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THE ROLE OF NE3EANCT DIVELOD WY ¥WNRK NN PIZOT PLANTS
IN THE CREATION AND TRANS® R O MHWTALLURGUSAL KNGU-HOW
IN DEVEIOPING COUNLRIED ald REGIONS
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The scope of che papar in ar vast &8s th2 problems posed in the
creation and transfer of MNetnllurglicul know-bow ard o paper sua &9
this can only present and focus attention cn cow2 ldeas for discu-
ssion and cannot embrace all the fazcin of the subject,

Pre-requisites for Science & Tachnology
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1.0 No one can cuestion of the applicetion ol sclence ns a
significant factor in the wide surge Cthat is taliing place in tho
world over, particularly in the £fi~ld of nctallurgical science ard
technology. In the broadest sense. zll countrics are developing,
each moving alonce its unique patii. Tne problems foeing individual
countries reflect in varying dcgree tho stato of imbalances which
characterize the world situation - imbalancesin the kinds and
sbundance of fuel and minoral resour :cs, inbalancer in the per
capita incomc and capital resources: impoluoccs in the state of
educational development and in the restraints imposed by tradition

etc. Eac country must there ore, devise me: 18 of idapting itself to
the state of imbalaice- cuae wdBe aw focmuaccing its own 3cientifie,

technological and relevant mean-povar policles.

2.0 Despite the fact that &sia experiented covolutioaary develop.
mente in the past, cvents have shovn that they ure isolated
blossomings whici are not enough to establish development as a
self-generating, scelf-sustaining process. This would, therefcere,
indicate that there is a eritical stage at which the right
combination of knowledge and undersatanding of the sclentific,
technical, social and econcmic aspects 1s tc be bullt up to rerdor




a self-sustaining process possible - the so-called ‘take off'
stage, Once it gete properly started, the process has every chance
of propagating over a wider freat. The beginning of such a procees
of evolution requirez « fertil. cocial envirow.mnt, as does ulso
its continued propagation; a situation very analogous to a trans.
planting operation which demands careful preparation of the ground.

3.0 In the past, development was relatively slow and was always
pushing at an unknown frontier of possibility. For the developing
countries, this frontier lies on a distant horizon and the thrust
towards it must be carefully planned and programmed.

Essential Asgects of the Elication of the Science
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4.0 The basic pre-requisites that are common to all the develop-
ing countries are the creation of general conditions favourgble to
the application of science and technology to develomment including
the implantation of basic sciences and the provision of the foun.
dation for the promotion of basic and applied research, both creative
and adaptive and emphasizing above all the social andé human factors
involved, 8o as to create a social climate for actively promoting
the changes asgsociated with developments,

5.0 The planning of Government support for developing science and 1
teclmology and of the national mtructures reguired for the purpose
is also important az alcs the rouply, distribution and utilization |
of the human, financial and institutional resources for the

purpose of research and developrent; the planning of research pro.
grammes in harmony with national development needs; the consul.

tation mechanisms of the scilentific community and the follow-

through in the production sector of the economy, i.e. the practical

applicaticn of research resulta,

6.0 Based on the systematic surveys conducted by the U,N,
agencies of the scientific inputs and infrastructural facilities




in the developing countries like Burma, India, Indonesia, Iran,
Japan, Laos, Malaysia, Mongolia, Nepal, Pakistan, Philippines,
Singapore, Thailand, Republic of Vietnam et~., it has been esta.-
blished that the expenditure on research and development, as % of
the GNP, for all the above countries is below 0.5% excepting in
Japan where it is of the order of a little over of 1%,

7.0 The prolific breakthroughs and the first new 'higha' reached
in several industrial sectors of Japan, particularly in the field of
iron and steel, are indeed staggering. Japan launched a massive
input of technology in the post-war periocd in several fields of

iron and steel technology. At the sane time, they strengthened the
research and development base to absorb and adapt these technolo-
gies to achieve maximum returns., Due to extremely limited avail.
ability of indigenous raw materials in the country and consequent
necessity to depend entirely on imported iron ore and coa’, maximunm
attention was paid to the use of preparation of the ore burden in
the blast furnace and efficient utilisation of specialised tech..
niques such as fuel injection, oxygen enrichment high blast tempera-
ture, high top pressure etc. These efforts have produced maximum
reduction in the coke consumption per ton of pig iron and increased
producti vity per useful volume in the blast furnace operation.

In 1960, there was hardly six L.D. converters and today, they have
73 L.D.converters and their combined capacity hiad reached 73 million
tons per year, They have built ultra high power selectric steel
making furnaces to lower the cost of power unit electricity and
irprove the heat efficiency. During 1970, Japan has made consider-
able strides in continuous casting techniques and the total capacity
hes reached 12% of the world's total production. Automation and
high speed operation of rolling mills have advanced to a great
degree. 1In the use of computer, Japan's steel industry has

achieved maximum utilisation. There are 200 computer system in use
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in the steel industry alone. Japan today has surpassed several
Buropean countries including U.X. in steel production and ranks
third in the world despite the . act that Japan i1as to import all the
basic ra w materials for tue iron production from overseas and
develop her own long term planning to sustain their production. all
these evidently show their ability to select, absorb and improve
the barrowed technology.

8.0 in bot:h China and Japan, the phenomenal growth of their
industrial complexes show another pointer in how to chcose the
technology and how to adapt it and gain completely mastery. For
inetance, Japan imported a great deal of scientific knowledge and
a fairly large amount of tachnical know-how and even engineering
plants from the United States, especially after the Werld War II,
(Tables 1,2,3,4 & 5). They also took a great deal of peins and
scientific study to build into their industry, the capacity to
develsp their own technology. The germanium, silicon and semi.
metal alloy industry is a fitting example, Japan today is in a
position to export their technology to the United States which
althcugh highly developed are buying their technology and know-
how. This would show that a determined and aggresive approach is
required to choose vwhat is required and to prxduce a technology
that can be utilised indigenously and also to be exported. Such
results are not noticeable anywhere in developing countries
becauge of the difficulty in attracting a group of highly competent,
highly motivated and highly creative technical personnel in the
industry and in providing the right incentive and environment,

Role of U:t_I;Aqencies

9.0 The application of science and technolcgy to development
and transfer has alsc heen actively engaging the attention of the
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Techniques far

Licensees (Aauthorization year) Licensers

Japan Special Sand iron ref inimi by Societe Centml
Philipon process (1954) (France)

Hitachi Metal Sponge iron making Stora Ko§>per-8erga
Wiberg process (1960 (Sweden

Sanyo Special Sponge iron making b{ 8tora Kopper-bergs
Wiberg process (1961

Yawata Steel  Direct i-on makin? by R.K. (U.S.)
R-N process (1962 ‘

S G e G O G G B B D S e 5 ON m BE @ A I G S G B P S P S e S B i O S S SIS S0 B dan T B0 SR g S Gw G0 S B e Sy LT 1 1 4

Source: Japan's Iron & Steel Industry, 1963
published by Tokyo Foraign Service, Tokyo




Table No,.2
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Techniques for

Licensees {(Authorization year) Licensers

Nippon Kokan LD Process (1956) Osterreichisch-Alpine
(austria)

Mitsubisihi Steel Vacuum casting (1958) Leybold-Hochvakunie
(W.Germany)

Japan Steel ’e

Kobe Steel ‘s

Yawata Steel Vacuum Melting (1959) Dortmund-Hoerder
(W.Cermany)

Puji Steel MHolten Steel vacuum Ruhrstahl a.G.

degassing (1961) (W.Germany)
Nippon Kokan ID.AC process (1962) La Centre Nationale

du Recherche Metallur-
gique (Belgium)

Source: Japan'’s Iron & Steel Industry, 1963
published by Tokyo Foreign Gervice, Tokyo




Introduction of Rolling Teclnigques (Class.A)
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Licensees Teciniques for
(Authorization year)

Licensers

Fuji Steol Strip mill rolling (1951)

Yawata Steel Hot rolling of silicon
sheets (1951)

Yawata Steel Metal surface peeling
(1956)

Misshin Steel Sendzimir mill rolling
(1956)

Yawata Steel Manufacturing cold

silicon hoop (1957)

Kawagaki Steel Manufacturing oriented
cold silicon sheet
(1958)

Yawata Steel Manufacturing oriented
cold silicon sheet
(1958)

Nippon Stainless Sendzimir mill manuf a-
cturing and rolling

(1961)
Nippon Yakin Planetary mill rolling
Ival & Co. (1962)
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Armco International

Armco International
Union Carbide (US)
Tadeusz Sendzimir
Westinghouse (US)

Westinghouce

Armco International

Tadeusz dendzimir

Tadeusz Sendzinmir

source: Japan's Iron & Steel Industry, 1963
published by Tokyo Foreign Service, Tokyo

(us)
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Introduc :ion of Special Stecl Manufacturing
(Technicqu.s {Clc., -a)
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Technique for

(Author ization year) Licensers

Licensees

Sumitomo Metal Continuous casting 1{1955) Concast A.G. (Swias)

Sumitomo Metal Metal forming by hot Compagnie cu
extrusion process (1956) Pilage (France)

Osaka Special Manufacturing zinc free Inland Steel
cutting steal (1958)

Sanyo Special Continuous Casting (1961) Mannesmann A.G,

Mitsubishi Steel (W, Germany)

Nisshin Steel Manufacturing stainless Armco International

Aichi Steel Steel (1962)

Takasago,

Tekko

Sources Japan's Iron & Steel Industry, 1963
published by Tokyo Foreign Service, Tokyo




Table No,5
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Introduction of Secorx ary Product Mak.ng

Technigues (Class=a)
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Licensees

Techniques for
(Authorization year)

Licensers

Yawata Steesl
Yawata Welding

Puji Bteel

Japan Arcos

Strip galvanizing (1951)

Manufacturing shielded
arc welding electrodes
(1958)

Infiltration of drome
into coiled strip sur-
face at elevated tenpera-
ture (1962)

Mamufacturing Arcos arc
wires (welding electro-
des) for automatic
welding machine (1962)

Armco International (US)

Holding Intercito
(Panama)

Gass Alloy Steel (US)

La Joudeur Electrique
(Belgium)

Sources Japun's Irou & Steei industry, 1963

published by Tokyo Foreign Serxvice, Tokyo




U.N.Bodies, the General asserbly, Bconomic and Social Councils, the
Advisaory Committee of application of Science and Technology etc.
puring 1960's and particularly Jn i970's, yreuter emphasis has been
given to define the r-1-. =¢ ro! ~~r and fechnol~nqy in development
and to identify the major pre-requisites that are essential for

the creation of technolegy and its ultimate transfer to the indu-
stries. The United Nations Industrial Development (rganisatlon alone
has carried out several pre-.investment service for the developing
countries in the field of iron and steel and has also provided
valuable technical system for the establishment of the basic indu.
stries and also in the form of technical assistance for settind up
commercial integrated iron and steel plants. o i

Invention & Innovation

- S B I SN D S R SRR WD (D SR T Sy N s s e b NP R

10,0 Research however successful, cannot by itbelf produée aét?icos.

food, shelter or wealth. Its results have to bo applied in practice.
This i® turn goos to skills, incentives and the commitment to

inhovation along the chain starting from research through development

to production and finally marketing. The basic concept: that has
very successfully been defined and emerged out of the several confe-
rences is that there is a distinct difference between 'invention’

and ‘'innovation'. Tfarnoveoti’en implies bringina into being new products

or processes. In the complete c :ain of activit. es constituted by
fundamental research, applied research and development (R&D),
innovation represonts the culminating stuge at which the total sci-
entific effort of the country is incorporated in a form of having a

direct and clearly recognisable implications for the national economy.

A Multi-stage Process
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11,0 Invention creates oprortunities to design and carry out

their implementation. Ic is innovations which ensure the use of an
idea - the procédss by which the idea is translated into economy. The
test for researcih and development is to what extent it 1s put to use




in productive enterprise. Innovation is thus a mylti-.stage
process needing considerable human resourcos and the magnitude of
expenditure is usually much greater than the funds consumed during
the first stage. The United States, Department of Cormmerce, has
estimated that expenditure on innovation is about 10 times of the
expenditure on invention.

Pear of (bsolesenco

12.0 In the last two decades, considerable efforts have been made
to reduce the time lag from the discovery of invention to its ulti-
mate absorption in the industry in the form of innovation and this
has particularly proved very successful in ‘product' and 'processes®
research. Industry today is also more conscious of the possibilities
of cbselence in the equipment or processes they are using and there
is a constant effort made by the industry to go in for new equipment

and new processes to compfete in the international mariket. Large
organisations are constantly endeavouring to keep abreast of the
latest advances in the application of science and to f£ind effective
use of utilising them.

13,0 'I'he industry is also conscious of the fact that every new
product coming to the market erondies many man hours of valuable
research and design and in particular the amount of research and
innovation of work preceeding the appearance of new type of equip-
ment or machinery. This will be evident from the fact that in the
production of a new piece of equipment or proceass, there are several
stages involved such as preparation of product, fiirst sample
producing, few sample testing, introducing changes in the design,
preparation for commnercial production and finally commencement of
production.




Need for Institutional Structure for Develognent
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14.0 Technological activity is only one major link in the \éhain
of activitias and there are othar links that are equally important
such as the commercial =rpacte f menagemont, .urket survey, legal

‘acpects, patenting, developing, buildihg and maintenance wark etc.

. t

The modern concept of R&D is, therefore, quite different from those
~ that prevailed before in the sense that innovation is no longer left

for the imventar to carry out, At an appropriate stage, the inventor
needs the support of a multi-disciplined team of innovators. A
separate institutional structure may also be necessary for promoting
innovation working closely with research inscitutions in which
economists has a significant role to play. '

Classification of Research Activity
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15,0 Future historians will no doubt record the importance of
research in our culture and the brrad and steady stream of new Pro-
ducts and new processes and new materials which it has contributed
to our economy., The society is primarily concerned with material
goods &rd objective phenomena and the major trend of research stra-
tegy in the world haa been directed towards ‘product ' and'process’
development. Industrial research can, therefore, embrece problems
covering a wide spactrum ranging from ndaptation, suhstitution,
adhoc impro ements to proceas a d product deveiopment) design of
proto.type amd final production and marketing strategies. Yet: theso
activities are only one part of what might be called a total e¢onomic
system, i o

16.0 During the recant past, it has bean recogniaeci‘trat thei;e
exists an important economic activity called ‘'services' which do not,
of themselves lead to physical end produch, although they may well
and usually do facilitate the manufacture of goods by providing
funCtioné necessary to the creation of firm utilities. The services



including the personnel services help to create an environment that
facilitates the production of goods. R&D has not been as productive
in this finld as in the product arsa. As far as metallurgical
research is concerned, the ini.cvatlon chain iz rather long end infra-
structure that is required to produce and sell the goods is quite widc
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17.0 There can be no two opinions on the need for basic objective
research as it leads to ‘concepts' and applied research to ‘options'.
Bhéic“re:aearch provides considerable scope for undertaling _apglied
research and leads to technological follow-ups in the prc';dt‘;;:t":;l,.ve'

- section of the economy, producing drastic changes in manufacturing or
consumptions habits. When a basic research makes such 16@99::. the
returns justify the inputa. |

18,0 As for instance, the expenditure of billions of dollars on
space explorations and moon landings has certainly provided enough
impact on the industries by way of'new‘products. new processes and
patents besides satisfying the scientific curiosity. The gap between
inventions and innovations is also reduced as we could see the
commercial application of satilites in T.V. Transmisaions, communi.
! cation etc. This is exactly what is required to keep the expanding
wave front of technology fully in propagation. This is possible only
‘ in highly developedcamtri . like U.K., U.S5....R., where the indu.
strial infrastructure is adequate to absorb the scientific advances.
In developing countries, the time lag is wider and widening further
with the result that even the few impact the scientific community
tries to create is rendered useless by the lack of the capacity to
absorb. : ‘

' 19,0 FPor scientific research to be cffective and viable, the
. research unit must have a minimum size. Size is necessary for two
main reasons. Firstly, research requires the interaction of a




multitude of disciplines involving an irredécible minimum of people
and equipment, The industry is no longor interested to have a
quantitative approach, but qualitative emphasis on the properties
that are required to meet the rigid service requirements of the
product. Secondly, in order to ensure a reasonable chance of
success in solving problems within an acceptable period of time,
several alternative rcutes may be recquired involving multiplication
of facilities. Having said this, the minimum size, in terms of
revenue expenditure, can afford to be much smaller than comparable
laboratories in the developed countries as a result of a combina-
tion of lower scientific salaries, availability of highly qualified
scientific assistantbs and the fact that some of the goals of
research, e.g. import substitution, are so much more finite, last
but not least, is the limited extent of the competition in a closed
economy which tends to reduce the risk,

Imperativeness of indigenous tecimology

20,0 During the last two decades, developing countries have learnt
with practical and pragmatic approach that adequate investmeat in
scientific research is essential to achieve progressive econamic
growth. 1In this, Japan stands foremost. Even the firms in Japan

which imported most of the foreiqn know~how spent maximum oz R&D
efforts, It has also been realis~d the more they already know them.
selves, the more they can secure fram others and more they can behefit-
It has also been observed that the Japanese Industry spends as much

as 7 yens for every yen spent on borrowed technology for adapting.

&nd improving the technology through indigenous R&D,

Pre-requisite for Industrial Research
gnd 'l‘echnolggx Develogg_gg: ________
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21,0 Same of the papers that were presented on the 'Problems of
Transition from Laboratory Research to Industrial spplications', a
Seminar that was organised by the UNESCO at Foona, during Dec,1970
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. emphasise the fact that a high order of impac: on the aconomic

. growth of the developing countr'.s can be effected only by adapting
and assimilating and improving upon imported technologies and that
for improving the efficacy of the R&D institutions, it is necessary
to ensure proper identification of projects and collection and disse.
mination of the local and international market information. Large
industries in the developing countries should be encouraged to
esteblish integrated R&D and engineering and design facilities which
will facilitate the expansion of these units on the basis of their
own research,

22,0 In a developing country, the following pre-requisites to
succesaful industrial research assume great significance.

; 1. Availability of trained laboratory researchers,
| engineers, technologists, technocrats/managers

' 2. ILidison between governmental and university R&D
f Institutions, industry and governmental planning
‘ and policy makers

| 3. A pational science and technology policy for

f promotion of industrial research, Setting up of

i priorities for financial inputs in relation to

j national needs as regards areas of industrial

research. Respective areas fcr RAD activity in

irdustry, co-operativ. research assoc .ationsg, and
government res orch institutes. Role of governmental
priorities for R&D inputs

* 4. Incentives for indigenous R&D and for induction of
technically trained entrepreneurs

| S. Aviilability of project engineering and design
organisations and plant fabrication capacity.
Incentive for promotion of these facilitles.

23.0 The following pre.requisites for technology development have
also been often identified.

|
! . 1. Identification of projects for R&D inputs apd
|
|

their priorities from the point of view of techno-
economic considerations
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2. Market Survey

3. Relation to naticnal planning and needs and
impact on economy and/or strategic needs in
relation to establi-hed R&D inputs and is it

worth it?
4. Time snd techno-econcmic targets of achievement

5. Identification of prospective users of technology
kXeeping in view capital investments needed for
comercilizing the process intended to be developed

6. Consideration of obsolescence factors

7. problems arising out of the objective of improving
existing technology.

Planning of R&D g:_l_.}ocation
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24.0 Since in almost all developing countries paucity of funds
is a8 common, all pervading malady, planning of R&D allocations of
funds must be done with utmost care with following to serve as
guide-lines:

1. Selection of particular solution/solutions of the
identified prohlem out of the various possible alter.
natives based on techno-~economic merits, level of
technological expertise available, estimated capital
investments needed, indigenous availability of raw
materials and equipment etc.

2. Planning of laboratory and pilot plant work on a
detailed time_targettirg proframme, organisation of
PERT or OPM programmis for execution and evaluation
of the R&D work in relation to time-targets prescribed

3. Execution of R&D at the Laboratory and pilot plant
stages - Bvaluation of work at various stages of deve-
lopment in relation to cbjectives of achievement

4. Regional and international collaboration in R&D
activity.

Sponsored_Projects

25.0 Government may subsidise such research by affording adequate
incentives. Until such R&D base is established, the large industries

in these countries should take advantage of vhatever research centres ,
|
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that are available in a country such as the National Leboratories
or NRIC etc. by funding sponsoied research on problsms connected
with assimi ating and the inpro sment of import »d technology as well
as nroblems of productiua, ¢ ive.sl.ilalion and axpansion.
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26.0 An important suggestion which has received strong support on
several occasions is that Government should give directive to all
public sector companies that they formulate definite and time tar-
getted plans for absorbing the imported technologies. The Governmont
should also parmit industries in key sectors by funding research on
important problems in research estabiishments in public and private
sector industries and in other R&D institutilons.

e Role of Pilot Plenta anQ_Units
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27.0 Before we go t o this aspect, particularly in the field of
metallurgical processes, it 1s necessary to understand the difference
between ‘process' and 'product technology'. The quality of a
technology can be evaluated both in terms of production cost and
quality of the product, although there are a number of factors
affecting both., While it is difficult to quantify, quality of
technology has two major identifiable aspects. In a comparison of
technologie~ for the manufactur-~ or the same product, one which
gives lower coBt Of puuwuclil pie dull value of output is a detter
one, It will lower the cost by reducing input . output cost by
substituting cheaper inpucs or by giving a product of better quality.
Second, the lowar the risks ascociated with the use of a technology,
the higher will its quality bs adjudged.

oach of the Buyers and Sellers of Teclmology
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28,0 Unless one is already using a technology, a2 buyer will be
uncertain regarding the output costs end quality that he will achieve
with it. The less the risk he has to bear owing to this uncertainty,
the higher he will rate the quality of the technology. It will also
be evident that newer technology which gives lower cost and better




quality are leas tried and therefore, less certuin in the results,
Usually a buyer of achnoioqy places @ high pramiim on higher returns
and greater certadn:v of the cualilv. A esaller of technology will
$ry to raduc. the buywe risl, b giving output and performance
gquarantces by reduciny the sudbjeccive risk he wiil improve the Luycrs
Judgement of the auzlity of tha teclmolegy znd crirge wnore for it,

29.0 alternciively, ho wi’l lock fo: a technelogically scphisti.
ciatod buyer who can tackle £he Lorstinlng trouble on his ovn and
Foaisibly eontribuis £n tha fechmelogy pacrchased. vhen technology s
chiaractericed by the gquality of the product, the product wiil be

-

rrctected by patente, teods marks ete. In the casd of hamcgenous
bulk products. tacimology 18 choracterised more 3y the ranufacturing
procese and Yts coste than by digtinclive prodiuvec doatures. As far
a3 metallurglcol induetry is concernzd, process technology plays &
very important eard and inm the light of the arguments mentioned
<ove, pllot plents aé pretotyrpan are lepogtant, This will be
wrzelelarly ¢lerrn foon tha faet that cxtragoletion of la%oratory
neale repaarchas to dndustrial practico in aenerally a difficult
problem a8 Uihoe ratlio o trea £o volume i5 %ar greater in laboratory
ceets thon in infustrial practice.

Azala use of pllot Elcnts
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2.0 Imduws pigl rosexzeh must nocrrerate an ntermediate stage
~tera £he Lerts 4rA Maue Li 8 Mowsiwd 08 odtdeildsstrial scelo, helf
sy potween lehwaretory and industrial preduction scale. At this
2Moge, it S8 proctically necepsuxry to have availaible specially
Lstalled premises which will he called pllot sectlon or plant,
aceeidiing to trade gize. 48 @ nakter of fact, the sbject i3 to have
<. piart cvailanlta vhicl. will enchile oreduction to be made on a
wedutad fndaetriel scale. These faciiitios are generelly dovised to
#2Amy 2asy modlification of oquipment and more numarous and precise
weasurenants then is gonerally the case in normel production,
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Benefits in connection with metallurgical pilot plant include
determining teclnical and economic feasibilitiea, the conditions
that affect recovery and quality of products, rarketing prospects,
and factors affecting geuamet.y .. ejqui,ment ani he design of
projected cocmercial size plants.

31,0 There are also other possibly significant benef.ts that may
be derived from pilot plant operations. One of these is the oppor-
tunity for training personnel, including technologists and & labourers
The use of trained personnel lessens the hazards for amooth opera-
tion of commercial plante when they are first placed in operation.
Damages to expensive equipment are avoided, and contingencies that
arise can be met more readily because of confidence and experience
that the persons have derived from p!lot plant experimentation. Thus,
shut-down’ during initial operation of new commercial plants are
minimised. Another benafit is that a fairly indicative proceseing
cost data can be obtained that permit estimation cf operating

costs for large plants. Such figures are one of the key items in
deciding the break even points and whether or not to venture into
commercial demonstration or opsration on a particular scale of
production,

32.0 Pilot Plants also afford opportunities drastically to change
treatment system at a cost much lower than if *his had to be dwe in
commercial size plants. Substauntial changes suretinms are required
in equipment and processes in commercial plants that L.se new proce-
sses or new types of ores. Such changes cause delays that are
costly in production loes and i{n increased capital outlay. adequate
pilot plant experimentation before conatruction of cawwrcial
demonstration or production plants tends to 1educe or sliminate
auch losses.




33.0 In conclusion, pilot plants can sometimes operate as perfect
models and yield unarguable design data. 'nder any conditions trends
in perfarmance can often be ea*ahlished which give sufficient con.
fidence for full scale trial., Whenever an element of a process can
be used as a basis for the -ilot plant, the results obtained are
usually realistic without &y corrections for scaling up., This will
apply even when the process is complex as for exanple sintering.

Acoountability of R&D
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34.0 With the rapid growth of the nations' resources allocated

to scientific activities, and more particularly to research,
science policies of governments zre being more and more challsnged
on econanic grounds. Though it is no longer necessary to prove that
‘science pays', nevertheless governments are under continuocus
scrutiny by parliaments and scientific committees in order to ensure
that the investments in research are made in such a way as to
optimize the probability of benefit. Here we have a new kind of
cost/benefit analysis in which the uncertainty of ths calculations
increasss as we pass backwards fram prototype development, through
applied research and oriented fundamental research to pure basic
research, where the chances of success can hardly be estimated on an
individual project basis.

Criteria for mesasurt respearch outgt_ns
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33.0 While criteria for estimating the research input are fairly
well established, those for measuring research output are by no means
generally accepted, and some leading figures in the world of research
still assert that they do not know of any satisfactory method of
measur ing research output, The studies on ‘efficiency of research!
have not yet led ¢to definite corcwlusions that can be used by
science policy-makers, but knowledge in this field is accumulating
rapidly and will certainly have to be taken into account in the near
future,




36.0 When the problem is raised of the benefits accruing from
research, most people think in terms of fairly direct economic
returns from sc!ence-based produ:tive activitie.., either industrial
or agricultural, This should never be the only criterion. Too little
has been said so far about the social benefits accruing from
research and about the important cultural benefits to be derived
from the improvement in working standards brought about by the
inescapable damands of scientific research for qualities such as
honesty, clarity, precision, persistence and a driving determine-
tion to achieve axcellence. And these characteristics have in turn
often influenced development in other fields.

Ffrom Research to Productiomn
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37,0 But let us now consider the chain of activity constituted

by science, technology and production., One line of argument, based
on past experience, contends that science and technology grow
separately, though a symbolic relation between the two activities is
recognized. This was one of the urguments that led the United
Kingdom in 1965 to set up a new Ministry of Technology, with its own
Advisory Council, in addition to the Dopartment of Bducation agd
-Science with its (Advisory) Council for SBcientific Policy. It is
worth notinc® however, that a Cemtral advisory Council on Science’
and Technology has been :2t up ure recently to advise the British
Government as a whole on the most effective use of the country's
scientific and technological resources, whether in the civil or
defence fields or in the public or private sectors.

38.0 A nunber of science policy-makers in the Soviet Union on
the other hand, have assumed that the most fruitful spproach is to
corbin® various statistical indicators of the development of
closely inter.related fialds of knowledge in the complex of the
'Science-Technology-Productio:’ chain. It is claimed that the
comparison of the rate of development of a particular field of




knowledge in each of the three links of the chain allows definite
conclusions to be drawn.

39,0 This second approach implles on & direct casuality relation.
ship hetween scientific research and technological developmenc,
apparently conflicting to some extent, with the ‘symbiotic’' view
described abovae.

Double Feed Back System
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40,0 The two views can however be reconciled by considering the
relation between scientific research and technological development
as a double feed back systenn. (Fig.l). as illustrated, chere are
independent inputs (of manpower, funds etc.) to scientific research
and to technological development. The output from research is split
into two parts, one of which feeds into cultural and educational
channels while the other feeds into technological development. Simi.
larly the output from technological development is split into two
parts, one of which feeds into industry, to produce a marketable
product or service, while the other fseds back to research in the
form of new and improved instruments, equipment, taechniques etc.

The Problems of Transfer of Metallurgical
know-how and Production Entreprise
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41.0 The -reation and diffuaicn of technology is the main motive
force for the industriai development and its uitimate result in the
econamic growth. The technological gap has been aptly idantified

as one vhich really marks out the poor countries of the world from
the advanced countries. This technological gap is evar widening and
the rich countrias, because of their abllity to apply the specta-
cular advances made in science and technology to productive efforts,
are able to improve their economic position. Whereas the developing
countries are unable to do so or at least unable to bridge up the
gap in the foreseable future., It has therefore,been recognised that
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one of the major efforts by the developing countriuss should be to
build a sound base for self sustaining growth in the ferm of majer
inputs for scientific and technological infractructure to absorb +he

necessary ¥now-how,

42.0 The experience of Germany and Japan in the post-war period
would amply demonstrate that with a sound technological base, otuasr
constraints such as scarcity of capital and labour do not prove
insuperable in the reconstruction of the economies. Daveloping a
proper base for the growth of technological infrastructure of

the country should thereforebe accorded theo hlghest priority ia ary
programme of industrial development and partlcularly in the meta-.
llurgical field.

43,0 Some of the policy makers assume that once a sufficiently
large number of industrial plants are ascerbled and operated in a
country, it can propel itself forward on its own. Bven in our own
country, this basic concept prevailed when the Government ¢f India
sanctioned 3000 and odd foreign collaboration for the import of
plants, operational and maintenance know-how .

This concept is totally different as compared with that adopted oy
the developed countries which will be realised frcm tha fact that
side by side with the development of the industry, there ls a
parallel dcvelopment of science and technoloyy. Whan thase countr .as
reach the take off stagu, Luey not only attain all the sustained
growth but also a self.reliant technology.

44.0 The result of our own efforts for the last decads cr 8o hus
also amply brought out in relief the necessity to have a closc

link of R&D establishments with the plroduction units and it 10 this
absence of communication link that has widened the gap or delayzd

the transfer of technology developed indigenously. This also reflects
a great deal on the technological gap that exists butween the RED
{nstitutions in the developing and devaelopad countries, which is
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any way does not comvey the incompetence of the scientiste amd
technologists in the developing countrias. Several commercial
aspects ¢ xme in the way and Y 3fore doing so, the well known concepts
of the mechanisms of ressfe.t couid e diacudsed in brief.
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45.0 Principally, there are two ways in which the technological
infrastructure can be developad in the country, i.e. through
transfer from advanced countries and through indigenous research and
development, In the case of imported know-how, transfer is usfially
effected through foreign collaboration and licensing arrangements,
generally involving payment of royalties, know-how fees, design
engineering fees, import of capital equipment training of local
staff and 4in some cases, even capitsl participation. Since an
overvhelming proportion of the operative technology in the world is
in the possession of the private industrial enterprises in advanced
countries which have developed it, it is not open to the developing
countries to draw upon it except through payment of necessary fees
and other forms of pasyment and because of their strong position,
and advanced countries are in a position to dictate terms. Conse-
quently, the cost of transfer is invariably exorbitantly high.

Inhibiti~g Factors

46.0 »Aother inhibiting factor in the transfer of technology 14
the clause that the know-how cannot be shared with sther agencies
in the country. This is almost insulsting the imported technology
from the stream of research and development activity in tho
country and keeping its direction and 1inks with the kmow-how of the
exporting country. Such transfers therefore, really constitute
‘psgudo’ transfers, as they function merely as inputs for production
with no impact in the research and development field.




In a developing country which seeks to widen the industrial process,
the expenditure on the import of know-how will continue te grow
rapidly.

47.0 Besides, the lmported knuw-how does not contribute to the
growth of teh nological base within the country, but leads continued
dependence on foreign sources even wvhere the know-how is repetitive.
It is also the common experlence that the know-how developed in
othaer countries does not suit the requirements and the economic

and social systems prevailing in the country and needs to be adupicn
through further developmontal work, which will not be possible unlaig
there is sufficiem: competence developed in the country. It ia alsc
a common feature that those industrial firms which are in possession
of critical know-how link up sales with the know-how so that the
import of know-how invariably leads to import of machinery and

spare parts. In the absence of free flow of technical data, the
indigenous capability for manufacture of machinery, equipment and
instruments will not grow.

Efforts in India
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48,0 As far as India i8s concerned, few activities have receiwved
such massive support from the Government as industrial research,
During the last decade, the total number of scientific and technical
personnel employed in R&D estab: ishments has gcae upto 75,000 aa
compared +o less than 20,000 in 1958.59. The experditure has gone
upto Rs,.1500 million campared to about Rs.300 million in 1958-59.
Now that the sizeable infrastructure has been established, questicna
are often raised and opinions are expressed - what is the nation
getting out of the heavy investments in s>i:nce? aAre the results
commensurate with investment? Is enough liaison exists between
research and industry? This not only applies to the conditions
prevailing in India but can be generalised to many of tha dewvelopi:y
countries as would he evident from speeches of o many scientiasts




from developing countriee at the Unesco Conference held at Poona
(India) meeting in Dec.1970. Sciendd sts feel that men of affairs,
administretors and industrialists do not appreciate their contri.
butior in { 2e true perspective, Industrialists feal that sciemtists
are mainly working in b uCaduaat siowd and ave not realists,

8o a situation develops in which there is inadequate rapport between
scientists on the one hand and administrators and induscrialists on
the othexr, There is actually some scrt of hiatus betveen research men
and industry. This is basically because of the lack of awareness of
the mechanisms of science in relation to the industry.

Machanism of Tramfer
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49,0 Mechanism of transfer can be better understood if we realigs
the fact that innovation chein is too long and has several critical
joints and if any one of them snaps of i, the process results in
failure, A.lthough one may approach the problem of tranafer of tech-
nology to be a matter of approech, attitudes, aptitudes, problem

of identification, resources, deve.opment judicious selections ut
every stage, understanding and participation of entrepreneurs and
abpve all of good management, the mechanism of transfer con troadly
be grouped basically into two cataqorien, horizontal and \.erttcal

Vertical Transafer

50,0 In the vertical tramsf-r, science isac¢s to technology ani
technology resuits ii. L.a.lwuru. fho vertlcel t. ansfer is quisker

and more effective since R&D and production departments function under
one management which provides the right feod back and results. The
Bhabha Atomic Research Centre in India is a good example of built in
Institutional R&D with & closed loop.

51.0 On the other hand, horizontal transfer occurs w‘hen the
scientific or technological information generated under one contaxt iE
applied by other f irms which improve upon it vertically to moet

their ra;uirementa. :
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_E}orizontal_'rranafer

52,0 Technology transfer frum developed to developing countries
which is mostly horizontal can take place in Jne or a combination
of various ways as outlined below:

a. Flow of books, Journals and other published literature;

b. Movement of people between countries including
migration and return of immigrants;

c. Fareign investment and associated transfer of
know-how and equipment;

d. Import of machinery and equipment;

e. Technical cooperation programmes (multi-lateral,
bi-lateral, official, and private) and

£. Licensing know-how, patents and trade marks.

Most of the developing countries adopt all the above methods
in the teclinology transfer,

3 Essential conditions for successful
; Tranafer_of Inguatrial Technol

| 53.0 To adopt technology and particularly modern technology in
| an under-developed country, we need to changet

a. The technology:
! b. The social system and human attitudes)
c. Knowledge and human skillss and

d. The physical implements in which modern
technology is embodied.

Ancther important feature is the team approach to the
transfer of technology.
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| 54.0 To facilitate the transfer of oparative teclmology, a few
| have suggested that technology transfer centres could play 2 dominant
| role, These agencies should not be mere repositories of publication
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and other technical material but should have strong links with
other national and {nternational centree having sources to special
technical information and operative Xnow-how, 4his will ultimately
help the various enterprises in the developing countries to obtain
{nformation on technical know-how which may be difficult for them
to get through normal methods of communication.

55. The role of the Centres should be (1) to advise entrepreneurs,
research institutions and other agencies on the most appropriste
technology to choose from various alternatives and sources; (ii) to
give expert advise on the adoption of imported technaology to suit
jocal conditions and also on jte effective use by domestic users

and (ii1) to help in the rationalisation of the processes of inquiry
and application to the possible in the region bearing in mind regional
similarities.

G S AR M G e S O

1.0 Developing countries should realise that the major pre-
requisites such as allocation of adequate finance and human resour-
ces, recruitment, training and maintaining requisite nunber of
scientists and technicians in proportion and with the scale of
specialisation and training according to the national development
plan and current sclence policies are sine-qua-non for impl antation
and application of science and technology. '

2.0 To optimise the limited resources, developing countries should
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3.0 A co-ordinated development of institutional resources for
science an? technology is essantial since the activities of the
national research 'not-.crk' ‘Uuivreraities, Technological Insti-
tutes, Centres of Excellence and National Laboratories) are
inter-related,

4.0 Conditions favourable to the evolution cf the different
types of research, fundamental or dovelopmental or adaptive,

should be encouraged so as to ensure a continuous exchange of ideas
between sneighbour ing disciplines of techniques.

5.0 ichievement of technological competence is a major priori
for achieving self.reliance and sustained growth of the technology.
Devsloping countries should, therefore, build up a strong indi..
genous R&D base to help in the choice of technologles offered, to
assimilate, implant and diffuse the imported technology. However,

a certain balance in the distribution of the national efforts
towards 1institutional build up in science and between research
activities with different degrees of relevance is inevitable,

since adaptation and first stage of application of new scientific
or technological knowledge normally take place within a national
technological system and not necessarily in t e country of original

discovery.

6.0 Developing countries should associate their sciertists,
technologists and management experts in the assimilation and im-
plantation of imported techniques and patented know-how from the
inception so that they could absorb the technology within their
research and development frame—work ard further the diffusion of
technology.
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would be truly operational and would have to perform the role of
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national development agencies mainly geared co technological
progress and innovation.

8.0 Since a carbined effort of research scientists, techno-
logists, economists and socio.ogists is a ma,or pre-requisite for
an innovation, these centres should employ specialists in the
various disciplines to devise methods of transacting new tech-
nology into motive sactor of the econorry and evaluatiag their
economic soundness. Such centres should also include Information
and Documentation Units, Design Office, Experimental Workshop,
Economic Units, Computer Centre and Tratning Unit.

9.0 The experience gained and the cutput of the centres should
help the Government of the devel ing countries in determinigg the
technological policy which can form a vital link between the
Nationsl Science and Industrial Policy. Most important role of such
system should be the feed back arrangements into the National
8cience and Planning Body.

10,0 While large industrial undertakings and associations of
similar firms may be encouraged on work of innovations, medium size
industries should receive some scrt of protective incentive for
developing indigenous technology and development expenditure for a
new project or process could be borne by the Government of the
developing countries.

11.0 It is also recommendeu that the Goverument of the developing
countries wvhich are in the initial stage of industrial development
and aspiring a very rapid economic growth through industrialisation
should ensure a free flow of imported technology. The expenditure
on such account may be st least equal to or could bo much more
than tahat spent by such countries on their own research and deve-
lopment, However, efforte should be made to build up indigenous
R&D base to absorb and adapt the imported tetmology.




12.0 Developing countr ies which have already established adequate
industrial base in various sectors of the econorty should spend more
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for local industries in order to make them more self-reliant, in
particular by granting those local industries preferentlial treatment of
a fiscal and financial nature such as tax reliefs, subsidies etc. 3uch
preferen tial treatments should be accorded to industries which intend
to commercialise the know-how developed by thetr own efforts as coum
pared to other industries which have been established with foreign
know-how and which continue to depend for further development of
imported technology. The preferentieal treatment would apply only in
those cases where the industries concerned have developed techno.
logical know-how of comparable nature, efficiency and level as the
alternate foreign technology.

13.0 In the field of iron and steel and other metallurgical fields,
UNIDO has done valuable services in providing technical assistance
covering a wide spectrum such as feasibility and pre-investment studies)
negotiation of cantracts for building iron and steel plants; evaluation
ofprocess and projects including expansion and modernization of
existing facilities; promotion (developing, implementing, evaluation)
of manufactu ing industrial proj cts; developmert planning on a natio-
nal and regional level; productiun of ferro-alluy/s; technology of steel
fabrication: provision of training; marketing, provision of facilities
for industrial testing, development of research etc. SBuch useful forms
of technical assistance should be considerably stepped up and more
special fund projects should be organised for the develoning cointries
with a minimum ratio of expert to equipment depending upon the
technological competence of the developing countries.
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14,0 Developing countries should also utilise the bi-lateral
and institutional link between scientific institution of different

countries.

i.
ii.

ii4.

iv.

Ve

This may be effected by:

Exchange of sclentists .

Greater assistance from UNIDO for dissemination
of technological developments amongst the
developing nations A

Sponsored research and development work amongst the
national lines to take advantage of the available
expertise and facilities amongst other countries

‘ Y o
Establishment of Internationil Market Information
Centres and setting up of National Agencies at
different developing countries for exchanging
information amongst R&D’ Institations

Setting up of major pilot plants of national ..
ance with the assistance of UNIDO tor
evaluating the technologies developed or imported.

.15.0 Developing countries should also encourage setting up of

R&D Boards for major mineral and metal based industries such as
Iron k Steel, Aluminium, Copper, Corrosion etc., so that identifi.
cation of technical problems in the relevant fields become easier
and transfer of ter:h‘tiélo‘é&: indigenously developed or imported
becomes fruitful. -
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Experience of NML in Creation & Tramsfer of
Metallurgical know-how
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During its past two decades of existence, the National
Metallurgical Laboratory has gathered a rich and wide experience
in the field of creation and transtfer of metallurgical know~-how.

1.0 In the early years of ita working, many of the problema
tackled in the Laboratory were self initiated. lbvever, qixito a
sizeable proportion of these projects have resultext into grcducts
and processes which have served well to their licencces. Included
amongst these are processes for production of graphite crucibies,
carbon free ferro-alloys, production of nickel.free hoating
elements, production of bimetals, producticn of wear resistant
materials, as well as processes for surface finishing, metal
protection against corrosion, electrolytic mangunese, cluminisivg
of steel etc.

2.0 An important feature of NML is its multl-.purnosa pilot plant
for ore-beneficiation, wherein the equipment has bozn so choson
that practicaliy any type of low-grade ore car bu processed Ly aay
of the number of alternative cre-dressinc -—~-~98se¢s availeble. This
pilot plant has done ve~men's arvice in tha ceveloprment of

mineral based industr'y in the country and has establirhad processing
parameters for such large industrial complexes as steel plants at
Tisco, Bhilai, Rourkela, Bokaro and for the futuve stesl plants &t
Vigag, Salem, and Hospet, as also for fertilizer plants utilieing
phosphate rocks, pyrites etc,, and for the ues of non-ferrous matal
industry in private and public sectors. Based on tiough investi.
gations and painstaking data collection, treatment processea have
been developed in these pilot plants on the basis of which commercial
plants have been successfully designed, constructed and operated.







-7 -

into separate agreement to ensure this continuing contact with
the industry.

6,0 In its attempt to t.ansier echnoleogy to industry, the
Laboratory has identified some processes which make it essential
to draw upon the services ot established consulting engineering
firms epecialising in these fields. The Laboratory has taken
steps to reach an understanding with some of these firms for the
complex processes developed by the Laboratory. This is with an
jdea that the two together will share the process guarantee and
engineering responsibility respectively. This convention should
ensure sufficient protection to the interest of the would-be
entrepreneur of products requir ing considerable investment. In
medium scale sector, however, there has been successful cases
of transfer directly between the Laboratory and the entrepreneur
without any formal participation of enqineering agencies. The
Laboratory has also built up an active cell for Design, and
Engineer ing and the Cell 1is able to prepara adequate feasibility
Reports for heavy capital projects.
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