe and brick industries,
by value of fixed assets of the establisbments surveyed

Level of education Mumber of establishments (and hence of decision-makers}
Shoe manufaciuring Brick making
Total Capital- Labour. Teral Capital- Labour-
ng. in intensive intensive ne. in intensive intensive
sample (== $14,000) (== $4,000) sample (== %l m.} {== $20,0000
None 10 —_ 5 7 — I
Primary 31 i 14 7 — —
Lower secondary 1 — 7 14 1 {
Upper secondary 7 ! 1 10 1 —
University 2 2 — 7 2 1
All levels 1 4 27 461 4 3

1 In voe case, information r.of availabie.

education and the third a post-secondary education. Perhaps education by
it=elf is not a critical factor. Perhaps what is important is education and
training or experience. Only three cut of the 61 key decision-makers in the
shoe sample firms had received rrofessional training in shoe manufacturing. One
of them is in a capita-intensive firm while the other two are in the intermediate
group. Although few of the decison-makers have any profes:ional qualifi-
cation or training, many of thes  ve long years of experience in the shoe
industry. In fact a number of t*:  aave worked their way up in the industry
or have been in the industry most of their working lives. Nearly 45 per cent of
the decision-makers have 20 or more years of experience in the shoe industry.
There is not much correlation between capital intensity and working expe-
rience.

Extent of foreign ownership

Some economists claim that foreign investors generaly prefer capital-
intensive techniques of production for a number of reasons. First, they are
accustomed to dealing; with capital-intensive iect:niques in their own countries.
Secondly, they wish to avoid becoming involved in the labour problems of
their host countries. Thirdly, foreign capital may be available below prices
prevailing in the host countries. Alternatively, foreign investors may enjoy
incentives given to capital-intensive processes through transfer pricing or the
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fiscal and financia structure.” Thus, David Lim claims that foreign companies
in Maiaysia are much more capital-intensive than the local firms.” However,
Lim came to that conclusion by comparing the value added per employee of
Malaysian-owned and British-owned coripanies in @ number of industries.
This comparisen is too aggregated since wiihin the “industries’ chosen the
company may be producing different commodities. {'his is particularly- true
of the rubber products and electrical equipment industries for which Lim’s
figure; showed large differences bztween “Malaysian” and “British” companies.
Thus the evidence iSincenclusive. In any case there are conflicting op-nions
on this point, and tho data from our sample does not lend support to either
view. In the shoe sample only three firms are owned by foreigners. The owner-
ship in two of these firms is Singaporean while the third firm is italian-owned.
Wcmay dismiss the Singapore firms since the economic structure in Singapore
isnotvery different from that in Malaysia. The Italian firm is a large one and
its technique of production is not very different from those used in other large
local firms. This is surprising since the 1talian firm is wholly export-oriented.
In the brick sample the three firms owned by foreigners are al owned by
Singaporeans.

Fiscal incentives

Fiscal incentives, particularly those relating to accelerated capital de-
preciation and import duty exemptions on machinery and equipment, tend to
lower the price of capitd and thus favour capital-intensive techniques of
production. Since independence, Malaysia has granted a variety of fisca
incentives to gtimulate industrialisation. The first major legisation on such
incentives was the Pioneer industries Ordinance, 1958, which granted income
tax exemption to :he so-called pioneer industries; its terms were revised in
1965. The other major piece of legidation, the Investment Incentives Act,
was passed in 1968 and the Pioneer Industries Ordinance was repealed owing
to gevernmem dissatisfaction with the rate of industrial progress. The Act
provided for three main ince tives: (8) pioneer industries status (these pro-

1 See for example Frances Stewari: “Technology ari employment in LDCs" i N
E. Edwards (ed.): Employment in developing nations (N ew York, Cob:unbia Unive' sity
Press, 1974}, p.118; and S. Hasibuan: “Technology, employment ai ¢evelopment: SOMe
problems and issues”, 1N Lawrence I, White (ed.): Technology, ennloyment and developmert
(Manila, Council for Asian Manpower Studies, 1974, p. 126. FOr opposing views see
W. Paul Strassmann : Yechnological change and economic development (New York, Cornell
University Press, 1968), and R. Hal Mason: The transfer of technology and the factor pro-
pertions problem : Tre Philippines and Mexico, UNITAR Research ﬁeports, No. 10 (New
York, United Nations Institute for Training and Research, 1971).

2 Davi d Lim: Economic growth and development in West Malaysia, 1947-70 (Oxford
University Press,1973), p. 159,
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visions were subsequently revised): (&) investment tax credit: and () export
incentives, In1971 the Act was amended to incorporate additional provisions,
the main ones relating to labour utilisation relief and specia incentives to
export-oriented industries. The main am of the 1971 amendment was to
encourage the use of more labour by industries in general, and by labour-
inteusive industries in particular. Fisca iacentives in Maaysia usudly take
the formn of tarifi’ protection, especiatiy < the firms concerned are import-
substituting. Ta addition, such firms i witen granted various import duty
exemptions on their imported inputs, including machinery. In the shoe indus-
try the duty exemption on machinery is irrelevant since there is no tariff on
imported shoe making machinery a* al. The fiscal incentives tend to reinforce
the tendency to use capital-inten-ive techniques, particularly for firms with
easy access to credit facilities, but i the shoe sample only one firm [the Italian
one) enjoys such incentives. In the brick sample two firms have pioneer status,
but both are large capital-intensive firms producing fire bricks.

Labour relations

The degree of capital intensity is aso influenced by the problems of man-
aging the larger number of workers associated with mere labour-intensive
technology, The problems include negotiating with unions and dealing with
strikes, labour turnover and absenteeism. In view of these problems manage-
ment may prefer to reduce the number of workers employed to a minimum by
increasing mechanisaiion. In the shoe industry, however, the lakour problem
is not a very serious one. Only five workers in the shoe sample firms belong to
a trade union and & far as we know less than 1 per cent of the iabour force
in the leather shoe industry is unienised. Nevertheless, a number of employers
complain about a host of labour problems, particularly the high iabeur turn-
over. In the small firms it averages 27.2 per cent per annum, athough it is
only 4.3 per cent in the large firms, the average for al firms in the shoe sample
being 11.1 per cent. This pattern conforms to expectations: the use of
machinery can be presumed to help “stabilise” the labour force. Alternatively,
and perhaps more likely, the relatively high labeur turnover rates in labour-
intensive firms may be explained by the relatively low wages paid in such firms.
There is a shortage of skilled workers in the shoe industry, especially during
the peak period (usually the various festive seasons such as the Chinese IHew
Year).

In the brick industry all the firms in the sample except one reported that
their workers dic not belong to any trade union. The one exception is the
tarsest firm in the sample. The second largest firm is having a trade dispute
wih :is workers cver theissue of union recognition. (The workers formed a
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union but the management refused to recognise it. As a result the workers
went on strike and were locked out by the mauagemeat. The dispute had not
yet been setiled at the time of the present study.) Thus the rate of unienisation
in the brick industry is even lower than that prevailing in the shoe industry.
One possible reason may be the greater proportion of contract workers in the
brick industry. Possibly for the same reason the average turnover for all firms
in rhe brick sample is only 10.6 per cent per annum, slightly lower than that
in the shoe sample. The turnover is relatively high ameng workers in charge
of firing the bricks: since that is rather an unpleasant task, workers leave
whenever they have an opportunity. Firms that depend on part-time agri-
culrural workers find it difficult to obtain such workers during the harvesting
season. As in the shoe industry, there is a markedly higher rate of labour
turnover in the labour-intensive firms and a markedly lower rate in the capital-
intensive firms.

Location

Location may also affect. the choice of technique. This question is closely
linked o that of wages, which are about 10 to 30 per cent tower in the country-
side than they are in urban areas.? The urban-rural wage, differentiai varies
between different states: in compact states like Penang and }alarca the urban-
rural wage differentia is relatively insignificant, while in a very large state fike
Johore the difference may be relatively important. Only six firms in the shoe
sample were located in arura area, and all exsept twoare firms using {abour-
intensive technology. In the brick sample, 37 establishments, or 80 per cent
of the total, are located in rura areas. Labour-intensive technology is more
widely used in rura areas on account perhaps of low wages prevailing there.
On the other hand, higher wages and the relatively high price of floor space
may favour the use of capital-intensive technology in urban areas. One can
also detect regional wage variations in addition to the urban-rura wage dif-
ferentia: all the labour-intensive brick firms are located in low-wage areas
while all the capital-intensive firms are located in either medium-wage or
high-wage areas. Thus it would appear that wages have a strong influence on
the choice of technique.

Other factors

Other hypotheses were also tested, but the data do not allow any definite
opinion to be expres:ed on any of them.

1A rural areais defined as one having no population cluster of 10,000 people er more.
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first, firms which produce a wide variety of styles or models of a product
tend to be more labour-intensive. In the shoe industry the tendency towards
frequent style changes must militate against the full use of machines. Fancy
styles both increase the number of operations and reduce the quantity of any
one type to be produced. The iabour-intensive firms do tend to produce a
wider variety of styles, but the findings are not very conclusive. This hy-
pothesis does not apply in the brick industry. The range of products is generally
limited. The fact that three types of bricks are commonly produced-red,
black and white-is a result of the firing process used, not of different tech-
niques. Similarly. facing bricks result more from a difference in material input
than from a difference in technology

Secondly, the need to achieve a certain level of qudity in the product
might induce producers to introduce a higher degree of mechanisation. While
this may be true of products where the precision with which parts are manu-
factured as well as the appearance of the finish are important, the hypothesis
is less vaid in the case of a custom-made product, in which craftsmanship is
important. This applies particularly to shoes. In fact some of the finest shoes
in the world are made by small firms using very labour-intensive methods.
In the survey firms were asked to rank the most important feature of their
products. Two features given alme equal importance by more than SO per
cent of the firms were quality and price: the smaller firms gave greater emphasis
to price while the larger firms appeared to place greater emphasis on quality.
Evidently most of the laboui-intensive firms in the sample are using labour-
intensive techniques not *v produce a high-quality product but one which is
price-competitive.

As in the case of the previous factor the above does not apply to the brick
industry. Firms in the Malaysian brick industry are not generaly concerned
with quaity since quality is not reflected in any price differentia. In any event
as far as common bricks are concerned appearance is of little importanc: since
they are usualy plastered over. As long as the bricks do not break apart
easily the buyers are not at all concerned with quality.

CONCLUSIONS

It is not an easy task to isolate al the relevant factors which determine
the choice of manufacturing technique. Nevertheless we hope that this chapter
has highlighted some of the more important factors. First, in the shoe and
brick industries the most important determinant of choice of technique appears
to be the scale of production. Firms producing at a low level of output seem
to have little choice but to adopt a labour-intensive technique, whereas firms
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producing ata high level of output are more inclined to do so by capital-
intensive means. A possible explanation may lie in the differences in the factor
prices for small and large firms. Wages are generally lower and capital more
expensive and relatively inaccessible for the small firms, while the reverse is
true for the large ones.” Secondly the important factors determining scale of
production in the shoe and brick industries appear to be accessibility to credit,
information, and the education received by the decision-maker.

In view of those findings it would appear that there is not much one can
do to influence the choice of technique if the scale of production is given. It
follows that perhaps one should try to influence the scale of production so
that it may take place at a labour-intensive level consistent with reasonable
economics of scale. Fortunately this is not an impractical proposition since
the shoe and brick industries do not enjoy large economies of scale.2 Another
possibility is to influence factor prices to ensure that the differentials do not
favour the use of capital-intensive methods of production.? If this is not
possible then the introduction of a differentiated excise tax which bears more
heavily on products made by capita-intensive techniques can be considered.
Such a tax has been introduced in Indonesia, where according to one author
it has probably been a factor in supporting the labour-intensive factories that
are making cigarettes.”

However, pricing and fiscal policies may not be adequate. In the long run,
policies regarding the educational process will be more important. In the short
run, direct action to facilitate information flows, to stimulate diffusion, to
train labour, etc., will be needed. In this respect probably the most urgent
requirement is the systematic provision of information on dternative tech-
nology. Such a system will assist the transfer ans assessment of technology
and the indigenous growth of appropriate technology. With proper know-
ledge of the various technologies available, together with analyses of economic
costs and engineering specifications (and assuming favourable factor price
differentials), rational entrepreneurs will select the technology most appropriate
to the factor endowments of the country in which they are operating. At the
moment knowledge of alternative technology is not widely diffused among

! For supporting empirical evidence see United States Agency for International Devel-
opment: Proposal for a program in appropriate technology, by Howard Pack (Washington,
Governrent Printing Office, 1976).

2 The existence of a large number of small firms in the shoe and brick industries indicates
that economies of scale in those industries are not significant. For further empirical evidence
see C. F. Pratien: Economies af scale in manufacturing industry (Cambridge University
Press, 1971).

3 For a discussion on the efficacy of changing factor prices see Pack, op. cit.

* Louis T. Wells, Jr.: “Men and machings in Indonesia’s light manufacturing industries”,
in Bulletin af Indonesia Economic Studies, Nov. 1973, p. 66.
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entrepreneurs. Knowledge of appropriate techniques requires familiarity with
a number of different kinds of basic production equipment, and with different
methods of carrying out peripheral operations such as intra-plant movement
of material. However, such different methods are not likely to Le advocated
by the firm’'s engineer, by the equipment salesman, or by government agencies.
Hence the need for a technological information system.

Malaysia already has an ingtitution which could be used to develop a
technological information system, namey the Standards and Industrial Re-
search Ingtitution of Malaysia (SIRIM). In fact one of the functions of SIRIM
is to provide technical information to industry. For this purpose SIRIM's
technology information service is linked to the Technology Network of Asia
(or Technonet). What is now needed is to develop SIRIM’s technology infor-
mation service t0 a level at which it can really assist industrialists in selecting
the appropriate te-hnology for their particular industry. An important function
of the tecbnolcgy information service should be to search for and collect
information on equipment produced locally as well as in other developing
countries. Such equipment is generally more labour-intensive than equipment
from the developed countries. The search mechanism for machinery needs to
be improved for al industrialists, but particularly the smal ones, who are
mainly dependent on itiuerant equipment salesmen for their contacts. The
salesmen are more interested in salling the more sophisticated and expensive
machinery from the advanced countries.

Information should also be collected on used machinery. More important,
the potential buyers should be given a proper evaluation of the benefits of such
equipment. At the moment Madaysia, like some other developing countries,
discourages the import of used machinery. The restrictions are imposed mainly
to protect local industrialists. In the nast some of them have been sold equip-
ment that was in poor condition, that needed spare parts that were no longer
available, or that was in some other way unsatisfactory. In addition the price
of imported used equipment is difficult to verify. As a result, customs auth-
orities fear it will be underpriced to reduce the amount of customs duty to be
paid. On the other hand tax authorities fear that it will be overvalued to
increase the depreciation allowance that may be deducted from income tax.
Such probiems will be overcome with the establishment of an efficient tech-
nology information service which will be able 10 provide accurate data on used
machinery both to the Government and to the buyer.

On amere ambitious level, the technology information service can keep
watch cver the choice of technology. It could advise government-assisted
financid ingtitutions like Maaysian Industria Finance Limited that credit
should not be given for an advanced technology if a more appropriate tech-
nology is available. Where there is a shortage of repair and maintenance
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services or where repairs are complicated and cannot be handled locally, tha
service could, also advise against the purchase of sophisticated machine:y.

To sum up, the present system of disseminating technical information in
Madaysia, especialy on machinery from other developing countries and on
used machinery. is very unsatisfactory. As a result many industrialists, par-
ticularly the small ones, find it difficult to acquire knowledge about an ater-
native technology. Thus the development of a technology information system
will be an essential element in influencing the choice of technology.
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CAPACITY OF THE ENGINEERING
INDUSTRY iN COLOMBIA

by the Institute of Technological Research ', Bogota

The need for specially designed equipment appropriate for use in the
developing countries with factor endowments differing from those of the devel-
oped ones has been voiced frequently at both national and international levels.
An indigenous capacity for machine fabrication and some degree of develop-
ment of the engineering industry as a whole are virtually essential if labour-
intensive technical change is to be generated in developing countries. No
attempt to increase labour intensity is likely to be successful unless it is accom-
panied by technical change in the labour-intensive direction. This is important,
since most of the technica! progress that takes place in the developed countries
is inevitably capital-using and tends to dictate the nature of technical change in
the developing countries.

The development of a local capital goods sector is required, first, in order to
supply light machines for the small-scale “informal” sector as well as for the
modern sector. Secondly, it facilitates the introduction of new machine
designs and of labour-intensive technologies and processes that are more suited
to the local factor endowments of the developing countries. In the absence of
industries producing capital goods, the range of technical choice will tend to
remain narrow, guided only by the history of technological progress in the
developed countries, 3

1 Instituto de Investigaciones Technolégicas (1IT). This che;oter is a summary by the
editor of a much fuller report which the Institute has prepared for the ILO under contract.

2 See United Nations: Warid Plar of Action for the Application of Science and Technology
to Developmenr (New Y ork. 1971), pp. 18-19. More recently, various reports of the United
Nations Advisory Committee an the Application of Science and Technology to Development
(ACAST) have made this paint. In particular see Repert of the Ad Hoc Working Group on
Appropriate Technology, Advisory Committee on the Application of Science and Technology
to Development, 20th Session, Geneva, 21 Oct. to 1 Nov. 1974 (United Nations document
E/AC52/XX/CRP.1, 6 Aug. 1974, mimeograﬂhed , and Annex Il: “Draft statement by
ACAST to the Second General Conference of UNIDO".

¢ Howard Pack and Michadl Todaro:-“Technological transfer, labour absorption and
economic development”, in Oxferd Econemic Papers, \/ol. 21, No. 3, Nov. 1969.
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In addition, and contrary to what might at first glance be suspected, the
experience of several countries, such as the United States and Japan, suggests
that the manufacture of machinery is one of the more labour-intensive branches
of industrial produoction and can be carried on efficiently on a small scale.

HISTORY OF THE CAPITAL GOODS INDUSTRY IN COLOMBIA

It is useful first to consider the evolution of the capital goods industry in
Colombia in the course ot the industrialisation of the economy.

The first undertakings of the metalworking industry were concerned with
the maintenance of imported machinery and equipment, including motor cars
and railway equipment; this ied to an expansion of metalworking shops. With
the installation of chemical, petrolenm refining and steel plants some of these
workshops developed into manufacturers of equipment.

By 1956 import substitution was almost complete with regard to products
for which substitution was easy. ! In order to ensure industrial expansion at any
cost through import substitution, regardless of the suitability of the industry 2,
the Governmeni proceeded to reinforce protective tariffs, Unfortunately,
however, the domestic markei was not big enough, especially for machinery
and cquipmant produced within the country, to aliow production on an econo-
mic scale. Either industries established to produce capital goods were inefficient,
or they did not obtain the support needed to look for markets abroad. For these
reasens the indigenous design and planning of equipment did not develop
properly; foreign equipment was often copied poorly, with technical imperfec-
tlons.

Some industries resorted to the purchase of technology to avoid the cost and
risk involved in the develepment and design of equipment. The experience of
these industries demonstrates that not all imported technology was suitable
for Colombia: differences in the availabitities of raw materials and labour skills
meant that the imported designs and technologies could not be applied without
modification, especially in view of the much swmaller volume of production.
In other words, to acquire technology it was necessary to develop engineering
skilis as well as physical production capacity within the country.

On the other hand the ease with which foreign credit could be obtained for
imports of capital goods contributed to a reduciion in the demand for locally
produced equipment.

* Repuibtica de Colombia, Departamento Nacional de Planeacién: Plan de Desarrollo.
Industria (1971), Part 3, p. 20.

£ 5. Macario: “Protectionism and industrialization in Latin America™, in Economic
Billetin for Latin America (New York, United Nations), Vol. IX, No. 1, Mar. 1964,
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As a result of the unfavourable effect of this general situaticn on the balance
of pavments as well as on employment, an export promotion policy began to be
favoured in the early 1960s, and capital goods industries were encouraged to
seek foreign markets for their products. International competition made it
necessary to improve the designs and the quality of products offered; this
requirement called for more atiention in organising engineering depariments,
especially in the larger firms, This process is still continuing, and was stimulated
further by the organisation of the Andean Common Market in 1960 and by the
over-alf industrial planning of the participating countries, which began in the
metalworking sector, especially in relation to capital goods.

Furthermore, in the early 1960s certain organisations such as the Institute
of Technological Research (I1T) and the Institute of Agriculture and Animal
Husbandry—Instituto Colombiano Agropecuario (ICA)—began to realise the
necessity of developing equipment and implements to meet the particular needs
of Colombia and to make the best use of available resources without causing
social dislocation and unemployment. It was this recognition that led to designs
for the subterranean potato storage silos {completed in 1966), and the develop-
ment of agricultural implements. However, up to the present great difficulty
has been encountered in the adopiion of these designs and equipment in com-
merce and agriculture, for a variety of reasons which are explained below in the
case study examples of equipment designs.

RECENT EQUIPN <NT DESIGNS

Agricultural equipment

Agricultural mechanisation through the use of power-driven machinery
and implements is doubtless one of the most important factors in bringing
improved technology to agriculture and the basic method of increasing pro-
duction and productivity in cultivaied areas. In Colombia the process of agri-
cultural mechanisation began during the first few years after the Second World
War, when machinery was imported on a large scale. Often this machinery was
found unsuitable for Colombian conditions. In some cases it also created
serious socizl problems: for example, cotton-picking machines each displaced
about 600 man-days, and in the region where they were introduced this caused
redundancy.

The present Colombian agricultural equipment and implemen: industry is
composed of various private enterprises. The industry produces tractor-drawn
implements such as cultivators, ploughs, rakes, weed cutiers, trailers, planters
and spreaders. The raw materials used are mainly domestic, with imported raw
materials constituting only about 6 per cent of the cost of the products. Some
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firms have engineering staff who work on the development of new - products
or on design modifications, to reduce costs or to adapt the equipment
produced to markets and production processes. However, most of the -
designs in production have been acquired from foreign firms with some local
adapiations.

About 39 per cent of the Colombian population lives in rural areas, How-
ever. the use and marketing of the implements made by Colombian industry has
been limited to medium-sized and large farms on fiat or gently sloping land,
whereas the rural population lives for the most part on the hillsides, and i is in
those areas that “mini-farms™ tend to be concentrated; hence the great interest
shown in the development of simpler agricultural implements suitable for small
farms on hillsides. The ICA has launched an agricultural machinery programme
for the manufacture of suitable low-cost agricuitural equipment. Since 1969
attempts have been made to design a small two-wheel tractor, an agricultural
grader, and animal-drawn ploughs.

The first mini-tractor prototype, which was made by a commercial firm, had
a 7 h.p. engine, rubber tyres, adjustable plough attachments and variable speed
transmissior: Testing in the field led to the substitution of a 10 h.p. engine, and
of metaliic tyres for rubber ones o reduce slipping. This two-wheel tractor was
found more suitebie than the large four-wheel tractor, especially for small
farmers, as a substitute for animal traction or manual work wherever appro-
priaie. Similarly, a farm grader designed and field-tested by the 1CA has many
advantages over ap imported levelier: first, it reduces power requirements by
40 per cent, which is importiant, especially in the light of the current energy
crisis and shortage of fue! in many developing countries; secondly, simple
attachmenis permit its use with any type of agricultural tractor; and thirdly,
it costs only a quarter as much as imported levellers.

Unfortunately there is a lack of communication between manufacturers of
agricultural equipment and institutions devoted to research, design and devei-
opment connected with such equipment. Of all the agricultucal implements
designed and manufactured by the ICA, none is now being produced on a
commercial scale. This is due to various reasons worth analysing for the
development of future programmes of required designs: in the first place,
there has been too little continuity in the testing and development of proto-
types to obtain a totally satisfactory design; secondly, the work carried out
by the ICA in designing and developing agricultural machinery has not been
widely publicised; and thirdly, there has been no promotional campaign among
farmers and manufacturers, so that the advantages and benefits of locally
designed tools and equipment are not known to them. This explains the lack
of interest in the manufacture of potentially viable prototypes and their eventual
application by the end users.
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Metheods of commercialising prototypes require special study. The existence
of extension services to farmers, and the availability of sufficient credit to allow
them to acquire implements without too much outlay, are two essential pre-
requisites for the creation of a market for the products of the engineering
industry. Co-operatives and trade unions of farmers cultivating similar agri-
cultural products might aiso help to overcome problems relating to the iniro-
ducticn of machinery for the cultivation of crops. The advantages of such
organisations might be multiplied if they were closely linked to universities
and other research institutions within the country.

Potato silo

A potato silo has also been developed by the IIT for specific use under
Colombian conditions. Potatoes are of vital importance in Colombia: pro-
duciion in 1972 reached 800,000 tons. A silo adapted to national conditions
was needed because in the past the prices of potatoes followed a pronounced
cycle owing to various factors such as the lack of effective organisation
for planning Colombian agriculture, severe variations in climatic conditions
and the lack of adequate systems for regulating the marketing for agricultural
produce. Sometimes the prices reached did not even cover production costs,
and in consequence production in subsequent periods was not enough
to meet the demand. The IIT accordingly underiook the development of a silo
in which potatoes could be kept for longer periods, up to seven months, so as
to allow the market to be regulated.

On exaniining the problem it was found that a high propertion of potatoes
is gr v on widely dispersed small farms at a distance from electrical
distribution networks, without mechanical power and without workers capable
of maintaining electromechanical eqi.ipment.

Broadly, two technological alternatives were evident, nameiy—

{a) installations based on advanced technology (ground-level construction,
thermal insulation of synthetic material, forced air circulation, mechanised
conveyors and automated control of storage conditions); and

(bj installations based on alternative technology (subterranean construction,
thermal insulation based on inaterials available in the country, manual
handling and manual control of storage conditions).

The second alternative was selected. In the subsequent development work
it was thought that use could be made of the natural environmental conditions
(relatively low temperature and high moisture during the night) in order to
avoid cooling or ventilation sysiems which consume energy. Meteorological
daia showed that in the plain of Bogota the temperature and relative humidity
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would enable the contents of the silo to be cooled by natural ventilation. This
region presented the additional advantage of being near the main potato-
consuming centre. The most adequate type of silo appeared to be an under-
ground silo which would facilitate thermal insulation. In its construction cheap
materials which farmers could afford were used, namely asbestos-cement tiles,
hay, polyethylene, wood, earth, cement and sand. The dome of the silo was
insulated with tar and earth.

With the first prototype (capacity 12 tons) it was proved that by opening
the doors at night and closing them early in the day it was possible to maintain
temperature and relative moisture preserving the potato in good condition
for 10 months. These results were carried over into a commercial silo with a
design capacity of 100 tons.

When a comparison was made between 50 100-ton silos of this type with
commercial storage in more developed countries (a 5,000-ton warehouse
equipped with forced air ventilation and conveyor handling), it was found
that the Colombian silos were less capital-intensive: fixed investment per ton
stored amounted to 428.40 pesos in the Colombian silos and 620.10 pesos in
the warehouse, the corresponding figures for storage and management costs
being 182.10 and 228,10 pesos respectively.

Later the IIT participated in the installaticn of 128 silos, each of 100-ton
capacity, for a government agency that began operations in 1967. Besides the
silos, the plant has equipment to clean, select and handle potatoes.

Initially it was envisaged that 54 wage earners and 10 salaried employees
could operate this plant, but in practice many difficulties arose, related maaly
to the techniques of handling the potatoes. For these and other reasons the
plant did not operate for two years, but afterwards it began to operate on an
intermittent basis, and recently with the current surplus production of potatoes
it has been necessary to use it at full capacity. The perscnnel has increased to
120 people.

Direct employment generated in the construction of a silo amounts to
290 man-days. Accerding to data on the volume of production 200,000 tons
m u st be stored annually in yvears of higher production to damp down the
price cycle. At present there are 130 silos where 13,000 tons can be stored,
which is only 6.5 per cent of the total needed. Consequently, at least 1,870
additional silos should be constructed in the vartous ~-oducing areas; at
first sight it would appear preferable that silos should b e widely distributed
over producing regions, rather than in large complexes, so as to reduce the
cost of transport and of the labour required for the cleaning, classification
and sorting of potatoes. However, silo complexes operated by government
agencies for storage facilitate massive intervention on the potato market and
the rediscounting of the working capital of farmers,
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The constraction of the silos required would generate about 542,300 man-
days of temporary work, However, the benefit obtained with silos as a price-
regulatinig insttument is much more important because it is advantageous to
both farmers and consumers. Once the proposed number of silos have been
buiit, about 3,000 jobs would be generated. In addition, the support for a
definite sowing programme would provide security for farmers, and possible
losses would be reduced by approximately 400 million pesos.

Partable sawmill

For forestry operations a portable sawmill was designed by a foreign
engineer for use in the iropical forests which cover a large proportion of
Colombia’s land surface. The portable sawmill has some advantages over the
more traditional stationary sawmill, because the poor roads and transport
facilities render the movement of felled round wood difficult. Basically the
sawmill consists of an air-cooled Volkswagen four-cylinder engine driving two
circular saws that cut simultaneously in the horizontal and vertical planes.
The sawmill can be erected and operated by four men. It is now being
manufactured domestically, 40 per cent of the output being exported. Table 82
indicates some basic features of the economics of the portable sawmill as
compared with those of stationary models.

This table reveals that the choice of technology as between the portable
sawmill and the stationary mills is by no means a clear one. With a given amount
of investment resources it appears that more employment can be created with
stationary sawmills (except the very large ones) than with the portable type.
On the other hand, the table does not include the cost savings associated with
portability, especially for the transport of the raw material (round wood); and
the portable sawmill does not require investment in land and buildings. These
cost savings may make the cost per unit of volume less for the portable sawmill,
at least in some regions. Clearly, the major advantage of portability is that it
permits the processing of timber in areas too remote for the transport of round
wood to be contemplated. In these circumstances, the technoiogy of the portabie
sawmill would seem to be both appropriate and employment-generating.

YWoodworking eguipment

In the woodworking industry the larger firms are still using imported
machinery, and this situation cannot easily be altered because the domestic
market is too small to support the domestic production of this machinery. The
small and medium-sized firms are, however, supported by well established
enierprises in Colombia which manufacture an extensive variety of wood-
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Table 82. Economic data on types of sawmill commonly used in Celombia

Ttem Type of sawmitl

Pr table!  Stationary

Very Small Medium Large Very
small ? size ? large
Productica capacity
per sawmill {m?*/year) 400 425 1400 2500 4200° 130002
Average investment * in
machinery per sawmill 120.0 140.0 2040 3660 468.0 4017.0

Total investment * per sawmill  120.0 225.0 2600 443.0 605.0 4545.0
Number of word ars

per sawmill 4 7 11 19 23 83
Average investment *
per worker 30.0 321 236 233 26.3 54.8

! One ®.tiour shift, 250 days a year. ? One B-hour shift, 90 day. a year., * In two-shift working ir is estimated
that the capacity of the second shift is 70 per cent of that of the first, The capac..y with such a schedule rises to
7,850 and 22,100 m?{vear respectively. ¢ Thousands of pesos.

working equipment that can be produced much more cheaply than the imported
product. Moreover, the pieces of equipment produced locally can also be
maintained and serviced with local spare parts, so reducing running costs.

In view of the employment situation in woodworking it is interesting to note
that between 1958 and 1970 production increased by 65 per cent whereas em-
ployment increased by only 30 per cent (in the industrial group “woodworking
other than furniture™). This may weil be a good example of productivity-
augmenting appropriate technology, in which the efficiency of a traditional
industry is increased by simple machinery so as to render the industry competi-
tive with its very modern counterpart. A similar development occurred in the
complementary industrial group, “wood furniture and accessories”, in which
production increased by 40 per cent between 1958 and 1969 although the level
of employment remained stationary. In this industrial group there are reported
to be 400 traditional enterprises and 7 modern plants.

Food processing equipment

The food preducts industry is largely composed of small firms. Most of
its equipment is domestically produced, being essentially copied from equip-
ment imperted in the past, but with a less elaborate finish and with modifi-
cations to adapt it to local needs and to permit the use of domestic raw mate-
rials. The domestic equipment is less costly by a very substantial margin,
owing to import taxes and transport charges that raise the price of imported
goods and owing to the use of second-hand spare parts in the fabrication of
domestic equipment.
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The fac: that such industry groups as dairy products and preserved food
and vegetables account for a very large proportion of private foreign investment
may partly account for the lack of adaptation in machine fabrication for these
industries by comparison with others financed largely by domesiic capital.

Petrochemical equiprent

The story of the chemical industry in Colombia is encouraging to other
developing countries. This industry comprises advanced technology plants such
as petroleum refineries, but also related sub-sectors such as fertilisers, paint and
varnish. Domestic production of petrochemical equipment can save transport
and assembly costs in comparison with imported machines hecause of the large
size of tanks, boilers and other such vessels and the lower cost of locally
available labour. Initially, the lack of skilled personnei was a major problem,
but this was gradually overcome by grants for training abroad and training
within the framework of the National Apprenticeship Service (SENA).
Although at first the technicians thus trained served mainly the chemical
engineering industry, their activities are increasingly becoming directly and
indirectly useful to other sectors of the economy. The progress of the chemical
industry itself is evidenced by the fact that in the decade 1970-80 a total
investment of 1,200 million pesos is to be made, of which 300 million wiil be
spent on domestically produced equipment.

As is to be expected, foreign technology has played an important role in the
development of the engineering capacity of these industries. In that initial
technology Colombian engineers have found a basis for elaborating their own
designs, adapted to local needs and conditions. However, equipment designed to
date has generally been based on engineering standards previously established
and used internationally; the chemical processes are also more or less the same
as those used in other countries. Nevertheless, local manufacture of this equip-
ment has served to create a domestic demand for steel and iron products and
for quality steel, which has promoted techniques for the development of the
steel and iron industry in the country.

It is expected that considerable advances will take place in the coming
years in the field of chemical process design. The IIT, for example, has begun
working in this field with the design of a process to defluorinate phosphate rock.

Building materials

Adaptation and innovation have occurred in the building materials industry,
partly in response i0 a tiemendous boom in heuse building in recent years, in the
course of which the prices of both bricks and cement blocks rose considerably.
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The construction of machines for the production of cement blocks nas
been successful, and they are even being exported. Their price 1s lower than that
of similar but more automated machines. Machines of diiferent degrees of
automation are offered for the manufacture of cement blocks and are finding
a ready market since they are well adapted to the needs of different users;
exports have begun to neighbouring countries. Machines for moulding clay
bricks produced in the country have not found a good market; they do not
produce bricks of optimum quality because they lack the vacuum-processing
features needed to increaze the brick density. The market for brick-making
machines was apparentiy | mited; consequently, their designs have not been
developed sufficiently to compete with imported equipment. Even if heavy
import duties were impo+ed it is believed that the domestic demand for these
machines would be insufficient because only a few new brick factories are
cpened each year.

Another machine of an innovatory nature, for making soil-cement blocks,
was promoted by the Inier-American Housing Center. Although largely
successful in a4 technical sense it has not penetrated the materials market as
deeply as might have been expected owing to the traditional preferences for
mud plaster, wood, bamboo and other housing construction methods. This is
indeed surprising because soil-cement blocks cost little inore than one-fifth
of the cost of ceramic or cement blocks.

CONCLUSIONS

Foreign and domestic technology

An examination and review of the capacity of the engineering industry in
Colombia and the existing machine fabrication facilities in the country shows
that much of the equipment and many of the designs are imported from abroad.
There are no doubt mintor modifications and adaptations in addition to copving
of imported designs: for example, it was noticed that the investment requirement
in the food products and woodworking industries has probably been lowered
by modification of imported designs, Machinery for making blocks for con-
struction work has also been copied with some modification to take into account
the desired scale of production and the raw materials available domestically.
The cement block machines perform well and provide a base for small pro-
duction units reqguiring Hitle capital; on the other hand, in many regions the
machines have not been used because of consumer preferences for more tradi-
tional materials. The design of equipment in the chemical industry, although
based on imported technology, represents a more advanced level of modification
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of existing technology, the objective being essentially to save foreign exchange
rather than 1o creaie additional employment directly.

Several examples of innovation have also been noticed. First, the identifica-
tion of the need and iustification for farm machinery and implements has
provided expericnee of some value for the production of indigenous designs.
In the initial phases of the programme the body concerned with the project was
markedly influenced by technical assistance from abroad; in that first phase the
identification and evaluation of the projects lacked the objectivity needed to
avoid failure, In the second phase, greater importance was attached to the
evaluation of projects and testing of prototypes. During that phase of the
programme attention was concentrated on equipment that would raise the
productivity and incomes of small farmers in the hills where the farm population
is more dense. Unfortunately, a sufficient outlay of funds to develop a more
thorcugh campaign which would carry the demand for the designs to a level
sufficient for commercial production was not contemplated.

The second example of inrovation is the design of the portable sawmill.
This arose out of the observations and experience of the designer in tropical
forests {such as those found in Colombia}), without any prior scientific
mvestigation, so that this was a case of a response to a particular situation
which led to the commercial manufacture of new machinery.

Notwithstanding these examples of modifications of imported designs and
of innovations appropriate to Colombian conditions, the development of the
engineering industry, has been considerably limited by the lack of adequately
trained manpower, inadequate planning of iechnological innovations and field
testing of prototypes, and lack of adequate links between the producers of
equipment and its potential users.

Training of engineers and technicians

To promote anl improve the capacity of the engineering industry it is
necessary in the first place to provide special training for Colombian engineers
and technicians in particular aspects of machine building. The training and
qualification of engineers does not end with graduation or on the completion of
postgraduate work. Such graduates are qualified to learn the iniricacies only of
the particular ficld of specialisation they have chosen. However, the require-
ments of industry are manifold, and each often involves a multiplicity of kinds
of engineering from metallurgical to chemical, as well as quality and cost
controls.

The Government can subsidise engineer training within industry by sup-
porting graduates for a year or two in plants where the equipment they design
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can actually be built and tested. If part of the cost were borne by a government
subsidy, manufacturers would have an incentive to train such staff.

1t is also possible to provide engineering training by financing trips for skilled
personnel to observe production systems and existing designs abioad. Knowl-
edge of the way in which things are done abroad has proved to be very effective
in generating positive ideas, to an extent that depends on the preparation and
motivation of the technical personnel who make the visits, as well as on the
nature and content of their previous training.

It is also edvisable to have the active participation of the country’s engineers
under contract in prejects concerning the design and construction of industrial
plants and equipment by foreign firms, because in this way national engineering
capacity can be effectively increased. Such participation was achieved in the
construction of equipment for the petrochemical industry. Governments shouid
therefore require that the nation’s own engineers be enabled to participate with
those of foreign contractors on industrial projects, especially during the design
stages and in all tasks that fail within the field of activity of local engineering
firms. It would be generally advisable to avoid “turn-key” contracts by which
the supplier commits himself {o turn over a complete plant in operation, sup-
plying and erecting all that is required. In certain cases contracts should provide
for the employment of the country’s engineers in key positions, starting from
the design stage. In any case, whenever equipment can be domestically produced
at a favourable cost it should not be imported. If the State is the main buyer,
it should give preference to domestic manufacturers wherever feasible.

Organisation of research and development

1t 15 necessary to carry oui sectoral and, above all, sub-sectoral studies in

order to discover what fechnology is being used and whai machinery and equip-
ment would be needed to improve productivity. Without such studies, which
are of fundamental importance for the design of equipment, it is unlikely tha.
the engineering and design work would fulfil its function in the development of
a country. The studies should cover economic conditions and education for
the potential users of recommended equipment; they should assess the social and

economic benefits to be derived from its use, and should consider the possible
adapiaiion of the equipmeni to the local environment. As a preliminary step
it is also necessary to facilitate the gathering of data on equipment and process
designs and blueprints through industrial information centres. Such information
is essential to aveid the copying of obsolete machinery or equipment which
would retard technological development, to facilitate design work on ideas
which could be useful, and to assist in the selection of the most appropriate
manufzcturing technclogies according to production volume and market size.
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Cncee the need for certain equipment is identified, the costs and beaefits of
its manufacture need to be carefully evaluated. Often this becomes difficult
because of uw:. certainty about mechanicai characteristics and assoc’ ed risks
in estimating market potential. Financial assistance might be provided for
feasibility studies of new machinery and equipment. Suck assistance could be
given, for example, through supervised loans, the reimbursement of which
would depend on the achievement of positive results in a project, or on its
favourahle evaluation.

After feasibility stndies have been carried out, it is necessary to decide what
institution or industry should be responsible for manufacturing prototypes and
undertaking pilot tests. Since such an undertaking can be expensive in terms of
both time and money, positive government support is highly desirable at this
stage t0o0.

Subsequently, once the prototypes are constructed and their usefulness
proved, it is almost always necessary to promote their use and manufacture on
an industrial scaie, especiaily when dealing with original designs to meet the
specific needs of each industry. This promotional effort may be even more
expensive than the design and production themselves. Without such promotion,
the engineering and design efforts of specialised institutions make no sense.

Basic and applied research at universities and specialised centres and the
theses of students in such subjects as mechanical engineering are of great value
for increasing engineering capacity. However, without due co-operation from
manufacturers and investors these studies will be of no practical effect. To
achieve the necessary co-ordination the industrialist must be convinced of the
benefit he can obtain from co-operation with universities and technology cenires,
and those institutions must be organised in such a way that they can provide
the technical support required by industry. A good starting point for ¢o-opera-
tion between universities, technology centres and the technical personne! of
industry would be a quality control service that the institutions may be able to
provide.
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TECHNOLOGICAL CHOICE IN
METALWORKING, WiTH SPECIAL
REFERENCE TO MEXICO’

by G. K. Boon ?

Current concern about the unemployment problem in developing countries
has generated renewed interest in the employment implications of production
techniques. The theory of production in economics normally presupposes that
a choice of technique exists. In economic terms such a choice takes the form
of various combinations of capital and labour to produce a well defined output
in a specified quantity. The theory also allows for situations where no choice of
technique exists, while economies of scale in production, implying that factor
input requirements are increasing less than proportionately to Gutput increases,
are also distinguished.

Although the theory allows for this diversity of production situations, the
question of factor substitution has long been, and for some economists stifl is, a
controversial one. The reason for this controversy 1s that economists have
until recently done very little micro-research on the question of factor sub-
stitution. Much more attention has been devoted to empirical research, at
various levels of aggregation, on the theory of consumption. Presumably the
fundamental explanation for the neglect of micro-research in production theory
is that, uniike consumption behaviour, the investigation of production
behaviour touches on another discipline besides economics, namely engin-
eering. 3

! This chapter summarises parts of the author’s larger study to be entitled Technology
defaviour and assessment (Adphen on Rhine, Sijthoff and Noordhoff, 19807,

® The author is a senior member of the research staff and Professor at the Centro de
Estudios Econdmicos v Demograficos, Celegic de México. He is grateful to A, S. Bhalla
for editing a fuller earlier version of this chapler and reducing it to its present form.

3 Empirical work on choice of technique is not a completely recent development. In the
1950s such work was started at the Netherlands Fconomic Institute in Rotterdam, The
author undertook 2 number of micro-empirical case studies on woodworking, metafworking
and earth-moving operalions, which are included in his earlier book: see G. K. Boon:
FEronomic choice of human anc physical factors in production (Amsterdam, North-Holland

(footnote concluded overleaf)
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A TASK-LEVEL ANALYSIS

In the present chapter, technological choice is discussed on the basis of a
task-level analysis, i.e. an analysis of the efficiency of performance (in terms of
handling and machining times) of different types of machines that can be used
for certain basic operations. The degree of disaggregation is unusual, and the
reader may wonder whether conclusions reached at this level of disaggregation
are meaningful and whether these results can be generalised at higher levels of
ageregation. A task analysis about choice among alternative technologies does
not provide the same information about substitution possibilities as a product
or plant analysis or an analysis at a higher level of aggregation. The information
which an analysis at the task level provides is in fact unique and has an inde-
pendent validity, so that it is not a substitute for but is complementary to
results obtained by more aggregated analyses.

By conducting an analysis on a man-machine level, one obtains a clear
insight at this level, which at any higher level of aggregation remains concealed,
This is a fact of importance for a number of reasons. From a theoretical point of
view, it is of interest to follow more closely the process by which the optimum
technology is determined. By varying not only economic parameters but also
key physical parameters, the choice problem can be seen in an additional
dimension. Secondly, decisions on specialisation or geographical location
of production are increasingly made on the basis of process analysis, and not on
the basis of final product analysis or partial or sub-assembly analyses.

Technological choice at the micro-economic level requires the highest degree
of disaggregation. Each decision maker at that level will translate man-machine
alternatives into a product-specific choice, weighing-machine-balancing consi-
derations and specific production implications. If the analysis is conducted at
a higher level of aggregation, for example for a whole group of machines or for
some hypothetical machine plants by alternative technologies and alternative
capacities, the results are less meaningful to the decision maker at the micro-
economic level, unless the analysis relates to his particular product.

The universality of the results obtained provides a solid basis for generalisa-
tions, of importance not only to decision makers at the micro-economic level
but also to econoinic planners and others interested in technological behaviour
in its theoretical as well as in its praciical implications. One may wonder how it
is possible to arrive at wide-ranging generalisations on the basis of such a

Publishing Co., 1964); idem: Optimal capital-intensity in metal-chipping processes, Progress
Reports | and 2, Oct. 1965 and May 1966 (Stanford University, Institute of Engineering-
Economic Systems); and idem: “Factor intensities in Mexico with special reference to
manufacturing”, in H. C. Bos {ed.): Towards balanced international growth (Amsterdam,
North-Holand Publishing Co., 1969).
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disaggregated analysis; yet the fact is that results of aggregated analyses have
their policy implications not only at the level of aggregation conducted but
often also at higher aggregation levels, although not at levels of aggregation
lower than the one used.

THE DOS METHODOLOGY

The method of analysis used in this chapter is a further extension of the
method used in an earlier work I, namely that of brea'-even cost analysis, which
works with total or unit cost functions per unit of time. This type of analysis is
familiar to engineers or to managerial economists, whereas professional eco-
pomisis usualfly work with isocost curves, which apply only to homogeneous
quantities. Break-even analysis explicitly introduces the time element, and
therefore makes it easier to analyse output as a function of time as well as of
primary and intermediate inputs. Moreover, it facilitates the introduction
of product differentiation and indivisibilities in equipment. These features of
break-even cost analysis enable allowance to be made for machine set-up or
machine preparation times, and for lot sizes or production runs. If some of the
additional aspects mentioned, such as indivisibilitics and lot sizes, are taken into
account, the isoquants from the empirical results turn out to be quite different
from those suggested by theory.

The methedology used in this case is known as the DOS methodology, and
consists of three elements, namely—

(a) a decomposition procedure (D);

(k) an analysis of optimality () using a minimum cost criterion; and

{c) a sensitivity procedure (S).

Actually in this particular case no break-even points between total cost functions

are derived. Unit costs are calculated for certain economic parameters such as
wage and interest rates, {ot sizes and utilisation levels of equipment expressed in
hours. The technology with the lowest unit cost is regarded as being the optimal
one for a fixed and given task.

The utilisation of equipment is a variable. One can make the analysis for
one-shift operation (2,000 hours of machine running time) or for two-shift
operation (4,000 hours). It is customary to make calculations on the basis of
machine utilisation expressed in production hours and not in physical ontput
quantities. The reason is that the production tasks to be carried out show wide
variations in physical characteristics, in quality and in type of raw materials:
for example, it is impossible to say whether the capacity of a drilling machine is

1 G. K. Boon: Economic choice of humar and physical factors in production, op. cit.
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50,000 holes a year, because unit machine time depends on the type of metal,
its thickness, the diameter of the hole and so on. In contrast to flow process
industries, for which annual capacities of installations can usually be expressed
in physical terms. in discrete process industries this is normally not possible.
iJnit costs are not compared for different physical quantities but for identicai
numbers of machine-working hours per technology. This fact is not a dis-
advantage but rather a point in favour of the methodology, since this is the
way in which decisions on iechnology are made in practice. The physical
capacities of different technologies for given machine utilisation hours vary
widely, because they are a function of the lot size and the latter influences total
unit production times. By dividing these annual utilisation levels of equipment
expressed in time units (hours) by the unit production times, also expressed in
hours, the physical capacity is obtained.

in the analysis the lot size, like the wage and interest rates, is an exogenous
variatie: in other words it is assumed that the decision maker on technolog-
ical ~:hoice has no influence over these parameters. Although the model of
com Metely free competition is not necessarily the basis of the present analysis,
it is tmplicit that the price of the product and the production quantity are
given, and that the prices of the primary inputs are also given. The lot sizes
are dictated by market conditions, but the enterprises may have some possibility
of influencing their market share mainly by competing in quality and fashion
and, therefore, indirectly may have some choice in reiaiion to lot size. Such a
market situation is rather common in developing countries where governments
interfere with the market mechanism.

By taking as a base a given number of machine-working hours, the essential
aspect of the choice of technology—that is the difference in the degree of
mechanisation and possible automation among alternative technologies—is
taken into account. An increasing degree of mechanisation usually implies
that the unit production time declines and the annual capacity of the machine
increases: the productivity of both labour and capital increases. However,
highiy mechanised and productive equipment becomes mechanically more
complex and therefore the time to prepare such equipment for operation
increases; whereas a simple machine may require only one to three hours to set
up, 110 less than three days may be needed to prepare complex machinery for a
production lot. This fact clearly has an influence on the lot size; economical
production is very unlikely if three days are needed to prepare a machine for
work while the lot size time is only one hour. Consequently the economical
application of highly productive equipmecnt tends to call for large lot sizes. !

1 This issue is discussed in depth, with rumerical examples, in G. K. Boon: Economic
choice af human and physical factors in production, op. cit., pp. 20-23.
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T h i s fac.» of lot size is highly important in the choice of discrete
technology, and the methodology fully covers this aspect of the choice.
The choice among various capital irtensities for discrete process technology
(or in other words the choice among various degrees of mechanisation) is
determined at least as much by the size of production lots as by the prices of
capital and labour, In order to bring lot size into the analysis one does not
have to start by determining the number of hours of utilisation of different
machines, which implies varying physical outputs; one can also fix a physical
output target which itself implies a varying number of hours of utilisation
according to the particular technology. However, the difference between the
two starting points is not a matter of principle; one may start from either
of them since the methodology is not affected. Taking a fixed number of
hours of utili.2tion as a starting point makes the analysis slightiy easter from
a computational point of view, because in that case only one unit of machinery
is considered for each alternative. In the case of a fixed output target, more
than one unit of machinery may have to enter into the calculations for one
of the alternatives. Instead of full linearity one has stepwise linearity in the
functions, except in the case of full utilisation, for which one may assume
linear homogeneous functions. The fact remains, however, that in practice
decisions on this type of technology are made on the basis of the number of
hours of utilisation.

The sensitivity aspect of the analysis is introduced by applying a number
of discrete variations in the main parameters, Two classes of parameters are
distinguished—economic parameters and physical parameters. Parameters
in the firsi group include lot sizes and wage and interest rates, The latter two
are used as a set together, and are differentiated according to level of economic
development: a high wage rate is associated with a relatively low interest
rate and a low wage rate with a high interest rate. A total of seven lot size
values are distinguished, and four capital and labour price sets, which can be
roughly identified with highly industrialised, industrialised, semi-industrialised
and under-industrialised countries. Other economic parameters considered
are prices of factory floor space, utilisation levels of equipment, prices of
new equipment and the allowance to be made for the proportion of nominal
working time that is not actually worked, or not eificiently worked. This last
economic parameter varies with the type of technology: it is higher for less
mechanised equipment than for the more mechanised; it also reflects climatolo-
gical and working conditions in general. Principally, the allowance reflects time
for rest and personal care, and therefore the time by which the number of
productive hours of work is reduced, as is a worker’s annual output. By doubling
these allowances, which are based on working conditions in the United States,
more unfavourable climatological and general working conditions are simulated.
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However, one can afso regard this allowance as reflecting skill differences among
individual operatives, since less well trained workers can achieve only a certain
fraction of the cuiput of a fully experienced worker in the same productive
time. It is clearly important to analyse the effect on the choice of technolegy
of a reduced amount of efficient working time per worker per year, for whatever
reason.

In order to acquire a deeper insight into what determines the optimality
of a technology, one needs to know not only how optimality is influenced
by the variation of the parameters but also how each parameter independentiy
influences optimality, This Is necessary because our purpose is not just to
establish the optimal technelogy given certain numerical values of the para-
meters but to establish the influence of each parameter on technological
optimality separately. For this purpose the methodology is decomposed to
allow the influence of the variation of each parameter on a technology to be
separated, Essentially, the method fellowed in that respect is one of comparative
statics: by changing a parameter from one discrete value to another and
keeping all other parameters constant, a change in the optimality of technology
can be explained by the variation of a particular parameter.

INITIAL ANALYSIS OF MACHINE-TOOL
SUBSTITUTION POSSIBILITIES

The samples of engineering data to which the DOS methodology is applied
consist of handling and machining times for carrying out certain production
tasks on different models of machine. The machines correspond to different
levels of mechanisation, and therefore to different investment requirements and
different inputs of labour and capital. The sampie of metalworking machines
covers virinally the whole range of basic metal-chipping and cutting opera-
tions. These data were established by Markowitz and Rowe in the mid-1950s
for the Rand Corporation. ! Their economic and iechnological relevance io
cur.ont conditions were checked before they were processed for the present
analysis, and they were found sufficiently up to date, except that the latest
and most sophisticated technology—for example numerically controlled
machine tools and electrical erosion technology—is not covered.

The data used in the basic analysis cover 88 metalworking tasks. A task
is an elementary machining operation defined, for a particular type of metal,
in terms of precision and the shape and size of the workpiece. The production
of most metal parts involves a combination of tasks. It may be possible with

1 A.J. Rowe and H. Markowitz: An analvsis of machine fool substitution possibilities,
RM 1512 DDC Document Neo. AD 87449 (Rand Corporation, 1955).
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specialised machinery to carry out a number of essentially different tasks
simultancously. Such equipment can be specialis~d by process or by product.
The present analysis covers equipment of the :01.mer type but not equipment
for the manufacture of special products because that would have reduced the
generality of the information considerably. The data are said to be * process-
orientated”, not “product-orientated”. This imnplies that analysing alternative
technologies for a particular product wouid require a different problem
formulation: in such a formulation, product-specific technology might enter
but it is not included in the sample. Especially in car and motor cycle production,

product-specific equipment is used in connection with such parts as engines
and gearboxes and the like. However, such equipment 15 often specific not
only to the manufacture of a particular product but also to a particular make
and firm, and is either built to order or made by the company manufacturing
the product itself. However, for the majority of metal operations an analysis
based on technological processes is sufficient. Plant managers are usually
quite knowledgeable about the allowances to be made for the peculiarities of
their own production, and are more interested in trends and tendencies with
regard to alternative technologies than in a special analysis of their particular
line of production, which would require a product analysis.

In the sample of 88 tasks ii was possible to distinguish between two groups
of tasks, namely the one in which tasks are suitable for machine optimality
analysis since technical choice existed, and the other consisting of tasks for
which no technical aiternatives arv available. The first group consists of
51 tasks, plus 4 special tasks with nunibers 52 15 55. The second group contains
the remaining 33 tasks. The application of the DOS meihodology is confined
to the first group of 35 tasks, which imply 55 case studies. In each of these
case studies, seven discrete variations are introduced in the lot size, as well
as four in capital and labour prices, two in factory floor space prices, two
in the utilisation level of machines, {wo in the prices of machine tools and
two in the allowances made for the proportion of nominal working time that
is not actually or efficiently worked.

Suppose we have four factor price sets, I, 11, 11 and IV, two lot size values
Z, and Z, and two tasks which have the same shape and size classification,
but task 1 has a lower precision requirement (say 1) than task 2 which has
a tolerarce classified as 2. The optimality results are illustrated in table 83. For
example, for task 1, we observe for given factor price sets I, II and III, a
shift to higher capital intensity. This change in optimality is caused exclusively
by increase in the Iot size from Z, to Z,. By comparing the optimality positions
for a given lot size and varying factor price sets, that is, within each block,
influence of the variation in factor price sets on machine optimality is established.
Comparing the optimal positions for given lot sizes and given factor prices
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Table 8 3 . lllustration of opiimality of technology choice (X markings indicate which
maching IS optimal)

Production Task characteristics Model of Lor sizes and factor price sets
task ne. _ machine
Shape Size Precision 2, Z,
| il “I 1\ [ noam v
A - X X X
| Pl B - X -
C X - - - - X - X
D - - - = X - -
2 A X
1 f 2 B - X - - X
C - X - - - X -
D X - -~ - X X - -

A B CD in ascending value of capital-labour ratic.

(that is, in terms of table 83, a vertical comparison or a comparison between
different tasks which differ only in one physical characteristic, e.g. the pre-
cision requirement), it is seen that a change in optimality is caused by a change
in the quality putput specification.

The optimality results are further processed by means of a sensitivity
ranking. In this ranking, in the first instance only the factor price variable and
the lot size variable are explicitly distinguished. Five sensitivity ciasses are
established, the criterion of sensitivity being the number of different optimality
positions that occur each time the value of a variable is changed. The choice
of acriterion of sensitivity is always more or less arbitrary, and another criterion
such as the number of changes in optimality positions couid have been chosen
equally well, but a different criterion would not lead to different conclusions.

The 51 tasks in the sample for which there appear to be substitution
possibilities have been classified into four categories on the basis of the criterion
of the influence of lot size and factor price on the machine optimality (table 84).
That table and more detailed task-level studies ! indicate that the variations
in lot size and factor prices can allow the tasks in the sample 1o be classified
in the following four sub-groups:

(a) for a2 number of tasks no choice of technique exists;

() the machine optimality in one group of tasks appears to be predominantly
sensitive to variations in the size of the lots;

* For further details see G. K. Boon: Optimal technology behaviour: Possibilities and
limitatiens, Op. Cit., Ch. 3.
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Table 84. 8reakdown Of tasks according to th 2 inflezence of lot size ang factor price on

optimality

Categories of variables Number of tasks
Non-adjusted * Adjusted *
classification elassification

I Lot size 11 i4

I Factor price 9 4

111 Both lot size and factor price 24 24

IV Neither of the two 7 9

: The adjustments are made not only for biases 1N the data but also for MINOT inconsistencies 1N the bagic data.
These adjustments were made 11 consultation with ENJINEENING experts,

{c) for another group of tasks, machine optimality is predominantly influenced
by variations in the factor prices; and

(d) in the biggest group optimality is infiuenced by variations in both lot size
and factor prices.

A somewhat different type of empirical analysis was also undertaken vsing
the same data and methodology. The objective of this analysis was to establish
sensitivity to earlier results on optimality if relative factor prices and lot sizes
were kept constant but if ihe following additional variables were changed
one by one:

(a) cost of factory floor space;

(b) price of equipmeat;

(¢) existence of multiple shift working; and

7d; the allow uce made for the proportion of nominal working time that is
not actually or efficiently worked.

Taking cost of factory floor space first, it was noticed thay a change of
respectively $15 and 30 per square foot. keeping all other factors Consiani,
causes little change in optimality. If the cost of space is increased by $15 per
square foot while not varying other factors, 17 changes in optimality occur,
the majority of them implying a shift to higher capital intensity of machinery.
When the variation in the cost of space is doubled, the number of changes
in optimality also doubles, 10 35, Clearly, if costs of space increase, the machines
that minimsse the costs of machine and operator space per ynit of output
(by implication more automated machines) come closer to optimality. From
this point of view, therefore, the concentration of industrial production in or
very near urban centres tends to favour capital-intensive equipment.

What happens 1o machine optimality when the equipment price is doubled?
If there is one man per machine, twice as much capital per machine operator
is required, and that implies a shift in optimality in 154 cases; a1l these changes
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are shifts to less automated machines. The change in equipment price by
100 per cent gives an effect identical to that of a change in utilisation from
f00 to 50 per cent, provided that the assumed lifetime of equipment is kept
constant. Other things being equal, increased equipment prices due to such
factors as rises in transport costs or import duties favour the choice of less
automated machines, which are cheaper.

Thirdly, multiple-shift work can be particularly helpful in allocating capital
and labour economically. If the lifetime of equipment is assuined to be given,
in the present analysis at 10 years, if a second shift is assumed to reduce the
capitai requirement per unii of output as well as per worker to half, and if
the number of machine-working hours is more than 2 x 2,500 x 10, or
50,000, or in case of three shifts 3 x 2,500 x 10, or 75,000 hours, then
operating the equipment for 50,000 or 75,000 hours instead of 25,000 hours
ensures a proportional saving in capital per worker and also per unit of output.
However, these savings are achieved only if the capital equipment would
indeed be abandoned after 10 years; if not, the conclusions obtained here do not
hold. Suppose the technical lifetime of equipment is {50,000 machine-running
hours before a major overhaul is needed. Assuming 2,500 hours per shift per
year. and assuming further minor technical progress, the machine could serve
60 years on a one-shift basis, 30 years on a two-shift basis and 20 years on
a three-shift basis. In this case no major savings in capital can be obtained by
operating the machine on multiple shifts, but if the economic lifetime is assumed
to be 20 years, multiple-shift production does yield savings in investment
requirements per worker and per unit of output. !

In our analysis only two-shifi operation is censidered. This is often more
realistic for most countries, where working a third shift reduces the workers’
efficiency. It is further assumed that demand conditions justify two-shift
operation more or less permanently. Given these assumptions, the results
show that iniroducing a second shift makes the use of more capital-intensive
machinery optimal; in fact, this is so in 138 cases. This result is understandable,
given the assumptions, since 16-hour operation reduces capital requirements
per worker by half.

in principle, any firm has an option to start two-shift operation right
from the start. It may, therefore, choose less capital-intensive equipment,
of lower capacity but operated on two shifts, rather than more capital-intensive
equipment with a higher output capacity operated on one shift, However,

! In the tase analysed in this study, a 10-year economic life is assumed, which in practice
is extremely low for the technology under discussion. However, this case is put forward
only as an interesting example from an analytical point of view. Also, in the version of the
DOS methodology applied in the study summarised in this chapter, no discounting procedure
is apnhied. It is further assumed that annual costs and benefits are constant over (he lifetime
of alterrative techniques.
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no such choice is normally made in practice. Unless it is necessary for techno-
logical reasons to operate the equipment on a three-shift basis, as may happen
with continuous-flow processes, equipment is normally chosen to operate
on a one-shift basis, especially in producticn involving discrete processes
such as metalworking. One of the reasons for this is that in general a new
enterprise has complex organisational problems, particularly in developing
couniries; to organise production on a double-shift basis from the start is
even more complex. Secondly, no management likes to plan capacity so
narrowly that it buys lower-capacity equipment, which immediately has to be
operated on doub!le shifis; rather it plans initial capacity in the light of expected
future demand paticrns. Since it is difficult for any enterprise to estimate its
future market share, in practice most enterprises tend to introduce second
shifts for individual machines, instead of buying machines with larger capacities.

By the time all machines are operated on double shifts, the machines with
which double-shift working was started have to be operated on three shifts,
or if this is legaily or otherwise not possible they have to be disposed of and
replaced by machines of larger capacity. Thus, in practice, double-shift
working in discreie processes is introduced only gradually, and very seldom
from the start—an outcome whick: is at odds with economic theory. This means
that multiple-shift working is normally not 2 factor which plays a rolg at the
time of making a decision on choice of technology.

The last exercise with our sample consists of a variation in the allowance
made for the proportion of nominal working time that is not actually or
efficiently worked. The basic time data are adjusted to make allowances for
fatigue, personal care and work delay. These allowances vary with the task,
the type of machine and the size of the lots. The allowances used in the basic
sample refer to working conditions in the United States at the time when
the sample was established. The present variatior consists of doubling these
allowances, introducing the consequence of differences in skill and general
efficiency. This variation results in | 12 changes in optimality; in practicaily
all the cases this change makes more capital-infensive machinery optimal.
This is because machines that are more automated depend less on the human
factor and therefore maintain their efficiency level better under these conditions;
and it is precisely for this reason that there is a tendency among entrepreneurs
to favour higher levels of capital intensity.

CORRELATION WITH ANSWERS GIVEN BY MANAGERS
IN A RECENT MEXICAN SURVEY

The accuracy of the resulis of the initial optimality analysis for the 88 metal-
working tasks was also tested in actual production conditions in Mexico,
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through mterviews with the managers of a number of factories. After the plant
manager had been informed of the aims of the study, he was shown a small
technical drawing of a task, with specifications of the dimensions and the
material. Next, a number of machines were menticned with an indication
also of their technical capabilities, and the plant manager was asked which
of those machines he would choose to carry out the task if the production
lot size was either 5,100 or infinite. In cases where, among those mentioned,
no machine of the plant manager’s choice existed, he was requested to specify
which other machine he would prefer. After this preliminary interview, the
plant was visited to examine actual production. During this tour of the plant
practical questions were raised, for example, about factor proportions, adap-
tation and other utilisation and capital-stretching pelicies. The question of
capital and labour price variation was not raised; only the variation in lot
sizes was mentioned in the interview. Implicitly the capital-labour price ratio
plays a role in the optimal choice as expressed by the plant manager, since he
is asked for his choice in Mexico, naturally for the prevailing market factor
prices.

The findings on optimal machine choice so obtained were compared with
the optimal choice which the analysis based on the Rowe-Markowitz data
indicates for semi-industrialised countries, i.e. for a wage rate corresponding to
$0.45 an hour and an annual interest rate of 10 per cent. In 1973 in Mexico a
more relevant price set would be a labour cost, including all social security
charges, of about $1.00, while the market interest rate would vary from 12 to
15 per cent. These values differ rather substantially from the above cnes.
Nevertheless, the testing of the sample is meaningful, especially considering
that the shadow rate of semi-skilled labour, including social security charges,
would be closer to $0.45 an hour anyway. The shadow rate for capital would
be close to the actual market price, at about 15 per cent.

Optimality of machines does not only depend on the relative prices of
capital and labour, and even for these variables optimality may change only for
significant juimps in the price sets. The alternative machine choices introduced in
the study mean discrete choices, often with wide discontinuities between their
capital and labour requirements.

Seven factories were visited in wnd around the Federal District of Mexico.
Not all these factories produce matal products exclusively, For this reason the
breakdown of size class by number of workers in table 85 refers in each case
to the metalworking section and not to the whole enterprise.

There were 55 tasks in respect of which the results of the basic analysis of
machine-tool substitution possibilities were to be tested against the answers
given by managers in the Mexican survey. In several cases, however, testing in
zespect of one task yielded an outcome valid for a number of related vasks. For
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Tablegs. Breakdown of factories in the Mexican sample by size class

Mumber Size class Number

of factories of workers
2 | < 1§

4 il 1575
| 11 =15

machines may turn out to be the same. Therefore, although on the average the
results relating to only 54 per cent of the tasks were tested, the outcome
represents 92 per cent of all the listed machine choices, so that the coverage of
the sample is almost complete.

Of the seven lot sizes on which the analysis is based, correlation was tested
in respect of only three. These three, however, are representative of small,
medium and large lots, that is the two exwreme values and an intermediate value.
The intermediate value poses a problem, because although plant managers may
be certain about their choice for extreme values of the lot size, for an inter-
mediate value they have to guess, since a definite answer can be given only after
a precise calculation. Presumably a part of the non-conformity between the
choice of the manager and the results of the basic optimality analysis can be
atiributed to this factor.

The results of the tests are summarised in table 86 according to both the
non-adjusted and the adjusted classification of tasks. The seven enterprises
visited are ordered according to the size of their metalworking plant measured
by number of workers emploved. The first observation on the results is that
the adjusted classification gives a better correlation with the initial optimality
analysis than the non-adjusted classification. This is understandable since the
adjusted classification allows, somewhat more realistically than the original
Rowe-Markowitz data, for the effect of large lot sizes, mainly the infinite value,
on machine optimality. Secondly, the answers of the largest firm show the least
agreement with the results of the initial optimality analysis: in this case the
percentage of correlation is considerably below the average and the choice of
technology conforms to that made in more industrialised countries like the
United States and the countries of Western Europe. The two next large it firms
also show a correspondingly low degree of correlation, although they do not
show a strong tendency to choose : technology more advanced than that
covered in the initial analysis, and consequently they show the highest degree
of negative correlation.
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Table 86. Corraiation between the results of the initial optimality analysis and the chaoices
of Mexican managers

Factary Number of workers employed Correlation (percentages)
size class
n metal Ry the firm Paositive Negative Mot com-
machining as a whole parable *
only
n.a. a. n.a. a. n.a. a.
{35 40 60 73 35 27 5 0
t L6 63 58 65 21 27 18 8
[ 40 140 64 69 28 28 8 3
1l ] 30 300 f2 a7 21 21 17 12
158 68 56 61 39 39 5 0
l 68 80 58 64 K 35 6 1
ill 48 54 33 33 19 13
All Sires 58 65 31 30 11 5

i, = noa-zdiusted clussification of tasks (s2e table B4).

a. = adjusted classitication of asks (see table 84),

! Because for the tasks in question the technology chosen by the Mexican managers was ghead
in the Rowe-Markowitz survey.

&,

One explanaiion for the above may be the difficulty for the plant manager
of estimating ihe optimal machine for the intermediate lot size value, This
difficuity may be preater for the plant managers of the smaller firms than for
those of the larger firms, who are generally more experienced. Therefore we may
prasume that the negative correlation estimated for the three firms that have
the largest metaiworking section and also have the highest degree of negative
correlation suggests a bias towards more capital-intensive technology. Negative
correlation can be distinguished from cases it which the technology preferred by
the Mexican manager lay outside the terms of the comparison; in the latter
cascs optimal technologies were singled out for different relative factor prices
which prevailed in Western Europe and the United States, whereas in cases of
negative correlation the preferred technology, although slightly less advanced,
nevertheless had in peneral a higher capital intensity than the technology indi-
cated by the initial analysis. The explanation might be that relative factor prices
are somewhat different for the larser and the smaller firms respectively. Capital
may be cheaper for the larger firms since they have easier access to bank credits,
or, in the case of a subsidiary of a multinational firm, capital may be obtained
from the parent company, while on the other hand larger firis have a better
management and are more careful in their compliance with government
regulations and legislation concerning labour. This attitude tends to make
labour costs higher for them than for smaller firms, which d» not always apply
labour regulations.
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Other differences in optimality as determined by the results of the inter-
views and those obtained by our earlier analysis might be explained by the
to.. *wing factors:

i 2} the differences between actual market factor prices in Mexico and those
used in the earlier analysis;

(b) ignorance on the part of plant managers aboul existing alternatives; and

{c} inexperience of the plant manager in the matter of machine choice, and
prevalence of non-economic considerations such as:

(i) prestige value attached to the use of more sophisticated machinery;

(if) non-economic personal preferences; for example, a plant manager
may be biased towards technological sophistication, which he likes
as an engineer;

(iii} 2 nreference for higher mechanisation in order to reduce human and
legal problems (labour laws are such in Mexico that labour can be
dismissed only with great difficulty).

To cbtain a better understanding of the cases where deviations occur,
the sample test outcome obtained from the most experienced plant manager
was analysed in greater depth. For the three lot sizes mentioned above, 26 tasks
were tested, cover ng 144 machine choices. For 11 tasks, covering 48 machine
choices, the plant manager expressed an optimality choice different from
what the sample indicated. For these 11 tasks the main causes of difference in
optimality choice were:

(@) in one case, a definite error, of a iechnological naiure, in the plant
manager’s choice;

{b) in three cases an arbitrary difference (for example, the initial optimality
analysis pointed to a vertical miliing machine whereas the plant manager
chose a horizontal one; the two machines have the same technical capabi-
lities for the task concerned and their prices, when purchased new, are
ver; close);

(¢} in six cases the plant manager selected a machine that, without doubt, is
the optimal one, whersas the majority of the sample attributed optimality
to another machine which was theoretically a possible choice but could
rot be used in practice; and

(d) in cne case the plant manager pointed to a machine that would no doubt
be economically cptimal but was not included in the sample.
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Specific plant situations

t is worth while to report in more detail on the experience of an engine
plant which belongs to a muitinational enterprise. At the start of the interview
the management stated that the Mexican plant used exactly the same technology
as the pareni plant, whereas during the interview it became clear that the
technology used by the Mexican subsidiary departed significantly from that
of the parent plant.

In the engine plant, no major differences could be observed in the special-
puipose machinery used in Mexico as compared with that used in the parent
plant. In certain cases, however, the machinery installed was second-hand,
since it had previously been part of t... parent plant, and, being technically
completely operational, had been shipped to Mexico for further use. The
new machines installed in place of the old ones in the parent plant were
essentialiy the same, with minor changes in technical capability. This is a typical
situation for metal-chipping machinery, in relation to which technical progress
i5 slow; in oiher production processes, Nowever, such a substitution may
antail significant changes in the degree of mechanisation or automation in the
parent plant, and the second-hand, iess capital-intensive machines are trans-
ferred to a zubsidiary plant in a developing country on purpose, because there
the plant is optimal at the prevailing factor prices.

The reason for shifting used machinery from the mother plant to the subsi-
diary, even if the technology is essentially identical, night be that utilisation
levels, and .herefore wear and tear, in the subsidiary plant are lower, and that
the used machinery can therefore serve longer at lower depreciation rates.
Another reason might be great differences in import faxes on new and used
equipment in developing countries; this does not seem to be the case for
Mexico.

in the Mexican plant under discussien, onlty for one particular operation
was the level of mechanisation lower than in the parent plant, Although the
machine used was optimal for Mexican wage and interest rates, the plant
marager nevertheless wanted to introduce the more automated machine for
quality reasons.

In the Mexican engine plant no overhead conveyors were used, whereas
such an installation existed in all the engine plants in the home country of the
concern. Fork-lift trucks were used in both countries, while in Mexico an
overhead crane was alse available in some parts of the factory. Internal
transport in the Mexican plant was therefore more labour-intensive, In addition,
the materials handling in the production line was non-mechanised, whereas
in the parent plant machine-powered transfer mechanisms were used. In
Mexico tables with free-moving steel rollers were used between machines;
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the worker pushed the heavy workpieces by hand over the rollers from one
machine to another. The human energy required for the moving of the work-
piece was relatively low.

In Mexico some machines in the engine plant were operated on a two-shift
basis. Such machines were those which could not be used to produce the
required volume in eight hours. Instead of disposing of these machines and
substituting others of larger capacity, which usually means a higher level of
capital intensity, they were operated on a second shift,

As already pointed out, the level of automation of the machine tools in the
engine plant was basically the same in Mexico as in the home country. Use
of equipment that was less mechanised would imply either doubling lines of
equipment or introduging a second or third shift for all machines. In the
first case, more factory floor space would have been required since more
workers would have needed more working space. Floor space, generally, is
expensive in Mexico. Although the introduction of a full second shift and a
partial third shift would not have called for more factory floor space, it
would have called for moze skilled labour and more supervisory personnel.
However, skilled and experienced labour is less abundant than one may think,
which made recraitment for a second and third shift difficult. The firm therefore
preferred the existing level of mechanisation in its main production processes,
and carried out auxiliary processes in a more labour-intensive way, Quality
was always mentioned as an additional argument for not going back to less
capital-intensive technigues. On the other hand, these considerations did not
play a role in internal transport, for which more labour-intensive alternatives
were chosen; more labour-intensive methods were also applied in other
auxiliary operations like packaging, hundling and storing of spare parts.

The multinutional firm visited seemed responsive to relative factor prices
in choosing factor proportions, and adjustments were made whenever it could
be done without affecting quality. However, in one respect the subsidiary firm
might have been hampered in achieving optimal resource zllocation. From
the headquarters of international firms all kinds of control guidelines were
issued, e.g. organisation schemes, and guidelines stipulating the lot sizes and
capacity at which a higher degree of mechanisation is desirable. The local
management did not always realise that such guidelines often do not fit
Mexican conditions.

Machine adaptations

The machine adaptations that are most important in metal-chipping for
Mexico consist in the transformation of universal machines into special-
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pur pose machines or the adaptation of special-purpose machinery in such
a way that it becomes somewhat more universal. Lvidence of adaptations
was found during the factory visits. In particular, interesting machine adap-
tations were noticed in one of the factories visiied. They mainly involved ihe
adaptation of a basic universal machine tool such as a common lathe into a
special machine. The common lathe (bench lathe) was often bought second-
hand and used as a stand. With a small additional investment a special-
purpose machine was obtained which would have reduired a higher investment
if bought new. A case in point was a commeon lathe transformed into a boring
machine: a similar boring machine bought new would have cost 2.5 times
more than the adapted lathe that was in fact used. This is a typical case of
capital-saving innovation. ! Another example is the conversion of 2 common
bench lzthe into a special production machine capable of carrying out several
machining operations simultancously. However, such examples are very rare.

Over-all results

The study of the Mexican metalworking industry suggests that Mexican
entrepreneurs respond to local factor prices, as well as to lot size and product
characteristics. Although there are very few cases of capital-saving machine
adaptations, aoxiliary operations are often undertaken with labour-intensive
methoeds.

The test has enabled us to check the technological appropriateness of the
various possible means of performing the tasks, and consequently also the
extent to which technological progress has made certain machines obsolete.
It may then be conchrded that the sample of tasks used is still relevant for
basic metal-chipping and that technological progress has had cnly a minor
influoence on the relevance of the sample. On the other hand, it has been
discovered that in a small number of cases the sample lists machine options
that are no longer realistic, or are otherwise doubtful. This can be explained
by the fact that the original data were compiled by Rowe and Markowitz
in the 1950s and had, presumably, been established from techaical manuals
on time data for machining operations; they were not based on actual plant
observations.

* In the lathe, the workpiece rotates; in the boring machine the tool rotates. The lathe
is adapted by mounting a shaft combined with the tool between the centre point and the
claw; the workpiece is moved from left to right on the carriage.
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CONCLUSIONS

The foregoing study has important implications for technological choice
and employment generation. In the first place, the empirical disaggregated
analyses on metalworking confirm the existence of capital-labour substitution
possibilities even though at a higher level of aggregation the technologically
determined view of fixed proportions may seem to prevail. On the basis of an
analysis at the micro-economic level, it can be seen that the tasks that are
1ot sensifive to economigs of scale can be performed in decentiralised units
while tasks sensitive to capital-labour price variations can be performed in
low-wage labour-surplus countries, an argument relevant to the international
division of labour.

Some generalisations can also be ventured on the basis of empirical findings
of our analysis of variations in economic and physical parameters on the choice
of technology. Taking economic parameters first, an increase in the price of
labour in refation to capital, and in that of factory floor space, tends to favour
maore capital-intensive operations. A high price of floor spacs in particular
favours capifal-inténsive machines because they reduce the ratio of building
costs to cutput. The variations in the physical parameters show that the avail-
ability of a choice of technique can in several cases be explained by the physical
characteristics of the product. Generally speaking, when physical characteris-
tics are very particularised, the choice of technology narrows down and
the coefficients of production tend to become fixed: when shapes move from
regular to irregular and complex, when sizes move from small to large and
extremely large, when precision moves from normal to high, the range of
possible technologies narrows down considerably. On the other hand, very
common tasks, regular shapes, small and normal precision requirements are
well suited to mass production. The demand for products such as screws,
nuts and bolts and the like, for either final or intermediate use, is enormous.
For such products a range of possible technologies does also exist, but special
machines are developed which have such a high productivity that lot size
tends to outweigh factor price considerations when the choice is to be made.
Furthermore, for extremely common tasks only one machine becomes optimal.
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PRODUCTIVITY AND EMPLOYMENT IN

THE COPPER
AND ALUMINIUM INDUSTRIES

by P. Della Valle'

This chapter examines the relationship between productivity and employ-
ment in ihie woild’s copper and aluminium industries, and analyses the reasons
why labour productivity and utilisation vary among mineral producing devel-
oped and underdeveloped countries. In discussing employment generation, it is
argued that the indirect employment aspects discussed earlier, in Chapter 3,
may be more important in mining than the direct employment aspects, so that
in order to appreciate fully the total employment associated with extractive
industries, indirect employment in the regions in which the principal ore
producing areas are located should also be taken into consideration.

In the light of the technology in use in the extractive industries (see Appen-
dix IV), the capital-labour substitution possibilities in copper, bauxite and
aluminium production in selected developed and developing countries are
examined by using the CES production function analysis extensively reviewed
in Chapter 2. Since a great proportion of mineral ores are produced by inter-
national corporations, an appendix is also devoted to the eiiect of foreign
investment and technology in the developing countries.

DIRECT AND INDIRECT EMPLOYMENT

The importance of the mineral industries to developing countries can be
seen from the following statistics: the United Nations Conference on Trade and
Development (UNCTAD) has projected that by 1975, exports of minerals,
metals and fuels wiil account for 50 per cent of the total exports from
developing countries. This will represent a significant rise from the 1964 value of

t Associate Professor of Economics, University of Windsor, Ontario.
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42 per cent. ! On the other hand, it is estimated that the value of agriculiural
production will fall from 40 per cent of the total value of exports in 1964 to
37 per cent in 1975, From 1960 to 1968 the value of output grew approximately

64 per cent faeter in the mining sector than in the manufacturing or construction
sectors in developing countrids, It is interesting to note that much of this growth
has been occurring in Africa, ‘where the mining industry had a later start and is
now catching up. The African nations are typical of mineral-dependent less
developed countries: copper accounts for over 40 per cent of the total exports of
Zaire %, and mining and quarrying for 50 per cent of the gross domestic product
of Zambia.

It is easily established that as a country develops, the concentration of
employment moves from the primary sector, including mining, to the manufac-
turing and service sectors. For example, the proportion of the labour force
employed in mining amounts to less than 1 per cent in the United States, but
to no less than 10 per cent in Zaire and 16 per cent in Zambia. It should be
also noted that capital is increasingly being substituted for labour in the
world’s mining industries, For example, it has been stated that “labour reguire-
ments for bauxite mining have been greatly reduced in recent years by extensive
use of modern mechanical equipment such as bulldozers, draglines, large
trucks and in particular enormous rotary bucket excavators which have been
in use for some years now in Surinam and Guyana”. ?

It might be argued, therefore, that the expansion of the mineral industries
in developing countries will not significantly increase the long-run employment
opporfunities in those countries. This argument would be misleading for the
following reasons, In the first place, any investment in a new mineral industry
offers a developing country an opportunity for an expanded export base.
Not only does the new industry provide more jobs and export earnings but the
new taxes penerated also enable the government to re-invest the monetary
returns of the minerals sector in other parts of the economy. Secondly, in ierms
of totcl employment generated it would be erronecus to consider solely the
employment involved in the extraction and processing of ore. The exploitation
of a new ore body usually involves the establishment of a new town, or at any
rate the constitution of some new zone of comparatively advanced economic
activity. Mining towns are often in isolated areas of the country, and provide

t United Nations Conference on Trade and Development: The longer-terin prospects for
commodity exports from developing couniries, doc, TD/9/Supp. 2 (Geneva, United Nations,
1967; mimeographed).

* During ihe period considered in this inquiry, the Republic of Zaire was known by
various pames: Congo (Léopoldville), Congo (Kinshasa) and the Democratic Republic of
the Conge. Throughout this chapter the country is referred to as Zaive,

3 United Nations Industrial Development Organisation: Aluminiym products from various
ores, doc. ID/WG. 11710 (Vienna, 1967; mimeographed), p. 19.
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ample new employiment opportunities for all types of labour from construction
workers to merchants and giocers’ assistants. Thus by generating indirect
employinent the mining industry makes a significant contribution to the solution
of the unemployment problem in less developed countries.

The dearth of statistical information makes it all but impossible to quantity
the full indirect employment effect of developing the mineral industry. However,
we can establich the patterns of the growth of this employment by obsetving
some simple trends. For example, from 1963 to 1969 the population of Zambia
rose by about 16.2 per cent but the population in the Copperbelt, which is the
main mining area, increased by about 30 per cent. ! Since the total direct
employment in the mining industry grew by less than 10 per cent, we can only
assume that, given the birth rate, indirect employment accounted for a large
part of the increase in popufation in the area, i.e. there must have been an
influx of traders and of skilled and semi-skilled workers who were attracted by
the employment opportunities created by the copper mining industry. Indirect
employment often occurs in independent communities which derive their
livelihood from the extraction of ores elsewhere. In Chile’s Gran Mineria,
for example, one finds ithe main copper producing centre of Chuquicamata
which has a population of approximately 25,600 people. A few miles away lies
Calama, a town half the size of Chuquicamata. Calama’s main source of income
lies in the provision of goods and services for the larger copper town. Further
examples of such indirect employment can be given for other mineral producing
developing countries: for instance in Guyana’s bauxite producing region the
number of workers employed in bauxiie production multiplied by the average
family size in the region equais approximately 77 per cent of the local popula-
tion, and it can be assumed that most of the remaining 23 per cent is indirectly
supported by the bauxite mines.

PERFORMANCE AND LABOUR UTILISATION IN THE UNITED
STATES AND SELECTED DEVELOPING COUNTRIES

The main purpose of the following empirical examinations is to analyse and
compare the performances of the copper and aluminium industries in the
United States and in the developing countries. Emphasis will be placed on the
copper producing countries since the data for those countries is more homo-
geneous. However, comparisons will be made for the developed and less
developed courntries in each industry and between industries.

1 Monthly Digest of Statistics (Lusaka, Central Statistical Office).
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Copper

An examination of tables 87 and 88 will eniable us to compare the levels and
rates of change of the relative production variables in copper mining in Chile,
the United States and Zambia. All variables are indexed on the United States
data for 1960.! No comparable variables are available for Zaire but it was
none the less felt that useful conclusions could be drawn from an examination
of the rate of change of the Zairian variables. It muyst also be noted that the
absolute values of the data used must be considered in the light of the slightly
differing definitions of the relevant variables in each country. In this regard, it
was therefore important to compare the time trends of those variables when
significant trends did exist.

Since the periods under consideration differed somewhat betwezn the coun-
tries studied, the relevant variables were examined in two steps. First, a com-
parison was made of the average of the actual observed variables in the original
periods; and secondly, those variables were examined in the light of a common
1975 projected value. The projected values will give a common yet hypothetical
comparative year which incorporates the rate of change of the variables for
each country through time.

An examination of tables 87 and 88 indicates that the ohserved output level
for Chile was 48 per cent that of the United States while the output of Zambia

Table 87, Variations in over-all output, employment, wages and output per head in
Chile, Zambia and the United States

Item Chile Zambia United
States

Absoiute Raiio o Absolute Ratio i@

figures US date figures US data

Over-all outpui:

Average observed value 45.8 48 53.2 55 96.4

Projected 1975 value 60.1 47 1.5 .60 129.0
Employment:

Average observed value 334 7 M2 193 104.5

Projected 1975 value 58.7 . 226.8 . —1
Wages:

Average observed value 30.! .31 29.8 31 96.8

Projected 1975 value 61.4 .39 52.6 34 i56.8
Output per head:

Average observed value %6 .92 .26 28 93

Projected 1975 value 1.04 83 35 .28 1.25

1 Not significant.

! See Appendix [ for the data used in the empirical tests.
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Table 88. Average percentage changes in over-all output, employment, wages and
putput per head in Chile, Zaire, Zambia and the United States

Ttem Chile Zaire Zambia United States
Over-all outpui 22 4.6 3.7 22
Empioyment 0.7 —1* 1.0 —t
Wages 72 6 6.1 4.0

Quiput per head 1.5 4.6 2.7 2.3

i Not significant,

was 537 per cent that of the United States. Since output in Zambia was rising at
an annual rate of 3.7 per cent compared to one of 2.2 per cent for the United
States and Chile, the projected value for Zambis outpus should rise to 60 per
cent of the United States value by 1975, assuming of course that the observed
trends continue. In addition, the expected rise of 4.6 per cent in the annual
output rate for Zaire indicates that copper production in the main African
producing nations will account for a Jarger percentage of the future world
output of the metal.

The labour market statistics lead to the following observations. Employment
is not changing significantly in the United States or Zaire and is increasing
at a very small average rate in Chile and in Zambia. It must be recalled, how-
ever, that the effect of mining on employment in a country cannot be measured
solely by the number of people actually involved in the production of ore:
the earlier discussion on the subject indicated the importance of indirect
employment as a result of the development of the mining sector.

Over the period studied, the average wage of the copper miners in both
Chile and Zambia was about $30 a week, while the average United States
copper miner received $97. Since the periods covered are not quite the same, it
is most useful to compare this average wage to the projected 1975 levels. U If
that is done, it can be seen that Chilean wages should rise to 39 per cent of the
United States equivalent while Zambian miners’ wages should increase to 34
per cent. It should also be noted that mining wages in Zaire were increasing
by about 6 per cent per annum, which is comparable to the 6.1 per cent rise for
Zambia, while being slightly less than Chile’s 7.2 per cent increase. In all the
developing couniries, however, wages in the industry have been rising at a faster
rate than in the United States. This may be explained in part by the same reasons
as account for the fact that skilled-unskilled wage differentials have been falling
over time in developed countries: as the mining industry in the developing

* It should be noted that the wage rates here do not include fringe benefits, which are
more sigaificant in the developing countries than in the United States.
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countries evolves, the average skill level of the workers will increase, so that a
rise in their wages in refation to those of their Northern American counter-
parts might be expected. In addition, 2 more rapid growth of trade unionism
in developing countries may have accelerated the upward pressure on mining
wages in those countries. t

In terms of productivity comparisons, we find the outpat per head fi_ure for
the United States to be greaier than those of the developing countries. Chile’s
average output per head for the observed years was 92 per cent of the United
States value and would seem to have been decreasing as a percentage of the
United States figure. The relative Iabour productivity of the Zambian mines
seemed to be remaining constant at approximately 28 per cent of the United
States level. The considerably lower value for Zambia can be explained by the
nature of the underground mining process in that country, which is less produc-
tive than open-pit mining,

In terms of capital expansion, capital in the United States has been growing
at the rate of 6.4 per cent per annum, while in Chile it has averaged only 3.5 per
cent. The expansion in the United States seems to have been accomplished at
the expense of labour, since the capital-labour ratio for the United States has
been rising at 7.5 per cent while that for Chile was increasing by 2.9 per cent.
A higher rate of substitution of capital for {abour is net confined to developed
countries, since capital has increased by 6.1 per cent in Zaire and the average
rise in the capifal-labour ratio has been a substantial 6.2 per cent in that
country.

Aluminium (bauxite)

International comparisons of the main economic variables cannot be made
as divectly for the aluminjum indusiry as for copper, the reason being that less
developed couatries do not produce substantial amounts of aluminium as such
but produce bauxite or alumina, unlike developed countries such as the United
States. Because of variations in the product, precise inter-country comparisons
in terms of output per head and the capital-ontput ratio would be of limited
value. It is still interesting, however, to examine some production variables if we

1 For a discussion cf organised labour in the minerals industries of developing countries,
see Phillip E. Church: “Labour relations in mineral and petroleum resource development”,
in R, F. Mikesell (ed.): Fareign investment in the petroleum and minergl industries (Baltimore,
Johns Hopkins Press, 1971), Ch, 4.

2z Referring to the United States industry, McMahon states: “The largest increases in
production and preductivity rates have occarred in open-pit mines. Because these mines have
contributed most to domestic production, they tend to lift the productivity average for the
whale industry”. A. D. McMahon: Copper: A materials survey (Washington, DC, United
States Department of the Interior, Bureau of Mines, 1965), p. 302,
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remember that the differences in those variables are often to be explained by
differences in the fina! produet. !

Since the United States industry is engaged in producing refined aluminium,
which is a more capital-intensive process than the earlier stages of production,
we find the capital-labour ratio to be higher for the United States than for the
less developed countries, For example, the capital-labour index for the United
States was 1.00 whereas for Guyana it was 0.23 during the period studied.

Weekiy wages received by labour in the less developed countries were
substantially lower than in the United States—§106.10 in the United States
as compared with $31.10 for Jamaica and $25.90 for Guyana. In addition,
the ratio of wages ic product selling price was lower in the United States than
in either Jamaica or Guyana (1.}1, as against 15.0 and 13.3 respectively).
The differences in the ratio can in part be explained by the differences in the
final product sold by each country, i.e. an average index price of 96.2 for
aluminium in the United States as compared with the lower-priced bauxite
and alumina for Jamaica and Guyana (2.08 and 1.95 respectively).

In terms of labour utilisation the United States index was 110.0 while that
for Jamaica stood at 31.9 and for Guyana at 21.1 The United States labour
force was also growing at a faster rate, and that growth probabiy reflects an
increased use of labour in the final production stage of aluminium goods
such as cans and cables, Labour demand at the strictly mining end of the
operation is not growing as fast as the labour used in the production of manu-
factured aluminium products.

ESTIMATION OF CES PRODUCTION FUNCTION

Chapter 2 in this voiume discussed at length the conceptual and measure-
ment aspects of CES production functions. Below we estimate this function
with the data on copper and aluminium.

The CES production function yields the following reduced form equation

in terms of output per head:
w\e
S_ .. (_) (D)
L P

In our empirical tests for the copper and aluminium industries @ = tons
of output produced, L = the number of workers employed, W = the weekly
earnings in US dollars, P = the average price of the product sold, and m is a
parameter. The second parameter, g, stands for the elasticity of substitution
between capital and labour.

' As was the case for the copper data, all variables are given in index form (United
States data for 1960 = 100). See Appendix I for the description and tables of data used.

329




Technology and employment in industry

Table 89. Regression estimates

Country Equation nos. o n r*
Zare 1 54 63
(13)
2 58 135+ 74
(.12) (.68)
United States I .83 .52
19
2 a7 52 .70
15) (.18)
Zambia 1 .52 .37
(.18)
2 .08t 131 .68
(.18) .30
Chile 1 .20 36
(.08)
2 15 1.01 71
(.06) (31

Key: a = factor elasticity of substitution, .
1, = coefficient that measures the effect of capacity utilisation on output per head.
Stancard eirors are given in brackets.

* Not significant at 95 per cent level.

Copper

In table 89 we have the results of the estimates of equation (1) for each
of our copper producing countries. 1t will be observed that for each of our
developing countries the factor elasticity of substitution (g) is significantly
less than 1. For the United States, on the other hand, ¢ is much higher than
the estimates for the developing countries, and, indeed, is not significantly
different from unity. * The implication is that producers in the United States
responded to relatively higher wages by substituting capital for labour at a
faster rate than the nroducers in the developing countries. Since we are dealing
with firms which ure multinational, or at least are assumed to act like multi-
national firms, we might ask why they did not respond to relatively higher
wages in the same way in the developed and underdeveloped countries. There
are two possible answers to this question. The first possibility is that wages in the

1 |t should ke stated here that the author had previoudy undertaken this test for the
United States and Chile using different time periods and dightly different data. The results
in that initial empirical work were somewhat different in the magnitudes of the estimates
given for s, but the ranking of the values of s for the two countries was the same as thal
gwen here. P. Della Valle: “The elastn:ity of substltutlon and changes in capacity utilization
in United States and Chilean copper mining”, in Applied Economics (Oxford, Pergamon),
Vel. 2, No. 4, 1970.
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developing countries were quite low to start with, so that any increase inearnings
did not represent a significant increase in cost to the companies involved.
In such a case, relatively small increases in labour costs will not lead to sub-
stantial substitution of capital for labour. Secondly, we might consider the
political and economic environment in those developing countrics. Large,
foreign-based corporations have always been suspiciously regarded by the
governments and unions in developing countries, and any attempt rapidly to
reduce the labour force has often been met with strong opposition. Such
opposition could hinder the employment reducing response of mining com-
panies to higher wages, and hence contribute to a lower elasticity of substitu-
tion of capital for labour.

In all cases thc estimate given for o is statistically significant. What one
might say is that in both the developed and the underdeveloped countries,
considerable wage changes lead to some substitution of capital for labour.
In other words, in so far as the copper mining industry is concerned, market
forces do not play an important role in the allocation of factor inputs in all
countrics. Two additional observations can be made on the average value of
o in the countries observed. The first is that o is approximately the same for
both of the copper producing countries in Africa. This would imply a relatively
similar responsiveness of factor utilisation to factor cost in the African mines.
Secondly, since o <1 for all the developing countries, we may say that labour’s
share of the value of production in those countries has been increasing through
time. In fact, labour’s share is rising at a faster rate in the copper mines of
Chiie, Zaire and Zambia than in those of the United States. Changes in relative
shares thicugh time depend both on the elasticity of substitution and on the
nature of technological progress. Ferguson has pointed out that labour-using
technological progress will increase labour’s shar :, and offers some evidence
that this has been the case for the United States economy since the Second World
War. ! It is therefore possible that iechnological progress has been more labour-
using in the developing countries than in the United States industry.

Since the production function which yields equation (1) assumes the
existence of full capacity, variations in capacity utilisaticn may present a
serious problem. FFor example, suppose the world market demand for copper
falls in any particular year. In such a case employers may decide to cut back
on the uss of capital and labour. The reported number of labourers used for
the year wouid be lower than in the preceding year, but the reported amount
of capital used may not be diminished. The company would simply report
the amount of capital available in any particular year and not the amount of

1 C. Ferguson: “Substitution, technological progress and returns to scale”, in
American Fconomic Review, Papers and Proceedings, ¥Vol. LV, 1965, pp. 296-303.
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capital used. The fall in output from one year to another would therefore
increase the capital-output ratio as well as the ratio of capital to labour. The
reported increase in the capital-labour ratio would not be a consequence of
any change in the factor prices, and as a result ¢ would be erroneously estimated.

It was therefore decided to adjust equation (1) for variations in capacity
utilisation. The testable hypothesis then becomes

(g) - (Vf)ﬁ " e
L \

where {7 - index cf capacity, and « = coefficient that measures the effect
of capacity uvtilisation ! on output per head. Referring again to table 89 we
can see the results of the tests for equation (2) in each of our countries. The
introduction of capacity utilisation did not significantly affect the value of
o in Chile, Zaire or the United States. In Zambia, however, ¢ falls dramatically
and indeed is not significantly different from zero.

It is most noticeable that v is much higher for the developing countries
than for the United States: that is, capacity utilisation had a much greater
eflect on labour productivity in the developing countrics. An explanation of
the differing effects of capacity utilisation on productivity may lie in the concept
of under-employment. Because of political and social pressures it may well
be that there was an over-supply of labour in the mines in the developing coun-
tries, Hence, the labour force was at least partially under-employed or under-
utilised. In such a situation, increases in market demand, which [ead to an
increase in capacity utilisation, would be met in part by increasing the utilisation
of existing labour. Therefore output would increase while the number of workers
remained much the same, and output per head would rise. Since we may safely
assurae that under-employment of labour was more prevalent in the developing
countries than in the United States, we would expect % to be larger for the devel-
oping countries than in United States copper mining.

The under-employment hypothesis, together with a glance au table 90,
may offer an explanation ¢f why ¢ for Zambia falis o zero. We find that the
average value of our index of utilisation was the same for both the United States
and Zambia and was lower than the average U/ for Chile and Zaire. The
coefficients of variation are significantly higher for the United Siates and
Zambia than for the other two countries. It can be argued that the instability
of capacity utilisation in Zambia, coupied with political and social pressures to

* The index of capacity utilisation which was constructed for each country was arrived
atby comparing the deviations of the actual values of each year’s output from some expected
full eapacity trend value of that cutput. The full capacity trend was established by the obser-
vation which represented the largest positive output deviation through time. See Appendix Iii
for a detailed description of how the index of capacity utilisation was constructed,

332




Table 80. Average values and coefficients of variation of capacity utilisation

Country Average values Coefficients
of variation !

Congo 94.8 4.4
Chile 92.7 50
Zambia 86.4 10.5
Unuted States 86.4 12.8

1 The coefficient of variation {CV)is defined as: CV = S/d (100) where i is the average value of capacity utilisation
and S is its standard deviation.

preserve employment in the mines, led to the marked effect of &/ on Q/L in
that country. These pressures would seem to have been great enough to offset
the economically rational behaviour of substituting capital for labour as the
factor-price ratio changes. The low productivity levels in Zambia can be
accounted for by a combination of the above pressures as well as by the nature
of the underground mining techniques. !

Since it is possible that technelogical change might influence Q /L in our
time series observations, it was decided to introduce technological change into
our tests in the following way:

at
(g) —m (f)o Wy (@ 3)

where A is the technological change parameter and ¢ is the time variable. In
only twa cases, those of the United States and Zambia, did » prove to be signi-
ficant. Those equations (LN being Napieriar logarithm) are given as:

LN(Q\ -5+ 43 LN(E) + .50 LN(U)+.015;; R2=0.88  ...(3a)
Ljus 12y P/ 1 (.003)
: (5
LNIZ — —1.33 + .03 LN — [+ LOTLN(U)=0.0211;R2=0.95. . .(3b)
oL Zambia (.08) (.15) (.003)

It seems likely that technological change did not have a marked effect in
the cases of Chile and Zaire because of the shortness of the periods studied
for those countries. In equation (3a) we find that the value of & for the United
States has been substantially reduced by the introduction of technological
change. The value of ¢ for Zambia in equation (3b) is not significant for reasons
which were previously mentioned.

! For a discussion: of the mining techniques for copper and aluminium, see Appendix IV,
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The most interesting comparison given by equations (3a) and (3b) is the
value of % for the United States and Zambia. We find the rate of technological
change to be greater in the Zambian mines. This is probably due to the more
recent expansion of mining in Zambia, and hence the adaptation of the most
modern techniques.

Aluminium (bauxite)

Empirical tests similar to those already described for copper were conducted
on the alumimium industry of the United States and the bauxite industries of
Jamaica and Guyana with the following interesting results.

For the United States aluminium industry equation () yields

Q W
LN|Z}= -0.32 + 1.08 LN |;R2 = .88
L (13 P

Equation (2} yields
] W
LN{=|.009+ 1.08 LN{—|+.47TLN(U); R? = .93
2 LIy AT o2n

From these results we can conclude that the efasticity of substitution was
significant in the United States aluminium industry and did not differ signifi-
cantly from unity, i.e. that changes in relative factor prices affected the sub-
stitution of capital for labour and that the change in the capital-labour ratio
was roughly equal to the change in the ratio of wage rates to the selling price of
the product,

When the foregoing tests were conducted on the bauxite industries of
Jamaica and Guyana the elasticity of substitution was not significant. Therefore
it would seem that the firms involved in the production of bauxite in those
countries did not substitute capital for labour as wages rose with respect to
profits. This result is not surprising if one compares the relative cost involved in
bauxite production to the total cost of making aluminium, Girvan has estimated
that bauxite labour costs for 1 ton of aluminium represent only JE1.58 out of
total gross value of J£159.78.1

Therefore, it seems reasonable to assume that relative increases in labour
costs would not significantly influence the substitution of capital for labour
in that industry in the less developed countries. When we move into the final alu-
minium fabrication stage of production in the developed country, labour
costs and ¢ play an important role in the choice of a production process.

L Labour costs at the earlier stages of production account for about 1 per cent of the
total value added of aluminium production. See Norman Girvan: “The Caribbean bauxite
industry”, in Stadies in Regional Economic Integration, Vol. 2, No. 4, p. 3.
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Finally, capacity utilisation had a significant effect on labour productivity
in Jamaica but not in Guyana. This may be dus to the fact that Jamaican pro-
duction is substantially larger than Guyanese production. Hence, Jamaican
producers adjusted outpui and capacity to changes in market demand.
Guyanese production, on the other hand, did not substantially influence the
world market and was not as readily altered to demand tluctuations.

EMPLOYMENT EFFECT OF QUALITY OF CRE MINED

in the case of copper the types of technology applied in our examples are
largely determined by the variations in the quality of the o that is mined.
It will be shown that this variation had a significant effect on the substitut-
ability of capital for labour,

The mining firms used in the present comparison were chosen because
they were both controlled by the same interest and have the following other
similarities; they are both located in Zambia; the statistics reported for each
are quite detailed and comparable; and they both operate underground
mines, which are of approximately the same size in terms of blister copper
produced in the period under study. We shall refer to the mines as Zambia
Copper A and Zambia Copper B respective.y.

Since both mines were quite similar in the above respects, we would
expect their management to use similarly economical means of ore extraction
and treatment in each case, i.e. to adopt the best possible mix of capital and
labour which is technologically possible in each mine. In both cases the capital
available for possible u:se must have been the same, as was the number of
labourers, since labour was drawn from a common population. The main
difference between mine A and mine B, however, was the quality of the ore
extracted in each case. The copper content of the ore mined in A averaged
only 2.14 per cent in the period studied, while mine B’s copper content averaged
3.08 per cent. As a consequence of this fact, mine A had to process more ore
in order to extract the same amount of copper output as mine B, and the tech-
niques used to process the less concentrated ore were more capital-intensive.

The results of the varying methods of production in terms of the capital
and labour used in each case can be examined by using Weitzman’s technique
to compare the isoquants derived from the CES production function which
was defined earlier. t

1 M. L. Weitzman: “Soviet postwar economic growth and capital-labor substitution”,
in American Economic Review, Vol, LX, No. 4, Sep. 1970, The production function used to
derive the isoquants in figures 5 and 6 contains the parameter h which represents Hicks-
neutral disembodied exponential technical change. In addition, in order to reduce the

(feotnote concluded overleaf)
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Table 91. Detrended capital-output and labour-output ratios for Zambia Copper Mines A

and B!
Observation Mine A Mine B
K* L= K* L*
1 102.0 100.0 100.0 100.0
2 105.5 89.9 103.3 104.6
3 108.9 35.5 815 99.7
4 116.2 812 126.3 99.9
5 119.6 77.8 146.3 923
6 126.6 77.1 i58.8 89.7
7 132.1 69.5 18i.2 88.0
8 135.2 60.4 199.7 79.2
9 138.1 50.9 2119 782
10 140.6 50.2 228.4 86.6
11 138.2 47.2 239.3 7.0
12 142.0 45.0 249.9 69.9

i See footnote 1. page 335, for a description of the techoinues vsed 1o arrive at the valves presented here.

An examination of tabie 9! shows that in both inine A &nd mine B capital
was substituted for labour over time. However, when we estimate the elasticity
of labour with respect to capital for the isoquants given in figures 6 and 7
we find it to be — 2.1 for mine A and — .4 for mine B. What this means is
that in our standardised example a ! per cent increase in capital in mine B
leads to a .4 per cent decrease in labour in order to maintain a given level
of output. In mine A, however, a | per cent increase in capital would lead to a
2.1 per cent decrease in labour. We therefore can say that, because of the
lower quality of copper ore, labour will be replaced five times more quickly
in mine A than in mine B. Furthermore, average capital productivity was
found to be 12 per cent greater in mine A than in mine B. Although we are
dealing with hypothetical conditions, and perbaps cur results should be viewed
in terms of ordinal rather than cardinal measuremenis, our exampte indicates
the influenice of ore quality on factor usage and substitution.

number Of assumptions made about the production process, we have adjusted the total
outputs in each mine tar the previously mentioned index of capacity utitisation. Output
adjusted for capacity now becomes @*, and the production function is given as:

Q* = veht (3K + (1 — 8) L-9)"s

The isoquants were then constructed using detrended values of capital and labour which
were also adjusted for the sca’: of productiza in each mine. These variables are defined as
follows:

K

L
L e * _ _ v
L l‘,e_mancll( = G o

[7]
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It is interesting to compare figure 6 and 7 with figure 8, which is a similarly
derived isoquant for copper mining in the United States. Figure § is striking
for two reasons. First, the slope seems to be steeper than the isoquanis of the
two African mines. This implies a more rapic substitution of capital for labour
i the United States industry. Secondly, the shape of figure 8 is more tradi-
tional in so far as its convex nature indicates some diminishing retorns in
United States copper mining during the time period studied.

The resulting isoquants are adjusted for technological change and for
changes in the scale of preduction. Hence figures 6 and 7 represent textbook-
type isoquants which indicate the varying amounts of capital and labour
that could be used to produce a standardised amount of output.

The isoquants as presented approach linearity, and therefore do not reveal
the presence of diminishing returns. This is probably due to the fact that we
are dealing with only a segment of the isoquants and have not inciuded the
more extreme values of the inputs. In addition, we might conclude that the
firms did not choose to operate in the area of diminishing returns to either
factor.

CONCLUSIONS

Developing countries account for over 40 per cent of the world’s production
of copper ore and over 50 per cent of the world’s production of bauxite. In
both cases, the total market production of these raw materials attributable to
developing countries has been falling slightly through time. In terms of the
production of refined copper and aluminium, the developed countries account
for an overwhelming percentage of the world’s output in both metals.

Throughout all stages of the production and refining of these mineral
products one can trace the dominating presence of large multinational enter-
prises. A great percentage of mineral ores are produced by foreign cor-
porations, and the single most impressive fact in this respect is the amount and
growth of direct United States investment in these industries.

In view of the depleting resource position of developed countries, multina-
tional enterprises are continuously searching for new sources of raw materials
to expand their operations. In addition, the large-scale extraction and processing
of ore required adequate financing and a degree of technical knowledge which
15 possessed solely by a few multinational firms.

Large-scale mining ventures represent situations where highly capital-
intensive techniques are applied in a particular area of a less develomed country,
and the use of these labour-saving techniques is often in conflict with the host
country’s goal of employment expansion. Employment could be expanded by
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extending the vertical structure of production and marketing controls in the
developing countries. In this regard, however, it is important 1o consider the
international aspects of the supply and demand for minerals, since the market-
ing of copper and aluminium is dominated by a few international firms, The
production of aluminium, for example, is almost completely integrated on a
vertical basis, ro that the main producers control all the steps in the production
and marketing processes. Although there is an independent futures market for
copper, its financial control lies outside the developing world, and large
fluctuations in the market price of copper have made the metal quite unreiiable
as a foundation for stable economic growth in the producing ccrintries,

At present countries expanding their minerals production to the final product
stapge may run into severe difficulties at the murketing end of their operations.
Marketing knowledge must be increased in the developing countries before
a more vertical structure of production can be used to create more employment.

The empirical tests yielded several interesting conclusions. Disguised
unemployment went a long way towards explaining the lower levels of labour
productivity in copper mining in the less developed countries, and in accounting
for the fact that changes in capacity utilisation had a more significant influence
on labour productivity in those countries than in the United States. In so far
as world copper mining was concerned, it was generally noted that in all
countries capital was substituted for labour when wages rose with respect to
profits, i.e. when the elasticity of substitution of capital for labour was signi-
ficant. However, our resuits showed that although elasticity of substitution has
a noticeable effect on labour productivity in the United States aluminium indus-
try, the resuits were not positive for the bauxite producing developing coun-
tries. The negative results were attributed to the fact that labour costs in the
bauxite industry account for only a minor part of the total final cost of alumi-
nium.

There is also some evidence that the substitution of capital for labour was
influenced more by changes in relative factor costs in the United States industry
than in the copper producing countries of the developing world. In addition,
it was discovered that variations in the quality of copper ore significantly
affected the capital-intensity of production, and the ease with which capital
could be substituted for labour in two major mining firms in Zambia.

In terms of relative remuneration, in copper mines wage levels in the less
developed countries were considerably lower, but increasing, by comparison
with wages in the United States. Such was not the case in the world’s aluminium
industry, where wages in the less developed countries were increasing at a
stower raie than mthe developed country,

Altheugh the mineral industry contributes greatly to the exports and gross
national product of less developed countries, it is not a big direct employer of
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labour in those countries. In fact, employment in that sector seems to be in-
versely related to the level of economic development. However, the employment
possibilities created by a mining industry are not limited to the direct employ-
ment of labour in the extraction and processing of ores: the development of new
ore bodies often involves the establishment of a new town or other economic
centre, and thus provides opportunities for the indirect expansion of employ-
ment. Indirect employment includes local traders as well as skilled and unskilled
workers who earn their livelihood by virtue of the existence of an industry,
but do not work directly for that industry.

Since indirect employment provides potentially large scope for employment
expansion in the mineral producing, less developed countries, governments
might attempt tc induce muliinational enterprises to invest in job creating
industries which are outside the activities directly related to mining. Perhaps tax
concessions could be granted to foreign corporations that re-invest part of
their profits in such industries as housing construction. Employment in com-
munities surrounding miuing areas could also be stimulated by the grant of a
larger number of loans to small businesses.
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APPENDIX |

DATA USED

The data used in the case study were taken from the following sources.

United States

Output and prices from United States Bureau of Mines: Mineras yearbook.
Employment and wages from United States Bureau of Labor Statistics: Employment
and earnings, SIC 102 (copper ores).

Since capital data were not available for SIC 102, a capita index was constructed
using United States Department of Commerce: Industry profifes, SIC 331 (copper
smelting and refining), 1950-59. For SIC 3334 (primary aluminium), al data were
obtained from idem: Industry profiles, SIC 3334, 1958-68.

Chile

Output, prices, wages and employment for Chile's Gran Mineria were provided by
the Braden Copper Company.

A capital index was constructed from data originating in J. Grunwald and P. Mus-
grave: Natural resources in Latin American development and United Nations: Economic
survey of Latin America, 1955-66.

Zaire

All data pertained to the Union Miniére du Haut-Katanga and were taken in index
form from I. Gouverneur: Productivity and factor preportions in less developed coun-
fries, op. cit.

Zambia

All data for Zambia Copperbelt Province were taken from Northern Rhodesia Cham-

ber of Mines: Yearvook,1955-63, and Cepperbelt of Zambia industry yearbook,
1964-70. Data for the two Zambian copper firms came from private sources.

Guyana

All data for 1956-69 were obtained from D. F. Barnett: A production function for the
Guyanese bauxite industry, report submitted to the Mini-try of Economic Development
(Georgetown, 1971).

Jamaica

Output, employment and wages from Centra Planning Unit: Economic survey of
Jamaica, 1959-68.
Value of output from United States Bureau of Mines. Minerals yearbook,
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Key: as for table 92.
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Indices of production variables
Table 82, Zaire : copper
Year 2] L W P K U
1950 100.0 100.0 100.0 100.0 100.0 a9
1951 105, 102.0 107.0 1233 112.0 92
1952 119.0 1110 125.0 144.9 124.0 9
1953 130.0 116.0 140.0 1403 133.0 99
1954 134.0 119.0 150.0 139.2 141.0 97
1955 i35.0 125.0 148" 196 6 156.0 96
1956 147.0 1320 162.0 184.1 170.0 98
1957 148.0 132.0 165.0 122.7 184.0 4
1958 141.0 104.0 168.0 110.2 ‘86.0 86
1959 165.0 106.0 186.0 133.6 190.0 97
1960 176.0 107.0 194.0 1375 196.0 100
1961 172.0 08.0 il.o0 1284 204.0 94
Key: @ = output

L = labour

W = wages

P’ E E_roglucl price

.;:i - C%lty ukilisation
Table 93.  United States : copper
Year Q L W P K u
1950 79. 101.3 61.0 64.8 87
1951 814 loo.4 66.4 754 ar
1952 8l.1 1018 72.8 75.4 85
1953 82.5 108.8 779 89.4 84
1954 729 105.8 74.2 91.9 73
1955 88.1 108.4 814 117.8 86
1956 97.8 125.7 84.9 132.1 94
1957 94.6 119.9 82.9 93.8 89
1958 86.9 100.4 80.6 81.9 80
1959 69.9 81.9 90.6 95.6 63
1960 100.0 100.0 100.0 IW.0 89
1961 101.7 105.3 101.9 931 89
1962 1222 1035 1034 95.9 96
1963 110.1 loo.4 106.8 95.9 93
1964 1138 97.8 1117 101.6 94
1965 122.7 109.2 1171 110.3 100
1966 125.0 115.9 119.9 112.8 100
1967 73.6 89.6 120.0 119.0 58
1968 108.1 94.2 138.5 130.2 84
1969 125.4 119.0 144.7 1479 96
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Table 94.  Zambia : copper

Year a L W P K v

1955 334 184.0 188 1349 72
1956 376 196.4 22.6 1311 8
1957 405 203.4 209 89.5 80
1958 36.6 1825 171 76.6 70
1959 51.9 174.8 229 95.9 9%
1960 54.7 192.8 26.7 100.0 97
1961 55.0 205.9 254 92.9 9%
1962 52.7 1984 26.3 9.4 87
,963 55.6 199.9 26.6 94.4 89
,964 62.0 205.9 289 97.2 97
,965 66.1 209.3 314 110.2 100
,966 56.7 2135 374 i47.8 83
1967 59.6 212.6 40.9 151.3 85
,968 63.6 2117 429 1733 88
1969 65.9 2134 429 2432 89
970 59.1 2145 447 224.6 8

Key:as for table 92.

Table 95. Chile: copper

Year 7] L w P K U

,955 378 48.8 231 108.9 160.7 86
,956 428 52.2 20.1 105.9 147.8 95
,957 419 54.0 18.6 84.4 189.6 91
1958 40.4 53.1 20.9 78.7 197.3 86
1959 479 52.2 26.1 89.8 206.2 100
1960 46.2 52.7 30.2 98.9 210.9 95
1961 46.4 55.2 35.9 88.4 219.3 93
1962 49.2 53.7 332 89.9 222.1 97
1963 489 58.0 30.1 91.1 2254 94
1964 50.9 51.9 384 97.3 228.1 96
,965 46.2 55.8 412 117.6 232.7 86
1966 50.8 53.6 428 1414 237.3 93

Key: as for table 92.
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Teble 96. Zambia : Copper Mine A

Year a L W P F's U
1950 8.0 54.3 7.9 485 10.4 75
1951 7.3 51.0 10.3 67.2 11.4 87
1952 79 52.4 121 78.6 12.3 93
1953 8.5 50.0 15.6 95.0 13.7 99
1954 8.7 50.0 15.8 89.5 147 100
1955 8.1 51.7 18.8 1034 16.2 92
1956 8.7 48.3 22.6 128.6 17.6 98
1957 8.4 439 20.9 95.8 18.8 93
1958 7.8 38.8 17.1 67.5 20.1 85
1959 79 395 229 83.9 211 86
1960 9.0 39.0 26.7 935 21.8 96
1961 8.0 385 254 88.2 232 85
Key: as for table 92.

Table 97.  Zambia: Copper Mines

Year a L W P K u
1949 6.9 37.7 6.5 474 6.7 87
1950 75 41.6 7.9 49.4 7.3 92
1951 8.4 419 10.3 68.6 6.5 100
1932 74 417 12.1 80.7 9.9 86
1953 74 434 15.6 97.6 12.2 83
1954 8.6 445 15.8 90.2 13.9 94
1955 8.4 45.7 18.8 107.4 16.6 PO
1956 9.5 434 226 133.7 19.3 99
1957 9.7 49.9 20.9 1015 215 99
1958 9.1 40.1 171 73.7 24.3 91
1959 8.6 44.8 22.9 1129 26.7 84
1960 10.1 46.6 26.7 97.6 294 96
Key: as for table 92.

Table 93. United States : aluminium

Year o L W J2 K u
1958 77.8 97.6 92.1 1035 84.9 88
1959 97.0 101.1 97.8 1035 96.8 100
1960 100.0 100.0 100.6 100.0 100.0 95
1961 94.5 91.0 103.9 98.1 102.2 83
1962 105.2 96.6 104.8 91.9 103.8 86
1963 1i4.9 101.7 106.4 86.9 104.7 88
1964 126.8 114.0 103.8 91.2 109.9 91
1965 136.7 116.3 108.6 94.2 114.9 93
1966 1474 1185 114.4 94.2 120.4 94
1967 162.3 133.7 1151 96.2 132.9 99
1968 161.6 139.9 120.0 98.5 142.9 93

Key: as for table 92.
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Table 99, Jamaica : bauxite
Year a L w r K U
1959 254.3 331 198 17 82
1960 285.5 26.3 28.3 1.6 86
196: 324.2 26.2 274 16 92
372.7 30.6 30.3 21 100
1963 342.1 324 26.0 21 82
1964 387.1 28.1 313 2.3 94
1965 422.0 29.5 35.9 24 97
338 36.8 21 97
1967 450.3 41.0 39.6 25 9
1968 415.8 38.1 352 24 84
Key: as for table 92
Table 100. Guyana: bauxite
Year [2] L W F K u
,956 110.0 155 16.3 i.6 15 100
1957 97.7 147 19.0 17 24 84
1958 70.3 12.7 193 17 2.8 58
1959 743 10.1 224 18 33 58
1960 109.6 134 259 1.6 45 82
1961 105.0 186 244 18 48 75
1962 120.6 20.2 26.5 18 48 83
1963 103.9 20.8 245 18 49 69
1964 109.9 22.9 26.5 19 53 70
1965 1274 26.8 305 19 5.8 78
1966 146.6 28.8 319 21 6.7 87
,967 1475 29.7 336 2.2 7.7 84
1968 154.8 29.9 313 2.6 6.6 85
1969 170.3 311 305 2.8 6.7 91

Key: as for table 92.

345



APPENDIX I

ROLE OF THE INTERNATIONAL FIRM

A large proportion of minera ores are extracted by foreign corporations. Firms
incorporated in Belgium, France, the United Kingdom and the United States control
the production of the world's principa minera exports-iron, manganese, copper,
bauxite, tin lead arizinc. *

During rhe peric «.-nvered by our case study, Anaconda and Kennecott produced
90 per cent of Chile's copper output; Anglo-American and Rhodesid’ Selection
Trust dominated Zambia's copper mining: and copper production in the Congo
was owned by the Belgian firm Union Miniére du Haut-Katanga. |In morz recent
vears those companies, as well as other international copper producing firms, have
faced the problem of direct nationalisation or increased government pressure for
local participation, but by and targe the world's mirerals market is still dominated
by foreign concerns. For example, United States Steel and Bethlehem Steel produce
much of the iron ore in Latin America, while the Aluminum Company of America
and the Aluminum Company of Canada dominate the world production of bauxite
and aluminium.

The introduction of direct foreign investment and technology into the developing
countries is usualy explained by the smple economics of demand and supply. On
the demand side, large multinationa firms hope to capture new markets for their
products. As countries develop and incomes per head rise, large international indus-
tries expand into those markets to vie for a dice of the newly increased incomes.
The expansion of the American take-out food industry in Europe is a smple example
of this demand-oriented foreign investment. In the world’s minerals industry, however,
the following considerations can be put forward to explain the large amounts of direct
foreign investment. Firgt, multinational enterprises are continuously searching for new
sources of raw materials to expand their operations. This is especialy important in the
light of the increasing depletion of the resources of developed countries and the vertical
structure of production of many multinational firms. Secondly, the large-scale extrac-
tion and processing of ore requires a degree of technological knowledge which is
possessed solely by a few multinational mining firms. The possession of this kaowl-
edge enables the multinational firm to exploit mineral deposits which smalier cor-

1 Raymond Mikcsel[:_“The contribution of petroleum and mineral resources to economic
development”, in R.F. Mikeseli {ed.): Foreign invesiment in the peiroleum and rminerai
industries, op. cit.,
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porations in host countries could not. In addition. large multinational firms are often
the only source of the enormous amounts of venture capital necessary to discover
and recover new ore bodies.

The above reasons would suggest why host countries fave difficulty in entering
into large-scae mining ventures. In this regard it is aso important to -nention the
infernationa! aspects oi rhe supply and demand for mineras: the marketing of the
world’'s mgjor minerals is dominated by a few internationa firms. The production
of aluminium, for example, is completely integrated vertically, and the main pro-
ducers centrol al the steps in the production process. The establishment of this
vertical siructure is quite beyond the financial awd technical abilities of most devel-
oping countries. In the cases of other metals such as copper, tin and zinc, marketing
channels arc established through futures markets that are in the hands of financia
interests in the developed countries. The nature of the financial control of the mar-
keting of most metals makes it very difficult for developing countries to be com-
pletely independent in the production and distribution of their mineral resources.

In additton to the international aspects of the financial control of the metals
market, a less developed country may encounter difficulty through its reliance on
a single meta for a substantial part of its export earnings. The market price of a
particular metal is usually unstable and hence quite unreliable as a foundation for
a sustained growth in export earnings. In the case of copper, for example, the principal
reasons for the large variation in copper prices from year to year can be listed as
showu below. L

copper

Markets

The markets for copper are multipie. One set of price quotations comes from
Kennecott, Anaconda, and Phelps-Dodge. Another source of price quotations
comes from custom smelters who use the output from small mines and large amounts
of scrap ore. A third source of prices is the London Metal Exchange which is parti-
cularly important to producers who sell their output on the basis of the London price.
Finally, wholesale metal dealers may have a dlightly different price. Because of
the profusion of these different markets and the multiple prices which arise in these
markets, prices tend to fluctuate considerably more than they would if copper
supply and demand were concentrated in a single market.

Demand

Since over 70 per cent of the output goes into the production of new capita
goods and consumer durables *, the copper industry is susceptible to extreme cyclical
variations. Economic history tells us that the purchases of both capita goods and
censumer durables can be postponed during a recession; consequently the purchases
of the copper needed for the production of these goods can be postponed. During
a down-swing, the highly mechanised large-scale producers must therefore lower
their prices and find their profits reduced. Conversely, in a boom, these producers
work at full capacity and prices are bid up in response to the increased demand for
both producers and consumers durables.

* Olin T. Mouzon: Resources and industries of the United States (New York, Appleton-
Century-Crofts, 1967), pp. 408 ff.

2 Stanley Vance: Industrial siructure and policy (Englewood Cliffs, WNJ, Prentice-Hall,
1961), p. 106.
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Inventory policies of consumers

Consumers of copper tend to over-buy in anricipation of shortages; therefore
prices rise. On the other hand, these consumers will under-buy when the supply is
adequate because they will have accumulated inventories on which to draw; in this
case, therefore, prices will fall.

Supply

Since copper ore occurs only in a limited number of major deposits, when pro-
duction in cne of these areas issomehow adversely affected a large amount of copper
does not reach the market and the world prices change. Also, since large-scale
mechanised mining is the most efficient method of extracting copper, and since these
mines require great capital investment, they will continue to operate during a recession
in order to cover, a least partialy, the high tied costs. With present-day open-pit
mining techniques, variable costs are a relatively small part of total operationa
costs, whereas the older type of underground mining techniques involved more
variable and less fixed costs (i.e. more labour and less overhead capital).

Smelter policy

The nature of the smelting process requires continuous production, 24 hours
aday and seven: days a week. Therefore when sales begin to decline the smelter will
cut his selling price to attract buyers rather than stop his furnaces from operating.

Interdependence of world producers

Because the producers and the governments of the various countries which
supply the world with copper are extremely aware of each other’s actions, any factor
which interrupts the production of one country’s output will affect the supply and
the price of copper in the rest of the world. Government pcticies cause buying and
sdlling waves in the world market and are a source of price disturbances, as may
be seen when there is any indication that the Government of the Jnited States may
be atering its policy with regard to its stockpile of minerds.




APPENDIX 1l

ESTIMATING CAPACITY UTILISATION

It is assumed that the productive capacity of an industry grows at some linear
rate through time, and that shortfalls in capacity utilisation are reflected in deviations
from a trend in production through time. In other worcs, if we have some values
of output, Q, through time we can estimate capacity w:ilisation by observing and
guantifying the deviations of the actual values of each year's output from some expec-
ted full capacity trend value of that output. The methodology employed in creating
an index of each year's capacity utilisation is given below.

Let Q be a measure of output for years 1 ¥, where Q* is the observation with
the largest deviation of Q in that time period.

step 1

Regress O = f(r) in the linear ferm, We then have:
. O=a+ bt .(D
where: Ql.Q.-.v are the estimated values of Q@ for years 1 to N.
We then define the full capacity estimates of Q from:

0= a'+ bf )]

and & is the intercept value of a line passing through @* and having the slope b of
equation (1).

The diagram on p. 302 illustrates the foregoing relationships.
Note that 2" = a -+ a,, and that equation (2) is smply eguation (1) shifted upward by
ay S0 that the estimated full capacity regression line passes through the year with
the maximum output (Q*}

step 2

Given that Q* = a + bt*
a= @* — b* N )
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Q

. O=a+bt (2)
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We arenow able to calculate a full capacity estimate of ¢, @~ as follows:

~

AI: a + b,

é.\f = f;’ + b.f.v
where 2’ is estimated from (3).
It therefore follows that

Or= a+ a4y + bix

=a+ bty + ay
=0y + a
step 3
We are now able to create the index of capacity estimates for each observed Q.
Itis given as Or, O, Qa, @% ... ... Ox
Q1 éz Qa é* QN

It can be seen that Q*/é*=1 and that all other values of the index will be less
than 1 and hence will be some proportion of full capacity.

step 4

For empirical simplicity it was decided to calculate the index of capacity estimates
as follows.
Let rx be the residua of the origind observation of @x from the estimated value of
Ox over time.
For example:
ry= Oy — Oy
ry= Cn—a— bty
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subtracting a, from both sides
Fy— =4y — d— adyg— bty
ay—ry=d+ ay+ bty — Qx

g — rx= Ox — Ox
multiplying both sides by O3

=
g — Iy . QN— Q‘v

Oy Ox
our index of capacity for observation N as given in step 3 is:
U,v=%vz L and is lower than 1.{4)

Ox Ox + ay— rx

Equation (4) will be used as an index of capacity utilisation for observations

v 2
The estimate of capacity utilisation as defined above was constructed in a simplified
way for usage on severa industries with dightly differing and limited data. A. S. Bhalla
and J. Gaude have correctly pointed out that such an index assumes a unique observed
maximum of cutput whereas for longer time periods it would be more redligtic to
vse more that one maximum from which to define the full capacity growth levels.
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APPENDIX IV

TECHNOLOGY IN EXTRACTIVE INDUSTRIES

Copper

Mining

In most recent years open-pit mining has accounted for the major part of the ore
mined in Chile and the United States. In Zambia. ~n the nther hand, a large propor-
tion of the ore is extracted from underground mines. The choice of whether a particular
deposit should be exploited by open-pit or underground methods is determined by
several factors, such as the depth of ore body, surface conditions and topography,
concentration of ox depodits, and a&lability of capital and labour, These factors
will affect the relative costs of the two main extraction processes. Surface mining
is employed in the case of large porphyry deposits which lie near the surface. Veins
that contain a large percentage of ore are mined underground.

In an open-pit operation the ore is broken up by blasting and then large mechan-
ical shovels load the pieces into railroad dump cars which transport the ore to the
concentrator or smelter. This process of ore extraction first requires the removal of
large quaniities oi overburden from the earth’s surface. As the shovels work their
way deeper into the deposit, the crater takes on the appearance of a huge amphi-
theatre with terraces about 70 ft. high and from 70-250 ft. wide. These terraces
take the form of concentric ellipses, beceming narrower towards the bottom of the pit.

In underground mines the ore is extracted by miners and loaded into wagons
drawn by dectric locomotives which haul it to the shaft. It is then dumped into skips
and huisted to the surface. A new and very effective method of underground mining
is caled “caving’. In the block caving method, th~ veins of ore are undercut and
fall by gravity to a predetermined level, from which the ore is lifted to the surface.

Concentration, smelting and refining

Once the ore is extracted from the ground it undergoes three processes-con-
centration, smelting and refining. The concentrated ore is often smelted near the
mine, whereas the production of refined copper generaly takes place in industrialised
countries. In recent years there has been some attempt to conduct both smelting and
refining operations close to the mines, especialy in the countries where government
intervention has influenced the industry. Such attempts may do much to increase
total employment in copper mining in the developing countries, providing thar the
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relocation of the refining process does not drastically alter the economics of producing
in those countries.

Native copper, copper oxides and copper sulfides are processed in three different
ways. Nati+ copper is concentrated mainly by the use of flotation machines. Copper
concenirate s therefore formed by the mixing of crushed ores with waier, cil, and
reagents. Air bubbles collect the coated particles and float the concentrate to the
susface, This concentrate is melted in reverberating furnaces, and air is introduced
to oxidise the impurities which are dagged off. After the molten ore has undergone
reduction, it is cast into ingots, billets, cakes and wire bars.

Oxidized copper ores are trested by leaching. In this process the crushed ore is
piaced in large vats, and leaching solutions are alowed to percolate through it.
The sulfuric acid in the solution leaches out the copper in the form of copper
sulfate. This copper sulfate solution is purified in an electrolytic tank, and metalic
copper is formed on cathodes. The cathodes are then melted and cast into the usual
commercial forms.

Sulfide ores, which represent the bulk of copper produced in the United States,
are less than 1 per cent copper. The flotation process, “one of the greatest techneio-
gical advancements in the recovery of copper from low-grade sulfide ores’ 2, allows
the economic extraction of the low-grade sulfide ores. From every 100 tons of ore
treated, approximately 96 tons of material are discarded as tailings. Besides containing
0 per cent copper, the dried concentrate includes significant quantities of gold,
silver, and other mctals,

The smelting of zulfide copper ures ® begins with roasting, which removes volatile
components like sulfur and arsenic, and reverberatory furnacing, in the course of
which the copper concentrate is heated to a molten state and the iron floats to the
top while the matte of copper and sulfur settles tothe bottom. After the periodic
removal 0 the dag, the matte is placed in converters. Iu the converting process, air
is forced through the molten mass of copper so that the sulfur is burned off. Next,
the oxygen is removed in the form of carbon diexide and steam through treatment
in an anode furnace. The resulting copper is called “blister” copper, and is 99.6 per
cent pure, though still too impure to be used for electrical purposes.

Refining blister copper is done through electralysis, which removes the usual gold,
slver, and platinum impurities. The process of producing pure “cathode’ copper
is thus completed. Cathode (or eiectrolytic) copper has a minimum purity of 99.9 per
cent.

Fabrication and uses

Electroh tic copper is cast into various forms. Ingots are 10 in. in length and
weigh arproximately 20 Ib, Wire bars, which weigh 250 Ib, are designed for drawing
into wire. Sheets and flatware are made from copper cakes, and hillets are formed
into copper tubing.

Half of copper consumption takes the form of electrical applications which
include power iransmission, eectronics, home and office power supply, and wiring.
Telepheone and telegrach cables and wires are the two largest users of copper in the
communications field, but numerous components in radios and television sets are
also made of copper and its aloys.

Because of the non-corrosive quality of copper and its aloys, its construction
uses include roofing, plumbing goods, and builders hardware, “The- automotive

* Stanley Vance: Industrial strueture and policy, op. cit., p. 180. Vance points out that
before the fiotation process it was economical to mine only the high-grade ores, selectively.

2 Olin T. Mouzon: Resources ard industries of the United States, op. cit., pp. 390-391.
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industry accounts for about 9 per cent of copper consumed in the United States,
using about 30 to 401b of copper per vehicle” * Copper also plays an important
part in the manufacture of aircraft, missiles; locomotives, cargo and passenger
ships, submarines, home appliances, turbines, watches and clocks. The above-mentioned
uses for copper and copper products give only a small indication of the versatility
and importance of the product. *

Aluminium

Bauxite

Bauxite is mostly mined through open-pit operations. Underground mining,
however. is common in European countries, including France and the USSR where
mining costs are substantialy grest