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EXPLANATORY NOTES

A full stop (.) is used to indicate decimals.

A comma (,) is used to distir.guish thousands and millions.

A slash (/) 1s used to indicate “‘per’’, for example t'a = tonnes per annum

A slash between dates (for exampie, 1979.80) indicates an academic, crop
or fiscal year.

A dash between dates (for example, 1970~1979) iadicates the full pericd,
including the beginning and ena years.

References to dollars ($) are to United Staies dollars unless otherwise
stated.

References to rupees (Rs) are to Indiza rupees. In Ceicber 1978 the value
of the rupee in relation to the doliar was $1 = Ry 7.9C.

The word billion means 1,000 million.

The word iakh means 100,000.

The fullowing notes apply to tables:

Three dots (... ) indicate that data are not available or are not separately
reported.

A dash (-) indicates thet the amount 13 nil or negligible.

A blank indicates that the item is not applicable.

Totals may not add precisely because of rounding.

In addition to the commor abbreviations, symbols and terms and those
accepied by the Internaticna’ =~ . *+ n of Units (SI), the following have been
used:

Economic and commercial terms

CMEA Council for Mutua) Economic Assistance
GiiP gross national product

Rand D  research and development

Organizations

PEMEX Petroleos Mexicanos
SAIL Steel Authority of India Limited
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bul/d
BBOP
BF
BOY
CC
CNC
DCs
DNC
DR
EF
LD
NC
NPK
OH
PVC
RCC
UHP

EXPLANATORY NOTES (continued)

Technical abbreviations and symbols

billion barrels per day
bottom blown oxygen process
blast furnace

basic oxygen furnace
continuous casting

computer control

developing countries

direct computer cortrol
direct reduction

electric furnace
Linz-Donawiiz

numerical control
nitrogen-phosphorus-putassium
open-hearth

polyvinyl chloride

reinforced cement concrete
ultra-high power
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The concept of appropriate technology was viewed as being the
technology mix contributing mosi to economic, sociul and envircn-
mertal cojectives, in relation to resource endowments and conditions
of appiication in each country. Appropriate technology was stressed
as being a dynamic and flexible concept, which must be responsive to
varying conditions and changing situations in differen: covntries.

It was considered that, with widely divergent conditions in de-
veloping couniries, no single pattern of technolog;y or technclogies
could be considered as being appropriate, and that a broad spectrum
of technologies should be examined and applied. .in important over-
all objective of appropriate technological choice would be the achie' e-
ment of grea:er technological self-reliance an increased domestic
technological capability, together with fulfilment of other develop-
mental goals. It was rnote” that, in most developing countries, a major
development objective was to provide adequate employment oppor-
tunities and fulfilment of basic socio-economic needs of the poorer
communities, mostly resident in rural areas. At the same time, some
developing countries were faced with considercble shortage of man-
power resources; in some other cases, greaier emphasis was essential
in areas of urban conc ntration. The appropriate pattern of techno-
logical choice and anplication would need to be determined in the
context of socio~economic objectives and a given set of circumstances.
The selection and application of appropriate technology would,
therefore, imply the use of both large-scale technologies and low-cost
small-s-ale technologies dependent on objectives in a given set of
circurastances.

Report of the Ministerial-level Meeting.
International Forum on Appropriate lidusirial Technology
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Foreword

As part of its effort to foster the rapid industrialization of developing
countries, the United Nations Industrial Development Organization
(UNIDQ), since its inception in 1967, has been concerned with the general
problem of developing; and transferring industrial technology. The Second
General Conference of UNIPO, held at Lima, Peru, March 1975, gave
IJNIDO the specific mandate to deal in depth with the subject of appropriate
industrial technology. Accordingly, UNIDO has initiated a concerted effort to
develop a set of measures to promote the choice and application of appropriate
technology in deveioping countries.

Appropriate industrial technology should not be isolated from the general
development objective of rapid and broad-based industrial growth. It is necess-
ary tofocus attention on basic industrial development strategies and derive from
them the appropriate technology path that has tc be taken.

The Lima target which, expressed in quantitative terms, is a 25 per cent
share of world industrial production for the developing countries by the y.ar
2000, has qualitative implications as well. These comprise three essential
elements: fulfiiling basic socio-economic needs, ensuring maximum develop-
ment of human resources, and achieving greater social justice through more
equitable income distribution. Rapid industrialization does not conflict with
these.aspirations; on the contrary, it is a prerequisite to realizing them. But, in
questioning the basic aims of development, we also question the basic structure
of industrial growth and the technolooy patterns it implies.

Furthermcre, it is easy to see that the structure of industrial growth that
should be envisaged and the corresponding structure of technology flaws should
be ditferent from what they are today; a fresh approach is called for. This does
not mean that the flow of technology to the modern sector and the application
of advanced technologies are unnecessary. On the contrary, it is essential to
upgrade the technology base in general, and it is obvious that to provide basic
goods and services, there are sectors of industry where advanced or improved
technology is clearly necessary. It would be difficult tc envisage a situation
where the dynamic influence of modern technology is no longer available for
industrial growth and development in generai. However, an examination of the
basic aims of industrial development icads to the conclusion that there must be
greater decentralization of industry and reorientation of the design and struc-
ture of production.

Such decentralized industry in the developing countries calls fo: technol-
ogies and policy measures that ofter have to be different from those designed
for the production of items for a different environment, that of the developed
countries. As a result, there is a two-fold, or dvalistic, approach to an industrial
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strategy. Moreover, the two elements in such an industrial strategy need to be
not only interrelated but also integrated.

In approaching the auestion of appropriaie industrial technology from an
examination of basic de' elopment needs, 2 mechanism is necessary to link and
integrate appropriate industrial technology to the overall development process.
Through such a process the concept of appropriate industrial technology could
be placed in the mainstream of the industrial development effort.

It is hoped that these mongraphs will provide a basis for a bet.er under-
standing of the concept and use of appropriate inaustrial technology and
thereby contribute to increased co-operation between developing and developed
countries and among the developing countries themselves.

It is also hoped that the various programmes of action contained in the
monographs will be considered not only by the forthcoming meetings of the
United Nations Conference of Science and Technology for Development and
UNIDO III but also by interested persons working at the interface over the
coming years.

Abd-El Rahman Khane
Executive Director
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Preface

To focus attention on issues invoived in choosing and applying appropriate
technology, UNIDO organized the International Forum on Appropriate Indus-
trial Technology. The Forum was held in two parts: a techni.  official-level
meeting from 20 to 24 November 1978 at New Delhi and a  1sterial-level
meeting from 28 to 30 November 1978 at Anand, India.

In response to a recommendation of the miristerial-leve. meeting,
UNIDO, with the help of a generous contribution by the Swedish International
Development Authority, is publishing this series of monographs based mainly
on documents prepared for the technical/official-level meeting. There is a
monograph for each of the thirteen Working Groups into which the meeting
was divided: one on the conceptual and policy framework for appropriate
industrial technology and twelve on the following industrial sectors:

Low-cost transport for rural areas
Paper products and small pulp mills
Agricultural machinery and implements
Energy for rural requirements
Textiles

Food storage und processing

Sugar

Oils and fats

Drugs and pharmaceuticals

Light industries and rural workshops
Construction and building materials
Basic industries

The monograph on the conceptual and policy framework for appropriate
industrial technology also includes the basic part of the report of the
ministerial-level meeting and some paners which were prepared for the Second
Consultative Group on Appropriate Industrial Technology, which met at
Vienna, 26-29 June 1978.

Xl
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PAR?T ONE
Issues and considerations




Note by the secretariat of UNIDO*

INTRODUCTION

Certain basic industrial materials and nroducts are esseatal to industrial-
izauion and consiitute the material bazis for industrial growth. In addition to
infrastructure such as energy supply and transsert, developing countries must
assess their needs for such basic materials and products and plan for ibeir
assured supply through domestic productior or through imports. Both the
quantitative and qualitative structure of doiaestic demand for such products
changes signilicantly with successive levels of industrialization.

Since an impottant objective of industrialization in developing ccuntries
is best use of domestic natural resources, the planned growth of industries based
on those resources is necessary. Exploitation of minerals and production of basic
metals, particularly iron and steel, where these resources are available, must
pe given high priority, taking of course other techno-economic considerations
into account. Similarly, the production of certain chemicals, petrochemicals
and fertilizers needs to be planned in relation to domestic resources and
domestic demand because such production provides the material base for a
large number of industrial and agricultural enterprises. The metal processing
sector, narticularly capital goods production, needs to expand rapidly because
it provides the basis both for the development of technological skilis and for
meeting the growing needs for machinery and equipment in ali production
sectors. Attention must also be given to industrial sectors which produce
processed basic materials for other industrial sectors. An analysis of the tech-
nological needs of the basic industries can illustrate the issues and implications
of technological choice.

Industrial sectors which e <ploit mineral resources or produce chemicals,
petrochemicals, fertilizers and capital goods are often called heavy industries
because of the large capital outlays they entail and the large scale of their
operations.

In this note some of the principal technological implications of tne pro-
duction of iron and steel, basic chemicals, petrochemicals, fertilizers, and
engineering goods are discussed in relation to the fulfilment of broader socio-
economic objectives, particularly industrial dispersal.

The issues of technological choice and application differ from industry to
industry. However, in all sectors the principal elements and implications of

* This note was prepared by Rana Ko DN Singh, now Director, Information Analysis
Division, United Nations Centre on Transnational Corporations : UNCTC), when he was Special
Adviser to the seeretanat of UNIDO).
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aliernative technologies and certain broad criteria for determining appropriate
strategies for investment and technology choice can be identified. Appropriate
strategies, however, require consideration of alternative technologies at all
stages of manufacture and possible co-operation and co-ordination between
production enterprises in a given sector. The investiment pattern and the range
of technological choice must be determined for cach stage of processing and
production. At certain stages of processing choice may be limited to certain
technologies ar.d scales of production: at other stages, greater flexibility can be
exercised in choosing technology and production scale. Suitable combinations
of investment and technology need to be identified in relation to available
resources, demand and other techno-economic considerations.

The traditional pattern of investment and technology choice for heavy and
basic industries presupposes large-scale production using sophisticated and
capital-intensive technologies from developed countries. The massive capital
outlays required by such projects are often not available in developing countries.
With growing control of some production sectors by relfatively few transnational
corporations, the implications of private foreign investment become particu-
larly significant. Such investments are inevitably related to the global policies
and production programmes of transnaticnal corpor:tions. At the same time,
more deveioping countries are becorning aware of the need to employ national
resources 1n the national interest. Several develoning countries possessing
scarce natural resources such as petroleum, natural gas and certain minerais
have succeeded in doing this thanks to their strong intsrnational bargaining
position. However, in developing countries where significant resource advan-
tages do not exist or cannot be effectively exploited, investment and technol-
ogical choice may be limited.

In addition to the availability of natural resources the flow of investment
capital to basic production sectors is also determined by both domestic and
foreign market conditions. Global production of steel, copper and certain
petrochemicals, for example, has achieved levels where prodrction costs and
prices have become increasingly competitive and significantly affect investment
in and techno!ogical choice for new enterprises or for expansion of existing
enterprises. In the engineering goods sector international competition has also
been increasing significantly. Nevertheless, developing countries have signifi-
cant resource advantages which they can effectiveiy use to establish and develop
basic industries in ways consistent with achieving their socio-economic
objectives.

OBJECTIVES

The principal objective of estabiishing basic industries in developing coun-
tries is to provide essential processed goods and to ensure better use of natural
and human resources within the framework of broad socio-economic goals. The
provision of basic industrial goods such as iron and steel and certain chemicals
and ferti"1z_rs 1s essential to balanced industrial growth and agricultural devel-
opment while the development of the capacity to produce engineering goods is
nccessary both for the growth of technological skills and to meet the growing
demand for machinery and equipment. Natural resources, particularly min-
erals, must be so exploited as to produce maximum advantage to the economy.

& e = ——— ——
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TECHNOLOGICAL ALTERNATIVES

Basic metals

The range of investment and technological aiternatives in the metallur-
gical sector must be considered at all stages from mining and ore extraction to
metal production. In mining the technological trend in developed countries is
towards highly mechanized operations. The extent of mechanization appropri-
ate in developing countries must be related (0 the need 1o create emplovment
opportunities. While technological improvments which provide greater safety
and efficienc * in mining operations should be adopted. mechanization which
displaces labour may not be suitable. The use of sophisticated mining equip-
ment may often not be necessary, except in handling operations at pit-heads o~
ports. At various stages of miner2! processing, however, mo2=rn and sor isti-
cated production techniques may be needed (2 improve product quality and
reduce production costs. Appropriate techniques and processes must be identi-
fied at each stage of conversion and processing. While traditional, labour-
intensive techniques may bc suitable at certain operational levels in given
situations, sophisticated and capital-intensive processing technologies may be
ieeded at other Icvels.

Alternative scales of production and related technology should be con-
sidered for the production of basic metals. In steel, aluminium, copper, zinc and
other metal production, scale and choice of technology must be related to
patterns of ownership, demand and availability of resources in a given country.
While sophisticated technology may be needed at various stages or processing,
alternative production scales may be considered for most such cperations. To
illustrate this point the range of choice in iron and steel production is briefly
described below.

Adequate production or assured avcilability of iron and steel is essential
to developing countries because these metals constitute the essential material
basis for industrial growth.

Production alternatives range from integrated steel plants producing
10 million t/a or more to plants produciag steel by electric smelting with
capacities of 20,000 t/a or more. It is estimated that a steel plant with a capacity
of 1 million t/a and employing about 6,000 persons would require an investment
~f $800 million. A plant of this or greater capacity would necessitate not only
a major capital outlay but would presuppose a detailed techno-economic ana-
lysis of raw material availability, demand, location, choice of process and
technology, choice of end-products, sources of financing and sources of ma-
chinery and equipment. The establishment of large integrated steel plants with
blast-furnaces and Linz-Donawitz (LD) oxygen converters must be based on
long-term techno-economic considerations and the use of suitable technolog'es
at each stage of production.

At the other end of the technological spectrum scrap-iron mclted in
eleciric furnaces can provide the raw materials for rolled steel rods and bars.
This process may be appropriate, particularly in smaller countries with limited
inteznal demand, although the availability of scrap may constitute a major
limitation. Between these two scales of production there arc maay alternatives.
High-grade ore can be converted into sponge-iron by the direct reduction
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process: in turn, the spenge-iron can be converted into steel in electric-are
furnaces. An integrated plant of this kind with a capacny of 300.000 t a
would reguire an investment of about $25C million. Up to ceriain levels of
capacity 1t would also be possible to use charcoal for the production of high-
grade steel.

Broadly considered these technological alternatives are available for steel
production:

(ai Blast-furnaces based on coking coal with oxygen conveiters supplying
molten steel to the rolling mill complex. Minimumi capacity s about 300,500 t a:
capacity could range up to six times that:

{b) Charcoal blast-furnaces with cxygen converters to supply molten
steel:

(c) Electric reduction with oxygen converters to supply molten steel:
minimum economic capacity would be about 50,630 t a:

(dj Direct reduction with electric-arc furnaces to supply molien steel:
capacity could range from 200,000 t/a upwards,

fe) Electric furnaces fed with scrap-iron to provide the raw material for
ste=! bar mills; capacity would be about 25,000 ta;

(/) Bar mills (re-rolling mills) fed with local or imported supplies of steel
billets: minimum economic capacity would be about 10,000 t a.

The selection of an appropriate technological alternative or alternatives
depe 1ds on various techno-economic factors. In large developing countries,
wherz the demand for steel is increasing rapidly, integrated mills using
advanced technologies may be needea to produce stcel at competitive prices.
Where forest rescurces are abundant, ciiarcoal blast-furnaces with oxygen
converters may be more appropriate. The electric reduction process is more
appropriate where low-cost electrical power s available and access to good
coking coal is limited. Direct reduction processes fuelled by gas are more
appropriate where oil and natural gas resources are available. Developing
countries at earlier stages of industrial growth might use electrical furnaces to
melt scrap-iron where scrap is available or can be supplemented by imported
sponge-iron. Developing countries with abundant iron ore might also export ore
and possibly participate in foreign mills processing such ore until techno-
economic conditions justify domestic production of processed iron and steel.

The range of technological alternatives Yor the production of iron and steel
is thus fairly wide. Comparable alternatives exist in other meta! industries.
Choice between alternatives must be exercised in the context of given situations.
Choice should also be exercised within the framework of a particular technology
at each stage of production.

Basic chemicals and petrochemicals

Domestic availability or domestic production of certain basic chemicals
constitute the material basis for a wide range of chemical end-products. While
end-preducts can be manufactured at various scales of production, technologi-
cal trends increasingly reflect large scaies of production and the use of highly
capital-intensive technologies. Plants are being made for petrochemical refin-



eries with throughputs of up to 10 millivn t-a of crude oil while ethylene
crackers are being designed for capacities of 500,000 t a and more. Large-scale
petrochemical producti.n has been increasingly undertaken in developing
countries with substantial oil or naturai gas resources or in large developing
countrics with growing tnternal demand.

Technological alternatives in chemicals and petrochemicals take various
forms and can be related to operational technology or tJ process technology.
At one end of the production spectrumn, a number of end-products can be
manufactured with particular types of equipment; thus, several plastic products
can be manufactured with the same type of machinery. The production cf
certain basic petrochemicals, however, requires heavy <apital outlays and
capital-intensive processes although, for most products, alternative technol-
ogies are available.

The production of chemicals and petrochemicals in developing countiies
must be carefully planned in relation to demand and availabiiity of raw mate-
rials. While the degree of domestic demand would determine he production
of certain goods, the production of vasic petrochemicals for expei can be
undertaken in developing countries rich in oil and natural gas resources. The
initial objectives of domestic production should be substitution of local goods
for imporis and provision of processed materials for domestic manufacture of
end-products.

It may be necessary to produce certain basic chemicals and petrochemicals
in large-scale units using advanced, capital-intensive technologies. Production
can, however, be devcloped in stages appropriate to local situations. It is
important, however, to ensure close co-ordination between production in large
plants and production in possibly dispersed satellite units. Dispersed manufac-
ture of intermediate and end-products from imported raw materials could also
be undertaken in countries where manufacture of basic chemicals ar.d petro-
chemicals may not be practicable for techno-2conomic reasons or because of
limited resources.

A wide range of chemicals can also be produced from alternative raw
materials. Various sodium products and derivates as well as several chlorine-
based chemicals can be produced from salt, for example. Alternative raw
materials entail the use of alternative technologies which may be suitable for
use in developing countries.

The pattern of technology application for chemical and petrochemical
production can be based both on alternative raw materials and on various scales
of production. Generally the raw-material base will determine the kind of
technology used. Choice of appropriate tecnnology must be related to the
availability of raw mater.als and other techno-economic considerations. In its
overall impact on society and the economy, however, the relationship between
the production of basic chemicals and their use in the manufacture of a large
variety of end-products may be more significant.

Fertilizers

While ensuring that basic and intermediate processed materials are pro-
duced on optimur scales using sophisticated and capital-intensive technol-
ogies, it may also b. appropriate to decentralize the production of fertilizer
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end-products to the extent technologically feasible. Ammionia, for example. is
peing increasiugly produced in large-scale units with capacities of 1.000 t d or
more 1ot onty in deveioped countries but in several developing countries as well.
Large-scale capital-intensive ammonia plants of increasingly large capacity
could be established eithr - in countries with significant natural resources or
where internal demand fc. .ertilizers would sustain such production.

It should be possible, however, to decentralize production of fertilizer
end-products, both in the interest of industrial dispersal and to allow production
closer to end-users. Intermediate or end-products could be transported in bulk
and blended at decentralized locations to produce appropriate mixtures for
local agriculture. Decentralized production of liuid fertilizers might require
advanced technology to transport intermediate products to decentralized, sat-
ellite units. Plant and equipment required in such decentralized units would
include bulk storage facilities and machinery facilities and machinery for
blending different fertilizer end-products.

Capital goods

Capital goods can be broadly classified 25 all goods, including infrastruc-
ture, which are used to produce other goods. The manufacture of plant and
equipment in developing countries must be seen from another perspective than
the production of hasic metals or chemicals. The latter usually needs to be based
on naturai resources unless internal demand is sufficient to justify the heavy
capital outlays necessary. Capital goods, on the other hand, must be produced
both to meet the growing internal demand for machinery and equipment and
to provide the opportunity for accelerated growth of domestic technological
skills and capability.

The production of machinery and equipment should be seen as essential
to the growth of technological infrastructure and technological capability.
While imported machinery provides the opportunity to learn how to operate
machines, it is necessary to transform and develop such skills into machine-
building capability within a reasonable period of time so that technological
dependence is not perpetuated and technological progress can keep pace with
the desired level of industrial expansion.

The engineering skills needed to design and build machines are essential
to the growth of indigenous technological capability. The relatively high
labour-intensity, which is characteristic of capital goods industries when com-
pared with continuous-process technologies in other sectors, can also provide
many eiployment opportunities where empioyment is a socio-economic goal.
In ac fition to providing a strong and diversified base for a wide range of
met~ working industries, capital goods industries provide considerable impetus
to the growth of domestic design, production engineering and production
planning capability.

Capital goods production in individual developing countries will foilow
different patterns but it will always be r -cessary to identify sectoral production
and technologica! gaps and, where relevant and possible, to select (a) labour-
intensive tech. ologies; (b} technologies which can operate efficiently on rela-
tively small scales of production; (¢) products whose intermediate components
are already or can be manufactured domestically on an economic scale.
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Different resource endowments and varying levels of technological cap-
ability make it impossible to prescribe a uniform pattern of product selection
or sectoral growth for all developing economies. Programmed growth of the
capital goods sectors must be considered in stages, depending on factor avail-
ability and technological capability. Initial efforts are often concentrated on
setting up repair facilities and producing spare parts. This level has been
reached in most developing countries.

Simple mechanical equipment and parts, such as structurals, simple
lathes, small pumps, compressors aud fractional motors, can be manufactured
on a relatively small scale and often in conjunction with various consumer
durables. Thereafter, machine-building capacity can be expanded to include
more compiex items requiring sophisticated production processes. The produc-
tion of heavy m=chanical equipment for the steel, fertilizer and petrochemical
sectors constitutes a third stage of development. The manufacture of electric
equipment can also be undertaken in stages. Initially transformers, insulators,
conductors, switches, insulated wires, small and medium-sized motors and
starters can be produced. Thereafter, equipment for generating and distribut-
ing electric energy locally can be produced as well as durable electrical con-
sumer goods. The third stage would include the manufacture of heavy equip-
ment, such as power boilers, turbines, generators, transformers, and circuit
breakers for large central power stations and high voltage transmission systems.
However, the transition to manufacturing sophisticated machinery is very
difficult and the comparatively higher capital outlays required, the longer
gestation periods and the unfavourable investment-output ratio in the early
years of production, which often characterize machine-building enter-
prises, necessitate a specific programme to ensure allocation of adequate re-
sources for development.

Programming the development of capital goods industries requires a radi-
cal modification of present industrial development patterns. Governments must
encourage producers, consumers, research institutes and training centres to
develop new industrial policy instruments.

Programming should not only identify specific products to be manufac-
tured, it should also evaluate technological alternatives in terms of socio-
economic costs and benefits, so that manufacturing priorities can be clearly
defined for each stage of development. The investment priorities thus defined
must be incorporated in the overall plan for investment and resource mobili-
zation.

The objective of sectoral programming is to establish broad priorities for
development planning and to close production and technological gaps in the
economy to the extent possible. It may desirable to develop export capability
for some sophisticated machinery products to achieve economies of scale.
Export capability can, however, generally follow domestic acceptance of a
product. Import substitution cannot be pursued beyond a limited point unless
internal demand is high and sustained or unless adequate export capability is
developed over a period of time. The presence of other factors such as economies
of scale, access to technological developments and production efficiency will
also have to be guaranteed before machine-building projects can be oriented for
cxport to competitive international markets.
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Use of appropriate technology in capital goods production is directly
related to the extent to which the manufacture of parts and components can be
subcontracted to medium and small-scale enterprises. It is through such sub-
contracting and deceniralization of manufacture that greater technological
skills can be diffused throughout the economy. Such decentralization would not
only reduce investment in individual plants but it would also be more cost-
efficient over the long term. Close technological and financial co-ordination is
necessary between enterprises producing parts and components and enterprises
assembling final products. As large machine-building enterprises expand their
production, the degree of subcontracting should be increased to ensure continu-
ing diffusion of technological capability and continuing dispersal of industrial
activity.

Capital goods production necessitates acquiring and developing technologi-
cal information. Such information can be obtained from external sources both
in develoned and developing countries. Technolegy from developed countries
is becoming increasingly capital-intensive as the result of greater automation.
more complex equipment and ever greater production capacities. Such tech-
nology is often not suitable for developing ccuntries at other levels of industrial
and economic aevelopment. Domestic demand in developing countries is gen-
erally for relatively simple but strong machines and structurals which can be
operated and maintzined effectively in prevailing conditions. The demand for
machinery and equipmeni in the dispersed sector also necessitates capital
goods of types and capacities often not available in advanced industrial econ-
omies. Hence there are both a pronounced potential and a pronounced need for
greater technological co-operation between developing countries in the capital
goods sector. Countries at intermediate levels of industrialization, with a grow-
ing demand for machinery and equipment of types and capacities generally
different froin those of developed economies, could collaborate in joint produc-
tion programmes to meet their respective needs. The flow of technology to
developing countries in the capital goods sector should also be increasingly
geared to greater domestic production of parts and components by small-scale
enterprises.

PROGRAMME OF ACTION

Developing countries need to identify specific production programmes in
basic and heavy industries. These programmes must be based on domestic
resources and technological capability. Such programmes should be directed
at production of essential industrial materials, including basic metals and
chemicals which can be processed into end-products by domestic enterprises.
particularly in the medium and small-scale manufacturing sectors. The pro-
duction of capital goods also needs to be undertaken in most developing
countries. The extent to which heavy industries can be established wili depend
on resource availability, technological capability and internal and external
demand. Sincc domestic markets in developir. countries are usually limi.ed,
heavy industrial production should be related as much as possible to regional
demand and joint production programmes with other developing countries
should be considered. ‘
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While certain stages of industrial production may require sophisticated
large-scale capital-intensive technologies to produce goods at internationally-
competitive prices. other stages of manufacture should use technologies
appropriate to the general level of domestic technological capability. Bread
policy guidelines should be drawn up to promote the maximum dis-
persal of industry. both geographically and to medium and small-scale
enterprises. Because conditions in many developing countries are similar,
technological alternatives available 1in other developing countries,
and greater technological co-operation between developing countries, should
be given particular consideration.




Report of the Working Group

INTRODUCTION

The crucial importance to developing countries of those industries which
provide the material base for industrialization cannot be stressed encugh. Such
industries include iron and steel, chemicals and pe*rochemicals, fertilizers and
engineering and capital gonds and can be called basic industries. These indus-
tries are essential for broad-based, self-sustaining industria! growth bec: use
they nrovide processed materials for other productive sectors of the economy.
They also ensure optimum utilization cf natural resources, an important objez-
tive of industrizlization in developing countries. The Lima Declaration and Plan
of Action has also emphasized the importance of such basic industries and the
Industrial Development Board of UNIDO has considered them as priority areas
for internatiorial consultations.

Since plans for the development of such industries should be an essential
component of the industrial growth strategy of developing countries, it follows
that the selection of appropriate technology in these industries is of critical
importance. The basic industries are essentially capital-intensive and selection
of inappropriate technology would result in a substantial misallocation of
resources which the developing countries can ill afford. The inadequate growth
of such industries could also impede the development of other sectors of the
economy.

It is necessary to recognize that technological options are available in the
basic industries. It also possible to disaggregate technologies and to identify
alternative technologies for specific subprocesses. 1t should, however. be noted
that technology is constantly changing and that what constitutes appropriate
technology must be viewed in a dynamic context. The conditions aud resources
of developing countries vary so that the importance of selecting technology with
reference to specific cruntry situations should be emphasized.

The developing countries should have access to technologies for the basic
industries ranging from traditional technologies to modern, capital-intensive
technologies. The choice of a particular technology should be governed by the
requirements of a specific situation. The overall international economy is also
relevant. The highiy infi..ted prices of capital goods and the growing debts of
the developing countries must be taken into account. In view of the increasingly
competitive market for products such as steel, copper and certain petrochems-
icals, the technology selected for the basic industries should be cost-effective
and of the requisite quality. It is also relevant to note that most technologies
developed in recent decades have been oil-based and that there is accordingly

12



13

a need te idenufy technologies particularly suited to otl-scarce developing coun-
tries.

Appropriate industrial technology is a functior: of policy objectives. re-
source endowments and conditions cf application as well as of economic and
social milieux and market size. Other important factors include utilization of
natural resources, semi-processed materials and intermediate products, cre-
ation of employment opportunities and ¢‘ffusion of benefits to the masses.
Factors such as lack of infrastructure or lack of investanle resources could limit
the selection of technology. Selection of technology nvolves its carefui charac-
terization in terms of mission (i.¢., production for evport or local consumption),
and type (i.e., whether based on equipment, product, process or a combination
of the three).

The role of adaptation in the successtul application of appropriate industrial
technology should be recognized and these quesiions should be raised when
considering the choice of a new technology: Does the ¢ “hnology need to be
adapted? Is the adaptation likely to be successful? Is the. technological capability
available to carry cut the adaptation?

IRON AND STEEL

Technology opticns

Broad technology options have to be considered from the stage of mining
and ore extraction to that of finished products. In the mining sector technol-
ogical trends in developed countries are towards highly mechunized operations
and handling. The extent of mechanization appropriate in developing countries
should be related to employment needs. While technological improvements
which provide greater safety and efficiency should be adapted to local condi-
tions, mechanization resulting in displacement of labour may have to be care-
fully evaluated. The use of sophisticated mining equip.nent may often not be
necessary except in bulk handling operations at pit-heads or at ports. At various
stages of mineral processing, however, modern and sophisticated production
techniques may be needed to improve product quality and reduce production
cruts.

Available alternatives for the production of iron and steel include:

(a) Blast-furnaces based on coking coal with oxygen converters supply-
ing molten steel to the rolling mill complex; minimum capacity would be about
500,000 t/a and capacity could range up to six times that;

(b) Charcoal-fuelled blast-furnaces with oxygen converters to supply
molten steel;

(c) Electric reduction furnaces with oxygen converters t.. -upply molten
steel; minimum cconomic capacity would be about 50,000 t/a;

{d) A direct reduction process with an clectric-arc furnace to supply
molten steel. Capacities range from 206,000 t/a upwards;

(e} Scrap-based electric furnaces to supply molten steel to bar mills:
capacity would be about 25,0C0 t/a;

(f) Bar mills (re-rolling mills) based on local or imported supplies of steel
billets; minimum economic size would be about 10,000 t/a.
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A country could adopt more than one of these technologies. depending on
resources and prevailing conditions, since they are not mutually exclusive and
may be used in combination. In large developing countries, where the demand
for steel is increasing rapidly, it may be necessary toset up integrated steel mills
using advanced technologies to permit production at competitive costs. In
countries with abundant forest resources charcoal-fuelled blasi-furnaces with
oxygen converters may be appropriate. An elec ic reduction process may be
suitable for countries with low-cost electr’c power and limited access to good
coking coal. Gas-based direct reduction processes are suitable for countries
with o1l and natural gas resources. Developing countries in early stages of
industrial growth may utilize electrical furnaces fed with scrap. if the supply
of scrap can be ensured or supplemented by imported sponge-iron. Developing
countries with abundant iron ore can export ore and could participate in
foreign steel mills using such ore until techno-economic considerations would
justify domestic iron and steel production.

The natural resource endowments, in particular iron ore and the reductant
(e.g., coal), are the starting points for selecting appropriate technology. Avail-
able resources will determine which processes and equipment are appropriate.
Required quality standards will also influence the choice of process and equip-
ment.

The adaptation of available technologies to natural resources is centra: to the
application of appropriate technologies. Indian experience, which showed that
the high ash-content of domestic coal ana the low quality of refractories
necessitated considerable adaptation of imported technology, underlines the need
for such adaptation. Thus it is important that at an early stage in the selection
of technology the need for adaptation should be investigated. Similarly, long-range
planning should co-ordinate tecknological choices with resource endowments.

Policy aspects

The location of naturai resources and the additional investment required
by decentralizing industry contribute to the centralization of industry. Decen-
tralization could lead to an otherwise avoidable increase in production cost and
in cost to end-users. At the same time there are specific situations in which
intermediate products could be finished in factories dispersed throughout the
country. The re-rolling of steel products, for example, could be undertaken in
decentralized plants. In this case centralized industry would confine itself to
production of intermediate products. The specifications of the rzquired iron and
steel products are relevant to detcrmining the extent of desirable decentral-
ization. Judicious consideration of the relevant factors is therefore necessary
before deciding whether or how much to decentralize the iron and steel
industry.

International co-operation

The experience of developing countries such as India in adapting technol-
ogy is relevant to other developing countries with similar problems, and efforts
should be made to share this experience.



/~\

Some countries have iron ore but not ths energy required to convert it. By
exporting iron ore to countries where energy is available, iron and steel pro-
duction in the develcping world could be increased. UNIDO should study the
possibility cf matching such resource endowments.

Developing countries urgently need to exchange their experience of all
aspects of iron and steel technology. The exchange of experience could be
promoted by personnel exchanges and by conferences. Training progranimes
could also be undertaken as part of co-operation among devcioping countries

Institutions in developed countries are undertaking R and D on iron and
steel technology which could produce findings useful to developing countries.
International co-operation to utilize the results of such research for the benefit
of developing countries should be encouraged.

BASIC CHEMICALS AND PETROCHEMICALS

The production of basic chemicals and petrochemicals in developing coun-
tries needs to be undertaken after careful assessmen® of deinand and of the
availability of raw materials. While domestic demand will determine the extent
to which certain products will be produced. the production of certain basic or
primary petrochermicals can be undertaken for export by developing countries
with abundant oil and gas resources. The objectives of domestic production
should be import substitution and supplying processed materials which can be
utilized by demestic enterprises to manufacture end-products.

Technology options

While end-products can be manufactured at various scales of production,
technological trends favour increasingly large scales of production and use of
highly capital-intensive technologies. In view of the significant economies of
scale arising from large-scale production and in the absence of viable alt rnative
technologies, the economic benefits arising from large-scale production out-
weigh the benefits of additional employment generated by small-scale produc-
tion. In developing countries it would, however, be possible to introduce less
capital-intensive technologies to handle materials, for example. Relatively
capital-intensive technologies which are being rendered obsolete in developed
countries by technological progress may also deserve the attention of developing
countries with limited markets and scarce investable resources. The use of
multi-purpose equipment would also contribute to the more effective utilization
of capacities.

Policy aspects

In spite of the large-scale production required by petrochemicals, for
example, end-products can sometimes be manufactured on a relatively smaller
scale. Basic petrochemicals, for example, can be produced in large plants while
end-products are processed in satellite production units dispersed throughcut
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semi-urban and rural areas. Such dispersed production of end-products can also
be undertaken in countries where the manufacture of basic chemicals and
petrochemicals may not be practicable for techne-economic reasons or because
natural resources are lacking. The manufacture of products such as poiyvinyl
chloride, polyethylene, and polyester fibres can be undertaken in medium-sized
plants. Product use can be significantly exiended both to meet demand for
consumer goods and to provide alternative materials for agricultural use.

To promote the dispersal of industry wherever possivle deveioping coun-
tries could earmark part of basic chemical and petrochemical production for
processing to end-products on a dispersed basis. To do so effectively would
require long-range planning taking both the availability of naiural resources
and technological options into consideration. Such planning would not only
ensure the selection of appropriate technology but would also reduce the cost
of acquiring such technology and promote the development of indigenous
technological capability.

The ecological implications of given technologies should be carefully
evaluated as an integral part of the process of choosing a technology. Ecological
implications derive both from the process employed and from the use of the
end-products. Pollution control technologies developed to date are usually
sophisticated and expensive, and further research is needed to develop appro-
priate technology in this field:

FERTILIZERS

In view of the critical impertance of fertilizer production for the growth
of agriculture, developing countries should establish poiicies requiring local
production of about 80 per cent of their needs.

Technology options

Large-scale technologies are necessary to achieve economies of scale. The
production of ammonia has been increasingly undertaken in large-scale pro-
duction units with capacities of more than 1,000 t/d not only in industrialized
countries but also in several developing countries. Large-scale ammonia plants
could be established in developing countries with significant natural resources
or where domestic demand for fertilizers would sustain large-scale production.

It should be possible, however, to decentralize production of fertilizer
end-products, both to promote industrial dispersail and to enable production
facilities to be located closer to end-users. Intermediate or semi-finished pro-
ducts can be shipped in bulk and blended at decentralized locations to produce
mixtures appropriate for local soils and local crops.

Policy aspects

Long-range planning is required to assure selection of appropriate tech-
nologies. Countries like Mexico have been able to select one technology which
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can be used in @ number of nlants and have theredy effccied siginificdant savings.
A similar step has been taken in Indonesii. In the context of long-term needs
developing countries should, therefore, investigate the possibility of acquiring
one technology for several plants.

Developing countries should considei adopting a policy to ensure that a
specific proportion of fertilizer production (say 25 per cent) is undertaken by
dispersed industry. This would also ensure that production facilities were
located as close to local markets as possible.

ENGINEERING AND CAPITAL GOODS INDUSTRIES

Engineering and capital goods industries are of critical importance to the
overall industrial development strategy of developing countries. Such industries
provide not only a wide variety of equipment for production of a wide range of
consumer goods and durables but also a basis on which technological capability
can be developed. By providing equipment and machinery to other industries
they also influence technological choice in those industries. The long-term
requirements of a given developing economy must be assessed to identify the
types of capital goods industries required.

Technology options

A wide choice of technology is avaiiable. For example, machine tools for
cutting and forging metal range from simiple. '~bour-intensive models to sophis-
ticated, automatic, numerically or computer controlled models. In many
structural and capital goods industries the production of such items as castings
and forgings can be farmed out to minimize the amount of capital investment
needed in any particular unit. The capital goods industries require. for example,
facilities for welding, machining, and heat treatment but these facilities need
not be concentrated under one roof. Similarly sub-assembling or the production
of components can be undertaken in a large number of satellite plants while the
parent unit confines itself to final assembling. Investment in the capital goods
industries can be optimized if factlitics are carefully planned and co-ordinated.

The extent to which facilities for production of capital goods should be
concentrated or dispersed depends on the situation in a given country. For
>vample, a country with ample financial resources but scarce labour mig..t
:r »nse relatively sophisticated, labour-saving equipment for use in a central
. ton.

Adequate attention shou.d be given to a number of related and important
considerations. A close relationship exists between process and equipment.
Knowledge of design, of design capability, and of the properties and use of
materials are important. There should be facilities for production of the spare
and repiacement parts needed to maintain capital goods since without such
facthities, dependence on the suppliers of the original equipment could be
considerable.
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Poiicy aspects

Establishment of enginecering and capital goods industries is a prereguisite
of self-sustaining industrial development. These industries can. however ve
established in phases corresponding to the stage of development and require-
ments of the country in question.

Inasmuch as the engineering and capital goods industries are basic indus-
trics essential to overall industrial development, it is important that these
industries be established as part of an overall development plan. The plan should
include a detailed analvsis of the technological inputs needed to ensure tne
developm :nt ot these industries.

There is als0 a need for development of adequate training facuities. How-
ever, in many countries the establishment of capital goods industries cannot
wait until trained personnel are available and efforts will have to te made to
provide on-the-job training. Such training should include not only instruciion
in operating machiu:ry and in s:ch skills as welding, forging and cutting metal
but it should also aim to develop the technological capability needed to evaluate
alternative technologies.

Policy rhould clearly define what capital goods are to be produced and
whether procuction would be centralized or decentralized. Policy decisions are
also needed to specity whether equipment and materials are to be standardized.
since in the absence of such standardization. the choice and application of
technology would be more complex.

International co-operation

The importance of regional and subregional co-operation in the production
of engineering and capital goods is obvious. Collaboration between developiny
countries could be an effective means of developing appropriate technologies.

The need and the potential for greater technological co-operation between
developing countries are particulariy pronounced in the capital goods sector.
Countries at intermediate levels of industrialization, which hive a growing
demand for equipment of ranges and capacities generally different from those
of developed economies, should collaborate in joint production programmes.
This is particularly true because the demand for equipment in the dispersed
sectors of developing economies will also necessitate manufacture of types and
capacities of capital goods often not available in advanced industrial economies.

POLICY OBJECTIVES

In view of the crucial role of basic indstries in promoting the growth of
other industries, developing countries should take the necessary decisions to
establish thein. The establishment cf such product.on capabilities should be
brought within the fraumework of overall development strategy and of an
industrial development plan which take the long-term needs ot the economy and
the availability of natural resources into account.



The kind. guontty and guziny of oo resvurces avaitabic shoeuld de
termine the seicction of technotogy. Techaologies selected should be aduptable
for use in s maay production units as possible. Environmental aspects of the
use of technolugy should be given due atiention.

To secure economies of scale the technology selected for some basic
industries mav nave to be capital-iniensive and suited for use in centralized
locations vut significant scope should be allowed for dispersai of production of
intermediate and end-products. Develeping countries should svstematicaily
explore such possibilities. espectally in iron and steel. petrochemical and
fertilizer production.

Each developing country shouid be enabled i0 select appropriate technol-
ogy in the light of its own needs and conditions. The responsibility for the
selection of technology rests ‘#ith each country. Developing countries should
take measures :o strengthen their technological capabilities and to promote
co-operation among themselves not only in production and maintenance tech-
noiogy but also in such related technolcgical areas as R and D. consultancy,
design and engineering, standardization. technology evaluation and negotiation
for acquisition.

PLAN OF ACTION

Development of technological services is of paramount importance for the
selection and application of appropriate technologies as well as for the gener-
ation of new technologies. Special regard should be pzid to adaptive and applied
research including production-oriented and preblem-solving technological ser-
vices such as consultancy and design engineering. Access toexisting knowledge
and the ability to use it should be promoted and the innovative capabilities of
the technical personnel of developing countries should be actively encouraged.

National level

Developing countries should take steps to:

(a) Make systernatic survzys of their natural resources;

(h) Formuiate technology plans and policies for the basic industries;

(¢) Institutionaliz. the evaluation, acguisition and moniioring  of
technology:

fdj Upgrade their capabilities in the fields of consu'tancy, design engin-
eering, standardization, and technology evaluation;

fe; Promote R and D on practical problems and encourage commercial-
ization of the results of such research.
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Co-oneration among developing countries

Developing countries should be encouraged to exchange experience and
expertise svstematicaliy through visits, seminars and training programmes.
Such co-operation should include evaluating, acquiring and monitoring tech-
nology and surveving natural resources. Developing countries should also
identify their complementarities and promote activities to exploit them.

Action by UNIDO

UNIDO should provide consultancy services and technical assistance to
developing countries to enable them to carry out the national programme of
action. Specifically, UNIDO should:

(@) Promote and assist the establishment of centres of excellence for
specific basic industries to identify problems, to conduct R and D, to dissem-
inate information and to train personnel. Such centres could be established on
an international, regional or subregional basis;

(bj Promote systematic co-operation between existing technological insti-
tutions in developed and developing countries;

fc) Facilitate the flow of technological information in the basic industries
through its Industrial and Technological Information Bank:

(d) Undertake or promote training activities to upgrade the technological
capabilities of labour in developing countries;

(e) Formulate guidelines for the evaluation of technologies and techno-
logical capability in specific sectors;

(f) Sponsor research on critical technological problems of common con-
cern to developing countries by helping to identify the problems and locating
sources of finance for the required R and D.

The existing institutional base of UNIDO should be expanded and streng-
thened to secure the effective implementation of the above activities.



PART TWO

Selected background papers




Basic materials industries:
aspects of technology choice and
industrial location

K. H. Yap*

Key factors

The choice of process technology is a key factor in the development of basic
materials industries. Location, too is vital, bearing in mind sources of raw
materials and eventual users. Another major factor is technological develop-
ment itself. New materials are developed and new processes render older
materials and processes obsolete. In developing countries the establishment of
basic materials industries is closely linked with general development.

Interrelated technology patterns are common in industries whose proces-
ses cause fundamental changes in the physical substance of materials. In the
chemical industry, for example, the desalinization of sea water by electrodi-
alysis also results in the production of salt and of a number of chlorine-based
chemicals which can be used in the production of plastics, synthetic fibres, pulp
and paper, soap and detergents, insecticides and glass.

In a developed industrial structure the demand for end-products can to a
large degree be predicted and economic plant size can be estimated on the basis
of such predictions. In countries with a developirg industrial structure a
different approach is often desirable. What is needed is a diversification
strategy which includes an inventory of available resources, a description of
related technological processes and a projection of end-product requirements.
In the example cited this would mean estimating human salt consumption on
the one hand and the requirements of industry for chlorine-based chemicals on
the other. Patterns of rapid growth might suggest decisions favouring larger
units among the range of eccnomically viable production options; on the other
hand they might also indicate weaknesses and the danger of technological
obsolescence. In such a case it would be better to choose among alternative
smaller units.

As industrialization progresses the interactions between diversification
based on natural resources and demand based on the needs of industry become
more complex. The technology development strategy will have to evolve cor-
respondingly.

* Dircctor, Centre for Management and Industrial Development (CBO), Rotterdam,
the Netherlands.
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STRATEGIC PLANNING

Linking industrial processing sites with the sites of natural resources and
points of entry for imported materials, on the one hand. and with location of
domestic and foreign end-users. on the other, is a key element in industrial-
1zation strategy.

Industries not located at the source of raw materials require an assured
supply of raw materials. Stock formation, recycling and use of alternative
materials are ways to ease dependence on distant sources of raw materials. Raw
materials should be supplied to standard technical specifications. Pricing is also
important. Overpricing would have an unfavourable effect on subsequent pro-
cessing. Production costs must not exceed selling prices. The capital intensity
of basic materials industries would, in such instances, cause an indirect
irrational burden on the sector and the entire economy. Such a burden would
also occur in case of oversized but underused production facilities.

Various stages can be distinguished in the development of diversification
patterns. To develop an effective pattern of supplying raw materials to end-
users a distribution system must be evolved. Such a pattern may be based on
the location of sources of raw materials or on the settlement pattern of end-
users.

Fertilizers provide an example of a product which is distributed to a
diversified zroup of end-users. The basic production of raw materials is largely
determined by the location of deposits or of petrochemical complexes or, if
imported raw materials are used, of their entry points. End-use patterns vary
with soil conditions, crop types and planting practices. Mixing and blending the
basic ingredients near the end-users would have advantages. Transportation
and storage facilities will influence the distribution system.

Overlapping sectors

Various types of intrasectoral systems will evolve as higher levels of
development are reached and will produce new patterns of specialization or
require new scales of operation. New scales of operation do not always mean
larger scales of operation. The breakthroughs in electronic mintaturization in
the last decade are a striking example of a trend towards smaller units.
Mandatory incorporation of quality standards will also influence the structure
of systems. The interdependence of distribution and transportation has been
referred to above. It is particularly important, for instance, in the construction
and building materials sector in which various types of materials from dispersed
sources are often used at the same location. These resources will increasingly
acquire the character of industrial products as development attains higher
levels. A subsector in which this tendency is particularly pronounced is the
cement industry. In the last two decades the vertical kiln process has made it
possible to set up economically viable dispersed small-scale production units
which have the additional advantage of utilizing scattered limestone deposits
to supply cement for local construction activities. The action radius of these
smaller plants will depend on topographic conditions, the volume and rate of
construction activity and the demand for cement.
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Technology choice at plant level

After beneficiation, further processing of ores and minerals results in a
variety of semi-finished products which serve as basic materials to other indus-
tries. Because of the geographically uneven distribution of ores and minerals,
material substitution has long been recognized as a major area in which applied
technological research can contribute to redressing structural balance-of-trade
problems.

Iron ore, for example, is usually reduced in a blast-furnace using coke. The
melten iron is converted into steel in oxygen converters, a process which, in the
last twenty years or so, has become the main one for steelmaking. The steel is
then rolled in a rolling mill. Integrated iron and steel plants of this type may
range in capacity from a few hundred thousand to more than 10 million tonnes
a year (t/a). Ordinarily, a steel plant of 1 million t a capacity would require an
investment of from $800 million to $1 billion and would provide employment
for 8,000-10,000 persons. It isevident that for any economy such an investment
requires careful choice of location, technology and end-products.

The availability of iron ore and good coking coal, the incorporation of
technological innovations and the utilization of by-products must also be con-
sidered, as well as the special problems of commencing operations and of
day-to-day operations. Based on reverse integration, operations could begin
with a relling mill; steelmaking and iron production could follow at later stages
Steel can also be produced by electric smeiting from pig-iron, sponge-iron or
scrap. The capacities of electric furnaces range from 20,000t a upwards.
Capital investment for a 100,000 t-a plant would require a capital investment
of about $25 million and would employ 800 persons.

Other technological possibilities have been explored in the last two dec-
ades, such as the use of charcoal in blast-furnaces in areas where forest wood
is abundant.

There are the direct reduction processes in which gas or coal can be used
to reduce the iron oves.

These processes require relatively high grade ores, that is, ores with an iron
content of 65-67 per cent. Direct reduction results in the production of sponge-
iron, with a metallization approaching 91-94 per cent Fe. Sponge-iron is
subsequently processed in electric-arc furnaces into steel. From 1950 to 1975
many different processes for steel production by direct reduction of iron ore in
conjunction with electric-arc furnaces were investigated. Some have been put
into commercial operation in the last 10 years. Capacities range from
150,000 t/a to 1.5 million t/a. A 500,000 t/a integrated plant utilizing the
direct reducticn process would require an investment of about $250 million and
would employ 3,000 persons.

A clear trend is discernible towards lower ranges of optimal plant capac-
ities. This provides a higher degree of flexibility and improved possibilities for
situating first-stage processing operations near ore deposits. The choice and
application by Indonesia of a direct reduction process developed in Mexico
exemplifies technology transfer between developing countries. In Brazil abund-
ant forest resources and a limited coal supply have led to the development of
charcoal blast-furnaces.



™

2n
(General considerations

Reference has been made to salt, hydrocarbuns. mictai ores and varicus
non-metallic minerals as some of the natural resources on which basic materials
industries can be established. Primary aims in deveicping these industries are
to increase domestic value added and to strengthen the materials supply to light
industries and other nrocessing activities. The availability of basic materials will
provige the basis for new development opportunities. Availability cf suitable
process technologies are of course a prerequisite to these developmeats. Tech-
nology should be chosen in a dynamic long-term: context. Some main factors
in choosing technology are the patterns of international trade. production
specialization and resource availabuiity.

Resources

Most ore mined in developing countries is still being exported in run-of-
mine condition to industrialized couutries. In the coming decades technoiogical
developments will probably permit developing countries to produce a greater
share of processed iron products than is now the case and local production in
developing countries will be increasingly able to mee. iron and steel require-
ments. Local processing of bauxite and aluminium is still limited to a few
locations. Although production statistics indicate that developing countries are
consuming more fertilizers domestically, 2 more intricate distribution pattern
of production facilities will have to be considered. Potash and phosphate
deposits are concentratec in relativeiy few locations; natural gas and other
sources of nitrogenous fertilizers are, however, widespread.

Setting up a given plant requires consideration not only of availability of
raw materials, of potential markets and of appropriate ‘echnology but also of
infrastructure, especially of energy and water supply and of transportation. In
urban and developed areas these facilities are largely available through existing
public utilities. In rural, remote and underdeveloped areas it is usually necess-
ary to develop these facilities. Often the best locations for basic materia's
industries are found in relatively undeveloped regions.

The establishment of a plant will affect the area in which it is located and,
from a general development point of view, it may be desirable to d’'stinguish
direct process requirements. plant organization requiremernts and general area
requirements. Process requirements are directly related to technology choice
and arc an integral part of the plant’s techno-economic structure. Plant organ-
ization requirements are often of a broader nature: they might include housing
for plant personnel, educational and medical-care facilities for dependants,
development of roads and transportation facilities and are dis.unct from pri-
marily commuaity-oriented infrastructure. In remote areas, the development
of such facilities often requires considerable investment. These facilities could,
however, be extended to serve a larger group of the local populatior. Such
benefits could also be derived from basic materials industries situated in urban
or more deeloped areas, but they are most important in rural, remote or
relatively undeveloped areas. While economic viability is the basis of direct
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process operations, it wouid dbe desiradic (0 approdcii iiic prujeci as o wilivie, 1ot
as a single-purpose industrial undertaking, but as a primary nucleus for area

as well as sector development. In other words, it is advisable to consider basic
materials industries as new central places in a much wider framework.



Choice and adaptation of
alternative technology for the

iron and steel industry
B. R. Nijhawan*

There are many technological alternatives for iron and steel production.
The selection of alternative technology is complex and inany non-technological
factors must be taken into consideration.

A few cases will illustrate the complex issues tnvcived. Afghanistan. for
example, has abundant rescurces of high-grade iron ores and ample reserves of
high-grade natural gas. These major resources can be used to produce high-
grade sponge-iron which, in turn, cen be easily processed into steei. But
Afghanistan has no rail or road transport system in the mountainous areas
where the ore deposits lig, the domestic iron and steel inarket is very small and
the export market is nil. These non-technological factors, namely. the lack of
infrastructure and a very iir..ted market will determine the choice of technol-
ogy forinitial iron and steel production to meet Afghanistan’s domestic require-
ments of 25,006 te 50,000 t-a in the form of light sections and angles for the
building industry. As trained manpower becomes increasingly available and
infrastructure and markets develop, the couniry can plan for alternative tech-
nologies to meet growing rieeds.

Bolivia also has high-grade iron ore deposits and abundant natural gas
resources. While the domestic steel market in Belivia is small, Bolivia can
export the high-grade ore to Argentina which needs this raw material for its
expanding iron and steel industry. Reciproca! irade projects between Argentina
and Bolivia are now in the active planning stage.

In addition to high-grade iron ore and natural gas, Malaysia also has large
rubber forests. The limited domestic steel market makes a small charcoai
blast-furnace and conventional Linz-Donawitz (LD) oxygen steelmaking inte-
grated into a small to medium-sized plant the optimum technological alterna-
tive. This alternative was selected by Malaysia and the Malayawata steel plant
is using this technology to produce a profitable mix of iron and steel products.

In Brazii side by side with large integrated iron and steel plants with
capacities or 1 million t/a and more, the charcozal-based iron and steel industry
in the privat: sector is producing high-grade foundry iron and basic ircn for
steeimaking at the rate of well cver 3.5 miilion t/a. The relatively purer high-
grade foundry iron is exported at a premium price, earning rich dividends in
foreign exchange which are being used to finance expznsion of the charcoal-
based iron and steel industry to a planned capacity ¢ 9 to 1O miilion t a by 1985,

* Senior Interregional Adviser, UNIDO.
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Other forest-rich countries like the United Republic of Cameroon. Nepal
and Paraguay are also considering tne technological aliernative offered by
charcoal-based processes for establishing their own iror and steel industries on
optunuin scales.

The choice of alternative tecknology must therefore be based on various
considerations ranging from availability of raw materials and other natural
resources to 1nfrastructure and market potential.

The goal of indigenous steel prodnction is to provide the light and heavy
engineering industries with their basic raw materials and thereby promote the
econcmic development and industrial growth of the countryv. This goal is
important for all developing countries.

Alternative technologies

The table summarizes the many technologies available for iron and steel
production.

The table is self-explanatory but the following points should be noted:

(a) The choice of processes, equipment and scale of operations is wide;

(b) Small, semi-integrated (steelmaking plus rolling) plants can be oper-
ated with scrap at scales as low as 20,000 t/a;

(cj Pig-iron can be produced at scales as low as 5,000t a;

(d) Small, integrated plants based on the charcoal blast-furnace can be
operated at scale. as low as 100,000 t’a. Sponge production for export is an
interesting option for some developing countries;

(e) In some cases only semi-products (slabs, blooms, billets) are produced
which are then processed eisewhere in the country or exported. This is an option
for some developing countries.

It shouid also be noted that some developing couatries are in a better
position to advise and assist other developing countries in the choice of certain
optional processes {charcoal-based iron and steel production, for exainple) than
are most developed countries.

The selection of process and equipment best suited to local conditions is
important to the success of a new plant. The table indicates aiternative tech-
nologies in actual use today: it also indicatcs the normai ranges of production
capacity, required staff, required construction time and cost. These figures vary
widely depending on local conditions and should be considered rough estimates.

The present unused stee} production capacity in the industrialized world-
many plants are operating at 60 per cent of rated capacity-largely precludes
new or expanded production for export in the developing countries. The ecor-
omies of scale and quality standards needed to compete in export markets
combined with the existing excess capacity of the heavily industrialized coun-
tries necessitate the most costly mcdern technology. This consideration as well
as the prectice by developed countries of dumping excess steel production on
the world market make it extremely risky to plan to operate a plant at 100 per
cent of capacity on the basis of export sales. Severe competition and the
difficulties of meeting principal and interest payments on new plant and



TABLE - TECHNOLOGICAL ALTERNATIME

Type Material Process Product
al Billet Bar Section nmull Bare, light sections
a? Cold coil sheet — Coating line ——— QGalvanized sheets, tin plates
] a} Hot coil Tube pipe machine Tubes. pipes
B! Hot cail Cold rolling mill ——— Coating line Flats
2 Bloom Billet Bar Section mill Non-flats
b3 Slub - Hot rolling mill Cold rolling 1nill Coating line Flats
Scrap ——— — Ingot —
I1. Spongeiron +— EF — cC I Rolling mill —— Mainly non-flats
Cold pig ——
a Charcoai —— N L
t— Charcoal BF —— Foundry pig iron
Ore
Charcoal i — Ingot — - o Mainly
HL b Ore r— Charcoal BF —— LD —— CC —. Rolling mill non-flats
Non-coking ccal Electric reduction l Non-flats
¢ om-ooKINng 0o i iron smelting — LD — M8t T Rolling mill — - ‘on-Hiats
Ore —— furnace —CC — and flats
urnace
Coke - — Ingot — . . Non-flats
1 ] - _
2l 5 — BF LD __CC— Rolling mill and flats
5 Gas (or coal) - - — Ingot — . g — Non-flats
2 High-grade ore 1~ DR EF ——cc— Rolling mill and flats
Iv.
b1 Coke T} BF —— L.D -~ CC —— Slabs, Blooms, Billets
Or¢ — —
» Gas (or coal) 4 o )
b High—gradcorc_}_ DR DR pellets
Gas (or coal) R . . .
3 : ~—EF - labs S 2t
b High-gradcorcf DR EF CC Siabs, Blooms, Billets
Note: EF clectric furnace: €CC continuous cisting: BE blast furnace: 1.D [ inz-Donawis.
DR direct reduction.

4 Figures in parentheses pive range of capacities of works employing the technology
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Period of

Cuapaciny™ Nunther of construc- Capital

ol works  emplovees  tion invesiment
Cousntries to which most applicable {ihH1 e u opersons. yedfrs ‘millton $)
Countries with very low steel consumpticn and with- 30 200 2 3
out any significant raw materials. Material-supply- (10-100)
ing countries often supply finance and technology
Very few countries use these types; but types may 500 1 200 2-3 73
become very important for regional and subregional (100-
co-operation in connection with types [V, b! and b’ 1 000)
Developing countries. Availability of scrap at reason- 100 800 2 25
able prices is most important. World-wide spread of  (20-400)
DR pellets may greatly contribute to the develop-
ment of this type
Highly recommended for those countries which have {0 50 2 1
forest resources and are going to initiate steel indus-  (3-40)
tries
Countries with forest resources may become self- 200 2000 2-3 100
sufficient in steel utilizing this type with relatively (150-
low investment 400)
Countries with abundant clectricity with Jow-cosi 200 2060 2-3 100
but good coking coal may advantageously employ (150-
this type 1 000)

. . . 1 000 6 000 3-6 80
Applicable for countries with large market and rela- (300- ’ : 0
tively high level of industrialization 10 000)

y . o . 00 3000 33 2s
Gas-rich countries. Flexibility in scale of works is also (?50_ 0 0
advantageous for developing countries i 500)

. . . . 2000 4000 5-6 1200
Ore-rich countries may have this type with long- (2 000-
range export agreemernts of semis 16 000)

Gas-rich countries may contribute to the develop- 1 000 1500 3-4 150
ment of type I in many developing countries by (1 000-
stable supply of pellets 5 000)

. . . .. . 1 000 2300 4-5 400

Gas-rich countries may have tnis type with long- (1000-

range export agreements of semis

3000)

e —— —————
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equipment make it prudent to limit excess capacity to what is actually needed
to meet expected demand during the first vears of operation. It should alsc be
noted that projections of demand and prices can easily tluctuate by 10 to 20 per
cent and that careful consideration should be paid to the consequenc.s of lower
demand or lower prices.

International co-operation

International co-operation in iron and steel production might include:
fa) technical assistance and co-operation between developing countries; (b
technical assistance and co-operation betweern developed and developing coun-
tries; (c) technical assistance promoted by United Nations agencies and cther
international organizations.
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Appropriate technology for the iron
and steel industry

R. K. Iyvengar and S. Ramachandran*

INTRODUCTION

This paper surveys India’s efforts to find an appropriate technclogy for the
production of iron and steel.

Choice of appropriate technology should be guided by these consiaer-
ations:

(@) Minimal coasumption of non-renewable natural resources:;

(b) Direction of economic growth towards satisfying needs rather than
wants;
(c) Concentration on technologies requiring a low capital to output ratio.

Appropriate technology should contribute to a production system which
mobilizes human resources and supports them with first-class tools. It should
also contribute to creating a closer relationship beiween the organized and
unorganized sectors of the economy so that they may grow together. Toachieve
this the resources of the modern industrial scctor must be used to raise the
productivity of the rural sector.

Before 1950 the steel industry fulfilled most of the criteria for appropriate
technology. It was not highly capital-intensive, it employed many people, the
plants were near sources of coal or iron ore and most of the steei was produced
for domestic consumption. The subsequent development of steel technology
away from these criteria of appropriate technology followed technological
developments in other industries. The economics of the new technoiogies
demanded increased throughput. With bigness came speed, and speed at high
temperatures required more automation and increasingly skilled labour. As
production capability grew, demand for raw materials increased. Since local
resources were either insufficient or unsuited to the higher production rate, it
became necessary to import raw materials. At the same time increased output
flooded domestic markets and it became necessary to find export markess to keep
production units operating economically. The net result of all this was a
decreased need for unskilled labour, increased dependence on imported raw
materials and on foreign markets and such an increasz in the size of plants that
the capital investment requirement per tonne of steel produced increased
zeometrically.

* Research and Development Division, Steel Authority of Iadia Ltd., Ranchi, Bihar, India.
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I Inidia attempted to implement post- 1930 steel technology in the context
of a feudal social svstem. it was because no one realized that socio-economic
factors influence industrial growth. I+ was sincerely believed that sophisticated
technology could be used economically in a society in which most people had
not even seen a simple machine. Traditional Indian stee! technology did use
local iron ore and coal. It did produce iron and stee! for domest™-: consumption
and 1t did employ a larger number of workers per unit of capital invested than
did the t=chnology used in developed countries. However, capital investment
required per worker and per unit of output has increased disproportionately.
This trend will continue if India continues to use present ironmaking technol-
ogy. Finaliy, India’s inabiiity to increase output through indigenous technol-
ogical innovations and its reliance on foreign experts underlines a chronic
problem which is due to social attitudes, administrative policies and lack of
training, education, organization and discipline in technological fields.

DEMAND

Per capita consumption of steel is one indicator of econcmic prosperity.
Long-term trends in steel consumption are principally determined by the level
of economic development and by the structure of the economy. Although
short-term variations in steel consumption and overall economic activity will
occur periodically, both steel consumption and gross domestic product continue
to tncrease when the cconomy has reached industrial maturity.

Certain features of the Indian economy have directly influenced the
pattern ar 4 level of steel consumpticn. Of the 7.5 million tonnes of finishe d steel
produced during 1977-1978, about 4.5 millicn tonnes, or about 60 pe: cent,
were nonflat products mostly for the construction industry; the remaining
3 million tonnes were flat products supplied to manufacturers of industrial
goods. As the industrial economy develcps, the percentage of nonflat products
should fall.

In India the major steel buyer is ithe organized urban sector. Nearly 80 per
cent of total domestic sales by the Stee! Authority of India Limited (SAIL) plants
during 1977-1978 was to ten urban ceatres; indeed the four metropolitan
centres, Bombay, Calcutta, Delhi and Macras, accounted for 40 per cent of
total consumption.

One way to increase per capita consumption of steel is to increase con-
sumption in rural areas where 80 per cent of the population live. Increasing the
purchasing power of the rural population will require deveiopment of both rural
infrastructure and rural industry.

To date the iron and steel industry has taken the domestic market for
granted and made no special effort to strengthen the rural market for steel.
Techrical guidance puolications should be produced in local languages to
inform and educate che rural population in the uses of steel and exhibitions and
films could illustrate the agricultural and rural uses of steel for houses, farm
buildings, tools and machninery.

To promote the use of steel in tie rural sector SAIL has now appointed
a production group and a marketing and distr.bation group. The production
group has suggested setting up workshops on a pilot basis in four geographical

e ——— e ————— -
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areas 1o promote rural use of steel. The marketing effert wili be based 2n local
entrepreneurs gulded by SAIL personnel. If the scheme is successtul. it is
estimated that it wou!d increase the demand for steel products by 300.000 e
1 million tonnes.

CAPITAL COSTS

The steel industry is capital-intensive. The capital investment in plant
required per tonne of steel produced has risen over the past two decades more
than threefold; the capital investment required per employee hasalsoincreasec.
At the same time the ratio of turnover to invested capital has decreased. These
facts suggest that present steel technology as a whole cannot be considered
appropriate for developing nations.

In general, in an integrated steel plant ironmaking requires 20 per cent of
capital invested; steelmaking, 15 per cent; rolling mills, 30 per cent; supporting
services, 35 per cent. Supporting services include provision of emergency
power; oxygen production; water treatment; machine, structural, foundry and
forge shops; production of refractory materials; internal transportation.
Clearly, one major cause of the high capital investment requirement is the
investment required for supporting services. It might be possible to spread this
amount by establishing satellite and ancillary plants near the main integrated
steel plant. In the future it may be possible to exclude some of these services
from the steel plant by introducing less capit. l-intensive technologies which
also employ more labour.

RAW MATERIALS

The blast-furnace (BF) process is currently the predominant ironmaking
process; it accounts for over 97 per cent of world production. However, it
enjoyed its greatest popularity and success when cheap ccking coals were
abundant and energy costs were low. In India, however, as in most developing
countries, the required quality of coking coal is not available and it has been
difficult to introduce optimal ore treatment processes.

In India the coke rate is 700-800 kg per tonne of pig iron and productivity
is about 1.3 t/m3 per day as compared to 450 kg per tonne of pig iron and
2.3-2.5 t/m? per day in Japan. Hence in view of the techno-economics of
furnace operation, the high investment for the BF complex and the depletion
of coking coal deposits in India, there is a need to develop and adopt an
appropriate technology.

FUELS

Fuels constitute another major problem. Reserves of coking coal, a non-
renewable resource and a key raw material in the production of steel, are found
in only a few places in the world and are being consumed at a rate that pases
a severe threat to developing countries like India. To meet this challenge a
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number of techinologics hiave teen developed to reduce or totallv eliminate the
use of coking coal. One technelogy substitutes the injection of coal slurry,
natural gas and tar or pitch. This is an attractive process since the equipment
neeced is simple and relatively inexpensive. Eighty per cent of world pig-iron
output is now produced by some fuel injection process. However this technology
does not entirely meet India’s appropriate technology requirements because oil
and naiural gas are alsc non-ienewable resources. Tar and pitch on the other
hand, which are produced in the steel plant, meet Indian c. -eria of appropriate
technology. The technology of pulverized-coal-slurry injecuion which is suc-
cessfully used in China, the United States of America and on an experimental
basis in the Union of Soviet Socialist Republics, aiso meets Indian criteria of
approp'iatc technology. However the coal-slurry injection process requires
expensive and complex equipment and must employ coal of lew ash content,
which is scarce in India.

Charcoal-based BF ironmaking is well established in a number of countries
including Argentina, Australia, Brazil and Malaysia. In Brazil, current produc-
tion is over 5 million tonnes a year. Where forest resources are available or can
be developed this technology may be appropriate. Brazil is setting up 2 major
steel producing complex based on charcoal in conjunction with a large forest
development scheme.

Smail 2nd low shaft furnaces require low capital investment and appear
to be suited to small markets but not very much information is available for
techno-economic analysis of these furnaces.

Other alternatives for reducing consumption of coking coal include blend-
ing charges, grain size adjustment of coal fines, oiling, and the use cf non-coking
coal. However, to prevent environinental pollution with these techrologies,
sophisticated and expensive equipment is required which is difficult to install
in existing coke ovens.

The briquette-blending coking process, in which a mixture of coal fines and
briquettes is coked in conventional coke ovens, allows a reduction in coking coal
of up to 30 per cent less. Additional capital investment is required only for the
briquetting equipment. This is another appropriate technology which could find
wide application in existing coke producing plants.

A formed-coke process might solve both the problems of scarce, unevenly
distributed coking coals and environmertal poilution. Despite many successful
trials, adoption of this process on a wide scale would require further develop-
ment of carbonization furnaces and large-scale hot-forming machines with a
long life, the availability or development or binding additions and the develop-
ment of a BF technology suited for use with formed coke. Major impediments
to the rapid adoption of this technology are the capital investment in existing
coke ovens which have a long life (20-30 years) and the need tc maintain the
energy balance of steel plants which now depend largely on coke-oven gas.

CONVERSION

The technology of converting pig-iron to steel has been con*inually chang-
ing for the past 100 years. The present technology of pncumatic oxygen
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blown oxygen process (BBOP) have dlsplaced the open-hearth (OH) process
which required an external fuel supply and which posed severe environmenta!
pollution problems. The pneumatic process, on the other hand, is more auto-
mated and therefore employs fewer people per unit of capital invested.

Choice of process affects to some extent choice of raw materials and fuel
consumption. BBOP permits more flexible operation in terms of product
quality, permits easier recovery of the rich off gas and consumes less fuel. For
integrated steel plants BBOP technology represents a greater advance towards
appropriate technology than does the LD process. BBOP requires 10 per cent
less capital, can increase output per unit of capital invested, is a simpler
technology, requires less raw material such as burnt lime, facilitates environ-
mental control and reduces the strain on fuel and other resources at the BF.
Further improvements in this process might also reduce the capital to output
ratio.

Processing liquid steel into semi-finished preducts raises _he question of
the appropriateness of continuous cas:ing. With respect to the capital to output
ratio, it is cheaper to produce small tonnages of flat and nonflat products by
continuous casting than by conventional ingot casting, blooming and billet
mills, but as plant size increases and approaches 2.5 millinn t/a, this advantage
is reduced, especially for nonflat products. For heavy structural and forging
quality steel, continuous casting is not favourable.

The continuous casting process has made possible small-scale steel plants
producing 40,000 t/a or more and in this sense it meets the criteria of appro-
priate technology better than do conventional ingot casting, blooming and billet
mills.

Recent developments in horizontal continuous casting in the Union of
Soviet Socialist Republics, the United Kingdom and the United States permit
casting a greater range of billets and blooms (from 70 mm to 200 mm) on the
same machine. This reduces required capital investment by obviating separate
biliet and bioom casters and certain auxiliary handliing facilities.

FINISHING METHODS

The technology of producing finished steel goods varies with the specifi-
cations of the desired product. Forging is appropriate for alloy steel tools and
implements because it can be dispersed over a wide area and can employ many
people. Wire rods to reinforce concrete can be produced by simple re-rolling
mills; but it is appropriate, in terms of low capital investment and the large
number of workers employed, to produce the sheets required for simp.. appli-
cations such as spades by hand rolling.

Alternatives to the modern hot-strip mill for producing sheets and plates
are the semi-continuous mill and the Steckel mill. The Steckel mill requires a
smaller capital investment than the continuous hot-strip mill but the quality of
the stezl sheet rolled cannot compete with that from the continuous hot and cold
steel mill.

Nonflat products can be produced by mills of various sizes and varying
degrees of sophistication but the use of all of these mills entails a compromise
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between low capital investment and high labour-intensity on the one hand and
high energy consumption on the other.

SCRAP

At present most of the steel used for making simple tools and fixtures in
rural areas comes from scrap. Forming and fabrication is done mainly by
blacksmiths who must pay as much as five times more for scrap than is paid in
urban centres. This robs the rural entrepreneur of the margin required to make
cheap steel products. To remedy this, the feasibility of dispersing the re-rolling
and metal forming industry to rural areas should be studied in detail because
this would generate scrap and reduce the number of middle-men in steel
trading. The dispersal of the metal forming industry torural areas could be done
by upgrading the smithy to a small-scale forging operation. The Ministry of
Steel and Mines and SAIL have endorsed this concept in principle and drawn
up a programme for setting up rural workshops.

A STRATEGY FOR STEEL PRODUCTION

The first UNIDO consultation meeting on the iron and steel industry in
1977 predicted an increase in world steel production to 1,750 million t/a by the
year 2000. It also expressed the hope that 30 per cent of this amount would be
met by the developing countries. Accordingly, steel demand in India should rise
to 20 million t/a by 1985 and 43 million t/a by 2000 as compared to present
production capacity of less than 14 million t/a.

One way to meet the increased demand for steel is to increase the output
of existing plants. An examination of the cost of producing finished steel in new
plants shows that raw materials constitute 40 per cent of the cost: processing,
10 per cent; depreciation and interest on capital, 50 per cent. Hence technology
introduced to increase the ocutput of existing plants will be most appropriate if
it contributes to reducing the capital to output ratio.

The bulk tonnage of steel products is generally shaped in the rolling mills
of integrated steel plants. Current practicc aims at large-scale economies
tnrough high capacity roiling mills for both flat and nonflat products. However,
lower capacity mills have -ecentily been installed in other countries to supply
limited local demand for rolled products; these mills car fill small orders
efficiently and effect savings in transport and finishing costs. In India such mills
were first set up outside integrated steel plants to convert railway scrap into
steel bars and rods. With the gradual development of other industries scrap also
became available from steel plants, shipyards, and engineering works. The
major expansion in the re-rolling induriry tuok place during the 1960s with the
introduction of dispersed mini steel plants when continuously cast billets and
peacii ingots became available. This development was the resuli of policies
encouraging dispersed industrial development of backward areas, the need to
meet increased regional demand for steel and to use local scrap and the need
to reduce capital investment and to shorten construction and gestation periods.

In steelmaking scrap is a major raw material. In developed countries it
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contributes nearly 30 per cent to steel production. In India some scrap is, used
to make alloy steel but most scrap is used in small plants equipped with
electric-arc furnaces of 5-20 t capacity mostly producing pencil ingots. Some
of these plants employ continuous casting; a few have re-rolling facilities.

The electric-arc furnace has almost replaced the OH furnace in the
production of steel from scrap since the latter’s output per unit of capacity
inctalled is much higher. With the introduction of ultra-high pcwer (UHP)
technology and secondary steel refining, electric-arc furnace technology has
become attractive in comparison with conventional BF-BOF integrated steel
plants. A scrap-based UHP electric-arc furnace with secondary steel refining
has the lowest capital investment requirement per tonne of steel produced of
any available technology.

It may be of interest to note that a steel plant based on direct reduction,
electric furnace and continuous casting with a captive electric power plant has
the highest capital investment requirement per tonne of steel nroduced and in
this respect represents an inappropriate technology for steel production in
India.

A comparison of actual production costs shows that conventional BF
technology is the cheapest producer followed by the scrap-based electric-arc
furnace method. The direct reduction sponge iron-based electric arc furnace
is highly competitive with conventional BF-BOF technology especially when
the eliminaticn of capital costs for coke ovens is considered. Lack of scrap is
the major restraint on the growth of plants based on electric-arc furnace
technology.

ROLLING ECONOMICS

There are about 200 mini steel plants including re-rolling mills of all types
in India with a tot. capacity of 3.6 million t/a of rolled products (RCC bars
and rods). Actual production has been just below 1 million t/a.

To assess the economic impact of decentralized rolling, the table below com-
pares the capital and conversion costs of low capacitv re-rolling mills with high
capacity miils in integrated steel plants.

*

TABLE. CAPITAL AND CONVERSION COSTS

Operating
Specific cost Depreciation Total
capital including and conversion
Mill capacity Capital cout investment overhead int rest cost
{t/a) {millior Xs) {Rs/1) {Rs/t) {Rs/1) (Rs/1)
18 000 18 1 000 270 105 375
36 000 30 833 240 85 32§
500 000 580 1160 95 140 235
Notes: 1. The above costs do not include interest on working capital.
2. Financing has been assumed in the debt-equity ratio of 1.1; interest nas been assumed at 10.5 per cent
per annum.

3. The 500,000 t/a mill is assumed to work three shifts; the other mills, two shifts.
4. Depreciation and interest charges pertain to the unit proper.
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While decentralized rolling mills may be desirable from the viewpaint of
dispersed industrial development, use of local raw materials and meeting
regional cemand, the table suggests that:

(a) The specific capital investment for low capacity mills is lower by about
15 to 30 per cent;

(b) The conversion cost of low capacitv mills is, however, appreciably
higher and the quality of the product is inferior to the product of high capacity
rolling mills.

R and D efforts are nceded to make these low capacity rolling mills more
appropriate to the Indian context without increasing the capital investment
requirement per tonne of steel produced. Such mills could stimulate the rural
metal-forming industries to increase production of farm and household imple-
ments and to supply consumable steel products to the orgarizea industrial
sector.

CHOOSING AN APPROPRIATE TECHNOLOGY

The following main points characterizz che present state of steel produc-
tion technology in India:

(a) Theintegrated steel industry as a whole is highly capital intensive with
a major portion of investment going tc build un infrastruciure and necessary
supporting services,

(b) Integrated steel plants are living precarious:y on a non-renewable
resource, i.e. coking coal. Fortunately technological opticns are available both
to reduce dependence on and consumption of coking coal;

(c) Ninety-seven per cent of the iron made in India is produced by BF
technology which requires large quantities of raw materials such as coal, iron
ore, limestone, and refractories;

(d) Newer processes for converting iron to steel such as BBOP use tech-
nology more appropriate to India in terms of lower capital and lower quality
raw materials requirements, higher output per unit of capital invested, fewer
environmental problems, and better recovery of waste products;

(e} The technologies of continuous casting and horizontal continuous
casting are developments in the right direction for India and other developing
countries. They are less capital intensive, less severe on the environment,
provide higher yields and produce less waste and are efficient at both small and
large scales of operation. Horizonial continuous casting promises to reduce
capital investment further and may «llow more incensive use of labour; it also
appears to be suitable for an even smaller scale of operations than conventional
continuous casiing;

(f) The technology of forming steel is flexible. It is less capital intensive
as the scale of operation becomes smaller because of the possibility of intro-
ducing manual handling methods. The cost of such production is high but it may
be reduced by further technological developments. If small dispersed re-rolling
mills were located in regions where rural industrial growth is desired, the lower
transportation costs would be a further advantage.
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The Chinese experience

The rural industrial svstem i China s based on production of cnergy.
cement. chemical fertilizers, iron. steel and agricultural equipment. The ex-
tractive industries, coal and iron ore, form the second important component of
th~ Chinese system. There are also engineering workshops. The ouvtstanding
accomplishment of the system is the link it has made between agricultural
development, small production units and modern industries. Chinese rura!
industries are based on local resources.

Powder injection

With Government financial support the Swedish steel industry has started
to seek alternatives to traditional BF technology. The decision to develop new
processes was based on:

(¢! Lack of coking coals; mecst BFs in Sweden are fuelled with imperred
coking coals, mostly from Poland and the Soviet Union;

(b) Absence of sufficiently large markets to justify instailation of large
BFs;

(c) Recently introduced sirict anti-poliution laws.

Existing alternatives to BF technology were reviewed but none seemed to
fit Swedish requirements. In 1974 researchers lisied these desiderata:

(a) The process must produce a liquid product suitable for subsequent
oxygen conversion to steel;

(b) The process must operate on non-premium raw materials, i.e., iron ore
concentrates available in Sweden and relatively low-grade non-coking coal;

(c) The process must operate economically at relatively low capacities;
(d) Environmental pollution should be kept as low as possible.

The research led to a choice between fiash smelting of concentrates
coupled with smelting reduction in an induction furnace (INRED provess) and
bottom (side) injection of powders into a converter rcactor with a channel
induction heater for supplying endothzrmal heat requirements (LIDDACON
process).

The INRED process was developed just after the Second World War for
smelting copper concentrates, the technology for which is commercizlly well
established and is characterized by very high throughouts. As adapted [or
ironmaking, the process involves burning a powdered mixture of iron ore {ines
or concentrates, coal and flux with oxygen. This results in siag with a high
ferrous oxide content and metal which trickles into an induction furnace
containing high carbon iron. The endothermic heat for the reaction 1s supplied
by induction heating. The INRED process is now being used in Sweden in a
30,000 t/a pilot plant. The plant operates con iron ore concentrates and non-
coking coal containing 20 per cent ash (steam coal quality). The process does
not require sintcring or coke production and the ¢ntire power requirement is
met by steam generation from off gas. The INR.ED process is important te India
because:



fa) Tt can direcily use high-grade ore fines including the blue dust abund-
antiy avaiiaoie in india,

(k) Non-coking coals with an ash content of about 20 per cent zre
abundantly available and widely distributed in India,

(c) Independent power generation is a built-in feature of the process

The UDDACON converter developed in Sweden is designed for injection
of powdered mraterial below the bath surface to achieve fast and complete
reactions. Heat is provided by a mains frequency channel inductor. A 10t pilot
plant was commissioned in October 1973. The corverter uses air or argon as
carrier gas and has been found suitable for a wide range of applications
including desulphurization, dephosphorizatici, deca burizing and reduction of
easily reducible metal oxides.

The dust from electric-arc furnaces processing steel scrap sometimes
contains zinc and lead. Injecting the dust in an UDDACON converter fully
reduces the iron while vaporizing and burning the zinc and lcad to form a
secondary dust which is collected in 2 bag filter. After treatment to r2move
alkali, the resultant material cau ue nsed for Zinc production.

Low carbon ferroma:ziganese is a premium raw materin] for steelmaking
which is produced in ccnventional electric furnaces from manganese ore and
silicomanganese. It is difficult to control this process and the yield of manganese
is low. The UDDACON converter can produce low carbon ferromranganese
from silicomangansse melt. Manganese oxide mixed with lime is injected into
the bath using, for example, argon as carrier 2as.

SUMMARY AND CONCLUSIONS

Steel productior is useful to developing nations because it has a catalytic
effect on economic growth. Cost analysis of steel production shows that the
value of the finiszed product is many times the value of the raw materizals. Part
of this value added is distributed as wages and profits; part, to pay for services
and gocds. This pumps meney into the economy. Part of the value added is
recovered as taxes which can be reinvested it further economic growth.

Steeimaking technoiogies must be developed which will be less capital
intensive, consume fewer non-renewable resources. make better use of available
skills, make better use of local raw materialc 2nd which will provide more jobs.
One way to reduce the high capital cost of steel production is to disperse
supporting services throughout the regions surrounding the steel plants. Roliing
and forming stzel also offer opportunities to decentralize the steel industry and
strengthen links with rural industries. The steel industry has a central role tc
viay in the total industrialization of India. Reducing capital costs is important,
but conservation of non-renewable resources may be more important.
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Appropriate technology for the capital
goods industry (machine tocls)
in developing countries

S.M. Patil*

Introduction

Developing countries have usually adopted the pattern of industrial devel-
opment of the industrially advanced countries which have supplied them with
technology. But in spite of impressive industrial performance many developing
countries still suffer from unemployment and mass poverty. In addition to
explosive population growth one reason for the employment problem appears
to be the adopticn of inappropriate industrial technologies. In the search for
appropriate technologies which would ease the problem of un< mployment the
capital goods industries, particularly engineering and metalwor«ing, have dem-
onstrated the best possibilities for creating jobs. This paper attempts to recom-
mend guidelines for the development of these industries.

Many advanced, labour-saving technologies have been used in developing
countries without modification because it was assumed that there was no scope
for introducing labour-intensive methods without sacrificing the quality and
cost of the end-products. Closer investigation, however, might have revealed
that this was not the case.

Import substitution should be the guiding principle for the development
of capital goods industries. Initially, Governmerts can encourage import sub-
stituting industries by offering suitable incentives and proteciion from compet-
itive imports; later, when self-reliance has been achieved, the goa: should be
changed from import substitution to export. Greater technolegical co-operation
among developing nations would probably further the development of appro-
criate technologies and allow them to avoid many of the mistakes and problems
which face the industrialized world today.

Machine tools

The machine tools industry plays a central role in the production of capital
goods.

The introduction of carbon-steel cutting tools in the early eighteenth
century and the subsequent introduction of high-speed tools has speeded up

* Consultant, Bangalore, India.
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production of components and improved their quality and finish. Today the
indusiry has moved intc the era of sintered-carbide tools. ceramic tools and
lasers. Ever higher productivity and greater zutomation have been the result.

Advanced production technology may not be directly relevant to the
productionn of metalworking machines and other electrical anc mechanical
engineering requisites in many developing countries. but industrial planners
concerned with the development of these industries in developing countries
should be aware of them. Planners need insight into recent work on machine
too! design and engineering if thev are to determine which components of a
given technology should be imported and which be modified or developed
locally.

Some recent developments in machine tool production technology include:

(a) High power cutting and grinding aids which cut metal faster and
produce better finishes and closer toierances;

(b) Metal-forming machinery which operates more quickly and more
efficiently than ever before;

(c) Automatic machine tool control systems which require less time for
planning and inspection and aliow more time for production:

(d) Increasingly versatile machine tools which can be used for a var.ety
of operations in one set-up.

The most significant developments in metalworking during the past dec-
ade have been the introduction of numerical control (NC), or control of
machine tools by punched tape, and of computer control (CNC). Adaptive
control and direct computer control (DNC) have also been introduced. All
these techniques have been effectively combined in one type of machine tool
called the machining centre which is controlled by punched tape, CNC and
DNC machining programmes. Machining centres are equipped with automatic
tool changers having 60 or even more cutting tools, each capable of performing
a special type of operation. Machining centres are mostly used to cut metal at
a faster rate than can be done by machines of conventioral design. Computer
monitoring, or control of plant operation by computer, will probably be the most
important growth area in the metalworking industry during the next decade.

Choice of technology

The purchase of advanced technology from industrialized countries should
not be an exercise in blind faith in technology. Developing countries should keep
in mind their means and their development objectives. Indeed developing
countries must evolve an approach to industrializacdon that combines the use
of advanced technologies with the use of inexpensive alternative technologies
which would encourage employment and production in rural areas and in
small-scale industries. Alternative technology should not be confused with
primitive technology; alternative technology can be quite advanced in terms of
scientific and engineering thought.

Argentina, Brazil, India, Mexico, the Republic of Korea, Singapore and
Venezuela, for example, already have sufficiently adequate infrastructures t>

o ——— ———— e __ .
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use appropriate technologies and to begin production of capital goods more
easily and more ranidly than m:uv other develoning countries Hence the wavs
and means of initiating capnal goods production will vary widely from one
developing country to another.

Production rechnology

In the production of machine tools or any metalworking machinery there
are normally two main operations: the manufacture of various components and
assembly, including testing and finishing. In both operations production engin-
eering has recently undergonc spectacular changes which have revolutionized
the designs of machines and machine tools.

In least developed countries, where there is little or no capital goods or
machine tool industry, there appears to be no alternative but to buy designs and
production know-how from abroad. What is needed are general purpose ma-
chine tools of simple design like centre lathes, drilling machines, shaping
machines and knee-type milling machines. The technology needed to produce
the components of these machines should be simple and make extensive use of
general purpose machine tools. Because skilled labour is scarce. these countries
need more production aids like jigs, fixtures, and similar assembly aids. Strict
quality control, including individual inspection of each component, is necessary
to avoid faulty workmanship which would cause problems in the assembly and
testing stages of production.

Assembly operators such as scrapers and fitters must be highly trained so
that they can correct machining inaccuracies. Inspection at part manufactur-
ing, unit assembly and final assembly stages must be carried out with skill and
care. Although developing countries often make great efforts to plan the
production of high quality goods, they do not take sufficient care o see that the
products are finished properly.

Small-scale and ancillary industries

Most industries in developing countries have been established as large-
scale units in collaboration with developed countries. Little attention has been
given to the development of small-scale, and supporting industries and many
of the large-scale, capital-intensive process industries, as planned, provide little
scope for decentralization or for sub-contracting work to smail-scale and
medium-scale units.

In contrast, the production of metalworking machinery, including mech-
anical and electrical machine tools and engineering goods, provides ideal
possibilities for decentralization. Large-scale units should in fact be planned to
include the development of a number of ancillary units. Ancillary units should
be near the main factory and should produce accessories or carry out such
operations as machining simple, small components, assembly, hzat treatment,
casting, fettling, sand-blasting, forging, and welding. This pattern of ancillary
units provides additional employment opportunities and maximum dispersal of
industrial activities. The experience of developing countries which have adop-
ted this pattern has shown that it can cut production costs considerably.
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Technology transfer

Developing courtries may have to begin acquiring technology through
collabor2-.un with foreign partners. Joint ventures, turnkey projects and licens-
ing are three common ways of transferring technology.

Joint ventures

The first type of collaboration usually adopted by developing countries is
a joint venture in the form of financial participation. While this has proved to
be a successful arrangement in many cases. it is not without potential disad-
vantages. In spite of minority participation, for example, the management of
many joint ventures has slipped into the hands of foreign partners. Domestic
production can lag behind targets while imports remain substantial, resulting
in continued dependence an imports and limited growth of local capabilities.
Long-term considerations sucl as local research and development, training and
development of local personnzl and social objectives have often received scant
attention from foreign partners.

Turnkey projects

Turnkey projects are usually expensive and entrepreneurs must know what
they want and how to negotiate with foreign collaborators. International agen-
cies such as UNIDO or specialized government bodies in other developing
countries can help determine what is really needed and how to negotiate for it.

Licensing

Experienced developing countries can make licensing arrangements. Suc-
cess with licensing arrangements, however, presupposes the existence of a
well-developed industrial base, experience in the disaggregation of technology
packages and experience in negotiating with foreign partners. Normai practice
is to make a down payment to compensate the licensor for development costs
and to pay royalties only on the indigenously manufactured components of the
product. Sometimes part compensation is made to the licensor by placing a
large order for components; sometimes, by importing ready-for-sale machines
from the licensor for use in gauging product acceptance in local markets.

Royalty arrangements are advantageous because they sustain the licen-
sor’s interest in the project throughout the term of the contract; at the same
time they usually give the licensee access to improved designs and production
methods for the product under licence.

Collaboration among developing countries

It is sometimes to the udventage of developing countries to scek techno-
logical aid from other developing countries. Developing countries which have
successfully modified production technology would probably be less expensive
sources of appropriate technol gy than developed countries would be.

R —— .



The dangers of inappropriate technology

The search for appropriate technology has stemmed from the realization
that indiscriminate use of sophisticated technologies from highly industrialized
countries is partly responsible for the persistence of critical socio-economic
problems in developing countries. Today even the highly industrialized coun-
tries recognize that advanced technology alone will not pave the way to a better
future. Many of the technological developments on which the economic pros-
perity of the hig:ly industrialized countries is based presuppose the availability
of cheap oil; but petroleum is no longer cheap, and mary modern technologies
dependent on oil have become economically questionable. Furthermore, the
ecological problems resulting from the use of some advanced technologies have
cast grave doubt on their long-term utility.

The promotion of iechnologies that are appropriate to the needs and
resources of the poor will require close co-operation among the developing
countries thems:lves. Technological transfer between the nations of Africa,
Asia and Latin America will help them solve their own problems and wili enable
them to avoid many of the problems resulting from the use of inappropriate
technology which now face the industrialized world.
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The role of the engineering industry

The National Industrial Development
Corporation Lid., India

Introduction

In India, national policy has aimed at intensive development of the engin-
eering industry with emphasis on the production of capital goods. The goal of
this strategy is self-sufficiency in the production of basic industrial machinery
and machine tools. The location of these industries was made after careful
consideration of the level of existing development; the availability of transport
and communications; and the supplies of water, power and skilled manpower.
India has also launched schemes to promote small-scale industriai estates for
the production of components for use by larger industria! units and for the
production of consumer goods. In fact, such smali-scale industries now account
for nearly 30 per cent of India’s engineering activities.

When the engineering industry in India began to develop, it was largely
dependent on collaboration with industrialized countries and the choice of
technology was limited to what was available from them. It was not possible to
examine in detail the techno-economic implications of the technologies ac-
quired. However, as the engineering industry has grown, opportunities have
arisen to introduce more appropriate technologies including technologies for
mass production and for the production of sophisticated machine tools.

The engineering industry plays an important role as a basic consumer of
industrial products. In turn the products of the engineering industry are used
by the consumer goods industries where they contribute not only to generating
employment but also to raising the standard of living in areas where these
industries are located. The engineering industry directly improves the skills of
the work-force, providing a pool of skilled manpower for the development of
other industries.

India’s experience may not be repeated in other developing countries but
it can serve as a useful guide to possibie deveiopments.

Existing technology

Except perhaps for textiles, there was hardly any organized industry in
India before independence. After independence, industrial development was
rapid, diversified and widely dispersed but almost entirely based on imported
technology. However, particularly in the consumer and consumer durables
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sector, local innovations have now been made aud. in several areas, foreign

A unique feature of industriai development in India has been the rapid
growth of the consumer durables industry. This has led to the development of
a variety of low-priced special-purpose machines.

Some of the larger industries like the railways and automobile engineering
were necessarily set up with foreign technical help. Invariably littie attention
was paid to future local needs. Consequently, almost all manufacturing units
for trucks ana cars employ techniques or produce goods already obsolete in the
developed countries.

To improve technology, the Indian Government has set up R and D
centres like the National Institute of Foundry and Forge Technology, the
Central Machine Tool Institute, the National Metallurgical Laboratory and the
Central Mechanical Engineering and Research Institute to make detailed
studies of the most appropriate long-term technologies.

While India is producing a large variety of industrial goods today, com-
plete technological self-reliance has not yet been achieved in all spheres. India
has shown marked self-reliance in the production of some goods, such as
general-purpose and special-purpose machine tools, cutting tools and metal
forming machines, and some of these products are now being exported to
developed countries. Another example of seif-reliance was the local develop-
ment of tractors and power tillers. Unfortunately this development tock place
at a time when industry had already begun producing tractors in coilaboration
with foreign firms and the local products found no outiet. Small-scale and
medium-scale industry has also been successfully making stationary diesel
engines for irrigation and emergency power generation.

Small-scale industry has shown that it can produce consumer goods ac-
ceptable to Indian buyers including radios, television sets and cther domestic
appliances.

Indian industry has also developed machinery for moulding plastic and
rubber which is simple, strong and easy to use; because many of the operations
are manual, the cost of buying and maintaining the equipment is low.

India today can offer metalworking technologies to meet man;y require-
ments, particularly those of other developing countries. The techrologies are
sirnple and the equipment is simple and sturdy.

Many entrepreneurs have marked their success by exporting a variety of
products like fasteners, builder’s hardware, electrical appliances and switches;
some have even given technical help in establishing similar ventures in other
developing countries.

Technology training courses have been started and several universities
have carried out research on technology in practice. Some R and D institutes
have been set up with help from United Nations organizations. Finally, industry
itself has set up professional bodies which are concerned with technology design
and development.

The Indian Government has also directly helped small-scale industries by
developing an infrastructure, setting up raw materials banks at consumer
points, and providing various kinds of financial incentives.




NZ
SIX CASE STUDIES

Choice of technology for any industrial activity is dependent upon various
factors such as infrastructure, availability of skills, financial resources, market
potential, collaboraticn and social needs. In a changing ¢cconomic and social
situation, such as India has experienced in the past three decades, no decision
can be proved conclusively right or wrong. An important requirement of any
industrial activity is, therzfore, flexibility and adaptability.

The following case studies describe the development of various engineer-
ing industries in India.

Structural engineering

The earliest engineering industries in India were the railways, small public
works department workshops, textile mills and port workshops. While rolling-
stock was imported, mostly from Europe and the United Kingdom, some
factories were set up in India, mostly as subsidiaries of United Kingdom
organizations, to fabricate structural works from imported heavy beams and
girders for making bridges and similar structures. These girders were also used
in road building. Many of these factories flovrished in the eastern part of India,
the only area before independence with some engineering base. However, most
of the materials required for this work, such as steel plates, angles and sections,
continued to be imported from the United Kingdom. Soon after independence,
management of these companies became totally Indian. Throughout their
existence these factories had almost never been modernized and even stier
independence there was virtually no new investment. The result was that these
companies cor.tinued to use obsolete technologies; many quickly deteriorated.
Some factories came under partial government control; othiers were fully
nationalized. Only then were technological innovations inicroduced so that the
factories could begin to contribute to the requiremcents of modern industry.
They soon acquired expertise and today these public sector companies are
effective partners for such basic industries as cement, fertilizers, petrochemi-
cals, iron and steel, sugar and chemical processing.

An important development in structural engineering has been the design
and construction of steel transmission towers; several firms have specialized in
this work and are now among the world’s leading manufacturers of such towers.

Another major development has been the production of electric overhead
travelling cranes. Before independence such cranes were imported; India now
builds its own cranes with capacities up to 100 t.

Industrial expansion during the first three plans created a large capacity
for structural production. Total capacity is now approximately 450,000 t/a
Recent annual production, however, has been less than 125,000 t/a. This is
because all industrial activity has slowed down since the fourth plan. Never-
theless the Indian structural engineering industry has progressed to a point at
which Indian companies are capable of taking on turnkey assignments for
design, manufacture and installation. Some Indian manufacturers have become
leading contractors to other third world countries




The automobile industry

Shortly after the Second World War, a private firm was permitted to begin
assembling and then manufacturing passenger cars. In the early 1950s two
more companies began manuiacturing passenger cars. A few years later the
production of commercial vehicles was initiated. As motor cycles and later
motor scooters became popular, Italian technogical co-operation was sought.
Automobile production nas, however, always been on a smail scale when
compared with automobile production in the developed countries. This has
meant the use of small-scale production techniques with general purpose
machining involving a larger number of operations and long cycle times, and
has limited the quality of the vehicles produced. During the automobile indus-
iry’s period of growth there was a scarcity of structural carbon, alloy and sheet
steels, so that the carly development of the industry in India was marked by
heavy dependence on imported materials. At the same time, industrial produc-
tion was dominated by general purpose machinery. A turning-point was marked
by the introduction of mass production techniques to the truck sector. This led
to the use of more automatic machine toois, transfer lines, and multi-spindle
lathes. At the same time developments in the capital goods industry lessened
the dependence of the automotbile industry on imported materials.

Today few materials are imported. In some areas, exports have begun.
Indian trucks, buses and scooters are widely soid abroad. Even previously
imported products such as radiators, wheel-rims, dashboard instruments, fuel
injection and eiectrical equipment are now being made to internaticnal stan-
dards and exported to Yeveloping and developed countries.

Railways

Railway engineering work inciudes the buiiding and mairitenance of loco-
motives, rolling-stock, track, bridges and other structures. India’s vast net-
work of British-buiit railways was nationalized in the early 1950s. In the early
1960s India decided to change from steam to diesel ard electric locomotives.
A factory for the production of diesel locomotives was set up wiili American
collaboration and some locomotives are now being exported. To reduce depend-
ence on imported diesel oil, the use of electric traction is now being empha-
sized. The remaining steam locomotives are being replaced by diesel and
electric locomotives produced within the country.

This has helped to set up a technological base in the country for welding
and for mak g steel and alloy castings and heavy forgings.

Metalworking machines

Beginning in the early 1950s industrial development created a huge de-
mand for metalworking mactiine tools and the Indian Goveriment declared
that every iarge industrial unit should promote subsidiary industrial estates for
small-scale entreprencurs. 'n turn this led to a demand for simple general
purpose machine tools at prices that sraall entrepreneurs could afford.
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With the growth of industrial activity more types of machine tools have
been produced, hoth with and without foreigrn collaboration. These include
special purpose machines used in the railway, automobiie, tractor and electrical
industries and numerically controlled machines used in batch production in-
dustries. In 1977-1978 more than Rs 100 million worth of these tools were
exported. While the performance of the industry is impressive, its standards are
often lower than those of developed countries. In sum, the industry has adequate
manufacturing competence bur its design competence has yet to be fully
developed.

Consumer durabies

Consumer durables are such items as bicycles, sewing-machines, electric
fans, electric irons, air-conditioners and refrigerators. Until independence
almost no consumer durables were produced in India. Most of them were
imported from the United Kingdom.

Bicycles

Bicycles are very popular in India. In rural areas they are used to transport
both persons and goods. Bicycle production has always been on a large scale and
many firms have collaborated with foreign manufacturers. In other cases
foreign technicians were hired to initiate local production As the demand for
bicycles rose, firms often expanded their factories by duplicating their plants.
Because bicycle production rose in India at a time when it was declining
elsewhere, export opportunities became available to the Indian industry.

Recent developments have included fitting bicycles with small petrol
engines. These are becoming increasingly popular. Some manufacturers have
gone further and are now making mopeds. Another recent innovation has been
the setting up of establishments in several other developing countries to export
information, equipment and engineering services. Today the bicycle industry
is one of the most self-reliant industries in India.

Sewing-machines

The development of the sewing-machine industry has been on a different
scale. The technology for domestic production was either imported or copied.
Large companies grew up and socn captured almost the whole Indian market.
However, local firms in the small-scale sector began manufacturing com-
ponents and because their overhead costs were low, their prices were compet-
itive.

As demand grew, mass production techniques were introduced to the
manufacture of sewing-machines. Many firms developed their own special
purpose machines which quickly brought down costs and increased productiv-
ity. Indian sewing-machines are now among the most competitively priced in
the world. In fact some developed countrie:, including Japan, have begun to
import components from India.

The industry has, however, done little experimentation up to now. The
demand for industrial sewing-machines to stitch canvas and leather, for ex-
ample, has been neglecied. These machines are still mostly imported.




Electric fans

India, a largely tropical country, has always had a ready marxet tor table
and ceiling fans. With the spread of electricity, the market has expanded. Most
electric fans are made by large firms but they often subcontract work to
small-scale enterprises. India enjoys a regular export trade in electric fans.

Refrigerators and air-conditioners

Refrigerator production began in the late 1950s in the form of technical
collaboration with developed countries. Until then refrigerators had been con-
sidered luxury goods and few per$ons could afford them. The technical col-
laboration involved the supply of part drawings, know-how, testing instructions,
precision tooling and, in soi.1e cases, machinery.

Power

At the time of independence virtually no power generation equipment was
made in India. Even small items such as electric motors used in industrial
machinery were imported.

The five-year plans stressed the importance of power generation as an
instrument of technological progress. Foreign help was employed to make
steam and water turbines, alternators and transformers with capacities up tc
about 110 MW. Absorbing the technologies for making these goods proved
difficult and India continued for some years to import some raw materials and
components. Turbine blades, rotors, heavy castings, lamination sheets, and
some c-ecial types of contactors, for example, had to be imported for so long
and foreign exchange was so restricted that the growth of the industry was
limited.

However, the industry today is producing captive power units of 50, 110
and 250 MW capacity which meet international standards. Plans are also in
hand for building 500 MW equipment, including the necessary boilers, pumps,
valves, turbines, transmission equipment and control gear. Other positive de-
velopments include high voltage switch gear, transformers and solid-state
control equipment.

So far India has no technology for making the power generating gas
turbines which are becoming increasingly popular elsewhere in the world.

IMPORTING TECHNOLOGY

After independence India emphasized production of capital goods starting
with machine tools made by conventicnal methods. These were not intended
for use by large-scale production facilities and demand ultimately compelled
the industry to turn its attention to the more sophisticated technologies of
transfer and special purpese machines, for example.

The use of sophisticated, imported technologies, however, requires careful
consideration. Since India has a large population with a low per capita income,
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tne use of modern capital-intensive technology to produce essential items could
result in the production of of highly priced goods for whichi inere are o buyers.

In the last 30 years India has made considerable industrial progress.
Nevertheless the industrial activity generated today is still not enough to satisfy
the economic needs of large sections of the population. Because of this the
Government has launched various schemes to spread industrial activity as
widely as possible. It has set up state aided industrial estates throughout the
country and several agencies to encourage small industries. These industries
have raised the level of skills and created jobs in u..e regions in which they are
established. In addition to supplying industrial products to other industries they
have begun to make consumer iten * such as buttons, electrical switches, and
agricultural products, thus spre~~‘na the industrial revolution to the country-
side.

PROBLEMS OF UNEVEN DEVELOPMENT

The population of India is fairly evenly distributed but development has
been uneven. Some areas have good transport, communication and service
facilities; others are poor'y developed. The reasons are partly historical, partly
political. While the Indian Government has not prevented growth in existing
centres of industrial activity, it has promoted many schemes for industrializing
less developed areas. Roads and railways have been extended, raw materials
provided and financial incentives offered. Whenever possible the Government
has set up large industrial ventures in less developed areas. For example, heavy
electrical factories were built at Bhopal and Tiruchirappalli and heavy engin-
eering factories at Ranchi rather than in existing industrial centres like
Bombay, Calcutta and Madras.

Further dispersal of industry has taken place by setting up mectalworking
plants and tool-rooms in the regions around large factories; in turn, these have
become centres of attraction for small and medium-scale industries. Greater
dispersal of such metalworking industries would call for siriultaneous devel-
opment of other facilities like transport, roads, communication networks, and
power and water supplies.

CONCLUSION

India’s industrialization plans after independence recognized the import-
ance of trade as an instrument of political influence in the world. The Govern-
ment therefore decided to allow foreign capital participation in selected areas
only; n . foreign capital participation, for example, was allowed in mining, steel
production, power generation and defence.

Indian planners felt that as long as capital goods continued to be imported,
the skills of the country would not be adequately developed; they believed that
development of the capital goods industry would mean simultaneous develop-
ment in related areas. For example, un industry manufacturing locomotives
would lead to the development of the grey iron, steel, precision casting, non-
ferrous metals and electrical industries. It can thus be seen that the develop-
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ment of a canital goods industry would spur the development of almost every
branch of engineering. Unfortunately in Ind:a this engineering boom coincided
with substantiai developments in cther sectors of the economy, particularly in
agriculture, putting great pressure on resources. Because development of the
capital goods industry is necessarily slow, large investments had to be made
without the possihility of immediate returns and this produced an inflationary
trend in the Indian economy. Once inflation set in, the cost of ev.ry input
including development activity increased so much that development itself
became difficult, sometimes impossible

In the mid-1960s earmings {rom exports failed to match the country’s
demand for imports. This, coupied with poor agricultural production and heavy
defence spending put a tremendous strain on the country’s econcmy. In the
severe recession which followed, the metalworking industry was the first to
suffer and the last to recover. Government development funds were reduced,
causing a further decline in orders for industrial machinery and machine tools.
After nearly three years of recession the economy began to improve tut it was
again put under pressure by more military spending and then by the major oii
price increases of 1973—-1974. However, this time Indian industry had devei-
oped enough resilience and flexibility to permit industrial activity to continue
without major interruptions.

In conclusion it - v be said that the simplest and most productive activity
for any developing country is the development of engineering industries. De-
pending on the levels of literacy and skill, the availability of funds and nationai
priorities, this might include capital goods, industrial machinery and consumer
goods. These activities would generate employment and create wealth. Simul-
taneously they would help the country to become an importer of processed
raw materials rather than an importer of finished capital goods. The demand
for skilled workers would lead to an im~- svement of local skills and this in turn
would attract even more industries. The wealth created in this chain reaction
wouid mean that there would be money available for the development of
primary industries like iron and steel.

Indian experience suggests that consumer goods industries should be
developed with caution. Consumer goods industries can create employment, but
they can also hinder the prosperity of the country as a whole if the capital goods
industry is not yet adequately developed. However, the development of the
capital goods indusiry should also be carried out carefully. India, for example,
is making jute and textile machinery in such a way as to keep the equipment
fairly modern but yet not so automated as to displace labour already employed.
Similarly in the production of metalworking machine tools and industrial
machinery, equal emphasis has been placed on general purpose machine tools
and special purpose machine tools. In both cases greater importance has been
attached to reliance on human skill rather than to sophisticated, automated
machines and instruments.
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Appropriate technology for the
chemical industry
J. Giral B.*

INTRODUCTION

Since 1968 the Group for Development of Technology, National
Autonomous University of Mexico, has been studying appropriate chemical
technology and has developed a methodology for applying the results of research
to macro- and micro-economic planning for the Mexican chemical industry. The
results of this research support three key acsumptions:

1. Technology is not an amorphous concept. It can be methodically
characterized, classified and analysed.

2. Industrial develcpment musi be planned from the point of view of
technology as well as economics. Traditionar macro-economic planning is
concerned with the economic implications of industrizal development, but it is
also necessary to incorporate such additional planning criteria as social impact,
environmental impact, competitive strength and technological implications.

3. Technological planning information can be started with very limited
information and still produce valuable insights for policy making.

The methodology is described in the first section of this paper, and the
application of it to produce quantitative models of technological, financial and
labour requirements for the Mexican chemical industry over the period 1977-
1982 is the subject of the second section.

I. CONCEPTS, DIMENSIONS AND ELEMENTS OF
APPROPRIATE TECHNOLOGY: A FRAME OF REFERENCE

It is assumed that the appropriateness of a given technology is a function
of the time, the place and the specific sector in which it is to be used and that
unless these parameters are well defined, no analysis will produce useful results.

The research incorporated in this <ection represents the experience of some
dozen technologists over the past 10 years. The frame of reference employed
has been tested for several years in industry and is now being tested by the
industrial development and technology agencies of the Mexican Government.

* Director, Group for Development of Technology, Graduate School of  Chenneal
Engincering, National Autonomous University of Mexico, Mexico.
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Basic differences

If it is assumed that the appropriateness of a technology is a function of
a given place, a given time and a given sector, then it is necessary to define the
chaiacteristics of that place, that time and that sector before planning indus-
trialization. Experience has demonstrated that the effort required to define
such characteristics is rewarded by the increased sensitization of engineers,
technologists and other specialists to the individual features of a project that
they must be aware of, if they are to work productively. This is specially
important in technology transfers invelving nationals of several countries.

It is recommended that Governments define the general features of their
countries and inclvde these definitions in their industrialization plans and in
their industrial promotion activities. Governments should also support the
efforts of professional societies and of sectoral and regional industrial organiz-
ations to define the specific features of their areas of interest or responsibility.
It should, however, be stated clearly that such definitions are illustrative rather
than absolute and that a project engineer must carefully evaluate the specific
features of a given project.

For example, some of the general features of the Mexican economy in
1977/78, expressed as comparisons with the economy of the United States of
America, were:

Markets 4 to 12 per cent as large
Labour costs 15 to 30 per cent as high

Capital costs (interest rates) of 18 to 22 per cent for pesos compared to
8 to 9 per cent for dollars

Locally produced equipment and raw materials costs 15 to 53 per cent
higher
Electricity costs 20 per cent less
Other sources of energy costs 15 to 40 per cent less
Adequate transportation is available in Mexico at competitive rates.

The climate of centrai Mexico is desert-like. No frost occurs, except in the
north so that there is no need to lay piping beneath the frost line and there is
no need to calculate roofs and foundations for snow loads. The low average
humidity is ideal for natural convection or forced-draft tray drying without
additional heat.

The central plateau is 1,500--2,100 m high; boiling temperatures there are
reduced 6° to 10°C, almost doubling chemical reaction times, and air intake
rates for compressors, dryers etc. are reduced from 25 to 40 per cent.

Planning base

The essential task of national planning is to define national priorities
clearly. An effective approach to doing so is first to define no more than half
a dozen economic goals and then to assign them relative priority. Typical
cconomic goals arec employment, balance of payments, use of local raw mat-
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erials. ownershin and control of industry by nationals. productivity. income
distribution, competitiveness (local versus international prices). decentral-
ization (promotion of less developed areas ot the couatry).

National planners must then select the sectors of the economy through
which they expect to realize the goals chosen. Whether a sector is expected to
maximize all the economic goals or only certain of them should be clearly
indicated.

National planners must also indicate the instruments (i.e., controls and
incentives) they expect to use to promote development in the sectors selected.

Criteria of plausibility

'The definition of the basic features of the country and an explicit statement
of its economic goals. priority industrial sectors and the instruments to be used
to encourage and control industrial development provide government agencies
and industry with common reference and guidelines on how and where to plan
growth.

Another useful common reference is a set of criteria of plausibility. In this
context plausibility means the socio-economic impact of a project as distin-
guished from its economic feasibility.

A good example of plausibility in this sense is Spain’s slogan, referring to
an effort io reduce excessive consumptior of gasoline **Maybe you can afford
it, but your country cannot.”

Criteria of plausibility can be used, for example, to identify potentially
beneficial projects regardless of their economic feasibility. Controls and incen-
tives can then ve used to make such projects economically feasible.

The Mexican industrial development agency (Secretaria de Patrimonio y
Fomento Industrial) is currently using the foilowing set of plausibility criteria
in the chemical and related sectors:

Criterion Weight (% ) Basis for quantificaiion
Employment 25 Investment per job created

Balance of payments 20 From a deficit to a surplus
Competitiveness 20 Mexican vs. United States prices
Local integration 15 Percentage of local value added
Decentralization 10 Location of industry in one of

LLocal control and five sclected regional arcas
ownership 10 Percentage of local equity and
local participation in
management

Industry submits a project proposal to the Government, which then eval-
uates its plausibility and suggests ways to improve the project by relocation of
the plant to a higher priority area, for example, or by increasing the share of
local equity. Industry’s response to the Government’s suggestions provides the
basis for the Government’s decision to protect or subsidize the project.

Although the system has been in operation only a short ime, the reaction
of industry has been very positive. The system also allows seven iteracting
government agencies to share a common system for project evaluation.
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The identification of basic features, the establishment of a pianning base
and the application of criteria of plausibility constitute the macro-economic
aspects of development planning. Proper use of these tools should help Govern-
ment and industry do a bettetr job in seiecting projects appropriate to the
development necds of a couniry.

Characterization of technology

Characterization of technology means identifying and describing the
dimensions of a given technology. Such characterization is the basis for select-
ing, acquiring, transferring and adapting the technology.

It is assumed that three principal dimensions characterize a technology:
commercial missicn, difficulty of assimilation and type of technology.

Commercial mission
The commercial mission of a technology may be classified as:

(a) Export oriented. Typically a project is export oriented when, because
of some local production advantage (raw materials or labour, for example), it
is believed that the produci can compete successfully in international markets
and accordingly 30 to 70 per cent of product capacity is justified on the basis
of potential exports. However, this limits the flexibility of technological choice
vecause product specifications must match those of international competitors,
which in turn usually implies that plant size must be comparable to the world’s
largest;

(b) Local-market oriented. When a project is justified on the basis of
import substitution or satisfying the needs of a growing local market, then there
is increased flexibility in choosing the technology: plants can be smaller and
products can be modified to suit local conditions and to simplify the manufac-
turing process;

(c) Oriented to satisfy a latent need. Most developing economies have
large population groups with limited resources whose needs are not being
satisfied by the product mix available to them. This leads for example, to such
purchasing aberrations as colour television sets or expensive appliances in adobe
shacks: a few hundred dollars of income was available but there was no
appropriate product to buy.

This problem neeus much inore attention; its solution would provide many
opportunities to improve the quality of life of the population. Ultimately, most
efforts in technology development should be concentrated in this area.

Since fuifilling latent consumer needs requires both product and manu-
facturing process design, it also permits great flexibility in product specifi-
cations and plant size.

Difficulty of assimilation

This dimension characterizes the degree of sophistication of a technology
from the standpoint of loca! assimilation. Experience has shown that unless the
capacity toassimilate a technology is adequate there is no possibility of attaining
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technological self-reliance or the capacity to adapt a technoiogy to local con-
ditions. Difficulty of assimilation is assessed as:

fa) High. Highly sophisticated technologies usually reauiring an internal
technical staff of more than 10 specialists;

(b) Intermedia.e. Technologies requiring the participation of fewer than
10 technicians or persons with some technical knowledge:

{c) Elementary. Technologies which can compensate for lack of technical
staff by careful management.

Although practical experience has shown that recognition of the level of
difficulty of assimilation 1s essent:al for effective plannu.z it has not yet been
possible to generate sufficient information to describe these levels more pre-
cisely.

Type of technology
All technologies can be typified as follows:

(a) Equipment-based technology. The technology required to operate the
plant is implicit in the equipment and acquired with it; raw material suppliers
provide whatever additional technical information is requiied;

(b) Product-based technology. The key aspect of the technology is in the
chemical composition or physical structure of the final product and not in the
manufacturing process; typically, a technician with experience in the industry
in question and access to product technology and patent can design an ade-
quate manufacturing process;

(c) Process-based technology. The final product and the equipment are
well known and the proprietary value lies in the details of the process, such as
materials balance, energy balance or a fiow-sheet. These technologies are typic-
ally continuous process technologies related to the chemical industry;

(d) Operations-based technology. Typically these are the oldest and most
developed technologies and represent a mixture of the other types of technol-
ogy. As equipment-hased technologies become more developed and generate
a larger vciume they merge into operations-based technology.

As can be seen from tabie 1, in every one of these four types the original
technology was developed differently, and there is a different mechanism of
protection of the technology, a different mechanism for transfer and licensing,
and a different type of adaptation potential.

Technology acquisition

The five most important ways to acquire technology are:

(a) Purchase. Processed information with minor modifications to fit local
needs is acquired from a single suppiier;

(b) Integration. Technology is acquired in two or more easily integrated
modular packages requiring minimum local adaptation;



TABLE |. CHARACTERISTICS OF THE FOUR TYPES OF INDUSTRIAL TECHNOILOGIES

Type

Development of

the original

Examples technology

Protection and
availability
of the technology

Mechanisms of
technology
transfer

Adaptability

Equipment-based

Procduct-based

Process-based

Operations-based

Food packaging

Plastics conversion

Textile

Rubber

Pharmaceutical
forms

supplier

Food processing

Metal mechanic (bi-
cycles, farm ma-
chinery, typewri-
ters)

Pharmaceutical

Cosmetics

Organic chemical
(dyes, pigments,
agrochemicals)

Soft drinks

Petrochemical

Petroleum refining
Detergents
Fertilizers

By the equipment
manufacturer and
the raw matenal

By the product
manufacturer

By engineering firms
Steel (and by the manu-
facturers)

Available with the pur-

chase of the equip-
ment or the raw
material, usually
with an implicit
payment in the
overall purchase
price

Patents
Registered trade marks
Some

licensing and
franchising

Much licensing
Flexibility in the level
Important to know

what to negotiate

Mining and metallurgy Evolution cver a long Know-how

Electrochemical period
Autcmotive Mix

Mctalworking

Instructions for equip-
ment use

Use specifications of
rew materials
Physico-chemical para-

meters
Reaction kinetics
Proces~ handbook

Process handbook
Plant handbook
Equipment design
Operation handbook

Plant handbook
Equipment ssign
Operation handbook
Operating tricks
(experts)

Direct use of the equipment

Control simplification

Replacement of automatic operation
by manual

Minimum adequate specifications

D .sign of new products

Batch processes

Moderate pressures and temperaty res

Adaptation of reaction conditions

Rationalization of patented alterna-
tive processes to synthesize una-
logous products

Continuous processes

High pressures and temperatures

High level of aptimization

Separation represents 80% of toial in-
vestment and operating cost (ex-
clusive of raw materials)

Processes and equipment

Rilatively easier to adapt than pro-
cess-based technology

Availability of raw materials

1y
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‘c) Adapration. Technology is acquired and adapted to iocal conditions:
detail engineering is deveioped iocaliy according iv need,

'd) Development. The need for a technology is recognized and a technol-
ogy 1s developed to meet this need;

ler Contract-development. As an alternative to local development a need-
ed technology is commissioned abroad and developed under contract.

Innovation is not singled out as a source of new technology because it is
an important element in all technological development.

Table 2 shows how the characterization of technology relates to the mode
of acquiring it.

As can be seen, the commercial mission of the proposed technology and
the degree of sophistication required to assimilate it determine how best to
acquire the technology.

The type of technology has more influence on the packages themselves and
the mechanisms for transfer and local development, rather than on the way the
technoiogy shouid be acquired.

TABLE 2. WAYS OF ACQUIRING TECHNOLOGY BY DEGREE OF
SOPHISTICATION REQUIRED AND COMMERCIAL MISSION

Degree of sophistication required to assimilate the technology

Commercial mission High Medium Low

Export oriented Purchase, integration  Integration, adaptation Solving the administra-
tive and logistic
problems involved

Local-market Adaptation Adaptation develop- Adaptation, develop-
oriented ment meat

Oricnted to satisfy Contract-development  Devel~pment Development, edu-
a latent need cation and training

The development strategy also may affect the way in which technology is
acquired. Thus, if the strategy is one of self-sufficiency, obviously the preferred
way will be by local development and innovation with the corresponding
expenditure of funds to develop 2n adequate infrastructure for R and D. On the
other hand, if the strategy is defined as one of self-determination, under some
circumsiances direct purchase or contract-development may be preferred.

Selecting and negotiating technology packages

Technology packayes are the usual medium of technology transfer.
Table 3 gives the most common packages and paymeni formulas used in
Mexico between 1970 1978 they are not exhaustive.
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TABLE 3. CONDITIONS FOR THE ACQUISITION OF TYPICAL TECHNOLOGY

PACKAGES

Package

Protection and payment formula

Supplier and typical restrictions

FEQUIPMENT BASED TECHNOLOGY

Basic installation package:

Civil, mechanica! and elec- Implicit in the acquisition of the

tric specifications
Maintenance requirements
Proposed layouts
Operating suggestions

Operating package:
(a) [nstructions:

Operation and main-
tenance

Equipment check-up and
adjustment

Failure detection and
correction

/b) Specifications:
Raw materials
Final product

Technicai assistance:
Operation
Quality control
Productivity analysis

ment

Product franchising or licence:
Use of trade name
Use of logos and basic de-
sign regulations
Advertising pattern

——

Product design package:

Blueprints, sketches, design
details, fabrication speci-
fications (or, if a chemi-
cal, chemical structure
and basic physical chem-
istry)

Considerations on flex-
ibility of product design,
tolerances, quality con-
trol

Operating package:

Manufacturing process or
febrication technique.

Safety and environmen-
tal considerations. Pro-
ductivity indicators

Quality control

Product design and improve-

equipment. Supplier may
send expert during instal-
lation and charge fee plus
expenses

(a) Implicit in the acquisition of

the equipment. Supplier
may, at buyer's request,
provide a more comprehen-
sive operating manual or
send operating consultart,
for a fee

(b} Implicit in cost of raw mate-
rial. Service by experts is
never charged

Payment usually reckoned as a
percentage of sales or as
cost-pias fee. *Inly product

- desigr and key methods for
productivity improvement
protected by patent

PRODUCT-BASED TECHNOLOGY

Franchising. Product patent (not
in all countrics). Licence of
registered trade name and
of patent. Payment 1% to
5% of sales. Lump sum

Koyalty (1%—6% of sales) or pay-
ment per unit produced or
sold. Patent rights and
manufacturing rights are
usually licensed, not sold

Usually included in the payment
for product design package.
May cost 1%-2% more, es-
pecially if technical support
included

Equipment manufacturer

Very few restrictions, usually

Some restrictions in expert
competition

(a/ Equipment manufact-
urer
Very few restrictions

b) Raw material supplier
No restrictions

Equipment manufacturer,
usually; co-manufactu-
rer from other, non-
competitive areas; occa-
sionally consultant en-
gineer

Product producer

Export and diversification hi-
mitations

Requirement for free feed-
back of technological
improvements

Same as above

Same as above
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TABLE 3 (continued)
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PRODU T T-BASED TECHNOLOGY reontinued)

Basic installation package:
Equipment description
Civil. mechanical and
electrical specifi-
cations

Maintenance requireinents

Proposed layouts

Operating suggestions
Technical assistance:

Operation

Quality control

Productivity analysis

Product design and im-

provement

May be negotiated separately as  Product producer seldom,
a lump sum or as part of the engineering firm more
engineering detail package often
May amount to 10% of in- Few restrictions
vestment

Payment is usually 0.5% of sales
or per man-day used plus
basic lurap-sum fee

Either product producer or
engineering firm.

Restrictions on diversifi-
cation, requirements of
free feedback on inno-
vations

PROCESS-BASED TECHNOLOGY

Process know-how:
Basic process data
Flow sheets
Materials of constructic.

Basic engineering:

Basic process data
Flow-sheets
Materials of construction
Equipment description
Plant layout

Detail engineering:
Same as basic, plus:
Equipment specifications
Piping, electrical, in-
strumentation dia-
grams

Civil and mechanical
blueprints

Material take-offs

Piping, insulation,
painting specifications

Operating package:

Step-by-step operating pro-
cedures on all key equip-
ment.

Safety and environment
protection.

Quality control

Technical assistance:
Operation
Quality control
Productivity analysis
New materials of construc-
tion
New auxiliary equipment

Patents. Licensing on a 10-year Producer or engineering
basis. Payment as lump sum firm
(about 10% of investment) No sublicensing. Exports
or royalties (1% to 2% of and total amount
sales) limitations

Same as above Same as above

Same as above, plus payment for Few restrictions, if any, from
engineering on man-hour or firm doing engineering
lump-sum basis work. All restrictions

come from licensor

Not patentable. May be negoti- Few explicit restrictions, ex-

ated together with above cept those associated
packages or separately. with above packages
Usually costs 0.5% to 1% on

sales

Payment is usually 0.5% of sales Requirements on free feed-
or per man-day used, plus back of innovations. Se-
basic lump-sum fee crecy agreements. No

sublicensing
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Package Protection and payment formula Supplier and :ypical restrictions

OPERATIONS-BASED TECHNOLOGY
Know-how package:

Basic operational data Patents cover some. The rest is Producer or engineering firm
Flow-sheets and plant dia- protected by secrecy agree- Limitations vary with value
grams ments. Lump sum or of proprietary infor-

Key steps in the operation around 1% on sales mation to competitors

Plant-construction package:

Kev equipment specifi- Very limited, if any, protection. Engineering firm

cations Payment as {rmp sum or Few restrictions
Procurement assistance cost-plus fee bevond secrecy agree-
Detail engineering  co- ments

ordination

Supervision and expediting
Operation and technical assistance:
Step-by-step operating pro- Limited protection beyond se- Producer or engineering

cedures crecy agreement. Lump firm, usnually through
Quality control sum or fee as percentage of experts in the field
Safety and environment sales Few restrictions

protection
Productivity

When selecting and negotiating a technology package, the buyer must
ascertain what capacity to assimilate the technology exists.

Whenever possible the licensee’s technical specialists should collaborate
with the lic.nsor’s technical specialists in preparing the technology package.
This usually reduces the ultimate cost of the package, and makes it easier to
assimilate and increases its potential for adaptation. Generally licensees can
also benefit from visiting other licensees to learn firsthand about operating
problems.

A methodology for adapting technology

The experience of adapting over two dozen technologies to Mexican
conditions has produced a methodology that will probably be helpful for
adapting equipment and product-based technologies and may be heipful for
adopting any type of technology, although it is likely to be less useful for
operations-based technology and still less useful for process-based technology.

The Mexican methodology is based on the realization that successful
adaptation of a technolcgy requires knowledge of:

Market

Product

Process

Raw material availability

Basic features of the country and their effect on industrial infrastructure
Labour markets
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With this knowledge it is possible to assess to what degree two conditions
re gaticfied in the case of a given technology:
fa) That there is indeed the need to adapt the technology:

(b} That the personnel and materials required for successful adaptation
are available.

The folicwing conditions for adaptation of a technology exist:
Need, as determined by:
Industry mission
Availability of an appropriaie technology
Direct and indirect costs of acquisition of the iechnology
Ecolegical considerations and social impact

Adaptation potential, as indicated by:
Sensitivity of cost to scale
Level of sophistication
Degree of development
Auvailability of information
Flexibility of the licensee to make morphological changes

4]

Capacity to adapt, as limited by:

Human resources
Economic resources
Time

If these conditions are met, technological packages can be selected and
adapted to local needs. The fulfillment of these conditions provides a frame of
reference for all the variables relevant to the problem.

These variables can be grouped in five categories:

Category Variable Treated as a func:ion of
Product Demand Specifications
Market and competitive Price and time
dynamics
Raw materials Cost and availability Specifications
Transformation Chemical reaction rates Physico-chemical
and equilibrium variables

Methodology for physi- Local conditions
cal changes

Separation and finishing Cost Specirications
Auxiliary systems Methodclogy Basic differences

(energy, control,
pollution, safety)

Wher the trade-offs of these interrelationships become apparent to the
adaptation team, they can plan a more effective job of adaptation. The purpose
of adaptation is to obtain the minimum adequate specifications both in plant
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and product. Anvthing more represents an unnecessary expense; anything less
fulfiliment of mimimum adequate specitications.

Reference has also been made to the importance of competitive dynamics.
As Governments become increasingly aware of the importance of reaching
satisfactory levels of productivity and efficiency, it becomes increasingly im-
portant for industria.ists to ensure that projects will meet minimum standards
of competitiveness.

The Group for Development of Technology analyses competitiveness on
the basis of a model that classifies competitiveness in three categories:

(a) Exogenous competitiveness. The excess cost of competitiveness is due
1o overpriced but necessary inputs such as raw materials, shadow prices and
taxes:

(b) Endogenous competitiveness.: The excess cost of competitiveness is
due to poor planning as evidenced by wrong scale and wrong technclogy;

(c) Projected competitiveness: The project is competitive in today’s mar-
ket but projections indicate that it will soon lose its competitiveness due to
obsolescence and world market trends.

Creativity, innovation and entrepreneurship

Lack of creativity and lack of innovation are complex socio-cultural
problems. In many developing countries religious and economic, social and
faulty structures reinforce authoritarian attitudes and behaviours which are not
conduciv~ to creativity and innovative thinking and which discourage the
development of the ability to take risks .cessary to successful entreprenzur-
ship.

Mechanisms and organizations for applying appropriate technology

Much of the work done up to now on appropriate technology has tended
to neglect consideration of who or what organizations will apply the technology
and has assumed that thesc organizations will emerge spontancously. In fact,
practical experience has shown that even the existence of adequate policies and
the availability of trained hum..n resources, while necessary conditions for the
application of appropriate technology, do not suffice to guarantee successful
application of appropriate techrology. In addition to the Government and
universities, the co-operation of research, development, engineering, equip-
ment manufacituring and production organizations are needed to ensure the
effective application of appropriate techriology.

Research

Research institutio:is can concentrate on one piece of a more general
nroblem without the need te justify the study on the basis of short-term
profitability. Developing countries do indced need research, not necessarily

e e ——— e
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oriefied io invention or discovery but ruther to the design of a product mix
which would contribute to improving the quality of life of the local population.

How is the quality of life to be measured? The experience of the past 30
years has shown that GNP and degree of literacy are not ideal indicators. It is,
for example, more important that fishermen be aware of the need to respect the
biological cycles of fish and that farmers learn more about adequate seed
selection, adequate fertilization, and crop rotation than it is for them to read.

Local research institutions must concentrate then on designing products
to satisfy the real needs of the countrv and on the manufacturing techniques
required to produce them.

Development

If development is defined as the first integrated effort to put a given
technology to practical use with a commercial or business objective, then it is
evident that in developing countries there are generally organizations which can
make this effort. Existing organizations are not fully integrated or cannot do
an efficient job. Or, the final objective of producing an adequate product in
realistic quantities at an acceptable price is not clearly perceived and, as a result,
is not attained.

While recent discussions have helped to clarify and define the skiils needed
to promote technological capability, up to now a mechanism for integrating
those skills as been generally lacking.

Engineering

Mexican experience suggesic that this area has been well served both
quantitatively and qualitative': by local organizations. It should, however, be
noted that the ability to transfer a technology from one engineering group in
one country to another engineering group in ancther country appears to ve
vetter developed than the ability to engineer a local development.

Equipment manufacturing

The groatest limitation of innovative research is the necessity of adapting
all ideas to the capabilities of available manufacturing equipment. Local manu-
facture of equipment is important not because of foreign exchange savings
(hidden costs often make this yuestionabls) but because of the need to co-
ordinate local equipment manufacture with the application of appropriate
technology.

Analysis of policies to promote local manufacture of equipment should
begin with characterization of the technolcgy, as described above, but including
this information:

Use of Jabour
Producrivity

Product quality
Safcty

tnvironmental cffects

- —————— o ——— -
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Production

Production is the result of all the efforts described above but can alsu serve
as a testing ground if properiy used.

For every innovation born in the research laboratory, several innovations
have been born in the plant. The reason is simple: more people are involved in
the production process and there is more incentive to innovate, in terms of
short-term benefits, and less risk, because testing the innovation is a highly
reversible process. If the result is below expectation, it is relatively easy and
inexpensive to return to prior conditions. Technclogical innovation in produc-
tion can be classified 1s:

Solution of an explicit problem

Identification and solution of an implicit problem
Systcmatic optimization

Adaptat.on

Basic technological development

II. TECHNOLOGICAL PLANNING OF INDUSTRIAL DEVELOPMENT.
THE CASE OF THE CHEMICAL INDUSTRY IN MEXICO

Here is a brief summary of the information developed for technological
planning of the Mexican chemical indusiry for 1977-1982.

Macro-economic projections of the chemical industry within the overall
economic context of Mexico, both from econometric models (Wharton Lie-
mex) and from the estimates of various government and industrial agencies,
lead to an overall estimate of new investment for the Mexican chemical industry
in this six-year period of approximately 90 billion constant pesos ($Mex) or $3.9
billion at December 1976 parity rates (31 = $Mex 23). This compare:; with an
estimated $124 billion for total investment in Mexico in the same period.
Accordingly, investment in the chemical industry represents slightly more than
3 pe: cent of tetal investment. The breakdown of this projected investment into
sectoral compounts is as follows:

Value Fraction of total
Sector ( ..llion pesos) (%)
Petrochemicals 50 55
Basic chemicals 24 27
Agrochemicals 7 8
Otbers 9 10
90 100

Information was then collected on individual projects planned for the
period under stuay. The main sources of this information were the published
nlans of Petroleos Mexicanos (PEMEX) (the official government industry) on
basic petrochemistry and the announced plans of public and private industries
regarding secondary petrochemical projects. This information was supple-
mented by a survey »f the key members of the chemical industrial association
and the major engincering firms. This informatic:, was collated and analysed
by a rescarch team of the Group for Development of Technology.
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From this information lists of key investment projects were prepared. The
projects were classified as large (more than $10 million), medium (31 million
to $10 million) and small (less than $1 million). Projectec investment totalled
$3.3 billion for large projects, $72 million for medium projects and $12 million
for small projects. These projects represent 80 per cent of total planned
investment; the remaining 20 per cent is to be invested in related projects or
in expansion of existing projects.

This data was then run through the steps described ir section 1.

The criteria of plausibility of 85 projects were rated on a scale of 0 to 10
for each of four classes of criteria, namely, market, economic, finance and
technological. The overall rating was the sum of the individual ratings and
ranged from O to 40. The results are shown in table 4.

TABLE 4. PLAUSIBILITY RATINGS OF 85 PROJECTS

Rating Number of Percentage Investment Fercentage
range projects of total {million dollars} of total
40-36 7 8 139 15
35-31 8 9 106 12
30-26 26 31 36C 39
25-21 30 36 173 19
20-16 13 15 95 10
15- 0 1 1 41 s
Total 85 100 920 100

Table 5 summarize: ‘the data characterizing the technologies. These re-
sults reflect the import.nce of the large-scale, export-orieniad nrocess technol-
ogies required for t'/e petrochemical expansi~~. fogramme which mu.. he
purchased and tra-.sferred directly.

TABLE 5. CHARACTERIZATION OF TECHNOLOGY

Invesiment
{millions Percentage Number of Percentage
Characteristic of dollars) of total projects of total
Type ‘
Equiprrent oased 33 1 10 6
Produc -",ased 128 4 31 20
Proces -based 3024 88 100 66
Ope ~.(1ons-based 236 _1 13 _8
Tota! 3421 100 154 100
Degree of s.phistication
F.igh 3073 90 100 65
Medium 283 8 42 27
Low _.65 _2 12 _8
Total 3421 100 154 100
Wy of acquisition
Purchase 2299 67 103 65
Adaptation 542 16 30 20
Integration 54 2 2 3
Lxevelopment _526 15 19 i2

Tota; 5421 100 154 100
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The study did not consider selection and negotiation of individual tech-,
nology packages or adaptation of specific technologies because Mexican policy
supports the view that these steps should be taken by the people who will
ultimately be responsible for the commercial implementation of a project.
However, the available data were used to assess the human resources and capital
goods required for such an investment programme. Table 6 shows how human
resources would be distributed over the various stages of a project as a function
of the scale of the project; table 7 summarizes the results of applying the duta
of table 6 to the chemical industry. Table 8 shows the technological coefficients
for equipment required by different investments; table 9 shows ilie results of
zpplying these coefficients to the data described above.

These coefficients are based on the experience of private chemical and
engineering firms in designing, estimating and constructing more than a billion
dollars worth of chemical projects in Mexico.

TABLE 6: DISTRIBUTION OF HUMAN RESOURCES OVER THE STAGES OF A
PROJECT AS A FUNCTION OF THE SCALE OF THE PROJECT

Scale

Large Medium Small Average cost

fover (81 million to (less than (dollars per
Stage $10 million)  $10 million)  $I milliony  man-hour)

Percentage
Selection, negotiation and transfers 2 2 1.5 25
Adaptation 14 5 6 18
Development 5 10 10 18
Basic engineering’ 5 5 5 18
Detail enginceringd 75 58 52.5 10
Construction and start-up? 12 20 25 15
Total 100 100 100

¢ Iucluding only technical labour, excluding time involved in legal and bureaucratic procedures.

¢ This 2 zure is small because in Mexico adaptation in large chemical processes is minimal.

¢ Most of this dasic enginecring is not performed in Mexico but abroad, usually in the countries of the
licensor.

4 Including all engineering specialities (about 28 per cent of this total is chemical engineering).

¢ Including only engineers’ time (29out 10 per cent is that of chemical engineers). As the size of the project
decreases there is a shift from time spent in detai! engineering to time spent in field supervision at construction
and start-up.

TABLE 7. HUMAN RESOURCES REQUIRED IN THE CHEMICAL INDUSTRY AS A
FUNCTIO; . OF CONDITIONS ASSUMED? (NUMBER OF PERSONS)

Stage Case | Case 2 Case 3 Case 4
Selection, transfer and negotiaticn 18 23 43 55
Adaptation 23 27 46 48
Development 27 64 60 144
Basic engineering 58 56 142 138
Detail engineering 1160 1222 2948 2730
Construction and start-up 206 200 470 456

Total 1492 1592 3709 3571

@ Case 1: excluding PEMEX; no change in technologica, factor. Case 2: excluding PEMEX; higher local
deveiopment nf technology. Case 3: including PEMEX; no change in technological fac.or. Case 4: including
PEMECUX; higher local development of technology.




TABLE 8. TYPICAL BREAXDOWN OF THE INVESTMENT IN A MEXICAN CHEMICAL PROJCCT FOR DIFFERENT TYPES OF
TECHNOLOGY (PERCENTAGE)

. Type of technology

Process-based Product-based Operations-hased Equipment-based

Item L M T L M T L M T L M T
Equ:ipment 5 40 45 b) 50 55 5 55 60 4 56 60
Process equipment 3 17 20 4 26 30 2 8 10 2 8 10
Process machinery - 10 10 - 15 15 - 25 25 - 30 30
Pumps and compressors - S 5 - 5 bl - 10 10 - 10 10
Auxiliary equipment 2 8 10 1 4 5 3 12 15 2 8 10
Installation costs 11 18 29 11 9 20 11 6 17 10 7 17
Civil and mechanical installation 2 - 2 3 ~ 3 S - 5 3 - 3
Piping, valves and fittings 4 6 10 4 3 7 2 1 3 1 1 2
Insulation and painting ] 1 2 1 1 2 1 . ] ] - )
Instrumentation and control 2 8 10 1 3 4 - ] 1 1 2 3
Electrical installation 2 3 S 2 2 4 3 4 7 4 4 8
Building and structures 8 3 11 10 3 i3 6 2 8 10 5 15
Design 8 - 8 6 - 6 7 ~ 7 4 - 4
Field administration 7 - _7 6 _- _6 8 - _8 4 _- _4
T'otal 39 61 100 38 62 100 37 63 100 32 68 100

Note: L = labour; M = materials; T = total.




TABLE 9. SUMMARY OF EXPECTED EXPL{NDJTURESlg_]Y_/ Tlli)“{ MEXICAN CHEMICAL INDUSTRY FOR EQUIPMENT,
C 82

Type of technology
Type of equipmen: Process-hused Product-bused Operations-based Equipment-hased Lotal
cmillion $1 (49 tmillion $) (1) (million $ (1) {million $) (“¢) teillion $1 (')
Process equipment?
Large 607.6 88.7 20.8 30 19.6 29 1.2 0.2 649.2 94.8
Meadium 8.8 . 16.9 25 29 0.4 1.8 0.2 304 44
Small 0.8 0.1 4.5 07 0.2 0.02 0.4 0.1 59 0.9
Total 617.2 90.1 422 6.2 227 332 34 0.5 685.5 100.1
Proces: machinery®
Large 3574 75.8 11.9 2.5 61.2 129 43 0.9 434.8 92.1
Mediuin 52 1.1 9.7 20 9.2 2.0 6.8 1.4 309 6.6
Small __ 0.5 0.} 26 0.6 0.6 0.1 16 0.3 5.3 1.1
Total 363.1 77.0 24.2 5.1 71.0 15.0 127 2.6 471.0 99.8
Pumps and compressors
Large 178.7 80.4 39 1.7 245 11.0 1.4 0.6 208.5 93.8
Medium 2.6 1.2 32 1.4 3.7 1.6 22 1.0 11.7 53
Small 0.2 0.1 0.8 0.4 03 0.1 0.5 0.2 1.9 0.8
Totai 181.5 81.7 7.9 35 28.5 12, 4.1 1.8 222.1 99.9
Auxiliary equipment
Large 285.9 85.5 32 1.0 29.4 8.8 1.2 0.4 319.7 95.6
Medium 4.2 1.3 2.6 2.7 44 1.3 1.8 0.5 13.0 19
Small ~04 01 07 0.2 03 ol 04 0.1 18 _ 035
Total 290.5 86.9 6.5 1.9 34.1 10.2 34 1.0 3345 1000

“Typicil provess equipment: decanters, heat exchangers, columns and towers, atmospheric tanks, pressure vessels, reactons, condensers, evaporators, driers, furnices. crystal-
HZETS, CONVENOTS.
“Typica! process machiners: filters, agitators and mixers, fans and blowers, centrifuges, extruders and expellers, mills, breakers, crushers
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Technology for oil and gas based
industries: the case of Kuwait

M. J. Ma'Rafi*

The Kuwaiti economy

The econcmy of Kuwait is vased almost entirely on oil. Oil exports
constitute 96 per cent of government income, 86 per cent of foreign exchange
earnings ard 81 per cent of gross national income.

The first oil-weil was discovered in 1938; exports began in 1945. Product-
tion, refining and marketing were in the hands of fcreign companies until 1964
when a partnership agreement gave the Government 60 per cent equity in the
Kuwait Oil Company, the major oil company operating in the country.

The first refinery was built in 1949 with a capacity of 25,006 bbl/d. There
are now three refineries in operation with a tota! capacity of approximately 63
million bbl/d.

Associated gas is Kuwait’s sccond major resource. Until 1960 the gas was
flared; since then liquid gas has been extracted. Production increased from
about 200 bbl/d in the 1960s to 90,200 bbl/d in 1971. Some of this gas was
utilized as fuel for industry; since 1966 some of it has been used as raw material
for the chemical fertilizer industry. The chemical industry now nroduces about
750,000 t/a of urea for export tc world markets.

A major liquid petroleum gas plant producing almost 200,000 bbl/d of
propane, butane and gasoline was expected to go into operation in 1979.

Technology and industrial development

Thie facts and figures outlined above help to define the characteristics and
role of the technology required for the industrial development of K:wait.
Kuwait possesses huge oil reserves of average quality. Hence Kuwait should
give first priority to technology that will improve the quality of its oil and permit
it to remain an active competitor among world energy suppliers. Kuwait ziso
needs technologies that will help it to establish a petrochemical industry. A
fertilizer indv._:ry has been established and liquid petroleum gas znd melamine
industries will soon commence operations but Kuwait must he prepared to
produce olefins, aromatics, plastics, rubbers and other cil and gas based pro-
ducts. The type of technology needed for these developments will also be
determined by these factors:

(a) The social structure of Kuwait. The popuiation of Kuwait is now about
one million, balf of whom are Kuwaiti nationals engaged in government service,

*General Manager, Kuwait Melamine Industries Co., Safat, Kuwait.
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trade or commerce. Industrial and technical jobs are largely filled by non-
Kuwaitis. In 1975 oil industry statistics showed that only about 25 per cent of
persons employed in the industry were Kuwaitis; by 1980 this figure is expected
to rise to about 33 per cent as a result of extensive local and foreign oil industry
training programmes. Even so, it is clear that unless labour is imported, the most
appropriate technology for Kuwait will be technology of the fully automated
type;

(b) Natural resources. Kuwait does not have extensive natural resources
except oil and gas. To obtain optimum returns they should be processed into
intermediate and finished petrochemical products. Accordingly Kuwait pri-
marily needs technologies directly related to the petrochemical industry. Other
technological needs are secondary;

(cj Need to diversify income. Because the Kuwaiti economy is based on
one major resource, it is liable to severe dislocations in times of crisis. Hence
sources of income should be diversified by creating new bases for the economy.
The search for petrochemiccl technology should be cc-ordinated with the
worldwide search for new sources of energy so that every barrel of oil that is
not needed as a source of energy can be turned inte a finished petrochemical
product;

(d) More self-sufficiency. Another need is to create and advance industries
that car lessen Kuwait’s dependence on imports. Lecal enterprise should be
encouragea to satisfy local needs;

(e) Investment. The oil-prcducing countries have developed considerable
monztary reserves. These reserves have been largely invested abroad because
few opportunities were available locally. Technology should be used tc create
new local industrial ventures attractive to investment. This would mean safer
investments and create more employment opportunities for local graduates.

Education

Becatuse Kuwait is dependent on oil, its educational programmes should be
oriented accordingly. Vocational, technical and industrial training, using the
most up-to-date teaching methods such as closed circuit ielevision, on-the-job
training and model workshops, should be emphasized. The target should be a
generation of technicians who can translate technological information intc
industrial production units.

Research and development

Experience in oil refining has shown that the flow of scientfic and tech-
nological information within the industry has never been adequate .- easy.
There has been a lack of direct and efficient communication between R and
D institutions and industry. There are, however, encovraging signs that present
obstacles to commuuication will be overcome. Ancther cptimistic aspect of the
situation is the fac. chat Kuwait is building up a reserve of manpower capable
of absorbing and using new tic.unologies. For example, the number of students
at all levels of education increased from 125,000 in 1971 to 235,000 in 1976;
during the same period the number of schools increased from 210 to 355.
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Conclusion
Encouraging scientific and technological research, facilitating the transfer

of scientific and technological information to inaustry and increasing the
number of technical and vocational schools will help Kuwait to find and use the
technology it recquires for balanced and productive development.



The fertilizer industry in India

Feriilizer (Planning and Development)
India Lid., India

The roie of fertilizers in the national economy

Consumption and production of fertilizers in India has changed consider-
ably since 1951. Consumption rose from 66,000 t/a in 1951 to over 4.3 million
t/a in 1977/78 and was expected to reach 4.7 miliion t/a in 1978/79. If recent
trends continue, consumption will increase to nearly 7 million t/a by 1981 and
10 million t/a by 1985. Production increased from 39,000 t/a in 1951 to over
2.6 million t/a in 1977. Installed production capacity is expected te 1each 6.8
million t/a oy 1980 and 9.1 million t/a by 1983 while actual production is likely
to be 4.5 million t/a and 6.6 million t/a respectively.

Cespite increasing consumption the level of fertilizer use in India is still
low. In 1975/76 the level of coi. umption was only 16.5 kg2 in India as
compared to 48 kg/ha in China, 319 kg/ha in Japan and 358 kg/ha in the
Reputlic of Korea. The fertilizers themselves are unbalanced in composition:
they ccntain too little phosphorous and potassium compared with tize nitrogen
in thera.

Th. role of industrial fertilizers in agricultural development

Industrial production of fertilizers in India started with a small single
superphosphate unit at Ranipet in Tamil Nadu in 1906. The producticn of
nitrogenous fertilizers started as a by-product in the Tata lron and Steel
Company at Jamshedpur (Bihar) in 1933. Medium-scale production of am-
monium sulphate startzd at Fertilizers and Chemiicals Travancore, Alwaye, in
1947. Ar. acute shortage of food grains after the Second World War emphasized
the need to increase agricultural production and an additional fertilizer plant
was established at Sindri in 1951 to produce ammonium sulphate, ammonium
sulphate nitrate and urea. Eight fertilizer units were commissioned in the
1960s. Subsequently, India expanded its production capacity for primary nu-
trients, namely nitrogen and phosphorous pentoxide. The present production
capacity for primary nitrogenous fertilizers is about 3,280,000 t/a; for phos-
phorous pentoxide, about 1,270,000 t/a.

About 70 per cent of nitrogenous fertilizer production units now in oper-
ation use naphtha as a raw material. Natural gas is used as the raw material for
another 17 per ceat. Naphtha is likely to lose its dominance as a source of
nitrogenous fertilizers because of its relative scarcity. In India this has led to
the use of alternative raw materials such as fuel cil and coai.

Indian production facilities for nitrogen and phesphurous pentexide have
been operating below rated capacity largely because of inadequate and uncer-
tain suppiies of electrical energy. inadequa‘e -aw materials, lack of spare parts
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for processing machinery, labour problems and pollution have also contributed
to low productivity. Efforts made to overcome these difficulties include instal-
lation of power plants in factories and plant modernization through systematic
repair and replacement of aging equipment.

Since the discovery of oil deposits near Bombay and off shore from Kutch,
the problem of a source of suitable raw materials does not appear to be as acute
as it seemed in the recent past. Some new units expect to obtain natural gas
or naphtha from these reserves.

Distribution and marketing

Subject to some governmental control, fertilizers are distributed and sold
by the manufacturers. Controls are necessary because of the need to import
certain fertilizers and the need to encourage wide distribution. The aim of
import controls and distribudon plans is to prevent the industry becoming
totally dependent on imports or on a single manufacturer.

According to the agricultural census 1970/71 there were more than 17.4
million agricultural holdings in India but only 96,000 sales points, or one outlet
for every 733 holding-, to service them. Efforts are being made to increase the
number of sales points.

The prices of nitrogenous fertilizers are set by the Government of India.
The prices of phosphaiic fertilizers are controlled indirectly. If the Government
and the manufacturer can agree on a selling price, the Government will
subsidize the cost of the phosphorous pentoxide component in such fertilizers.

In India both surface and water transportation are used to distribute
fertilizers. About 76 per cent of the shipments are made by rail. Water
tansportation is largely confined to coastal areas. Rail transportation can be
as much as 50 per cent cheaper than road transportation. However, high
transportatior costs remain an obstacle to the development of the fertilizer
trade in India.
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and Corr.l  the construction of a fertilizer plant. 162 p.
Also published in Chinese. Freach and Spanish.
ID WG.318 3 Third draft of the UNIDO modcl form of cost reimbursable contract
for the construction of a fertilizer plant. 137 p.
Also published in Chinese. French and Spanish.
ID WG.318 3. Technical annexures for third draft of the UNIDO mode: form of cost
Add.i reimbursabie contract for the construction of a fertilizer plant. 70 p.
Also published in Chinese, French and Spanish.
ID WG.318:4  Second draft of the UNIDO modci form of turn-key contract for the
construction of a fertilizer plant. Commenis prepared by 1in interna-
tional group of contractors. 49 p.
Also published in Chinese.
ID'WG 318:5 Third draft of the UNIDO model form of cost reimbursabl: contract
for the construction of a fertilizer plant. Alternative draft {counter-
proposal) prepared by an internation:’ group of contractors. 110 p.
Also published in Chinese.
ID'WG.318/6  Establishing a multiateral iasurance scheme providing adequate
coverage for consequential losses incurred by fertilizer and other in-
dustrial piants. 24 p.
Also published in Chinese, French. Russian and Sparish.
ID'WG.318/7  Progress report on actions recommended by the Second Consultation.
20 p.
Also published in Chinese, French, Russian and Spanish.
ID'WG.318/i1 FAOQ activities in promoting and overcoming constraints to the effi-
cient and complementary use of mineral fertilizers, organic materiais
and biological nitrogen fixation by small-scale farmers in developing
countries. 14 p.
Food 2nd Agriculture Organization of the United Nations {FAO)
ID/'WG.318:12 Issues affecting development of the fertilizer industry in the 1980s.
16 p.
Also published in Chinese, French. Russian and Spanish.
ID/260 Report. 38 p.
Also published in Chinese. French. Russian and Spanish.

Fapers issued for the First Mceting of the Ad Hoc Commit:ee on Co-operation
among Developing Countries in the Fertilizer Industry, Nairobi, Kenya,
11-13 March 1950

ID/WG.322/7 Co-operation among developing countries in the fertilizer industry.
53p.
ID/'WG.322/2  Report. 18 p.
Also published in French and Spanisn.

Papers issued for the Technical Consuliation on Corrosion in Fertilizer Plants,
Sandviker, Sweden, 27 -31 August 1979

ID/'WG.303/1 Country paper from Mauritius. Corrosion problems encountered at the
Muuritius chemical and fertilizer industry. 11 p.
G. Comarmond




ID WG.303 2

ID WG.305 3

ID WG.303 4

ID WG.303'5

ID WG.303-¢

ID WG.303/7

ID WG.303 8
and Add.1

85

Country paper from Indonesia. The corrosion of CO, stripper gas
reboiler in P. T. Subuk Sriwidjcja. 12 p.

U. Sumitro
Country paper from India. Stress corrosion failures in reformer furnace
components. 12 p.

7”. V. Syinivasan
Country paper from the People’s Republic of China. A presentation of
typical equipment corrosion phenomenon in large scale ammeonia
plants. 8 p.

Y. Zhong and W. Sun
Ccuntry paper from Bangladesh. Urea fertilizer factory., Ghorasal.
Dacca, Bangladesh. 660 mt d natural gas based ammonia plant. & p.

M. D. Sayeed
Country paper from Saudi Arabia. Special corrosicn problems and the
repair at the Saudi Arabian Fertilizer Company (SAFCQ). 7 p.

I. Al-Makarzi
Country paper from Kuwait. Corrosion problem cxperienced in am-
monia and urea plants. 45 p.

b. H. Abdel Nabi
Report. 28 p.

Papers issued for the Expert Group Meeting on Fertilizer Plant Cost
Redu_tion and Ways to Mobilize Sufficient Financing,

IDWC.274/4

ID'WG.274/5

1D WG.274/6

ID WG.27477

ID'WG.274/8

ID'W(3.274/9

ID WG.274.10

1D W(.274°11

Vienna, Austria, 11-14 April 1978

Ways and means to reatice the cost of fertilizer plants to be built in
developing countries. 53 p.

V. S. Pillai
Some aspects on ways and means to reduce fertilizer plant costs and
to mobilize suvificicnt financing. 8 p.
Reduce costs by planning the overall project. 16 p.

D. Elliott and 1. G. Hirst
Suggestions for increasing standardizai,on of ammonia plant capacities
and equipment. 1] p.

F. C. Brown
Cost of fertil:zer plants in Spain, South America and the Middle East.
7 p.

L. M. Marzo

Also published in Spanish.

Reduction in investment and operating costs achieved throngh the use
c.{ new ammoni~tion systzms. 12 p.

J. de Mingo and F. Pollastrini

Also published in Spanish.

The cffect of proper project management on reducing costs for ferti-
lizer plants. 10 0.

P. V. Clifton
The mebilization of finznce for the construction of fertilizer pla: ts in
the developing countries. Summary of the argument and of the issues
raised. 4 p.

1. Whitc



86

ID WG.274 {2 Some suggestions for reducing investment costs and mobilizing sources
of financing for fertilizer plants. Experience of Romania in this field.
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ID WG.286 I Note on the changing pattern of world steel production.
Add.2 Also published in Chinese. French, Kussian and Spanish. 6 p.
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