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CHAPTIR 1

IHTRODUGTION

1. The Advisory Comiittce on the Application of Scienoe and Technology
to Developinent (ACAST) decided at itc zeventeenth session in Geneva from
23 October to 1 November -)7? to consider at its next session in New York
in April 1973 the question of desim of industrial equipment. It was
noted that most industrisl cquipient is designed by eangineers, inventors
and others in the developed countries, almost entirely in terms of the
need for labour saving methods of production. While the less developed
countries, through various institules, have begun to give consideration
to drawing up new designs of a labour intensive equipment, the ACAST
noted that the bulk of the research, development and engineering work

on the design of industrizl equipment is being carried out in the deve-
loped countries. Consequently, ai least & fraction of the efforts and
talents in these countries could be devoted to the design of labour
intensive, but nevertheless efficient types of equipment in co-operation
with experts from the institutes from the less developed countries. The
ACAST wishes to consider formulating a global project under the leader- -
ship of UNDP to organize systematic research, possibly through a con-
sortium arrangement. 1

2. The World Plan of Action for the Application of Science and Tech-

nology to Developuent, g/ as well as the International Strategy of Deve- .
lopment for the Second United Nations Development Decade, indicate broadly

the amount of fesources required to adequately apply science and technology

for the benefit of the developing countries. It has been stated that the

developing countries should endeavour to attain an expenditure level by [
the end of the decade of & minimum average level equivalent to 0.5 per cent

of their gross product. While the International Developinent Strategy

did not epecifically mention the precise percentage for the direct support

of soienoce and technology in developing countries during the second decade,

a8 it would be specified during the first biennial review, the World Plan

of Action, on the other hand, recommended a target of 5 per cent of non-

military internal researcgh and development of developed countries., These

are essentially broad magr.itudes in financial terms of the totality of

efforts required, including the development of appropriate technologies

for industrial development, as well as the building up of an adequate

infrastruoture to sustain the technological efforts of the developing

countries themselves. The proposal of the ACAST to consider the question

of design of industrial equipment in thie context and to stimulate the

interest in this subject is, therefore, a weloome development.

3. The question of the design of the industrial equipment so as to
make the best use of the human and material resources available in the
developing countries is indeed a very complex one. The subject is closely
linked to the strategy of development, factor endowments, the choioe of
appropriate technologies, appropriate processes, etc. Any examination of

-1-/ Report of the Working Group on Appropriate Technology,
ACAST/XVII/CRP.4, 27 October 1972, page 3

2/ World Plan of Aotion, New York, 1971, page 3
Sales No. E.71.I1.4.18.
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the design of industrial equipment cunnot be divorced from the much
broader consideraticns of strategic prioritly setiing, economic, social
and environmental constraints and advantezes of various ilechnical con-
siderations and, last tut not least, frow the experience giinad in the
course of time on the technical and econciiic viability of the various
design concepts. this lact point is mainly responsible for the very
marked tendency that the design of mont of ilie equipment depends
largely on the imitation w«ud cautious improveacnt of once proven design
rather than taking advantoge of the possibility to design eguipment
based mainly on the potentially uselul techiniques and innovations as
they become available frow the encriious R and D activities.

4. Considerable literaturc exizls on tic rubject of appropriate
technology, methodology for project evaluation and appraisal, problems
in regard to transfer of tecinology, etc. liowever, very little litera=-
ture deals with the problem at the macro-level, analysing the different
aspects of structure of production in specific industrial branches.

The materinl which does cxist on the subject is not adequately co-ordi-
nated and synthesized with the concopis, tourminology and analytical
tools developed at the macro-economic level.

5 The objective of this paper it to review briefly some of the
published matorial as well a3 the unpublished reports of some experts
who have advised various governients at their roqueet on related
questions of technology. It is hoped that such a review will assist
ACAST to evolve the lines for further research and action, and will also
provide a basis for the preparation of an overall global project, as
indicated in the previous session of ACAST.

-
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CHAPTER 11
CHOICE OF APPROPRIATI THCINOLOGITS
6. The problem encountered with rcgord to the choice of appropriate

technologies has been compreliensively covered in a document entitl ed
"Technologies appropriate for industrial developient", 1/ prcpared by
ACAST, It is noted that the developing countrics are faced with selec-
ting industries and technologies in the light of the problems faced by
then, namely, untapped naturzl resources, shortages of capital, and par-
ticularly of foreign exchange; lack of skills; including the sorious
problem of unemployment and under-emplozuent, Although the choice
between techniques requiring more or lcss capital and special s%ills
per worker is not the only cloice to be made in guch a selection, it

is considered, however, the most relcvant in view of the rising pressure
on unemployment. It is recognized, on ‘the other sond; that while it is
possible to meet the unerployient probler by selecting for development
those industries with labour intensive tcchnologics or industri ¢s in
whioh differont combinations of labour and capital intensity exist side
by side, there exist cases in whic) technological alternatives are not
available and where, if a particular industry is to be establiched at
all, there remains no other choice than to adopt any technology even
though it may be a capital intensive tecinology enploying relatively
little labour. '

7. The report further indicates that there existc a spectrum of
possible industries ranging at one extrome from industries in which
there is no practicable or efficient alternative to the capital inten-
sive technology used in developing countries to induetries at the other
extreme in which labour intensive technologies are prevalent. Between
these two extremes, there are industrie~ in which there exist a gcope
for choice among several different technologies, somc of which are most
suited to the conditions in developing countries. However, even in
capital intensive industries there is oir'ten scope for utilizing ancillary

which are facing labour shortages, but which may well be acceptable

in doveloping countries becauce they provide not only more employment,
but are also efficient in conditions ruliag there, lhat is needed, there-
fore, is a pProper selection of taechnologies with varying ratios of capital
and speoial skills per worker in order to enhance the fuller utilization
of the natural and financial resources available to each couniry as well
88 its economic and social developient. The question of appropriate
technologies which could be odopted in a given production process should
als80 be viewed within the dynamic context of econonic growth and social
change. Such technologies will inevitably have to meet the requirements
of given situations as well as their long-term perspective. 2/

"Science and Technology in Relation to Industrial Development «
Technologies appropriate for industrial developnent",E/4967, pages 4-5

The role of industry ag a generator of direct cmployment, although
important, is not conc:idered in this paper. It ig cleer that, if
eriployment creatior is to be tiie main objective then manufacturing
industry does not afford a large scope for direct eiployment, On
the other hand, indirect enploynent generated by industrializatien
is substaniial, Furthermore, industry brings with it the capacity to
innovate, to transform, to develop work habite, and to inject dynomiom

into the economy and society,

2/

N
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8. At the other end of the scale; the report poinis out the number
of conzideralions whiech ccverely rec Lm ct the atilitr of the national
plenning authoritics and other decision-makerc of the ceveloping countries
to rake & proper cinico of techunologier T™iese rofer to contractual
arrengonents with pxjvm.e Toreirm comp:r.ue.,; the orpanized efforts of
equipnent salesinen to sell ihc nost cxpensive and labour-saving cquipment,
{ticd to purciates of ca,nt 31 cqmm.mnt manufactured in a particular indu-
strialized country under bilateral 1inancial arrengeaents, etc. The
decigions of the engineers and the plont nanagers, who consciously sclect
and show prefcrence are the wost signiflicant factor in the choice of
appropriate industrial equipnent ond nacliinery in the developing countries.
Therc are also inf tances of srection of overly anbitious plants, largely
for presiige reasons,and out of proportion to the real needs and resources
of the cconouy of t‘xe country concerned.

9. Tius thore appears to bo a dichotomy in regard to the approach
used by the planners on the onc hand and by the engineers on the other.
There cxists @ need to bridge the gap betwaen the two approacihes that
are prevalent in the seleclion of appropriate technologies for specific
industrial branchies.

10. Generally speaking, the macro-—econoinic approach usee broad aggre-
gate data which has been collected for other purposes than the specific
arpects of the choice of appropriate technology. This data covers in-
formation on averages for industry or groups of cnterprises in different
countries for different time periode, different forus of industrial
organization and other different characteristics. Comparisons are
generally made on the basis of amount of capital per worker, value added,
enployment, value added per anployee, by specific mduutrlal branches in
one country or in teras of developed or developing countriese.

11, Another classirfication exists in terms of capital intensive
industries, labour intencive industries, or ~lternatively, tho wodern
sector, traditional sector, other manufacturing, eto. Conclusions are
sometimes drawn as to industries where capital intensity is either re-
quired or inevitable and thc available econoinic literature often presents
broad general conclusions tn the elfect that consumer industries are
generally labour intensive and ihe small industries are more so, etc.
There exiot alco studies which are based on historical series in a given
country and comparison of such data with other countries at different
levels of development, and which indicate changes over a given period

of time in terms of structure of industry and also the changes of the
different components within it., The analysis inevitably ie in highly
aggregate terms and the data used in termz of broad averages. While an
analysis of thir type provides a broad picture of growth over a period
of time, information on changes of i.iportance of relative sectors,
changes in factor proportionc, etc., this may not be entirely appropriate
for the understandineg of the cubject in question, namely design and use
of equipment wio~e aim is to permmit employment of larger numbers and to
prowote efficiency in production.
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CHAPTER 111

MACRO-FCONQHIC APPROACH TO CHOICE OF PRODUCTION TECHNIQUES

12, Industry is not only a dynamic cector of the economy, it is also
the most complicated secter if one conziders that the number of indu-
siriec and manufactured products is considerable. The ISIC four digit
claseification identifies some 04 a0 jor manufacturing branches. Within
& given industricl branch, produciion can perhaps be organized with
different degrees of capital intensi ty. Production may often be orga-
nized on a large rczle and in a highly automated woy and alternatively
in small industrial unitz using siinple nachines, liere are also diffe~
rencec in the machines and machine capacities depending on the purpose
for which and when they were designed. Furthermore, the tecinical and
engineering developaents are taking place at such a rapid rate that the
asnesoment as to their application and use considering the different
problens of the developing countries in mind also need to be undertaken.j_/
Inductry thus presents a kaleidoscopic picture which requircs reasonably
refined tools for analysis and adequate data, not lientioning the impor-
tance of the availability of trained personnel to make on ascessment,

13. Probably the more practical approach in examining the probl ems

of appropriate technologies and design of industrial equipment would

be the macro-economio approach, consisting of detailed analysis by
specific branches, makihg use of technological information on the alter-
native processes available. In order to reveal poscible technological
combinations to achieve a much higher degree of disaggregation, it is
necessary to approach the question by industrial broanchee. This approach
requires considerable resources as well asg appropriate methodology. An
effort is made here, therefore, to refer to some case studies, which may
provide a basis for further work. Tho reference to these studies does
not in any way imply tho acceptance of the methodology, but only an in-
dication of the type of work that could be undertaken, asswiing the-data
were available,

14. A study vhich was conducted by the United States Department of
Agriculture outlined six methods o° material handling, providing the
labour and equipment costs correshonding to each technique. According
to the analysis given in table 1 below, some of the niethods require
not only more capital, but also rore labour than others. It is evident
that at any price of labour and capital, methods euployed under A, B,

C and E are rore expensive than under F. For certain rolative labour-
capital prices, especially forrelatively high labour costs, D may be
cheaper than F, while for other price rations F will be cheaper. 2/

-1/ Report of the Txpert Oroup on Secondhnand Equipment for Developing
Countries, New York, 1966, Sales No. E.66.11.,B.9

Z/ "An analysis of some methods of loading delivery trucks of produce
wholesalers", Narieting Research Roport, No. 15, Waghington, D.C.,
May 1952 : _

I
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TABLE 1 Data on £ix niethods of loadinz delivery trucks
of produce wholeraler: (dollars per ton loaded)

: . Cost of loading
Hethod one ton

Labour Fquipment

A. Low-1ift platform truckc and dead skids for 1.74 0.44

cssenbling ond belt conveyor: for loading .
B. T™wo-wheel hand trucks, semi-live skrids and 1.46 0.12

Jacks for assonbly, belt convcyors for loading

C. Seni-live skids and jacks for asseably and ele-  2.02 0.18
vating and horizontal belt conveyors for loading

D. Fork-lift truclts and palletc for assembly, 1.19 0.31
belt conveyors for loading .
E. Four-wheel hand trucks, fork-lift trucks and 2.13 0.14

pallets for assenbly, gravity conveyors and
manual handling for loading

F. Four-wheel handtrucks for both assembly and 1.41 0.02
' loading

15. . A case study prcpared by the Netherlands Economic Institute and
the Troining and Research Foundation 1/ refers to the manufacture of
certain parts by three altcrnative techiniques involving use of three
types of lathes: an engine lathe, a turret lathe and an automatic lathe.
The machine parts are three simple workpieces nachined out of bar steel,
and produced in fixed proportions to each other. The study comes to
the concluzion that two factors are particularly important for the
economic choice of lathes: the nuaber of types of different machine.
parts and the desired nunber of machine part: of each type per year.
With a small production run, a general-purpcce lathe will be cheaper

ap compared with & gpeciai purpote machine. With a large production
™un, specicl-purpore equipment will have lower production costs,.

16. A study prepared by ECLA entitled "Choice of Technologies in
Latin Anerican Textile Industry", °/ clacsified machinery into three
broad groups relating to tecinology current in 1950, 1960 and 1965, as
referred to in levels 4, B and C respectively in table 2. The three
levels vere then applied in modelc of gpinning wills containing about
15,000 spindles. The exact production capacity of each model was,
however, determinecd by tie size of the machinery avajilablec at the
relevant level of technology, so ac to prodice conditions of optimum

V

"Alternative Techniques of Production" - A Case Study on Teohniquos
of Lathing", Rottcrd'm May 1957

“"Choice of ecnnologm.. in Latin Americon Textile Induétry", 1966
(S‘I‘/ELCA/CONF‘ 23/1.33)
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balance. Since the object was to illustrate the effect of technology
on cost, it was implicitly assuned thai the full outpul could be sold
in all cases. It was further assumed that & single tyne of cloth, of
plain weave, would be produced. Tcble 2 provides inforimntion on the
capital investment in eacli case, including pre-operatienal costs and
vworking capital, plant capacity; output, numbers employed, cost

and profitability.

TABLE 2 Data for integrated cotton mills in Latin funnrica

Level A Level B Level C

-

Capital investment (8$1,000) 4,453.3 5,650.5  6,507.6
Number of spindles installed 13,600.0 15,200.0 14,800.0
Nunber of looms installed 534.0 530.0 524.0
Yarn output (tons p.a.) 2,265.0 2,643.0 2,£95.0
Cloth output (1,000 metres) 16,800.0 19,600.0  21,500.0

- Nunber employed 668.0 446.,0 315.0
Cost of cloth (§ per 1000 metres) *) 176.0 156 .0 149.0
Return on investment (porcentage)**) 28.1 32.6 33.3

#) excluding any allowance for remuneration of the entrepreneurial
skills oxercised and the capital invested
##) gross margin before tax, assuming cloth is sold at $250 per
1000 metres. The return compares with an averago interest
rate for long-ter.s credits of 12 per cent., "

In setling up a mill, the entreprencur will have to balance the diffi-
oulty of acquiring the larger amounts of capital required for levels

B or C compared with level A against the reduction in costs which might
be achieved; he may aleo be lecs confident that the domestic market
could absorb the higher output obtainable in the latter two cases. In
those cases where the government of a developing country is participa-
ting in the establishmont of 2 mill, it may be anxious to secure employ-
ment opportunities; from this point of view level A clearly offers the
greatest advantages. The ECLA report judged that level B was likely

to be thc most advantageous to Latin America, on a balance of considera-
tions,

17. In a study prepared by the United Notions entitled "Copitnal In-
tensity in Heavy Engineering Construction” 1/ cn ~nalysic was under-

token of the costs involved in earth-moving operations by using different
types of machines. Datn of enrthwork on recl-ma~tion projects, construction
of hydro-power stations and road exc~vations in the Unitod States and

in Bweden were exnmined nnd compared with the requirements of the deve-.
loping countries. The results indicated that in the excavation operations
in the developing countries, the use of highly mechanized techniques is

"Capital and Intensity in lle~vy Engineering Conetruction",
UN, Industrialization and Productivity, No. 1, pp 35-48,
New York, April 1958
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likely to result in unit costs of operations which are subs tantially .

higher than in the more advanced countries for similar lovels of mocha-

nization. The major faotors contributing to this higher cost appenr

to be such elanents a5 poor rnte of utilizntion of equipment, over its

lifetime nnd on the job, inadequate wninlennnce, costly repairs, etc.

The results of this an~lysis also indicate that external economies are, i
at least in the particular industry under consideration, but probably

=lso in many other indusiries, o key frctor in determining the economie

level of mechanizotion. It would nlso ~ppear that the oroblem of the .
level of wmechonization invelvee not so much 2 choice between altcrmative
techniques of grexter or lesser capital intensity 2 the proper selection

of the crpital itself. 1In other words, the problem of capital intensity

raises (qunlitative s much 18 quantitative considerations. The study,

in conclusion, called for n comprchencive and accurate cost recording

of construction projects in order to provide relinble statistical data 1
for furthcr research,

18. The above-mentioned case studies cerve to indicate that more
resecrch is needed in the examination of n combination of different
factor proportions. Some broad outlines n2y be formulated to further
research 7s follows: the available alternative methods of producing

& number of well-defined goods ~re described in terms of required quon-
tities of labour and capital. Subsequently an attempt will be under-
taken by approprinte groupings to elicit the underlying factors which
determine thc possibilities of substitution., The data to be used could
also relate to the nature of the product including qunlity output per
unit of time, types and amount of labour involved, quantity of capital
used including methods of evcluntion, depreciation allowances, etc, "
The data required for such an analysis is difficult to obtnin readily.

Recourse hzs to be made to individual enterprises who often have to

engnge in comparative studies of different methods of production as

well as to foreign subsidiari~s and enterprises which in turn work with

& large number of small sub-contracting independent firms.
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CHAPTER IV
STUDISS AID RESLANCL UL DBRTAKL DBY ULIDO
19, In order ‘to provide some bocic data on the structure of

productiorn in individual industrial enterprises, UNIDO has initiated
action to compile data from sclected couniries,; both developed and
developing, in regard to industri.l establishments that arc actually
in operation. The¢ data has been publislhied in the scrices entitled
"Profiles of HManufacturing GLsteblishments™. The purpoze of collecting
and publishing this Cate is not to construct rigid theoretical norms
in a pre-conceived framcwork, but ratler to prepare a kina of
reference material which would show the user the variety of
possibilities, both technological and organizational that occur in
actual industrial production operating in varying environmental con-
ditions. Thc data contaired in the profiles is intended to assist,
not only in the preparstion of economic feasibility studies, but also
in the viability analysis both of pre-project and actual project
contexts, including the type of analycis mentioned in some of the

case studies above.l/

20, The data presented for a given industry contains information

on fixed capital assets,; inventories, labour, annual production, output,
intermediate inputs, value added and expansion. It also contains
information on selected coefficiecnts such as equipment per employee

in direct production, value added per cmployec, annual wage per
employee in direct production, level of production at break even

point, etc.

21, UIIIDO has not attempted in depth the type of analysis mentioned
in the case studies above. It is possible, howcver, that a rescarch
organization could continue the work of further collecting the available
material and would also systematically develop an analytical fremework
for an examination of alternative techniques in industrial production._?_/

22. UNIDO has published reccently a study entitled “Guidclines for
Project valuation" which provide yet another approach to the problem
of choice in regard to inlustrial projects,}/ The approach contained
in these guidelincs involves a definite commitment to the simultancous
pursuit of more than one ohbjective or dimecnsion of welfare in project
formulation and evaluation. ., he guidelines are based on the belief
that the expansion of aggregate consumption and progress touards a more
equal distribution are the accepted goals of devclopment. Other
dimensions of weifare are taken as instruments to achieve these goals:
for example, employment is stated as a goal of dcvelopment. To a
great extent, howecver, the expansion of employmcnt opportuniiies is
simply a meens to ensurc a bettcr distribution of income or the
expansion of aggregatec cornsumption. The methodology contained in the

y "Profiles of Manufaciuring Lstablishments", Volumes I and II,
Sales iio. £.67.1Ib.17 and %.68.11b.13.

g/ In the discussion during the Novcmber 1972 session of ACAST on
the design of oquipment, refercnce is male to the cstablishnent
of a research organization as & part of the global project on
equipment design.

'4/ "Guidelines for Project svalu=ztion'!, Sales Yo, 572,176,211,
New York, 1472
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guidelines is thus sufficiently flexible to incorporale thes: end
other distinct objectives inasmuch as it stresses the national
profitability approach; it also offers a precticel approach in
defining the weights that arc the quantitative expression of the
relative importance attached to various objcctives.
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CHAPIER V

UNINO'S PROGRAMIL OF TECHATCL., LSSISPANCS PO THE
DEVS: 021G COU TS I W MLuD OF TOAIETL OF

TECHNOL0GY A1) AULPILAT Uad 124,104 11l JHDUSTRY

23, The General Asscnbly assigned to UNIDO, in resolution 2152 (XXI),
certain specific [functions with regard to the most cffective adap-
tation of moduru indusirial motheds of disscimination of information

on technological product innovctions, adaptation of existing technology
and the development of neu tcchnology specially edapted to the
particular physical, social ond economic conditions of the dcveloping
countries. Uithin ihis fromework, UhIDO has provided, during the

five years of its ¢xistence, at the request of the developing countries,
a number of cxperis to cesist them in the planning, establishment and
operation of differcnt industrics. At present, UJIDO has some

800 cxperts in thc field, who arc providing advics to a number of
developing couniries on indusirizl tuchnology, industrial services

end institutions, &nd industrial planning and programming. Of thesc,
almost 60 pcr ceni of UNIDO's progremmc of technicel assistance is

in the field of industrizl tcchnology, which comprises cngincering
industries, metallurgical industries, construction and building
materials industiries, chemical industrics, fertilizer and petrochemical
industries, light industrics, ete.

24. The tcchnical assistance programme of UWIDO in the ficld of
engineering industries is mainly concentrated on the transfer of
tcechnology in the arcas of agricultural cngineering, mechanical
enginecring, elcctrical and clectronic cngineering and transportation
equipment. The major objectiive of UJIDO in this erea of work is to
eseist the developing countries to establish an effective utilization
of manufacturing facilitics end engincering services. In addition to
promoting the manufacture of capital equipment and other cnginecering
products, UNIDO is increasingly promoting repair and maintcnance
services in all fields of engineering. Another important activity

is th: promotion of local design capabilities, since a good design

is fundamcntal and indispensable *o the proper execution of any
enginecring project. Over = long term, local design capabilities

arc vital to the proccss of industrinlization. In an effort to achieve
these objectives, a widc range of technical assistance projects hes
been executed by the staff of UNIDO and its experts.

25. The pattern of requests which U:IDO has received from the
doveloping countrics over thc past years for tcchnical assistance to
their metallurgical industries reflccts three main objectives:

(a) the promotion of industrial utilization of promising
regources of metallurgical raw materials;

(b) the creétion and expansion of local production of
needed metals; and

(¢) the establishment of indigenous sources of metallurgical
expertise so that problems rclated to metal product.on
and epplication can be solvid locally.
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26, Alihough the requesis received by UnInO cover o variety of
problems rclated to th: production and cpplication of mutals, sevecral
priority ar:es havc been identilicd, oné to these UJIDO is directing
its mein efforts and rcsources, i.c. ustcblishmont of alumina and/or
aluminiun production facilitice; smulting of ilmenite concentirates
with production of pig iron an? & slag rich in titonium oxide;
copper, lead and zinc procuction; dcvelopment of the iron and steel
industry, esteblishment and improvement of foundry freilities, and
ercation ond transTer of matallurgical know-how. The assistancce
provided by U:IDO in other industrial arcas follows similar lines.

7. The technicol essistonce provided by UNIDO over ihe past yeers,
as mentioned carlicr, hoe becn primarily dirceled at the request of
the developing couniries to the establishment and efficient operation
of industrics. The ~xamples of assistance provided, particularly as
related to industrial ce-uipment and its design and maintenance, are
contained in the table attached os Annex 2 to this paper. It provides
mercly a sample of the type of assistance provided by UJIDC rather
than the totality of assistancc, which is imuch broader in scope and
in nwnbers. A detailed account of 21l the reports prepared by the
different UNIDO experts working on the progrumme is contained in a
sories of documenis entitled "Industirial Development Abstracts"

(1p/stR.B/1-3).1/

See also: Programme of Work of UNIDO for 1973, Report of
Aotivities in 1971 and Updating of 1972 Programme, Part Three.
ID/B/97 (Part III)



CHAPT:R VI

ANATYSIS OF STLACHVFD REPOTTS O THE &0 ) o)
APPLOPRIAT.. TLUTOLOGY .0 1 3! G

28, The reports prepored af the conclusion of their wssignments
by some of UMIDO's experts on their cxpericnces on advising the
developiny countri.s previde an inleresting wecount of the cross
scction of viewpcints on the subject oi' choic. off techniques,
appropriate technologies and instances of where mechonization is
needcd and where it is not, s0 as to indicatc the future requircements
of the developing countrics in thuse nreas. HWhile it would require
a massive rescarch effort to go throusgh ~ll these reports in order
to collate and to analyse the infommation thercin in a cystumatic
way, it might nevertheless be pertinent to rocfer to a cross gcction
of views contained in the reports of these experts. The information
summarised below is based on a rcvieu of 2 cross section of opinions
expressed in the reporte of a number of UNILO technical cssistance
experts.

29. In these reports, abundant rofurence is made to the adoption
of both labour intcnsive on? cepital intensive industries. The
arguments presented, howcver, follow brocd aggrogative lines,
suggeosting policy orientation rather than how this could be achicved. .
The advocates of labour intensive policies base their recomncndations
on social and economic grounds, namely thc provision of cmployment
and distribution of income. Refcrence is also madc in these reports
to the development of numcrous decentralized small-scale, labour )i
intensive industries of exceptional efificiency which allow for a
reletively low degrez of mechanizotion. The cstablishment of small-
scalc labsur intensive industrics, it is argued, would not give rise
to en undesirable increagce in urban population and o concomitant

risc in social overhead expenses. The advocates of capital intensive
policies argue that no countiry has cver succeeded in solving its
economic problems by favouring low efficiency. It is suggested that
it is necessary to achicve higher and continuously incrcasing labour
productivity in order to bring zhout a cumulative process of increased
production, national income, savings and investment. As o result of
its higher productivity, industrialization along capital intensive
lines will yield a larger surplus of products over consumption, which
in turn will be available for capital formetion and in the long run
lead to higher cmployment.

30. I1 is also argued thet a develoning country could have both .
types of industrics, namely capitcl intensive and labour intensive,

and that the degrece of mechanization or the capital intensity would

be determincd by the markets to which the products arc destined.

In order to promote cxports of manufacturcs to the developing countrics,
one cannot but cstuoblish large-scele «fficient units of production
while, at ithc same time, taking advantoge of the low wage ratcs, so

as to enabli. them to compste in the extcrnal markets. The industries
supplying the domestic markci could usc morc labour intensive methods,
and it is also suggcsted that rural industrici be encouraged so as

to support the local demand ond to permit beticr distribution of
incomes.
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3 Some of the WIIDO tcchnicions ond engincers working in specific
branches of incdusiriecl production bring out the fact that cven the
lerger-ccele industries, using up-io-dotc methods of production, tcnd
to employ morc lcbour than similar units in the developing countries,
For ecxomplc, it is stated that in a fortilizer plant in the United States,
wilh 70,000 <tons of nitroginous capasity proaucing urca and emmonium
sulphcte, less thra 500 tochaical ad othoo personncl are cmployed.

On tho other hand, in a2 plont of 2 sinilar capacity in Indic,
manufacturing similer products, the numb:r of tcchnicsl and other
persomicl cmpleyed varics from 1,138 in one to 1,947 in another plant.
The ratio of thoe engincers to non-cngincers is also sharply diffcrent
in plants with similer capacity and product mix in the devcloped and
developing counirics. While many cxperes continue to advocate the
reduction of the number of +he pcrsonnel requirced for the scke of
efficicncy, it is also clear that much of the variations in the numbers
employcd will depend on the mechanization after the ammonia synthesis,
Apert from the cost of the ccuipment which varies from 35 per cent to
50 per cent of the total projcect costs dsnending on the indusiry,
theve cxists the whole rang: of operations in matericls hondling and
administretive operations, which ore mcchanized in the industrialized
countrics, but nced not be s0 in the developing countries.

32, In the ficld of processing industries, this factor is quite
pronounced in the scnse that the basic material such as PVC or other
similar products involve sophisticatcd technology ond couipment,
involving low lgbour requircments. The fabrication of plastics into
finishcd articles, for instance, is highly labour intcnsive and does
not require high skill. ‘Thc main areas permitting employment of
high proportion of labour with ccrtain degrecs of skills are in the
fieclds of rcpair nnd meintencaiice of equipment, finishing proccsses,
quality control and inspection, prckagirg, components asscmbly, otc.
Ixemples of thesc arcas are given by onc cxpert as follows:

. Glasa reinforced plestics (unsatura.teci polyesters) for
fishing boats, furniture, contniners using the hand-
lay up technique;

2. PVC for artificial flowers;

3. Various thermoplastics (pvc, polyethylene, polystyrene)
for toys and souvcnirs;

4. Plastics componcnts for tuilding and construction
(we.terpipes, hardwarc, profiles, window framcs, floor
covering, roofing, insulation foams), rll of which
require considcrable lebour for asscmbly purposc;

5. Synthetic fibre for textile use, artificial leather,
plastic clothing and footwear;

6. Paints, varnishes and plastic gluzs;

T. Asscmbling and packoging of elcetricel and household
goods using plnstic componcnts.
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3. The current trend is, thereforc, for investors to sct up
plastics fabrication plants in somc developing countrics, tuking
adventege of tho relatively cheap lobour and then export the
finished products. For cxample,; Hong Yong with over 3,500 plostics
fabrication plants, exporttd in 1971 US;270 million of finished
plastics goods. Singapore, Theiland end the licpublic of Kores are
following the samc pattem.

34. Annther expert in exemining the considerstions of machinery
dosign in motal-working industries suggested that the gradurl tronsition
from edopting universal machinces to outomatic mochinos should be as
follows: universal machincs, machincs for beich production, sequence
controlled machinos, automatic machincs. ™he universal machincs
which are most frequently used in factories combine precision,
versatility end rclatively low pricc. 7This machine is well suited
for a large variety of jobs and provides "every possible concession
to the operator'. The mest popular cxample of the universal lathe

is the regular type of enginc lathe which permits the use of gkill
and ability in dotermining the eccuracy of the work pieces as woll

as the life and procision of the machinc. In providing designs for
machincs for batch production, it is indicated thot the machinc could
be composed of pre-fabricated units. In this way, a factory with a
rclatively small number of machines could adapt itsclf to a new
sories of parts in o short time. The same cxpert also mekes roforence
to the design of other types of machince which are suitable for the
developing countrics. The overall conclusion drawn is that the
question of suitable machine tools for a developing country should be
answered individually for each case, taking into consideration not
only the employment facotrs, but also skill levels.
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CHAPIR VII

TIL'OMATION SERVICY OW UNIDO ON
AFPROPRIAT CHOICL OF LQUIPH:NT (ACE)

35. UNIV0 hes, for some years, been operating an industrial enquiry
service for thc bencfit of the developing countries. During 1971
elone, some 2,000 cnquiries were rcceived from 61 doveloping countries,
of which 520 referrcd to the provision of information on different
aspccts of tronafer of technology end know-how, advice on macninery
snd industrial cquipment. In 1972, UNIDO reccived some 2,500 enquirics
of which 2 querter rcferred to the arcas mentioncd above. Host of the
cnquiries wirc made from the governmentol orgonizations, productivity
centres, duvelopment banks, etc. The ¢nquiries rccoived from private
enterpriscus were reletively few. A large number of requests came

from e few countries only, nancly Brazil, Chile, India, llexico,
Philippincs and Turkey, which are also relatively inore industrially
advanccd thon the other dcvoloping countriecs. Most of the enquiiries
in the Ticld of equipmeni were for names and addrceses of firms
manufacturing cquipment, specifications and pricc, etc. There were

no enquirics strictly in thc field of design of equipment or cnquiries
related to the ohoice of equipment permitiing larger employmont of
labour resources.

36. Within the framework of the c¢nquiry :aarvicc. UNIDO has initiated
on a pilot basis in Jonuary 1972 an informetion servicc on supply and
altornatives for the choice of industrial equipment. The need for such
a servicc arose out of a recommcndation made by 2 group of experts
convened by UHIDO in 1967. It was suggestcd that this service should
cover nll aspects of supply including technical, economic and
financiel information, as well as on sources of supply of industrial
equipment. Such a servicc should also survcy condiiions pertaining

to the purchase and use of industrial cquipment and maintain a close
watch on prices.

7. In 1971, thc Advisory Committec on the Application of Science
and Technology to dcveloping countrices took up the metter again and
proposed in a rcport to ECOSOC to:

“"promote action on an expanded information systecm dcsigned
particularly to improve the flow of morc oappropriate
industricl tcchnologics to the doveloping countries:

(a) assist in the cstablishmont of tochnology information
activitics in both the dcveloping and the industrialized
countries. (b) further dcvclop and implement as soon as
practically possiblc UNIDO's proposal for the estcblishment
of an international equipment spccification service opereting
in co-operation with the developing and industrializcd
couniries".1l/

1/ Document /4967, 17 Merch 1971, page 35

I
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8. In resolution 1636, adoptcd on 30 July 1971, LCOSOC rccom-

mendcd that a numbor of inturnational organizations including UMIDO
should study, in close co-operation, ways in which reliablc information -
including reclevant data on the requirements for capital, labour, raw
materials and other factors of production - on known alternative
technologics for sclected major industrics of intercst to developing
countrics could best be furmished in & systematic way to Governments,
enterprises and industriel consultonts.l

39. The intercst in, and the nced for, an equipment information
service is cnormous. This service when effectivily undertoken may
producc a practical solution to many qucstions connected with the
problems of transfor of technology and the choicc of appropriato
technologics for the developing countries. Details on the progress
made in this project arc includcd in UNIDO's programme of work_?/ and
in two interim rcports which have becn distributecd. The Approprictc
Choice of Iguipment service will provide major essistance to the
developing countries in cnabling them to meke their own decisions as
to the most approprintc equipment and technology to be introduced in
their industrics. In addition, thec scrvicu will also establish a
basis for tho dissemination of informotion on suppliers of industrial
equipment from dcveloping countries so that theii products may become
known to other devcloping countrice and to the traditional morkets.
With thc growing problcm of unemployment ond the necd to find capital '
saving technologies, the service to be providud by the Appropriate
Choice of Equipmcnt Service will beccome of added importance.

40. Initially it is intonded by UNIDO to take up only a limitwd "
number of industrial branches such as textilos, lcather, woodworking,
metal-working, rcpair ond meintenance shops ond construction industry.
In view of thc manifold difficulties inheront in the operation of the
project, particularly rclated to the alternative choice of equipment
with employmcnt considerations, ctc., the ACE projuct in the initial
phase will be limited to provision of information relating to
supplicrs, specifications, price, etc. Also a limited number of
supplicr countrics will be asked to participatc and cquipment data
will be collected and processcd only in a few sclected subject fields
so that the flow of information can bc controlled znd the prooedures
end results properly evalucted. /

41, A beginning has becen made by UNIDO following a contribution made
to this project by the Government of Japen and promise of co-operation
has been reccived from a number of devcloping countries both as donors
and rccipicnts to this service. It is hoped that more resources will
become available to this project, not only through contributions made
by Governmenis, but elso, hopefully, through a global project which
ACAST wishes to formulete on the subjcct of dcsign of industrial
equipment suitable for the developing countries.

1/ Economic and Socizl Council resolution 1636 (LI), pcragraph 4

2/ Document ID/B/97 (Part II), idd.l, paragrophs 193-197
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ANNEX 2

SELECTI.D LIST O WIDO PROJ; s 'l 3
OF ASSISTA 108 ,0 THY D ViOPTIG CUTATRISS IN
INDUSTAIAL JLACHL. ~Y D T0U IP il
(in thousands of US dollinrs)

. 4
AFRICA _ - 1972 1973
Algeria Maintcnonce and ropair of - 15.0
(ALG/69/12) industriecl cquipment
Cameroon Pilot programme in meintenance 108.7 ' 76.0
(CMR-19) and repair
Pl
Tgypt Enginecring and industrial design  Duration: 5 years
(uAR-55) Operational: 1968
SP UNDP. ¢1,035,100
: RLSvernment: $1,224,000
Sene Contral pilot workshop for 35.0
vc/1718 neral ropair and maintenance
cquipment
Tunisia Centre for the devclopment of Duration: 4 yeors
(TUN-27) prototypc tools, Sousse Oporational: 1971
sp UNDP. 9681, 600
Government: 746,000
Zaire Central scrvices for mointonance Duration: 23 ycars
(coN(x)34) and ropoir of industricl oquipment Approved: January 1970
) UNDP: 4191, 300
. Government:  § 55,000
|
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AMFRICAS _ , 1972 1973
Brazil Assistance to National Design 15.0
(BRI‘./69/].9) ¢entre in rescarch and design
TA of mochine tools
p
Columbie Mointonsnce end ropair of 130.0 11.0 ‘
(coL/11/5) transport cquipment !
P ,
Jamaica Repair and maintcnance treining 109.8 178.9
(Jhii-14) and demonstreticn unit
SF Approved: Juae 1971
Duration: 3 years
UNDP: $468,900
Government: $353,000
Regionel Assistance to th. Junta of the 14.0 .
70/984 LAL-8 Andcan Integration Group in -
818 toxtile c¢ngineering, non-forrous

mctallurgy, machine tool ' )
production and mcchanical
equipment fabrication

N
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ASIA AND TH FAL LAST 1972 . 1973
India Design Ccntre for clectrical 251.2 11.4
(IND-67) mcasuring instrumonts
] sp : Oporational: April 1969
' Durction: 5 years
. UilDP: $833,000
» Government:  $5739,000
Indic " Industrial design (followship) 3.4
(1np/01/2/1)
RP
‘ Malaysia Assistance in foundry, tool, dye (34.5)
(MAL/68/6) and mould mcking Beyond 1973
IPF _ (1,750.5) -
Nepel Deasign, production and marketing 12.0
(11/1305 of cgricultursl machincry =nd :
NEP-8) implcments (1/6 m/m expcrt merviccs)
818
Pokisten Mcchanical industries 5.8 N
(Pax/o1/2/3)
P
Korca Monufacture of knitting machinos 3.1
(X0R/69/16)
TA
Thailend Manufocturce of smacll intorneal 26.0
(71/116; combustion cnginos (consulting
THA-21 fimm)

818
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FURORY, AND THE MIDDLE EAST \

Bulgarie
(BUL-3)
30
and
1rF

Hungary
(nuz:/14(1)1)
IPF

Jtomania

(10/119

ROM-9)
818

Roescarch Institute f_or Instrument
Dusign

Phasc I:  UNDP: +298,000
Government: 550,000

Phase II: UUDP: #605,000
Government 3485,000

Approved: Jenuary 1971
Duretion. 13 years

Development of mochinory
production ongineoring

Dusign of and rescarch in dicsel
cngincs for industrial, railway
and na~l use

93.0

(100.0)

14.0

14.0

13.7

305.0

Boyond 1973
200.0

14.9



PROGRAMMED

Kenya
IPF

Chile
IPF

Jamaioca
India
PP

Isreczl

Pngincering design devclopment centro
(48¢6,000)

Lssistonce in tho planning of o design
ond consulting centrc (PL3)

(37,500)

Assistancce to Toolmakcrs Institute
($175,000)

Elcotrio drives laboretory
(439,400)

Centre for testing, adaptation and
design of farmm machinery
' (240,000, fcllowship and oquipment)

*









