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L. Introdvotion
1. Induwetrisliisation is a phase in & country's development in which its
more or less stagrent economy is transformed into a self-generating
developed economy capable of ensuring hipgh and vising levels of living
to the population. There is a general agresement among economists that
the eonditions for industrialisation &re different and much less favour-
able in the uwrder~developed countries of Asia, Africa and Latin fimerica
than thay wers in the corresponding phase in the now highly-developed
countrigs, High rates of population growth and lower average lsvels of
incema, combined with the "revolution of rising expectations", mke the
precaze of industrialisation more difficult, as well as urgent, emphasizing
the importance of o greatly mceslerated pace of develomment in the under-
develoned comntbrdiss,
2, Industrialisztion ms thres intererelated, but distinet aspects, First,
it comobes conscious application ¢f aclence and technolosy to the processes
of vroductlion ard distribution, melking & radieal break with centuries old
mrodugtive processes basad on anclent a;zpirical teclmiques handed down from
one generation to ancther, The adoption of new productive technicues derdved
from the conseicus application of science and technology usually entails
aconisition of new skdils and work babits on the part of the labour force,
Second, key sectors of the sconony are inter-dependent and orgunically
linked with one ansther in the integrated development of the whole economy.
There is a motable inerease in the relative weight of the industrial sector
in the economy in Lhe course of its development and the industrial sector
baconze a dynamic force in medsrising other sectors of the economy by
providing them with more efficient capital goode. Finally, the rates of

demegbic savings and capital formation have to be stepped up to ths levels
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where they can provide for t.he increase in pﬁmlati_on, ensure a rise in
per capita consumption and reduce the reliance on foreign grants and other
"nonﬂ-éonmrc:l_.al" foreign loans. This calls forth the #éqelorat.ion of the
ﬁreserﬂ:. dnméatic rate of saving of four-to-eight per cent to the level of
15-20 per cent of the mational income and dinrlificatiun of the economy
to permit an improvement in the balance-of=payments position by expanding
the potential for exparts and promoting import substitution,
3. Industrialisation in most under-developed countries has to take pl:ce
in conditions of considerable initial under~-employment, scarcity o.‘.f capital
and acute shortage of foreign exchange resources. The problem of widening
employment opportunities ‘:l.ud’irg to full employment in this phase of
development is importdm not only in tems of relieving misery, but also
in terms of most efficient utilisation of the abundant factor of production
in the form of labour. It is in this context that choice of capital inten-
sity in operational planning meseds to be examinsd. |

4 The theoretical discussion of the subject of capital intensity reveals
two distinet trends; one favouring labour-intensive techniques and the

othar supporting capital-intensive technimas.,y Those who prefar labour-
intensive technicuss focus the attention on the factor endom-ant of under-
developed sconomies in the form of relative abundance of labowur and scarcity
of capital. This preference is expme#ed in two forms: the rate~of=turnover
criterion? and the relative sociel marginal productivity criterion.d’ The
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1/ Toc tremd favourin; cupitil-intensive technicues emerged chronolojzically
at a stage Jater than the trend favouring labour-intensive technicues,
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Reconstructing with the help of Foreign Loans, Quarterly Journal of
Economics, Februwary 1943 and Norman S, Buchanan, Inmternational Invest-
ment and Domestic Welfare, New Tork, 19L5. -

3/ Professor i, E. Kabm, Investment Criteria in Development Programmes,
Quarterly Journal of fconomics, February, 1951,
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Tha soeial raprginal produetivity criterion aims at mxdimising the social
marginal productivity, i.e., waximising the output for the econonmy as a
whole. As tnere is virtually no loss of alternative outputs on account
of tho withdrawal of labour from azriculture or drawing upon from the pool
of the unemployed, the social opportunity cost of labour is considered to
be nil. This criterion, therefore, means the maximisation of the social
marginal productivity of capital and coincidss with the rate=of=turnover
criterlon, Both the criteria thus aim at the maximisation of imediate
output and employment threugh the use of labour-intensive techniques.
5. Another group of economists suggests that the rate of investible
surplus ereated in producing a unit of output should be mde the busis of
the selection of capital intensity. Since workers have a high marginal
propensity to consume and owners of capital (governments, corporations,
and private individuals) have & high marginal propensity to save, the
employment of capitale-intensive techniques will result in grecter savings
and investment, and, consequently, a higher rate of growth in subsequent
periods of ti!:ny ‘ than that obtainsd by employing labour-intensive techni-
mes, The higher rutes of investment will result in preater wvolumes of
output and employment in the long sun than those that would be obtainsd

by employing labour-irtensive techniques,

L/ See laurice Dobb, A Note on the Jo-cuolled Degree of Capitsl Intensity
in Under-developed Countries, Economie Applicude, VII (1954), lo. 3
eénd Second Thoughts on Capiial-Intensity, Review of Economie Studies,
Vol, XXIV; Professor Gelenson and leibenstein, Investment Criteria,
Productivity and Economic Development, Quarterly Journal of Economies,
August, 1955, Professor K, N, Raj, Small-Scale Industries - Problems
of Technological Change, Ecenomic Weekly (Bombay) April 7 and 1k, 1956
and A. K. Sen, Cholce of Techniquss = An Aspsct of the Theory of planned
Iiconomic Development, Oxford, 1960. A detailed discussion of this type
is to be found in the United Nations Bulletin on Industrialigation and
Produﬂt;!;tz No., 1’ Sales No., 58,11.B.2.
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5, Ioploymmt of labourein ensiv. techmiques and consequent me imisation
of immediate outvut and employment would lead to the mxdimisatioc. of cor-
sumption in the immsdiate future. The use of capitul-intensive technique
and consequent maxdmisation of growth rates and out,puta in subsequent
periods would lead to maximisation of consumption in the later perieds
possibly at the expense of consumption in the immediate period. There is,
in essence, a conflict between mresent consumption and future product.
Howaver, it is admitted that the quantitative importance of this conflict
varies in relation to the degree of effective control exsrcised on the
real wags-rote through taxation, cost mrice and other direct and indirect
controls. Attempts have been mde to find a way out of this conflict by
using time discount which insvitabl} javolves political value judgmmtsoéf
7. Thsere are considerable airficulties in translatin]; thess theoretical
conclusions into operational plannin. 'Statisticél iﬁfmtion required
for working out time preference far censumption at different points of
tims is not readily available. The assumption of invariant real vage-
rate during the time horizon taken into account in working out time
discounts is unrealistie; for, with the growth of capital accumulation,
relative prices of labour and caplit:l are ].ikeiy to change in favour of
the former factor. The conclusions are bocsed on the assumption that there
will be a contimuing flow of labow from overcrowded agriculture into indus-
try without affecting the real wage-rate or without incurring comsiderable
coets in social overhead such as housing, schools, etc. This assumption
1s not borne out by experience. The implicit assumption of a high elas -
ticity of subsitution among factors of production and commodities is also
not justified. Finally, only two factors of mroduction are taken inte

5/ A. Ko Sen, Choice of Techniques, op., cit., Chapters VII and VIII.
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and eomparing capiisl intensitles involved in different technicues af
production, it is necessary to take into dccount not only investment in
machinery and installations, lut also in social infra-structure,
Expenditure on social infra-siructure aosumer considsracle awntiiative
signifizance in the case of steel plants, fertiliser factories, amd other
o Jacts winlch are built near the sources of rav reterdals and inmlve
tuilding new towas or settlemeuts. OSuch expendliturs nay become an imporw
tunt item of totul irv-s'nent once the pool of tihe 1vemployed in ths urban
area is exhausted and additional labowr has te ba drawn from the surroun-
(4ins rural srsas; cha larger the numbsr of workers raquirei in the opsrating
phase, the greater will be the expanditure or soclal infra-structure, n
technical langusgo, Lhe choice of capital intansity in the opsrating phess
of 2 projsct hes to be determined in conjunction with such fuctars as
external econcmies and dis—economies,
10. As to utilization of equipment, it is pessible to combina different
cnantitites of labowr with a machime or 2 plant by means of multiple shifhs,
ptuffing in each snift, wse of incentives, levela of rerairs and mainter nee,
etn., yleldins different levels of outpal .
11. The "econservaiive estimise” wade by one sxpert in Indls dlaclose that
from & givan fixed invesirent, the output and smployment in hand-fad ope &~
tions can range from 1.00 to 6,42 and 1,00 ic 5.35, restsctivaly, depending
en the pattern of jenagement. In seml-sutoratic operations, the rangs for

out put. ean be from 1.00 to 5.56 arnd for smpleyment from 1,00 to 4.45. The
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The following table illustrates the rangs of variation in this area:

Drlipaned lianze o Fossivie \ubpus sno Fmployment ‘ren a
Axen Swntity of Wiy-4 Co-'to) in ondda

Hand..Ted Onoyajions Seml ~automatic Ove:abiors
Fatterma of Hamagament Index of Index of Indsx of Ifax of
Production  Deploymant Preduction Exmiogment
i) Foorly mareged ocna shiftc 1.0 1.0 1.0 1,0
i1) Well manaped with incen-
tives, comventional
staffing and one shift 1.5 1.05 i . | 1.0
iii) Well rmnaged with incen=
tives, intensive stalffing
und one shift 1,95 1 36 to 1.53 1.43 to 1.59 1.0 4o 1,3
i) Vall managed with incen.
tives, intensive staffing
ol three shifts 5.50 %.08 to 4,59 L:.0) % 477 3.0 % 3,9
¥} . Wall ranaged with incen=
tives, intensive stalfing
and thyee shifts and
soven dao b, 42 L 76 %o 5.35 L.70 to 5.56 3.5 to 455

12, These figures inlicate that depevding upon uanagsment, there is 2
wido wrlation in the "effective” capilzl imtensity for the same plant
and sguipment. The manogement element :thou”d be taken into account in
estimating the capital. intensity of 3 ziv: techniose. This, im turn;

has impliecations in tarms of tralning arv improving managerial sldlle.z/

oy = S . s o — S seem

1/ Theose figures also rersal the potankizl of sxpendins output in the
operzting phissa of s.deting enterpr ses in undersdevnloped
countries hy improved rmamcpement. I connexion wiih the man:gemont
agpact ses: United l[utions Derartme t of Economic and Social arffairs,

Division of Industrial Development, _anagement of Industrial Enters
prises_in Under=-deyelopac Couniries, “Sales No. 58.11.B.5,
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1V, Guidelines for Choice of Capital Intensity

13. The policy-nal:ing- authorities have to take decisions regarding capi-
tal intensity for the Mfi.dllt.al sectors and the economy as a whole and
they require some working mies or guidelines for this purpose; it is

in the light of these gui/lelines that engineers and cechnologists can
select techniques of production for various projects, redesign or modify
plants and squipment ard develop appropriste techniques of production.
Some of the guldelinn; are briefly outlined in thls section.

1, The rational v.e of limited resouwrces available for the industriali-
zation of & count!y recuires a long~term strategy of development. This
strategy should s worked out on the basis of the initial stage of develop-
ment with refersnce to such factors as the soclal, economle and adminis-
trative infiv. -structure; size and growth rates of the population, known
physical rerource endowment, and present and prospective importance and
structure f foreign trade. For example, India's strategy of development
with har vast population (large potential market), diverse matural resources
and limi.ed potential for exports will be different from that of a coun-
try w.:h a amll popul-tion, abundance in one key exportable natural

res; roe (e.g., petroleum and natural gas), and consequent large poten-

t: )l export and favourable forefign exchange position,

‘5. A perspective plan wlth goals of given increuses in per capita income
and consumption in a specified time limit (e.g., 100 per cent increase

in per capita income and 75 per cent increase in per capita consumption
in 25 years) is elaborated on the basis of the long-term strategy of
development. This plan will also govern the priorities and patterns of

investment among individual sectors of the economy. It provides the
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basis for the medium~term plans in which the rates of growth and investe
ment are scheduled so that the specified goals are obtained in the last
year of the specifisd time-horizon. The perspeciive plan is continually
revised in the light of experience, acidevament and changing economic
circumatances.‘ At ';.ha same time, the time=hordizon of the perspective
plan is being extended by the length of the completed medium-term plan,
16. The long-tem st.rétegy of development, the ensuing prioriiies and
ratteme of investment in the perspective and medium-term plans and the
relationships of interdependence among sectors of econcmy (e.g., relation
between agriculture and the industrial sector, and dependence of manufac-
turing industries on supplies of yaw materizls and power, transport faci-
1ities, trained monpowar, etc.) may have to be often worked out inde-
pendently of immsdiate employment consideraticns.
17. The atage has been set for aalea{d.ng capital intensities once ths
broad outlines of the medium-term plan, including approximate targets
of annual growth rates of natlonal income, consumption and investment
are determined. The most importent point at this stage of slaborating
the medium-term plan is to focus atiention on the numbexr of additional

worksers (and total ymuber of workers) that can be employed during the
plan _peried, rather than on the total mmber of existing unemployed or

under-smployed workers, Even assuming the availability of complemertary
equipment even in the most rudimsntary form (say, spades and beskets),
the most important limlting factor on expansion of employment is the
available supply of food and other wage-goods which debermine the real
wage rats. The volume of employment can be increased in direct pro-
portion to the level of the minimum real wage-rate that is politically

feagible in a Elven situation.
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18. Various direct and indirect measures of control such as tax measures
(especially commodity taxes, lowering the limit of exsmption from incoms
taxes, land meme,l etc.) and "safe" limits of deficit ﬁ.mncing (1.e.,
permisailile increase in the gemerel price lewel) and price controls and
compulsory procurement of food and cloth, ete., amount, in essence, to
distributing the available’ onpp]; of consumsr goods among the largest
possitle mumber of employed persons. Theoretically spsaking, the ceiling
on employment mizht be full employment of the m..u-& labowr force, if
it is possibtle to achieve a sufficiently drastic out in the resl wage rete,
19. The creation of employment to the level of a "ceiling" arrived st
by various eon:.id.raﬁqm of an econordc and pnlluc\dAmure represents
_the meximwm utilisation of labour (the abundant fuctar of production)
which is feasible ﬁrdcr the given ciroumstances, and represents the key
factor in determining the capital inmtensity. It should be noted that
such a "celling” embraces the labour force to be employed in all mojects
and sectors of the .Omo |
20, The feaaiblo maxirum number of additionmal jobs that can be created
in the plan period i1s arrived at by subtracting ths existing level of
employment from the "celling™ thus obtained, The Plamning authorities
may find two possible situations, The new employment that would be
created by the use of the most labour-intensive techniques in every
moject in the plan may be less thénor roughly equal to the maximm
feasible mumber of ;d:ﬂ.timal jobs, or may exceed it. In the first case,
the decision on the choice of capital intmaiw is relatively easy, namely:
to use the most leobour-intensive techniques in every project.
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21l. However, in most under-developed countries, it is possible to under-
take simple projects such as irrization, housing, road building, ete.

with the help of simple tools (say, spades and baslmts), These simple
tools are elther already available or can be easily ranufuctured locally,
Alternatively, they can be imported by spending a emall amount of foreign
exchange, Consequently, it should be possible to create new employment

of this type in almost all countries unless inadequate organizing or
managerial ability operates as a bottlensck in ths exeﬁtmion of projects,
Even if such a bottleneck does exist, 1t is possible to overcoms it by
training suitable persomnel within a shart period, Inability to create
new employment in the plan period equalling the feasible maximum number

of additional jobs impliss & failure to fully uti]isa the potential
resources for reallzing the maximmm pace of developmsnt, The first
sltuation, thercfore, is likely to be, at best, a temporary one and most
under-developed countries are already likely to be found, or will be

soon, in the second situatien. |

22, The choice of capital intensity in the second situation is a complex
task requiring ths selection of differing capitsl intensities for differ-
ent projects in such & woy that a new employment created by them is roughly
equal to the feasible maximum number of additional jobs in the plan period.
The use of the maximum capital-intensive tschniques is almost certain not
to fulfill this condition. It is, therefore, necessary to discover how
best this possibility of differential ecupit:il-intensities can be

utiliged in the interesta of the economy.

23, Historical evidence indicates that the cost of labour relative to
capital will inerease over time once accaurmlution of capiml‘ outruns growth

in the labour force, that is, the w.lue of ecuipment per worker begins to
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increase. This trend, in most countrics, is reinforced by enacting of
ninimum wage legislation (reflecting socisl conscience and rising
expectations), vnionizetion of labowr and 2 steady increase in the
opportunity cost of the traregfer pricae of labowr from acrimlture to
other aectorz of the ecannmy..g
2L, This meana that ihs labtour costs, i,e., operatiomal costs, will
rise over time, This treond element should be taken into account in
working out differential cavnital intensities for individnsl projects.
A distinction was made earller becluween two plases of an invsstment
mroject, the eenstructior plzse and the opereting phase (or mamfacturing
rhase in industrial projscts). The lnerease in the cost of labour
rélative to capital over tire will affsct only the operating phase,
It is thersfors prefercile to use move capital-intensive or less labour-
int,ensive techniques in the speratiag phase of projects fhan in the
construction plase. (o cther words, the comstruction activitses through-
out the eceonony shouvl . ecoive top priority in the use of labour--intensive
tachniques.
25, The technimss Ceuignel for Lhe operating phase are embedied in
mehinery and equipment., Ta2 impact of the rise in future operating
costs is in proportlen to ti: lengih of time over which the mc.hinémr
and envipment wlll continve to be in service. The relevant time~horison

comprises (i) a gestutlon 1 -ried o tns tirs tuken up in the installation

o . - Bma = o

8/ As workera begin i¢ move from overcrowdad agrfeulturs to other sectors
of the economy, averape enployment apd income of the labour forco
retiined in agriculiorre will increarse. This, in turn, will Jjeed to
ths ingrease in ths wainerete _nat will Mnve to be oiffered to usrserd
in agrieculture to indice toem 2o tale np employment in other sectors
of the economy.
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of machinery and sguipment ard (ii) the lifetdme of machinery and equip-
msnt. .The longer the relevant time~horizon (gestation period plus the
life of the plant), the hipgher should be the capital-intensity of the
techniques chosen. For exzmple, soms of the major transport installa~
tions such as reilways and joris provide services for a very long period
(50 years cr more) aml shold, consequently, embody relatively higher
capital intensity than othevs +ith a shorter time-~horirzon.

26, & distinction should be nade batween the productive operations which
can be mechanired without undue sdditionzl costs at a later stage and
rocesses whose subsequent mechenization would involve heavy additional
costs, The Jatter should smbody relatively more capital-intensive techni-
ques than the former, This proposition is mersly & corollary of the pre=-
ceding proposition about a relative time=hordzon.

27. Ipmedizte cost eifects of the choice of capitul intensity camot be
zltogether noglscted., It has special relevance in mixed ecomomles. Its
maximum impact is on the enterprises ranufacturing important intermediate
mojects and where the tims<horizon of the mroject is long.

28. To sum up, the following guldelines should be followed in the cholice
of differential guidelines, First, labour-intensive techniques to the
extent that it is techinically and arganisationally fessible should be
employed in the construction phase of all mojects, Second, a system of
descending order of capitsl-intensive techniques (progressively lass
capital-intensive ar more labour-intensive techniques) in the operative
phase should be selected in (&) machine-manufacturing projects and
transport installations with a long time~horizon (as defined earlier);

(b) other bazalc industries projects producing important intermedisry
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products and services; also, with a leng time-horizon, and (e¢) all other
mojects. Special consideration should be given to export industries
projects fazeing competition in the world market from developed countries.
Within this system of preference in capital-intensitiss, productive
operations in the operating phase of a project which cannot be subsequently
machanised without additional heavy costs should embody relatively higher
capital-intensive techniques. The aggregate new employment generated
in 211 projects using the above scale of capital intensities should be
approximately equal to the maximm feasible number of additionsl jobs
in the plan period,
29. Application of thase guidelines will enable planning authorities,
to the extent that it is possible, Lo select factor proportions consis-
tent with the maximum use of labour within the given institutional amd
sociz] limitations; to prevent an uneconomic structure of costs of
mroduction and loasses arising from tachnological obsolescence; and to

safeguard the position of export industries facing foreign competitiom.

IV, Technological Possibili

ties for Iabour-Intensive Techni
30, Thers is a general tendency in under-developsd countries to employ
the most up-to-date tochniques in all sectors of the economy and for all
types of operations. The up-to-date technigues are mostly capital-
intensiva because they are develeped in advanced countriles and are
gensrally aimed at substituting capital for labour because of rising
vage costs and increasing abundance of capital. In the firat place,
czpital-intensive processes are often identified with "industriali.
zation" and have a presiige appeal, Enginsers often have a psychologicsl

bias in favour of such technigues because of their sducational background
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and conscicus or unconscious identification of progress” with the
latest available technigques. Business managers often prefer them in
order to avoid irkscme labour problems. This constellation of forgss
operates agalnst the use of the economically correct factor proportions,
It is, therefore, useful vto drvaw attentlon to areas of industrial acti-
vities which might be‘ussfully considered for deploying or developing
capital-saving and more labour-intensive technigues,
3. There is great scope for employing labour-intensive techniques in
the conatruction' phase of all projects. At ome extreme will be found
almost completely manuval methods of high labour intensity, includirng
human carriers (or animal power); at the other extreme, complstely
mechanised operations of excavation, levelling ard houling. A number
of alternztive technliqgues which inwlve & wide range of different
ceobdnations of labowr and equipment ars thus available for construction
activit.mg/ Farth-moving operctions, including excavation, hauling,
f111ing and compacting are particularly adaptable to the use of highly
lobour-int ensive techniques, Tie use of such techniguss has, by amd
large, no &dverse mfect on the qualilty of the end product (houses,
factory buildings, dams, canals, roads, eth).l"/
32, Employment of lebour-intensive technicuea in the construciion phase
of all mrojects is also important because the unemployed and underemployed

workers in under-developad countries largely form a group of unskilled

“C-apit,al Intensity in Hcavy Engineering Gonatruction" published in
Bulletin on Industrialization and Productivity, No. 1 United Nations
publlcau.o”l, April 1958 (Sales No, 58.11.B.2),

10/ Pyramids in Egypt and the Tej ¥ahal in Irdia conclusively demonstrate
this fact,
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workers., The study prepared by the Diﬂsien of Industrial Development

in the Depurtment of Kconomic and Social Affairs of the United Nationaw
ravealed that the share of total constructlon activity in incremental
groes fixed capital formetion in the econcny is, on an average, higher

in under—developed countries than in deval oped countries and varies

from 46 per cent to 69 per cent in under-developed cmmt.risa.w Eyen
in modern industrial countries, constructional activity.which lends itself
to hand labour, is as much as 50 or 60 per cent of gross fixed investment,
s0 it is not difficult to think of labour creating capital without using
any but the simplest t.oola."w The data on coet elements of earth-moving
operations by different techniques are glven in Table 2 in the Statistical
Amnex, It should be noted that ths earth-moving operations are cuite.
important, even in the construction of the industrial enterprises, For
example, the construction of the Rourkela Steel Plant (excluding township,
stc,) in India involved 6,1 million cubic metre of earthmr‘kow

33, There are a munber of "“technologically flexible! industries which
allow for considerable substitbutlon between labour and cepital and which
are therefore amenmable to the use of labour~intensive techinicues in the
manufacturing phese. In weaving cloth, for example, there is a spectrum
of téchniqrea involving different combinaticns of labour and capital

—

"Capitol Intensity in Heavy Enginsering Construction™, op. cit.
Tbid., p. 36, see Table 1 in the Statistical Annex.

€K E

Lewis, A. W., Zconomic development with unlimited supply of labour -
The Manchester School of Eeonomic and Sccizl Studies, llay 1954, op. c¢it.
pp. 160-161,

Report of the :HAmistry of Steel and Fuel (Departmsnt of Iron amd Steel),
1960-61, Govermment of India, iew Delhi, 1961, p. li.

g




ranging from primitive throw-shuttle hand looms, fly-shuttle and looms,
semi-automatic hend looms, cottage power looms, factory non-automatic
power looms to automatic power looms, The case of woodworking technology
also falls in the same utogory.w Cotton spimning, garmante, foodstuff,
leather, rubber products, bricks, roofing tiles, certain chemicals, bruss
utensils, steel furniture, etc, are cther examples of "technologically
flexible" industriss.

3, MNanufacture of a number of goods such as radios, television sete,
bicycles, agricultural equipment, etc, imvolve production and assembly

of component:s, Thase also represent examples of "technologically flexible”
imdustries baecause it is ix»ssible to organize production of components

by means of labour-intensive techniques urder sub-contracting arrangements
and in aceordﬁnce with specifications ot‘the assembly plants. This mode
of the use of lsbour-intensive techniques has been extensively employed

in Japan. Agein, labour-intensive techniques can be efficiently employed
in the manufacture of accessories for the automobile industries; railways,
shipping, etc.

35, The existence of the mrket for the second-hand machines which have
becoms obsolescent in advanced countries on account of rising costs of
labowr is, in a way, an index of the acops of the "technologically flexible"

industries. It 'ma.y be advantageous to employ the second-hand machines in

15/ Boon, G, K., "Cholee of Industrial Technology: Ths Case of Wood-
working", larch, 1960, Industrialization and Productivity Bulletin
No. 3, United Nations, New York.
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several cases first because in meny cases they represent equipment of lower
capital intensity and more labour-intensive teclniques, and second because
they permit an account of thelr shorter life, a more floxible squipment
policy by making it possible to shift to new or different oqn.‘..pmeﬁt at an
earlier date in the future than would have been the case with new squ:l.xnnnt.w
AMtermatively, they mrovide the prototype design of equipment embodying
relatively more labour-intensive techniques for manufacture in under-developed
count ries,
36. There is & clear distinction batween ancillary or awdliary mocesses
and "ecore' operations in industrial enterprises. The formsr consists of
mterial handling . warehousing, pckaging, flyirg squads and maintenance
shops for "core" operations, tool maintenance and making room, utilities,
etec. It is possible to use labour-intensive technicues in soms of these
ancillary processes even in "technologically inflexible" industries where
it is difficult to veplace capital by labour in the "core" operations,
37. The attention of engineers, scientists and technicians shauld be
dravn to the possibilities of aselecting capital-saving techniques in
ths "core" operations of the “taschnologically inflexible" industries.
Regsearch and development of such techniques should be undertaken where

thegy do not exst., This can someiimes be done by designing the equipment

16/ "Second-Hand Machines and Ecoromic Developmsnt®, Netherlends Economic
Institute, Rotterdam, liay, 1958, Publication No. 15/58.
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: ef\ the basis of the mrocess layout inatead of the mwroduct or line layout,
eopecially in engineering industries. Thore exists a great scops of
research in designing equiﬁnmt. and developing processes to reduce the
size of operations costs with minimm incressee in such costs, (In
technical terms, this wuld amount to reducing the slope of the curve of
economies of scale,) This -t,ype of research has considerable importarce
becsuse of the fact that iIn many under--developed countrles, not only the
alze of the present market, but also that of the potential market in the
forgsaoable future 1s likely to be relatively Bmallo‘

38, Recent developments in the technology for cemz_\t. production illustrate
the point in case. In tha begimﬁing of the ninsteenth eentury, cement was
mamfactured in vertical kilns, which presented a number of disadvantages,
in particular, that of uneven burning of the clinker. ILater in that cen-
tury, these weres replaced by rptm kiins, which improved the cquality of
cement and permitted large-scale moduction, and are still the standard
equipment in the industry. In recent years, improved small-scale vertical
kilns have been designed and built in Switzerland and sustralia, and are
being introduced in ths United States. These kilns pwesent ssveral
advantages, in particular, ths fact that they can be constructed mobile,
Thegy may be especially suitable for some countries in the developing arsas
gince they raquire substantially less lnwvestment per unit of output than
the conventional ecuipment, and may tlms_ permit the menufacturing of cemsnt
in small scale,

39. It is mrobable that the use of muiti-purpose machinery would permit

maxre economic operations than that of single-purpose aquipment.w With

It should be ndte'dt that the use of multi-purpose machinery is techno~
logically irpractical in the chamical industry and certain othsr industries.
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multi-purpose equipment , the gize of plant can be reduced and production
of small cuantities mey become economic. lany plants in the less-dsvelopsd
eountriss are characterised by the use of labour-intensive processes
inwlving short production runs or a variety of items, Market demand is
not sufficient in msmy cases to warrant installation of specizlised
rachinery whose cupacity in any single part or product would be axcessive.
i, development which my be of irtersst for plants of thj.a type is the
designing of modular units or "tuilding block" equipment made up ’of standard
component units which cun be replaced so as to pormit the use of the machinery
for & variety of purposes. Modulén-_-mmtmcted machine~tools are particularly
versatila.
LO. The advantage of large-sczle pﬁ@ction over small-scale mroduction
in unit coets is derdved partly from purely technological economiss of
sccle and partly from the f;acﬂities of econonmic "overhead;" such an
ressarch, tulk buying and selling, cheaper and easier credit facilities,
advertising, standardisation of prc;mcts 5 specialiaqd facilities for tooling
and repaire, organisation of specialised raintenance staff, faeilitles for
specialict advice, etc. The latter = facilities of “economie" overheads -
can be provided to smsll production units by surrounding them with
appropriite agencles - private, co-opsrative, or statutory - which can take
over the functions of economic "Yoverhsads" and perform them us commwon
sarvices to small units, Ths important among these agencies are ths state-
sponsored industrial finance corporations, industrial extensicn service,
sale and purchase co-operdtives, industrlal research institutions, corporé=-
| tions suonlving machines on a2 hire-rurchase basls, Pirms speclalising in
tooling, reneirs, etc., credit co-operatives, and so on. The chisf advan-

tage of industrdial estates consists in the incorporated commuon.services
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parforming rany of these functicns of economie "overheads". Failure to
distinguish between unit cost advantages arising from purely technical
economiss and those from other economies by enginsers and technicians not
infrequently results in adoption of more capital-intensive techniques than
could be justified umder the circumstances.
1. Tt should be recalled that the research in and application of the
labour-intenaive techniques should be organised in accardance with the
puldelines on differential capitz]l intensities in individual sectors
within the framework of the averaze capital intensity for the economy

arrived zt by the plamed volums of investment and the ceiling on employment.
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Table 1, Tupcrtance of Coustruction Rpenditwrse
in National Expenditure, Scloched Countries, 1953

(Percemtage)
Non-Residential
Share of gross Smare of Construction Share of
COUNTRY fixed capital Construciion in construction
B fermation in gross fixed As porcentags industry in
gross miional capital As percentaga of gross fixad total factor
product formatica of total capital payments®
construction formation
aductyial countries:
Gorrany, Fedsral Republic of  20.6 47k _ - 6,6
H&tha?laﬁiﬁgnuloedunupo'nuuﬂo $ﬂ7 béﬂs 620:‘} 2900 Sgk.b
Worwa gooooosuoa-reiynersano 29!2 5000 5&08 27:!1-5 805
Umitad Kiﬂg@am“n“mw“w 13!~’~$ 5197 Il'an 21]."9 5@8
United S‘tﬂteec, reopGUVBEARO0 1511 58\6 61.4 36.0 1}@6
Rheyr countrissa:
-&Pgﬂﬂgin-f‘-c...ﬁugcoca-auan‘.ac 15.5 63,8 —— — 5.0
B?'ﬂz;ﬂnou#eowin‘u‘ulqobt‘ﬂouqo 1’4:2 57-5 L) - s
Bul‘ﬁlaucaenn-.orotuseceoua:ao l’!!-l 7605 Aty ——— 2;8
Chils, sscecnsseaveasissnasvan 9.3 &:)-L'f ‘ti-éo!# 28,0 3.2
Ecuzd0r . seaso0oscunevunconed 11,1 hé"g 7"406 :"!405 209
G}’_"}.!m..\‘...ocouruutt-a; cBeTT 13-3 51532 80.8 1:%308 —
Tarcael, . LaPuluyvoevuvEBeGUTD 237 70l8 5367 :800 508
Pbiz.ippi.ﬁﬂs..uhopuvnuauiuovo 6r~ 3 6?01 63!@2 :}9.2 393
Union of Sguvh Africdscsosce 26.5 56,1 e ~—— e
wf‘_;’_::ﬁjl&,‘ffiahg;’uuguuvlqﬂuuu-u-.n 3200 Pt 702

’-1}3-5 M-
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Sevree: . Statlstical O0Ifice of the United Nations, Stutistics of National Ingome and Experditure,
Statiztical Papers, Series H, No. 10 (Janvary 1957). For definition of ezch ftem end

national differaices in covardges and definition, ses sourca,

a Payments to fsctors of production in the sonstruction indusiry as a per cent of
gross domestic product ab factor cost {total factor payments); for Chile, Israsl,

and the Philippines, of net domsatie product a2t factar cost,
b 1950,
¢ Covermment~fired capital formation excluded in pert from capital formatien,

d Gross naterisl product; capital formiion ircludes changes in larenbories.
For definition of concept of gross nateriesl mroduct, see ascurce.

- Reproduced from: Industrisligation and Productivity, Bulletin 1, "Cepital Iitensity in
R TS, '-0“‘4
fleavy fnpineering censtructiont, p. 36,
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Table 2. Capital Intensity 'and Unit Costs for a Combined
Operation of Exeavation, Transport and Compaction
CAPITYL, LAROUR
INPUT INPUT CAPIT
(US dollare (mn-hours LABROUR COST PER
per thounand per thousand INPUT (CUBIC METRE= VAGES .
cubic metre- cubic matre~  RATIO  KILGIETRE (US dollars
Kilometren kilometrea) (1):(2) (US dollars) per hour) Year
) (&) G i &y i
:Zl';-’-ﬁCG.. WEB IR LUUGERL LLEE lor( UQS . lol 0.(?? 0.71 1958
1:'”.'11:"Ubllﬁ".bﬂl.natvi 1?0 60(] 003 0.00 0.13 1953
?’Jlﬁi‘!'ﬁaou sagocreauLine 1’48 9)7 0. 05 Oi 62 0.21 1-952"19%
Usnfan of Sowlel
Zcelnlist Republies®™., 130 152 1.2 0.67 1.04 1956

Sourcs: Induafmializeidon.andivedvetdviiy, Bulletin No. 3, "Capital

Irtensity and Costs in Earthemoving Operations™, p. 13.

& Far details on exchange rato used in calculation, see appendix II,

b dapital ard labour inpuis based on distribution of costs for entire
rro ject, .
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