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I. ORGANIZATION OF TH® WORKSHOP

The participants in the Workshop came from 11 Jdeveloping and
industrialized countries, They elected L, Takats (Hungary) as Chairman,
M, Ko Hussein (Egpt) ae Vice-Chairman, and H, I, Mariin (United States
of America) as Discussion Leader. V, A, Altekar (India) was the
Rapporteur, Tie UNIDO secretariat was represented by the Chief of the

Metallurgical Industries Section and the Senior Interregional Adviser,

The participants discussed a number of papere prepared for the
Workshop, summaries of which are given in part two of this repcrt,

The participants visited the Rational Metallurgical Laboratory and

ite pilot plants and the Central Eugineering and Design Bureau,
Hindustan Steel Ltd,




II. OUMMARY OF THE DISCUSSION

The papers prepared by experts for the Workshop wore circulated in
wlvance to the participants. They were the basis for the discussions, in

whih attention was directed to the matters mentioned belows

The two steps necessary {or the success and permanence of terhnology
transfer from the industrialized countries to the leveloping countries
were the transfer of know=how and the generation of indigenous know-how
that would provide a basis for subsequert development and independent
growth, The transfer of know--how had usually been based on bilateral
agreements, Often in those agreements, the specifications of engineering
components and materials were in the terms of the standards and materials
of the donor country, Thue the receiver was permanently dependent on
that country for spare parts and maintenance and could not seek

replacements on a competitive basis on the world market.

Since the technology of industrialized countries was rapidly being
improved, some of the transferred know-how; equipment and componente could
be obsolete in the donor country and the recipient would not be able to
fully use them, The generation of indigenous know-how and expertise would
reduce the frequency of those situations, Therefore, indigenous research
and management techniques should be developed at the same time that

know-bow was being imported,

3ince no genera! method for the creation and transfer of know-how
was applicabie in all developing countries, each country should establish
ite national goals and priorities for determining the areas in which
foreign collaboration was desirables Although both industrialized and
deveioping countries purchased know-how, the developing countries must

be careful that oniy essential know-how was imported on a selective basis,

Perhaps the most effective and rapid method of technology transfér
was a result of a partnership with a foreign company. The branch of the
company located in the developing country would be subject to its
domestic laws and could become a source of great economic strength to
the developing country., The assignment of personnel from the developing

country to other branches of the company for additiona: training wonld
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be desirable, since they could possibly assume some dutics of thoe forejgm
cxperts upon their return home, The agreements for all Joint ventures

should include long-ierm guarantees and servicing of engineering cquipment,

Thorough knowledge of the existing infrastructure in a developing
country was vital for the successful installation of metallurgical plants,
Conditions varied, and many problems could arise from inadequate
Ainfrastructure. A developing country that had effectively solved cimilar
problems could possibly provide the necessary technical assistance rather
than a highly industrialized country where other conditions and problems

were prevalent,

Since preliminary studies and feasibility reports provided vital

information that influenced the decision to begin a project, extreme care
should be taken in the selection of a technical consultant, Therefore,
an atmosphere of mutual confidence between an industrialized country and

a developing country was essential,

‘The experience and background knowledge of the industry that were
required to plan project and feasibility reports were not readily
available in developing countries, A team coneisting of two technicians
and an economiet could be recruited for overseas training in the methods
of preparing feasibility studies, .

After the feasibility studies had been completed, data on process
technology and the problems faced by other consuliancy agencies should
be collected, The detailed project study could be preparé® in one of
the following alternative wayst

(a) The preparation of general specificsvions for over—all plant
design, the issuance of tenders and the award of the detaile? engineering
design and responsibility for commissioning the plant to a contractor;

(b) The complete preparation of the detailed engineering design
100311’. L

The first method differed from a turn-key project in which the contractor
was responsible for the working of the complete plant because the
responsibility of the contractor was limited %o supervision and erection
of supplied machinery, The second alternative required an efficient
organization with co-ordination of the activities of its departments as
#ell as with those of the manufacturer,




The: need for the establishment of research and development laboratories
inreloping countries was recogrized, The laboratorier shou'd pursu-
youliod recearch, maintain contacts with industry and increase the marhot
sotential of the end-products. ¥ssential policies for implementation of
appiied research and development programmes would include adequatce salary
seales, administrative autonomy, the availability of technicul and economic

data, and meaningful market research programmes,

specialized national metallurgical research and development centres
should concentrate on ferrous and non-ferrous technology. The centres
should provide the necessary know-how and data for the design institutes
and should have close ties with metallurgical plants especially during
the start-up period of new equipment or technology. The exchange of
experienced personral would be beneficial to both the centres and the

*

plants,

When a certain technological level was reached in a developing
country, it must set up its own technical design organization, The decision
required courage, sound technical leadership and enlightened national
policies, The foilowing tasks were the responsibilities of the design
organizationt general plant layout, plant and equipment specifications,
detailed design of the equipment for manufacturing processes, and
detailed civil and structural design including electrical design as a part

of the infrastructure,

The design of metallurgical plant and equipm;nt generally involved
consideration of the product mix and ouiput requirements and the
derivation of basic parameters for auitablé machine capacities, the
development of the basic design for the equipment from the parameters
obtained and the production of detailed manufacturing drawings from the
basic design, Most developing countries would be dependent upon imported
know-how for those tasks, 3Since the plant and equipment costs in a
metailurgical industry was 50 per cent of the total capital investment, it
was desirable that a developing country used the maximum possible
indligenous contribution, However, the planning of the maximum local
manufacture of a metaiiurgiaai plant should be based on horizontal

isciation rather than in terms of wvertical lsolation of basic equipment,
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The estimates for the following five groups of personnel and their
duties in a design engineering organization were discussed in detas]:

Civil engincering group (25 per ocntA) track rods, foundationg,
structures, sewage and water supply

Electrical engineering group (20 per cent) supply, distribut ion,
control, equipment and communications

Mechanical engineering group (20 per cent) machinery layout,
piping and material handling '

Technology group (25 per cent) combustion (energy and economy),
instrumentation, refractories and facilities for maintenance and service

Support group (10 per cent) economists for control of finance and

cost accounting, administration and project implementation
Processes used in the manufacture of metallurgical ecuipment included

fabrication, iron and steel castings, forging, heat treatment, machining
and assembly, Among those processes, the technique of fabr,cation could
be developed in a short time, Casting, forging, heat treatment and
machining could also be developed reasonably quickly within limited size
ranges, Facilities required for assenbling such equipment could be
established fairly easily in any developing country, Therefore, before
i@grting equipment, consideration should be given to the facilities
available in the developing country,

In some countries, the immediate need was the co-ordination of
research and development programmes and the establishment of a sound
machinery for the management of research, Industrial concerns in both
the private and public sectors should contribute to the establishment
and overhead costs of centralized agencies similar to the British
Non-Ferrous Metals Rerearch Association and the British Ir-n and Stesl
Rescarch Association,

The creation of indigenous know-how gradually reduced the need for
imported know-how, The feedback aspect of the creative process was
emphasized; channels for effective commnication betwesn industry and
the research centres could increase the rate of accumulation of know-how,

The urgent rneed for educational facilities and programmes for
technical training on all levels was stressed, It was essertial for the
success of metallurgical projects in developing countries that local
snginsers, technicians, artisans and draughtsmen were able to aclively

tarticipate in the use of importad know-how,




- 14 -

Lorg-range educational policies for increasing the training
pote iialities for a greater number of technical personne: should be

;valuated and if necessary revised, When appropriate provisions had been

included in the contracts for pilot plants, they could b useful training
Such training opportunities were especially significant in

centres,
developing countries with very little industrialization and few trained

personnel,




ITI, CONCLLSIONS

Tre Collowing ronclusions of the Workshop were barod on the discuteion

of the creation and t{ransfar of metailurgical know=-how,

The type or metallurgical krow=how roquired by a devel oping country
would be rolated 4o the nature of specific metallurgica industries ard
their end-products, It would, thersfore, be nesessary to examine each
country¥s specific requiremmits concerning the nature and quantity or
metallurgical know-how, This analveiz should be undertaken by the
developing country with appropriate technical assistance thirough UNIDO i1
needed,

=

There was an urgent need in developing countries for the establishment
of centrec for metallurgical technoiogy for applied research and
development work, Their programmes should range from the exploitation of
indigenous raw materials to the quality control of endeproducts, UNTDO
could assist the developing countries in setiing up these metallurgical
centres, which should include pilot plants with facilitiee for research
on new processes and for their tecknical and economic evalution, Theae
centres could also undertake feasibi*lity studies and provide technica}
consultancy services with emphagia on local geographical, soecial and
economic conditions,

A critical problem in nany developing countrics was the paucity of
technical personnel and trained nanpower§ these were essgeniial not
ounly for preparing feasibil'ty studies and project reporte but alse for
the efficient operation of metallurgical plants,

It was nocessary therefore, to plan the training of a sufficient
nuther of metallurgical angineers in reputable technical consu ltancy
and design organizations in industrialized countries,

Those developing countries which had attained a good technological
basis should be encouraged and assisted in ostablishing their owm
technical consultancy and design organizatione, Those indigenous design
organizations must then assume the responsibility for selecting the
appropriate metallurgical know-how from other couniries,




[r the creation, transfer and growth of indi;onous melaiiurg !
rnowW-how, it wat important that there wouid be [eedbacx between the
regearch organizations that would create the indigenvus metallurgical
know-how and the metal lurgica: plante that wouid use it, Therefor,
even when metallurgical technoliogy wao being imported, 1t should (o poseibilo
for the local resecarch and development and technical design agencien to
became self-reliant and avoid the repeivitive import of metallurgical
technology by local metallurgical industriec in the puolic and private
secturs, A directory could be preparcd tnat clearly irdicated the nature,
scope and sources of the imported metallurgical technologye. The directory
wou'ld be valuable for the feedback of requicite expertise to recently

established metallurgica! industries in a developing country.

Prior to the transfer of technicel know-how for basic metallurgical
industries such as the iron and steel industry and the non-ferrous metals
industry, consideration should be given to the ancillary industries based
on the by-productes of the Lasic industries, Careful planning would enzure
the optimum operational linkages between the basic and ancillary
metallurgical industries, As the basic industries would be highly
capital=intensive, it was necessary that the Governmments of developing
countries offered appropriate protection, subsidy and other forms of
support to those metaliurgical enterprises,

There would always be a time lag between the getting up of design
engineering and technical consultancy facilities in a country and the
effective adaptation in those facilities of imported technical know-how,
Gradually the technica’ snd operational expertise would be developed for
local application and possibly for transfer to other developing eenntries,,
There werc no shiort cuts in the growth of metallurgical technology,
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IV. RECOMMENDATICNS

The Workshop approved recommendations forp actioy by the Governmentg
of developing countries, by industry in toth developing ar.d industriuslized

countries, and by UNIDO.

A. Recommendations 10 Governments of developing countries

It is recommanded that the Governments of developing countries take the
following action:

(a) Adopt policies that favour a scientific climate be conductive to
the transfer of metallurgical know-how;

(v) Establish national centres for metallurgical research and
development;

(e) Implement a policy of progressive expansion of manufacturing
activity and capacity;

(d) Encourage the import of technical know~how
(e) Bstablish educational institutions and training centresy

(f) Maintain a roster of local and foreign metallurgical experts and
design consultancy services;

(&) Beek appropriate assistance through UNIDO;

(h) Provide incentives for the development of indigenous metallurgiocal
expertise.

The following government actions would further the achievement of g
proper scientific climate for the creation and transfer of metallurgical
, know~hows

{a) The initiation of long-range economic and jndustrial development
programmes with careful consideration of the availstle indigenous resources;

(b) The planning of national goience and technology policies;

(c) The formulation of policies %o encoursge progressively increasing
responsibilities for local metallurgical experts in preference %o the
berennial and costly hiring of foreign experta,




Their prograumes could inclade some or oall of the following tasko!
(w) Jurveying and testines losal raw materialay

ib) Planning, executing ind evaluat.ng techno-economi: studies for
metal larsicae! ondastiries;

() Byalaating ilndastrial projects 4nd providing consultancy
servines for the metallupgizal lndustrys

(d) Dev.loping local metallurgizal research and industrial talents
through the training of scieniists and technicians;

(e) Investigating new metnl lurgical processes and production
techniques;

(f) Solving local metallurgical problems;
(g) Collecting, classifying and desseminating technical data;

(h) Setting up quality-control standards and testing procedures
for different metallurgical industries.

The s.aff of these centres should inzlude market research analysis and

economists as well as technical design engineers and metallurgists.

At appropriate stages of development, the cenires in developing %
countries could be supplemented by highly specialized cenires for different k
branches of ferrous and non-ferrous metallurgy, mineral beneficiation and
agglomeration, metal transformation, metallurgical refractories, physical
metallurgy, heat transfer and combustion technology, as well as operational
research units., The patterns of development would not necessarily parallel §
those in industrialized countries because the objectives would be the

adaptation of technology to local conditions and requirements,

The technical design services in a developing country should point out
the operational deficiencies and the techno-economic shortoomings in the
metallurgical expertise developed at the ressarch centres und assist the
centres in rectifying them, BSuch feedback and co-operation between the
two specialized eervices would lead to self-sufficiency in the technicsl
fields inatead of the permanent borrowing of costly technology.

Appropriate inoceatives should bs given for the manufasture of
metallurgical equipment, machinery and plants in developing countries.
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Otherwise local manufacturers may not be willing or able to undertake the
rigorous design specifications and complex engineering methods that would
be required for the manufacture of costly and highly specialized equipment,
Yoreover, local manufacturers should be assisted in the acmaisition of
technical know-how in new areas of design and the manufacture of equipment
cuch as for continuous casting of steel slabs and continuous steel rolling

mills.

Import of .echnical know-ho.

Specific metallurgical know-how should be imported only once to a
developing country. The imported technical kinow-how for a particular
process should be made available to all metallurgical plants in both the
public and the private sector., The imported technology should be as
modern as possible. It should serve as a catalyst and not as an inhibitor
in the growth and development of indigenous technology and metallurgical
know-how. The imported technology shouli be adaptatle to local conditions,
infrastructure and the technical skills of the available manpower, In
some developing countries, the creation of a central agency for channelling
the technology transfer could be advantageous,

L
In the selection of an overseas supplier of technical know-how, it
would be preferable in some cases to select one who could offer the
requieite process information and production know~how and could slgo
provide project engineering services and assistance, The proper selection
could ensure the correct and quick implementation of a project and the
assistance for overcoming possible initial production troubles,

The training programmes for local personnel should cater to the
multiple needs of the pesearch and design organisations and to the
operational needs of the growing metallurgical industries. Noreover,
trained personnel should also Le available “or trouble~shooting tasks
in production units,

A complete roster of local and foreign metallurgical experts,

technical personnel and dosign consultancy services would be a convenient,
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up-to-date listing for the metallurgical industry. Furthermore, it would
provide an opportunity for the optimum use of both local and foreign

personnel in the setting up of a metallurgical project.

Approach to UNIDO

The Governments should approach UNIDO for assistance in technical
training programmes through UNIDO fellowships, study tours by senior
personnel and in-plant training programmes. Specialized training in
metallurgica! research laboratories and engineering design organizations
for designers and research personnel from developing countries should be

arranged through the technical assistance programme of UNIDO.

i ggstimg

A number of incentives could be offered to local organizations for
the creation and development of indigenous technical know-how and
_me*allurgical expertise. Those incentives could be in the form of tax
holidays, preferential financing and subsidies, the relaxation of tariff
and quota restriciions for the import of equipment and raw materials that
were not available locally, and preferential treatment in the allocation

of ancillary service facilities.

*ollow-up action

i b

A questionnaire should be prepared to gather pertinent information

concerning the status of consultancy services for metallurgical industries
in a country. UNIDO's assistance could be sought in preparing the
guestionnaire,

At :that time, the Governmentis should indicate the plans for developing
the indigenous technical consultancy services in collaboration with overseas
interests. MWrreover, the Governments should indicate the present status
of their metallurgical industries, their future plans and outline the
technical assistance needed from UNIDO in the preparation of practinal plans
for the establishment of indigenous tecnnical consultancy services. Proposals
for the establisnment or future expansion of technical consultancy services
ghould be linked with specific metallurgical projects in the iron and steel
industry nd the rnon-ferrous metallurgica! industry in a developing country.



B Recommendgtiong to 1ndu§tgx

It is recommended that industry in developing and industrialized
countriea take the following actiong

(a) Encourage the establishment of centreg of metallurgical
technoloy;

(b, Prepare pre-investment and feasibility studies;

(c) Expend special efforts to further the development of loca]
talent and expertise;

(d) select appropriate research and devel opment projects;
(e) Consider local conditions tefore importing specific know-how

(f) Observe the terms of the arrangement for the transfer of
know~how ;

() Issue handbooks on the methods of projgct eugineering.

Centies should be establighed in local plants even while they were
importing specialized technology and metallurgical know-how from
industrialised countries. The developing countries could not afford to ignore
the importance of research and development activities for the achievement
of technological self-sufficiency in metallurgy, The local industry ghould
assist the research and development programmos of the research centres by
contributing both personnel and finance, Concurrently, their counterparis
in industrialized countries could offer technical assistance to the research
and development programmes,

Industry in developing countries should direct its pesearch and
development efforts towards specif. project needs. The programmes of
the centres should be formulated through s cloge co-operation with the
iudustry to ensure favoursble sales of the end-producta,

Local firms and consultancy organizations should be awarded
pre-investmens studies and feasibility studies as well as foreign
organizations, Thus developing countries could progressively asquire
i0cal expertise while employing foreign experts,




Local talent and cherLLse

Individual initiative should be encouraged by the management of
metal lupgicon] plants in developing countries. A system of incentives
including an innovation bonus to personnel was a positive step in the
development of lozal expertise. Research organizations in industrializea

countries should support these efforts as much as possible by supplying

expertise and research equipment.

Selection of the proper research and development projects required
the agsistance and co-operation of industry in industrialized countries.
A desirable guidelire was the achievement of the maximum practical results
with the minimum acquisition of imported know-howj the principal aim
gshould be progressively increasing self-reliance and self-gufficiency.
The projects should be critically formulated and carefully evaluated in
terms of the domestic and potential export market requirements with
congideration of the available technical personnel and financial resources.

The policies and practices for the import of capital and technology
must be integrated with those for national research and development
programmes. However, the extent and nature of the two components for »
the aoquisition of technology mus. te determined by each developing

country on the basis of its technical, managerial and commercial gstatus,

Industry in developing countries must consider the local social and
economic patterns when introducing modern technology. Local demands and
the ability to exploit the most modern and up-to-date technique should
algo be taken into considerationj the technical know-how introduced should
be suitable to the social snd economic conditions of the developing
countries and should make the best use of the available human resources.

The suppliers of technical know-how and expertise from industrialized
countriea should have adequate knowledge of the infrastructure in developing
countries. Such knowledge would likely be available from local firms who

have been engaged in development work in their own fields.




The technology used in industrialized countries wag not necessarily
the best solution [or a developing country. Since labour was very 20stly
and was often in short supply in industrialized countries, an automated
technology was preferable. However, a lnbour-intensive technology cuuld
be desirable in developing countries to promote the employment pctential,
Each case of (ransfer of technology should be Jjudged on its own merits for
2 particular country. The extent of the metallurgical know-how that would
Ue transferred should be formulated by industry in developing countries

after a careful assessment of the complete situation.

The transfer of technology and its adaptation to the needs of the
developing countries required a balanced approach. Caution was required
about the conditions of transfer with warnings about high rates of
foreign exchange, Zxorbitaat fees for patents and licenses, restrictive
industrial practicés ani the possibilities of the foreign investors
building up assets frca obsolete machinery and second~hand plants.

Local cousultancy organizations in developing countries should
derive the design data and extrapolate the operational and production
costs on the basgis of pilot experiments in their own reseasch laboratories.
Thus the know-how generated in these laboratories could be implemented on
a commercial basis. The metallurgical plants and equipment should be
manufactured in the developing countries to the maximum extent possible,

Iransgfer o =1

The joint participation of industrialiged and developing countries
was essential for detailed project engineering in the developing countries.
The joint arrangement could be on a continuing basis., The terms of ‘he
transfer should be observed by both parties. 17he interests of the
recipient country could be safeguarded by a responsible and knowledgeable
third party, International exchange of technology was effective when the
technical co-operation strengthens the economy of both countries,

Industry in developing countries should survey the available raw
materials and facilities before entering inte arrangements for the transfer

of know-how, The proposed tepmsg must be carefully studied, Local personnel

should be associated with every stage of the project study,
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Handbookg

Pro ject engineering firms in both industrialized and developing
nountries chould be encouraged to isgue handbooks about their methods,
Furthermore, international business organizations should co-operate with
UNIDO in the compilation of technical information, data and case studies.
A continuous dialogue should be maintained to shorten the lengthy period

needed for technical development,

Technical consultancy services of industrialized countries should be
canvagsed to detemmine their potential aseistance to developing ocountries
in the following areass

Setting up subsidiary technical consultancy services in developing
countriesn |

Setting up technical consultancy services in developing countries as
Joint ventures with the Government or private industry

Practical measures for the planning of specific metallurgical
projecis

It 1s recommended that the United Nations Induetrial Development
Organization take the following actiont '

{a) Assist in the establishment of metallurgical research
laboratories and centres of metallurgical technology in the developing
couniriesy

(b) Promote the eastablishment of international technologicel
societies and technological consultanocy organisations in developing
sountries;

(c) 8ponsor the preparation of pertinent dooumentationj

(d) Provide technical assistance in the evaluation of metallurgical
projects and feasibility reports as well as of specific technology

(e) Co-operate in the formulation of training programmes for
technical manpower in developing countries)

(1) Organize workshops and seminars to assess the growing needs
of spec .alized metallurgical industries.

UNIDO should contribute to the eatablishment of research laboratorins

wid centres of metallurgical technology by providing technical experts,
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training fellowships and the supply of resear-h equipment und metallap-iond

pilot plants., It could act as a clearing-houge for the exchange of

Ltaformation coucerning the experience of developine countries,

Inte

iational societies and organizationsg

International technological societies and technologica]l consultancy

organizations could promote a better understanding of the problems and

needs of the developing countries., Both industrialized and developing

countries should be included in the membership. One proposal for study

by such international professional bodies was the purchage of proprietary
technology which would be available to develop

prices, terms and conditions,

The following documentation would be helpful in the transfer of
metallurgical know-how to developing countries:
Manuals and monographs that indicated guidelines and appropriate

steps for the development of technical consultancy organizations and
projeot engineering facilities in éeveloping countries

ing countries at reasonahle

Cuse gtudies of organizations engaged in planning and desim
work in a developing country

A series of cage studies of developing countries that succe
colved their specific problems in the oreation and tran
know-how from industrialized countries

ssfully
sfer of metal lurgical

Technical standards for the transfer and management of know-how
that would maximize the efficiency of the transfer process

Reference documents fop the planning and management of creative
facilities in developing countries

A monograph on the metallurgical investment potentials in developing
countries

A list of competent consulting metallurgical engineers with adequate
experience in designing and preparation of feasibility reports whose

services were available either directly or through UNIDO's technical
agsistance progsrummes

Guidelines for the design and manufacture
and equipment,

of metallurgical plants

If a particulap technology was available through two or more

:llernative aources, UNIDO could provide assistance in assessing their




relative merits with respect to the seleclion anl adaptation of appropriate

technology, training ol personnel, research and deve lopment, "forward® and
"backward" linkages with the domestic econory, home markets undie\q ort
potential, Furthermore, UNIDO could assist in determining the extent to
which the suppliers of technical know-how and specialized expertise would
agree to some degree of oligopoly through restrictive business operations
and in particular access to the world markets for the export of metallurgical

products from developing countries,

The advice of reputable prc,ect engineers could be sent through UNIDO
to newly eostablished project engineering organizations in developing
countries, The dissemination of technical data to those organizations by
UNIDO could counteract the effect of changes in the technical personnel in

developing countries,

Training programmes

The technical experts provided by UNIDO should be part of a team with
counterpart local engineers, They should participate in an orientation and
familiarization programme that would increase the effectiveness of UNIDO
assistance, At the same time, UNIDO should assist developing countries in

expanding their local training programmes for technical manpower,

Workshope and seminars

The application of indigenous technology for import substitution should
be fully examined in workshops and seminars that would be held in the
developing countries. The potential benefits that would be derived from an
exchange of technical know-how between developing countries should be
examined, Attention should be focused on the different types of technical
collaboration arrangements and agreements including those based on turn-key
package deals, The insertion of clauses covering the training of personnel:
by the technology supplying enterprises would also merit discussion.

UNIDO should take the initiative in co-ordinating the recommendations
above, It should act as a laison unit between the industrialized and

developing countries in that respect,










EXPLANATORY NOTES

The term "billion"” signifies a thousand miliion,

deference "tons" indicates metric tons,
Reference to "dollars" ($) indicates United Stater dollars,
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Ve CURRENT CONDITIONS FOR THE CREATION AND
TRANSFER OF METALLURGICAL KNOW-HOW

Creation and tranafer of metallurgical know-how

Secretariat of the United Nations Industrial

Develogment Orgggization

Know-how can include process and production technology, flrw sheets,
detailed design and engineering, prcducts and detailed specifications,
performance charts and quality criteria, operation manuals, technical
skills and specialized expertisa, training of local personnel, maintenance
and repairs and trouble shootings Know-how may be considered as
intellectual property that is quite distinct from patents that legally
protect process details,

It has been reported that during 1964, paymente for the transfer of
technology from the irdustrialized countries to developing countries totalled
about 81 billion, The estimates are of a general nature and camnot be
calculated by any speciic formula and methodology,

It ie estimated that during the next decade, developing countries
will have to invest $20 billion for *he development of their metallurgical
industries, One fourth of these investments may be allocated for the
acquisition of direct and indirect know-how,

Many developing countries, including Argentina, Brazil, India and
Mexico, feel that they cannot continue to depend on imported equipment
and technical know-how, Such countries plan to establish local sources
and technical systems for the creation and transfer of know-how,

, The need for such autochthonous know-how may also arise from special
fé considerations whore the national economy depends markedly on specific
' metallurgical products, In other countries, the need to maintain or
accelerate the process of industrialisation requires a ready availability
of local expertise for planning, design and operation of a metallurgical
| plant,
Technology can be transferred in one of the following ways:

(a) Prom a foreign enterprise to its branch or subsidiary in a
developing country, There is direct foreign investment, possibly without
the financial participation of the developing country;




(1) Licencing the use of a process by an indigenous manufacturer
in a deve,oping country, There are not aiways adequate safeguards against
the use of these specialized processes by other parties in the same or
arother developing country, Moreover, the licensee 1o obligated to
continue to pay the royailiewg

() Turn=key package agreement, ir which a technical procue.. Or
squipment i transferredi, The supplier gives performance guarantees over
a certain period, This type of transfer ic not fully satisfactory since
it involves repetitive import of similar technology and continuous
dependence on foreign technology and expertise,

-
Before a metallurgical project can become fully operational, it must
pass through the following four stagess

(a) Identification and formulation of general concepis for setting
up a particular industrial projecty

(b) Study of technical feasibility and economic viabilityy

(c) Erection, installation and the assembly of industrial planta,
This stuge can be implemented only if the con_lusions arrive at under (a)
and (b) ibove are positivej

(d) The actual commiesioning of the plant,

UNIDO can help in promoting the creation and tranafer of metallurgical
know=how in developing countries by providing technical sesistance for the
assessment of the feasibility of a particular project, by assisting the
developing countries ir the evaluation of their raw materials, by
selecting suitable technological processes and equipment appropriate to
the needs of the developing country and by providing suitable facilities
for testing, development and research, UNIDO is assisting a number of
developing countries in a more advanced stage of industrialization in the
establishment of advanced centres for metallurgical technology.

The aconomic and technical co-operation for the transfer of knowshow
and the finalisation of technica) co=-operation agreements are discusseds
It is stated that the developing countries should accelerate their owm
research, The transfer of technigques can take root and develop in the
area of adoption if further research is carrisd out to adapt the
metallurgical techniques to local needs, As long ap technical

co-operation strengthens the economic basis of the country and when the




technique itoeif has an unlimited possibility for development, the
international exchange of tectniques must be expedited by overcoming

difficuities on the basis of mutua. unders tanding,

Chalienggs to ggg,craation and transfer of know-how

Technological expansion based on the available natural resources
should be the prime objective of the developing countries, When technology
is transferred to a developing country, it is most important that there
should be mutual confidence between the technical consultant and the client,
The size of the project should be clearly worked out on the basis of
techno-economic feasibility studies, the availability of raw materials and
the needs of the country, Labour-intcnsive and capital-saving techniques
are generally adopted in developing countries, Training facilities should
be provided for the staff of the plant to be set up, The industrialized
countries have a pool of technical knowledge which they are willing to
transfer to the developing countries, Organizations such as UNIDO are
the proper intermediaries for the transfer of appropriate technical
knowledge and know-how from the industrialized countries to the develeping
countries,

Theories regarding the creation and transfer of metallurgical know-how
through research and development and pilot-plant investigations are
discussed, Bxamples are given from industrialized and developing
couMries, The experiences of the National Metallurgical Laboratory,
Jamshedpur, India, and the parts Played by the United Nations Development
Programme (UNDP) and UNIDO are given in detail, The major prerequisites
for the implementation and application of science and technology are the
allocation of adequate finances and human resourcee and the recruitment and
training of a sufficient number of scientists and technicians,




The, {91 lowing measurcs are recommended as means ot Curtrering research
and deve lopment in developing countriest

(rx) To optimize the limited resources, a national goienvce and
technology policy should bte evolved to encure that resear:n and deve?
programmes chail lead to ccoromic and social gainse Co-ordinated
development of institutional resources for science and technology iv
essential cince the antivities of the universities, technological
inctitutes and national! laboratories are interrelated.

(be Conditions favourable to the growth of the different types of
research (basic, applied, developmental and adaptive) should be encouragr?
for a continuous exchange of ideac and *echniques between neighbouring
disciplines,

opment

(¢) Since the achievement of self-reliance and the sustained growth
of technology are the fruit of technological competence, indigenous
recearch and development programmes should be initiated,

(d) Indigenous scienti=ts, engineers, technicians and management
experts should bc engasud in the adaptation and use of imported xnow-how
from the beginuing of each project,

(e) Research and promotion ccntres for the broad application of
gcience and technology to the national development should be established,

(f) These cenires should employ research scientists, engineers,
technicians, economists and sociologiste who could exert a joint effort,
Their structural organization should include unite for information and
documentation, design, experimental laboratories, economic anaiysis,
computer programming and training,

(g) Te research results and the experience of the ventres should
help the Government in determining the technology poiicy which can form
a vital 1ink between the national science and induatrial policies, It
is essential that there should be feedback arrangements beiwe:n the
national science and planning organ ad the research centres,

(n) While large plants may be encouwramed to undertace innc/ative
research, mediume-sized plants should receive some protective incentives
for developing local expertise and indigemous techno ogy, The
developmental expenditure for a new project or process could be borne by
the Govermment,

(i) The Govermmenis of developing coantries which are atill in
the early stages of industrial development and which desire rapid economic
growth through industrialization should permit a free flow of imported
technology as far as possible, The expenditure for the importied know-how
may be equal to, or much greater than, the allocation for lccal research
and development, However, efforts should be made to tuild up indigerous
research and development for the adaptation of imporied technology.

(j) Developing countriee with an adequate industrial basis should
allocate more funde for indigenous research and development than for the
asteady import of technology,.




(%) The recearch centres in deve o bne o nteion obo, A
ir the internationa), bilatera] and prtitatbon o x e
wientific institutiona,

(1) Research and development boarde ohou d be satar fohed e ey
mineral and metal-based indus tries,

The transfer of know-how iz uefined as the tranefer of a tota) and
complete package of knowledge, procedures and methodse Comy lementary to
the technical know-how are the techniques for its successlul appiication,
They can be universal, sy tematﬁed and eusy to desoeribe or thay can be
. dependent or. local conditione and trad{tions,

Although the word "transfer" implies a process in one direction
from & giver to a receiver, a partnership between them is neceseary for
an effective transfer, Since the relationship iz very important, the

proper menagement of the transfer of technics! knowhow mié require
the services of a manager, '

The main functions of the managor wuld be the control of the transfer
itself for maximum effectiveness and efficiency, The [low and control of
transfer will ensurc the proper guidance through the systes of fe
and continsous correction during the emecution of a project,
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VI, DESIGN AND ENGINEERING SERVICES AND
FEASIBILITY REPORTS

Preparing feasibility stuvdies for metallurgical pro jecis

R. D. L&lkaka

The feasibility report should essentially outline the present
production, exports, imports, current and future market patterns and
international trade possibilitiess, The estimated and proved reserves of
raw materials, schemes for mining, transport and beneficiation should be
dealt with in detail, The choice of location for the plant must take into
consideration such factors as the raw materials supply, transnort costs,
utilities and services, labaur supply, topography and climate, The plant
size and product mix must be determined on the basis of the market study,
both for home and export possibilities and the latter's share in the
total demand of the product,

In selecting the production procesaes and suitable equipment, various
process alternatives must be evaluated within the framework of the given
raw materials and the product mixe In the choice of the available
technology or new processes, the suxiliary facilities and utility systems
must be studied, The planning and layout of the integrated plant should
include provisions for expansion, residential areas, ancillary industries,

railway marshalling yards and a slag dump, Capital cost estimates should be

based on fimm prices quoted vy equipment suppliers and on the preliminary
designs for structural and utility systems, Provisions must be made for
spare parts, freight, training, commissioning, administration axd
sontingencies during construction, The managerial, supervisory, skilled
and unskilled labour requirements for the plant must be determined, The
production costs per ton must be estimated on the basis of the input, The
final step in a fessibility study should be the analysis of the financial
viability, The details of the required integrated action should appear in
the feasibility stulys In metallurgical pro jects, special consideration
should be given to the total capital coste of the plant and the economies
of scale involved, the supply of raw materials and the labour requirements

of high.y skilled workers, technicians and managers,

s




A sirong organization is needed for project planning, evaluation,
engineering, the preparation of specifications and construction,
Independence and objectivity are important requisites for project planning,
Specialized institutes for feasibility studies and engineering know-how
should be created in the develcping countries. They should be mauned by
dedicated, dynamic and confident technocrats., Assistance may be received
in the early stages from foreign design organizations, The transfer of
technology from the donor to the recipient institute may be accomplished

by careful planning at different stages.

The time required for completing a feasibility study may extend from
4 to 12 months, The coets of such a study would be less than 0,25 per cent
of the total coste of a large metallurgical project, A project mans;ger
should co-ordinate the work of different engineering experts, He must use
the PERT system to plan the flow sheets and the work programme and to
determine the local organizations that will .be connected with tae project,
The work can be diviicd into the following stagess (a) Initial
preparations, which may last about 4 weeks, (b) field work, which may last
6 to 8 weeks, and (c) drafting, which may require about 22 weeks, Although
the local organizations must be consulted in the preparation of the draft
report, the final responsibility for the objectivity of the technical
rocommendations must rest with the project manager, who must also clearly

lay down the flow sheet, work programme and agencies to be involved in
the project, following the PERT system of implementation, ”

The requirements of the design and engineering services in the tranafer
of know-how are discussed, While foreign assistance is both necessary and
helpful in the cstablishment of new plants, many developing countries feel
that they camnot continue to depend primarily and permanently on imported
know-how for the development of their metallurgical industries, The
sreation of indigenous design and engineering capacity in developing
vountries, therefore, assumes great importance, In countries where theie

facilities exist, local expertise and technical skills should always be used,




[dependent profecciona: consulting firms can ascist in the choice
L tne moot appropriate te hnology, procecs machinery and equipment,
Such Uirms ocan also help in speedy and practical application of the
indgenous research recuits, Some developing countries, for example
Inilin, have established consulting firms and are able to chare their

axpoeriences with other develouping countries,

Complote decign and angihueering cervicen are necessary for the
praparation of a detailed nroject report that gives the over-all design
of the proje-te It includes details about raw materials, product mix,
production processes, capital and manufacturing costs, Moreover, detailed
specifications are prepared, tenders are invited and awarded for equipment
and sesvices, Purther tasks are the inspection of equipment, the
supervision of the civil engineering work, the erection and assembly of
the plant, equipment and ancillary services, the start up and trial
commissioning of the plant, assistance in trouble shooting and elffective
training of the personnel, The genersl planning of the plant must aim
st uninterrupted production by providing for continucus receipt and
stocking of bulk materials, the rapid movement of materials in process

and the amooth flow of finished products and by~products, The plant layout

should include adequate provieions for fu.ure expansion,

The consultants assess the data given in the feasibility study on
raw materiale and other requiremenis of the project, After reviewing
the available technology, they select the most suitable technologe for
jocal conditions and requirements, In view of the large investments
involved, well established commercially proved processes are selected,
Once the technology ie selected, the optimum size of the production unit
to derive maximum economies must be determined, Detailed layout,
engineering and working drawings for each unit of the plant are prepared,

W¥here a technology hae to be transferred from a foreign country, the
gervicea of consultants are necessary in negotiating foreign aid and
requisite agreements to avoid mistakes and pitfalls in the selection of
technology or design and engineering which might impair the economic
viability of a project, Aidegiving couniries generally ineist that
feasibility studies and proje-i reports should be carried out by agencies

i S e




in their ~wn countries even when the requisite expertise is available in

the recipient country, 1In such cases, the technology of the aid-giving
country may be transferred in toto, and even the control of the project
during construction and early operation ‘s assumed by the foreign
collaborators, Inappropriate choices of the plant and service layout,
technology and design deficiencies in the absence of proper scrutiny may
cost the recipient country much more than a comparable plant set up in.

an industrialized country, It is, therefore, essential that independent
consulting metallurgical engineers should conduct hegotiations for foreign
aid and collaboration a.rra;xgements to ensurc the transfer of appropriate
technology, The services of the consulting engineers also are necessary
for the preparation of detailed technical specifications and tender
documents, the evaluation of tenders, supervision and project construction,
equipment manufacture and procurement, Moreover, they can help in the
supervision of the start up and trial commissioning of the integratei plant
and in the training of plant management staff at plants of the equipment
manufacturer locally or abroad,

The wide range of consultancy services required for the installation
of modern metallurgical plants demands the combined talents of experienced
engineers, designers and economists, The size and type of consultancy
organization depend upon the range of consultancy services provided and
the projected volume of work to sustain it, It must be borne in mind,
however, that a consultancy organization cannot be set up like a factory
merely with foreign aidj it must be built up from a nucleus and must
have adequate scope and epportunities for development under competent
leadership, The following conditions are imperative for the attainment
of this objectives

(a) There should be an awareness of the need for independent
consultancy services on industrial projectsj

(b) Both the Government and industry should have confidence in
the ability of local personnel, engineers and consultants

(e) Opportunities should be given to local engineers to assume
responsibilities on industrial projects;

(4) Local personnel should fully participate in projects built
with imported know-howj

(e) A developing country should assess the know-how and skills
already available in the country and identify the needs for imported
know-=how,




The independent status of the consulting organization is important
for the speedy indigenous developmen: of technology, gince there would be
no financial or business commitments with manufacturers and suppliers of

equipments The independent status should be scrupulously maintained,

The creation and development of design and engineering organizations in
developing couhtries will reduce their dependence on outside sources of
technical know-how., The local and foreign consultancy organizations can
supplement each other's efforts, especially in developing countries which
do not have well developed consultancy organizations, It would, however,
be in t1.e interests of the developing countries to use the local
consultancy services to the maximum extent possible and to encourage their
development as & matter of national policy, Foreign know-how and
consultancy services would then be imported only when absolutely necessary,
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/11, EXTRACTIVE METALLURGY

The trancfer of extractive metallurgica: bechnolopgy ¢
develogigg countries S

R:Ms N%d)‘;dl‘hi. C‘L‘ Kusik and C, Bliuoe

The development of the extractive metallurgicsl industry in developivg
countries would be helpful in stimulating economic growth by providing jobo
and reducing labour costs on exportable materials, However, a blind
copying of western technology may be inappropriate in developing countrio:
with conditions of scarce capital and foreign exchange resources, an
abundance of labour and emall-gized internal markets, It ic necessary to
transfer only appropriate technology which optimizes the available resources
of capital, labour and raw materials in a particular economic ~1imate,

Inappropriate technology is sometimes transferred solely because it
is tied to the financing sources, Moreovor, the aystem of internmationa’
bidding on contracts tends to introduce capital-intensive technology which
may be inappropriate in a developing country,

The careful selection of the technology to be transferred to a
developing couniry iz stressed, In some cames, .t may be desirable to
transfer intermediate technology, ise., technology at a lower stage of
development than modern, capital-intensive technology, Developing countries
could also provide incentives for the pursuit of a more appropriate
technology by providing price and tazation structures favow .~
labour-intensive projecta,

With the exception of sluminium, the major industrial metalr are
extracted by pyrometallurgical techniues that require a significint
expenditure of anergy, Boonomies in energy consumption are, thevefors,
important and require relatively large-scale operations, An area in which
economy could be affacted is the upgrading (or concentration) of low-grade
ore prior to ;:ywmatal lurgical or electrometallurgical processing,

It may be possible for the axtractive metallurgical industry in
developing countries to use skilled labour that is less costly than
sophisticated control equipment, The costs of raw materiala, the energy
required for metal production and transportation from the mine to the




factory ard then to the market mainly determine the profitability of any

extractive metallurgical process, Recycling of secondary metals also
affects the economies of metal producticns Secondary metal (scrap) may
not be available in a developing country in comparison to ite abundance

in an industrialized countrye.

Available technology is classified in three groups:

(a) Technology in which labour can be substituted for capital,
cege Ore concentration, hearth smelting of lead ores and fire or
alectrorefining of copper;

(b) Recently developed, advanced technology, which makes it
economical to produce a primary metal on a small scale in keeping with
the local demand, such as the production of steel in mini steel plants,
pig iren in low shaft furnaces, the direct smelting of sulphides of copper
or lead in a converter (ADL process) and *he production of copper, lead or

nickel by hydrometallurgy.

(c) Advanced large-scals, capital-intensive technology, which may
be appropriste for some developing countries in opecial circumstances,
perhaps through regional or w.ltinational arrangements or through the use
of local, low~cosi energy resources, The latter concept is adopted in
refining blister copper produced in smeliers near mines "in transit" thus
reducing transportation costs,

Case studies of technology transfer are discussed on the basis of
the authors® expericnces, They include a lead smelter in Nigeria, the
factors favouring establishment of mini steel plants and the establishment
of regional manufacturing plants such as the Weut African Iron and Steel

Plant at Monrovia, Liberin,
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VIII, THE IRON AND STEEL INDUSTRY

The transfer of technical know-how in the steel

industry in Brazil

Bruno Leuschner

The growth of the Brazilian steel industry between 1960-1969
changed the stétus of the country from a net importer to a net exporter
of steel, even though there was still an annual import of as much as
404,000 tons of finished steel‘products that were not produced in Brazil.
During this period, there was a large increase in the capacity of the
steel industry. Some changes were introduced into the prevailing
technology, e.g. using coke as a reducing agent and fuel instead of
charcoal, the adoption of the LD process with oxygen converter, ihe
sizing of iron ore, and the use of sinter. Higher productivity and
lower coke rates have been obtained by using the latest technical
innovations such as fuel injection through the blast furnace tuydres,
oxygen enrichment of the air blast and higher blast temperatures.

Most steel plants use the LD concerter process; the open-hearth
furnaces have for the most part been converted to basic lining. Continuous
casting and vacuum casting techniques have been ad pted only for special
products., Quality control is being introduced at all levels. Research
and development work for improving the quality of the end-products and
for diversifying production is carried out by special groups formed
within a plant or by groups of plants. Some piants prefer to enlist the
gervicer of the Institute de Pesquisas Technologicas at Sao Paulo,

The planning and construction of a new steel plant are time-consuming
and require large capital investments. The planning for a particular steel
plant muet be a part of the over-all development planning for the steel
industry. In order to achieve a high degree of technological efficiency,
it is advisable to receive both technical and financial assistance from
abroad.

In Brazil, reliable foreign technical consulting firms are usually
employed for the planning, the feasibility study, and the construction

and start-up of a new steel plant, although a local technical group is

asgsociated with the foreign consultants from the very beginning and thus
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galn technical knowledge and practical experiernce in plant sperabion,
The demands for raw materials, location, process and techno—economie
feasibility must be projected for the next decade, Moreover, the planning

must include sufficient provisions for the training of personnel.

In Latin America, the plants are generally built in zradual steps.
The plans for successive expansions are made at the beginning of the
construction., However, these plans are evaluated at the time of each
expansion for the possible incorporation of new technological developments,
Since these developments could require additional capital investments,
their evaluation is generally delegated to a technical ~onsultancy fimm.
When new products are sought, it is best to seek gollaboration op

technical assistance from overseas ..nufacturers. .

Two typical new plants set up with fo. ..gn assistance are discussed.
The planning for ‘hLom was quite similar except for the selection of the
site, Although Brasilian participation in the selection of plant equipment
had been quite marked, the responsibility for commissioning the plant reated
with the manufacturer's technicians, who must control the achievement of the
achieving rated performance specifications that are guarantesd. An
important role had been played by a local consultancy fire formed by the
existing steel plants, A firm could now plan and build new sonventional
steel plants in Brazil except for the techno-economic evaluation of the
site and the selection of equipment and machinery.

While the Brazilian steel industry can develop flow sheets for coking,
agglomeration and reduction processes, the industry is dependant on the
manufacturers of equipment for the supply of planta, their erection,
performance testing and running in. Consultants are necessary for
designing, selaction and running in of the equipment in the steel shop and
the steel rolling-mills. )

The management and technioal staff are both inclined to introduced any
technical innovation which has proved valuable in other countries as aoon a8
possible, Research for further improvement is being conducted in fields in
which the technology is fairly advanced in Brasil, e.g. ~oking and
agglomeration, and peduction, The dependency on foreign know-how is limited
to the method of using oxygen in LD steel converters, the design of electric

steel furnaces of sizes larger than those operating in the country,
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sontinuous and vacuwn casting and automation in the rolling mills., Looal
gtaff that have been trained abroad are generally reaponsible for quality
control, a foreign technical consultancy organization is engaged for

improvinz the administrative organization and nroductivity.

Each plant should be able to provide technological solutions for the
daily routine problems. Major problems should be referred to a research

inatitute,

The best results can be obtained generally by sending technical staff
abroad for training rather than hiriug an expert for a limited period who
leaves a recipe. However, it is sometimes considered less costly to import
technology from experienced overseas producers than to begin the very
costly training of staff,

There are no legal restrictions to the purchase of foreign technology
by the steel industey in Brazil, The technological knowledge existing in
the country is disseminated in many plants. Por several reasons, the
existing technological institutes have contributed little during the last
few years to the progress of the industry. A considerable strengthening
of their human resources would be necessary in order to change this situation,

The technical staff of the Brazilian steel industry is generally quite
conversant with the technological advances in the world steel industry. The
ataff of plants that have been built with foreign investments are particularly
alert; innovations are adopted as soon as feasible, However, in some cases,
there are managers and teohnicians, who are afraid to make mistakes and,
therefore, are reticent in applying new innovations. In such cases, the
management should engage an overseas expert,

In Brazilian industries there is a strong tendency to acquire foreign
know-how in the fabpication of products or other applications of new
processes instead of relying on local development., The methods for
aoquiring the foreign technology are the purchase ol patents and drawings,
the payment of "royalties®, and technical assistance for the manufacture of

products or use of processes, However, some important industries have

il




recoutly started research and aovelopment cantres for solving 1ooal r
provlems. 1Y hao been pocognized that for the country's development,

dependance on foreysm importod now-how La no longer desirable. However,
progseanmss For changing the aabuare of kriow-how from a pattern of imported

Krow-how Lo tne in which lonal developments are dominant require a long

time for besoming fully effective.

In the steel and related metallurgical industries, the following
sategories of know-how are neededs

(1) The fabrication of metallurgical products and the plant
opaeration;

(b) The conception, planning and design of metallurgical plants
adapted to local circumstancesj

(¢) The manufacture of metallurgical plants and equipment.

In Brazil, foreign developed technical know-how has been acyuired for
special steels, deep drawing and corrosion-resistant carbon steels,
different rolls ior the rolling mills, malleable and nodular cast iron,
geamless and centrifugally cast iron pipes, and for the oxygen, electiric
steel and blast furnace processes. Several procedures have been adopted
for the acquisition and local creation of the technical know~how. Two
typical cases are discussed. In one example, the emphasis has been on the
development of indigenous know-how, by employimg some foreign teshnical
experts to guide the local team if necessary, or by purchasing locally
developed tachqgcal know-how In the other example, parallel activities
included the import of know-how that r~quired the presence of foreign
specialists in the plant, the training of local personnel abroad and an
intensive development programme for indigenocus know-how. The manner of
know-how acquisition depends primarily on the management's belief in the

actual benefits which can be derived from it,

Local expertise is available in Brazil for the preparation of
feasibility, market and related studies and for the basic designs, Detailed
engineering services are available, however, only in certain selected fields.
For other fields, while technological capability is currently being
developed within Brazil, technical know-how aad specialized expertise are

also acquired through local subsidiaries of foreign firms.

The design and developmeht of equipment for steel and other metallurgical

industries senerally require large capital invesiments, which must be shared




by a larse number of local plants.  Rescar:h andg deve optient e oot
last step 1n any wntegrated effort to effe-tive.y deveiop ooul Kiow=nows

in a developing country,., in Brazil, facilities for hesvy o apoen!
marufacture based on imported know-how already exist, bat ool devel pment

of technical know-how and specialized expertise 1s also Laking place,

It is ~oncluded that in Bpazil there is s-ope for both the aegquimition
of foreign know-how and the development of local expertice, BEven where
manufacturing capabilities exist within the country, it is desirable for a
company or individual experts from more éﬁ?élﬁ?ééyﬁﬂﬁﬁ¥fié% to help in the

planning and design work.

The developmeni of the oxygen converter process in the Union of Joviet
Socialist Republics is described, The process was used for 17.2 per cent
of the total steel production in 1970, By 1975, it is expected Lu be used
in 30 per cant of the total production, The paper desoribes in detail the
various stages through which the process has passed during the last three
or four decades and the refinements made in the process io manufacture
different types of steel from varied raw mslerials. The effects of
variations in silicon, nanganese, sulphur conteat, melt temperatures and
slag compositions have bwen brought under contpol within acceptable limits.
The important factors influencing the process of slag formation during
converter blow and optimum pegulastion of these sspacts should be ensured
for an efficient slagging operation, 8peacially prepared limestone om
briquettes have been used in the Union of Soviet Socialist Republics
achieve good results and a marked inorease in the basicity of the i-itial
and final slags in comparison to the usual compoaitions,

Research and plant experience revealed that the position ol L.e inces
that usually have three and four holes with the hole angle varying telween
8° and 20°C during the blow should be varia.ie rather than fixed to effect
considerable dephosphorisation and thereby rvdune the period of the blow and
increase the slag basicity, The ocutput .ar. be increased by raising the
pressure Lo 5 mB per ton per minute and iy reducing the blow periud from

24 tu between 12-15 ninutes up to 200 ton steelmaking -onverter capacily.




The  pnecpeye ' popeaPe does nobl materially beeome offective Lf the time
Spest anomaka liary opersti oo premaine the same (20 minites or more). Higher
crevoaress of up to 1w o ton per mainate with converter capacity of

G5 o AGD tons requaare apeful decign and wnvolve economic congiderations

beranape a completely now type of converter shop 18 required.

he converter process cun be intensified by standardizing the basie

materials and by using high-gpeed computers. Reducing the blowing period

will increase the converter shop productivity and lengthen the lifetime of
the converter lining, Thus, 1t is possible to increase the quantity of
steal sorap in the charge, incpease the outpul of usable steel, and improve

the basic indicalors of the converter procesg as sz whole,

Phe «xygen converter process is now being developed for the production
of alloy steel, Though the output was limited to standard types of slteel at
the initi.] stages, it now covers almost ali types of steel produc-d by the
open~hearth sgleelmaking procear. The lifetime of the converter lining was
one nf the main probleme during the early years., It was raised o 200 melts
in the 1966-1968 periody it has been further increased to 500-700 melts by
dsing tarsdolumite refractory meterials of better qualily and by improving
the steelmaking  peration itself,

Three methods for removing gases are pracliced in the 8oviet steel
indugtey. The most economioal method is the removal of gases without
sombugtion in the high-oapasity converter, Tt is used in an increasig

wambar of ahope,

The s-yeen coaverter process snd steel smelting as a whole depend to a
sonpiderable extent on the cssting system uoed, The world's first large-scale
agypen oconverier shop mmplex with continuous casting of cleel was
commiaslomed in the U3BR, Oxygen ~onversion will now be “he main process in

a1l mew gtepl converter shops in the USSR,

Rutosmation has played a substantial role in improving the quality of
the steel output and the productivity of the steelmaking convertsr, Computer
aontpol of siatis emelling has been operative in converter shops in the USSR
{o automate the charge mix, oyygen supply and heat balaice., A dynamic control

aystem 1e the .1 . f much mesearch and development work,

1a the initial stage of daveloping large convepters with 200-400 ton

s ity, smaller shops with (00=130 ton capacity were Pailt and operated,




There was a sborter pin-in periode berewiier the oapee Ut ot oy

did not create any techiobogiead daffeoalties oo the stecolmakine proee,
A —onsiderable purt of tne unuwed capecity of the omdler o aiverter oo d
be utilized Ly increasing the oxygen blowlng pressure, reda g the Loge o

of the cycle {particalarly the “hargig period), tntreasing the oolpal of
asable steel and the lifetime of the refractory 11 g and by carpyine

out further automation,

The rapid development of continuous stecl casting in the metallurgicul
industry of the Union of Soviet Socialist Republics is related to the
economic efficiency of the process and the increasing quality requirementa
of the consumers. It is imperative that the weight of cast ingots should
be increased to meet the demands for rolled steel products, Lut ingot
size cannot be unduly increased asince an increase in ingot oross-gection
results in the deterioration of asteel quality and the lack of uniformity
in the structural and chemical composition of the steel, These drawbacks can
be elihinated to a large extent by tha continuous casting of steel, for which
a process has been successfully developed and improved in the USSR, This
process can help to increase the production and raise the quality of the
cutput, Large industrial unite are planned in the USSR based on continuous

casting of steel,

Universal designs have been created in the USSR for continuous casting
of steel slabs of any dimension frem 300 to 2,000 mm wide and from
70 to 315 mm thick. The thermal stresses in the copper walls of the mould
(which exceeds the yield strength) cause deformation of the walla by
warping, shear and drag with resulting cracks on the ingot aupface.
Theoretical calculations and practical development work have permitted a
redesigning of the mouldss The new moulds give a uniforw distribution
around the perimeter of the ingot, thereby permitting higher rates of steel
casting. Various secondary ococling systems have also been developed.

Por the casting of different sizes of ingots, a tundish with chargesble

heads corresponding to the croms-seotion of the ingot being cast is used,




fheose units are generally suitably automated snd are characterizo it ty ‘he
remilarity of operation, the ease of maintenance and the high rates of

rroduactivity,

Normal combined operations of the ~onverters and continuouas casting
machines have been made possible by using highly refractory mnteriais for
tritermediate ludlen, improving the deaipn of the casting unite and raising
Lthe gpeed of ocasting, deviging new methoda of feeding molten metal into
moulde and by proteoting molten metal from secondary oxidation, thereby
enguring a gtandard quality of steel in successive melts, The productivily
has been raised az much as 20 per cent after the introduction of thesc

innovationg,

The intproduction of the "melt on melt®™ continuou casting method in
large steel works mede it possible to obtain a sharp increase in the yields
and productivity and a peduction in the steel prejections and wastage, The
sontinuously cast steel is subsequently rolled in rolling mills., Continuous
sasting units produce round, square, rectangular and irregular shaped ingots.
Hollow ingots have been obtained by a combination of continuous casting and
rolling, where throughput of liquid metal ie reduced by as much as 275 kg/ton
of finighed product comparcd to the traditional methods,

Improvements and innovations are still being made on the melt on melt
method of continucus casting, It is expected that it will -ome into wider
use and, there may be the possibility to organise continuous casting on an
arcund-the-clock basis, This will also involve avoidance of the oxidation
~f the molten metal, placing metal in vacuum in the ladle and the use of
winthetic slags, magnetic fields and ultrasonice for the continuous casting

Process,

The main factors which must be considered in installing any new LD
converters are diacussed, Since §$20-§ 40 million are invested in new LD
steelwork according to its eise, proper planning becomes essential for the
capital investment to be economically sound. Since the customer usually
asks for the ereation of a steel plant with a specific guaranteed annual
output, it is possible to calculate the theoretical vessel sise and take
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EXTRACTIVE METALLURGY

The transfer of extractive metallurgical technology to
developing countries
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0US METALS INDUSTRY

Techni~al consultancy services and development of
metallurgical know-how for the design and operation of
non -ferrous metallurgical plants in developing countiries
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Pechnical consuliancy services and creaticn of techniocal
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Past experience and future recommendations for practical
implementation on & gelf-sustained basis .
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LIST OF PAPERS PREPARED FOR THE WORK

DESCRIPTION OF THE LABORATORY AND PLANT VISITS




vete consideration the olimatis condittons anl the oxpertenes of o
perational and the maintenance staff, Tt 1z well Known thet opodn oo
icreases with vessel size, Eit 1f only one vessel 10 inetalled thepo oy
beo consoderable logs of production due to idle time required for the

malntenance worlk,

In designing the LD steel plant, it is necessary to consider the pe.
wallable for the LD units and all the installatious grouped arouand the
vesael, such as the steel delivery cars, slag ~ars and lance installations,
78 well ag their capacities, and the final size and number of vessels to be
i.stalled, The flow of materials in the plant must also be known. In the
LD steel works, construction may be carried out in three parts: (a) the
charging bay that houses the hot metal and scrap departments, (L) the
converter bay that houses the LD vessel and all addition sections (the
electric substation and water supply station should be installed to the right
and left of the LD converter), and () the casting bay that houses the
ladles section and degassing units. This bay is designea according to
eisher oonventional practice, continuous casting or a combination of the
two,  Proper design must take into full consideratiocn of the locations of
the chargirg scrap bays, the LD vessel installation, the effective exhaustion
of gases, the provision of gas cooling and cleaning Tacilities, temperature
cengors, aulomatic weighing and feed devices, and the use of proper sized
hoppere, arrangements to prevent the escape of dust, for additions in the
ladles and proper oxygen lancing. If the lack of space does not permit the
ingtallation of more LD vessels, it may be possible to design replaceable
vessels. 8lag should generally be removed from an LD steel works on the
same side from which scrap is being charged, since a thin coating of slag
formed on the converter lining during tapping gives a good protection to
the refractory liring thus ensuring better lining life. 8ince casting is
often the main bottleneck in the production, generous provision should be
made for casting pits, moulds and other subsidiary instaliations,.

A central control room that monitors all operations other than the
tilting device and the steel and slag transfer cars is now provided in the
LD steelworks as a standard practice. As far as possible, a computer is
provided near the ce.tral control room at a place free from vibrations and
air pollutions This helps in automatic control of the operations including
the feed of raw materials,




TOE3D hao worked on LD plants up to 500 ton converter capacity und has

supplied over %0 LD vesgel lastallations to 21 countries throughoat the

world, The firm is willing to assist any party or country with the transfer

f technicel know—=how devaloped by them.




IX, THE HON-FERROD MEUALS 1IDUSTRY

Until recently, vthe trande in developine couniries have baen to cEpor?
raw noa-ferrous ores "o industrially advar-e. -ountries for priocessing and
extraction of th= ~tils, Now there are growung trenda in these devel.ging
countrise to set up their own smelters, thus saving foreign ¢ i hanre for

the import of non-ferrous metals,

As the indurtrially advanced countries have gpealer markets for
non-ferrous metals because of their higher per zngita consunption, it is
proposed that devaloping countries should prefernbly set up smeiters in
the industrially advanced couniries in clos: scenperation with the
consumers, since the technisal knowe-how must be importad from thess couateio:
in any case, Important factores in the setting ur >f a smelter ars a low
production cost, good metal recovery, the spplication of suitable processes
and the quality of the end-products, If eousd know-how iz appliod at tha
right cime, many problems arising duriig the planaing, comstruction and
operation of the smelter can be solved, Wor sound technical and oparaticaal
k1ou=how, the technoesconomic evaluation of the extrection process nost
appropriate for the local raw materials and ocondition: is vital,

Detailed laboratory soale studies and subtsejuest pilot-plant
investigations are essential %0 duvelop the process parametess, define the
nusber and dimensions of equipment and reduce ths costly test work and
production lomses. Though pilot plants reguire considerabtle capital
investpent and also entail the loss of time, the slternmative is o erust a
plaat that could rua into tremendous serious difficulties at later stages
because of the abesnze of jiloteplant irials. This contention is fully
supported by two examples whers the setting up of a pilot plant poior to
the industrial plant proved highly benoficial in the long run,

Peasibility studies and pilot plant spiala are followed by

(a) Agreements on the scope of work, conceptual engineering limitations
and the handling of the projecty




(v) Yoo engineering and cost estimates incluaarne ormalating the
flow sheote, matertais sl heat balances, the main eqnipment and renaral
arradagtementsg

(2) Deta.led engineering 1notuding final design and arrangement 7
equipment at the site;

(i) Procurement in-luding tenders, orders, expeditinz -aud control;

{e) 3ite management including civil engineering, erestion,
installation, assembly and test runs;

(f) ‘ommissioning including stagzing trials, operation and giarantec
sperational ransg
(g) Management including plant organization, sales and marketing,

*

In every step of the preparation, a certain amount of know-how is

aprlied and transferred. Technical know-=how is divided intos (a) procecs

know-how, (b) project know-how, and {c) operating know-~how.

Process know-how is concerned with all metallurgical, economic and
technical aspects of the processes, such as the best methods for the
treatment of ore, exploring the best sites for ore dressing, smelting and
refining, developing new and cheap methods for processsing unconventional
raw materials, considering the economical, political and sociological
conditions including market studies, confirming the feasibility of the
sclected prodess, selecting equipment and supplying prooess desoriptions,

Pro ject know-how includes the ability t» manage a large project, The
scope of work includes the organigation of planning, the preparation of
tenders and placing orders, formulating responsibilities for che different
activitien, discussing conditiong of finance and guarantes, and the
cowupdination and control of all stages of a project, time scheduling end
gqualily control.

7 Operating know-how covers the supply of skills needed to oparste the
tools and machines, to maintain and effectively repair them, to operate,

improve and co-ordinave the successive process stages, to apply labour for
*
sontinuous quality production, trouble ghooting, oreation and maintenance of

a good psychological ‘limate in the plant, and research and development
work and improved methods of purchase and sale.

Instead of srending tim: and money on developing know-how which might

already exist, it i~ tatter to trunsfer 1t from the source country to the

rexipient country  ipregpective o, one being more udvanced than the other,




e

because the know-how has been developed as a result of long experian-o,

tradition and learning extending through generations.

For a purposeful transfer o know-how from the donor to the recipient
country, mutaal co-operation taised on full confidencge and appreciation is
essential, The staff to ma:. the new plant should be trained in the soantry,
Lf facilities existj otherwise it can be done in the donor country. This
‘raining must be planned well in advance, It is better to import porsonnel
from abroad to run a plant and to train the staff rather than sending local
personnel for training abroad, since the latter method involves the risk of
loging the trainees, who may remain abroad for better remuneration, If the
local staff must be trained abroad a! all, it should be at the level of

technicians and craftsmen and not graduate engineers.

When a country decides to seek overseas assistance with a project, it
mast decide upon the source of know-how. Experienced engineering and
construction companies can gupply the know-how for every step of the project,
carry it thro.gh and commigsion the plan to full operations. S8ince the client
must operate the plants, the operating organisation of the cliont should be
in touch with the donops fpom the beginning to the commissioning of the plant.

The sluminium industry in Hungary was developed on the basis of
self-sustained research and development, Over the past four decades, the
position of the country has changed from a pure recipinnt of know-how to a
net exporter that assisted in the establishment of industrial plants in
other sountries.

Bven though bauzite mining started in 1915, and the first alumina
factory and aluminium smelter went on ateam in 1934 and 1935 pespectively,
before the Second World War, most of the better grade bauxite was exported,

However, after the Second World War indigenous know-how was developed
while the aluminium industry was being expanded and consolidated, Regional
co-operation in which the alumina produced in Hungary waz asmelted in




Szecnonlovakia, Poland wia the ntoon of Hoviet Jocralist Repatl s
connters ted the offerts  f the ~untly Hepyrarian elestris power, A
comprehensive linkage of technlogy with the industry permits Lmprovemenls
yiomine and plant desigma and operationas, Phe design and engineering
aotivities of the Non-Ferrous Metals Research lastitute, ALUTERW have
contpivuted to this develupment, Mopeover, a centre for ithe appl:-cations

of sluminiam and its alloys has been 1nvestigated by ALTAK (now MATAK).

The generation of know-how requires the acoummulation of a opiticas
mass of certain inpreiients .n appropriate concentration, These are
(8) a body of sperialized metallurgical, technological and engineering
knowledge, (b) suitably educated, trained and skilled men in a3:°f zient
numbers and (o) an industrial base of engineering and constructica
organizations so that the bulk of plant, equipment and facilities can be
%aﬁa locally. The industry to be set up showld be a part of the over-all
development plesns of the ountry. Once this industry has started earning
prolits, research and development institutions should be establiahed to
tackle the problems of the industry.

RQuite a few devcloping countries could generate technical knowe-how
for a particular industry given the time, But the developing countries
cannot spare the time, since they must develop key industries from scratch
without any loas of time. The only alternative aveilable is to soquire
know-how from a developed country, It is imperative that . iu’i~ingg
selection is made of a suitsble technology from the vari .us technologies
available. Local manpower should be involved in degirning the plant,
training local staff for running the plant, assiztance in the formulation
of tenders and the supervision of construction, The conditions of tranafer
of such know-how vary from one country to anuther.

In most developing countries there is a mild to scute shortage of
guitably trained manpower to staff newly started industrial projects. It
would take guite an effort to train such personnel, The sxilled personnel
will also have to be imported with the transfer of technology, which makes
the induetry unduly expensive, It is, therefore, imperative that induastry
should train local personnel, using the foreign experts as guides. It may
not be possible to provide graduate level education in this way.




4 it i Loy FES B i 1 L rtoLn P it " FERTE SRI
Pt £ s parbs calar pndustry, U obs posoitie andy o caffioaen fooas o
Thpesdi b oaPe Sy at]e, i f Tittie of the equipment oo be prodaccdt ooy,

In these uees, heavy rellance has to be placed on oimported spare puarts,

the volame of waow-how imported o lappe and 1t oervicine 1o arraeed for
g 1o periods [ aloo entalls the digadvantage of traitaing fewer loocal
peprgonne !l for hicher skilled jobe,  On the contrary, 1f some itadustrial bace
siresdy oxiste In the country, it may be possible to obtain locally produced
2rushers, ball millae, pressure digesters, thickeners, vasuwn drum filters,
disc filters, calcination plant, evaporators, drives, redactors, centrifugal
punps, electric motors, mild steel sheet, piping and steel sections, for
tne alumina plant, and electric and bus bapr syetem, heavy steel siructures
for the aluminium smelters, These will, however, depend on the industrial

capabi ! ity that is readily availsble in a country.

The development of engineering capabiiity required for the above
industrial requirements would be helpful if the indusirial capability is
multiplied at a quick rate. It wou.d be desirable to avoid repetitive
import of similar technolopy, Differences in raw materials, climate,
comparative costs of labour, power and transportation may require changes
in the technology to be applied in an axisti.g ;'ant and a new one. The
local engineering orgsnizations can coriribite greavly %o the required
changes in des.gn,

In the long run it is mope useful to rely on locally m=de equipment,
even if its manufacture involves more oriticsl supervision and tpaining of
the enginecring personne., The technical assistane given to an engineerirg
orgenisation should enable it to gradually reduce .ts dependence on further
external asasistance,

When s new plant is being set up with external know-how, it is
impoptant to identify problems of plunt operation snd maintenance, T!ese
problema will form the nucleus around whioh a research and developmen.
opganisaiion can be built upe 4 plant leboratopy properly squipped for
ressarch work over and above its usual sontpol functions and an engineering
team can fill this requirement) thess two units should fully co-aperate with
each other and should be complemented Ly a documentation centre with
technical publicaticns, journals, patent specifiocations and equipment manuals

s
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INTRCDUCTION

The Workshop on the Creation and Transfer of Metallurgical Know-

How was
held at Jamshedpur, India, from 7 to 11 December 1971,

It was organized by
the United Nations Industrial Development Organization (UNIDO) to focus
attention on a subject which little attention had been given in direct or

bilateral programmes of industrial collaboration and technical assistance,

The purpose of the Workshop was to assess the problems

developing countries with regard to metallurgical know-how,
mechanisms and practical

and needs of

to analyse
ways for furthering the establishment of capacities
needed in the developing countries and tu make action-orierted

recommendations for consideration by Governments, by industry and by UNIDO,
The Workshop wae also requested to arrange direct contacts for the transfer
of metallurgical know-how for plant and equipment design or operation,
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The Nationsl Netallurgical Lsborstory (ML) is a link in the chain
of more than 30 -atiomal research lado atories amd institutes in India,
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- 60 -
() Submergea ars smelting furnace for e.ectric smelting of pig

iron and ferru-alloys,

(1) The production of magnesium from dolomite (250 ton annually
and which can conveniently be upgraded to 400 ton of magnesium output
armually).

(e) Hei-dip aluminising f steel wire and strio,

(£) The p-oduction of electrolytic mangmmese metal (100-200 1bs
per day capacity),

(g) ™e production of slectrolytic manganese dioxide,
(k) The termal bemeficiation of low grade nanganese and clncome

ares,
magnetite orese

{5} The production of wetallurgisal refractorics including &
copbinunons tunnel kiln set up,

(k) Production of steel im b

(1) The srudaction of cryolttes

axide from vasediferrous

pists and sof's gmm,f

aawistance of the snt of the Union

iz mainly designe! to produce %ﬁ,  ton m:ily of emipment reguired for
the iron and steel inductries and to meet the m&wmm
industries such as heavy oil drilling rigs, cran.s and excavstors It has

% structural shop witn an annual prodvction capacity of 29,000 ton of

fabricated units per year,




The total investment for the project is estimated to about

467,3 million rupees including 219,2 million rupees in foreign exchange,

The total annual value of the products when full capacity is attained by
1975 will be 850 million rupess,

This plant has besn developed with technical collaboration and credit
istance from Caechoslovakis to produce sunally 10,000 ton of heavy

on for expending the capacity w to 20,000 ton,

%o be 222,7 willion ru




‘ Bl i T H
i b .
i
G









