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The traditional Korean work ethics does not seem to
apply to people who undertake research. Research
management has aconnotation of support and fostering
rather than the traditional management role of control
andgoverning. Theinefficiencies encounteredin the ex-
isting research organisations in Korea resulted from in
part, alack of autonomy on the part of the research staff.
In these institutions, there existed constant external
intervention and internal bureaucratic controls, which
were the attempts by the external supervisory authori-
ties and top management of the organisations to in-
crease output; argues this paper.
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To attain technological development, a nation must
decide on its strategic industries and select the required
technologies for them. As these strategies are trans-
formed into action, the results must be constantly checked
and monitored against the nation’s global economic
development plans and against possible changes in
national resources, because, an industrial development
strategy is nothing but a subset of the globai economic
development plan of a nation, subject to resource availa-
bility. Generally, developing a strategic technology in
developing countries denotes the assimilation and
application of technologies which already exist, and are
at times well known in developed countries, by implant-
ing them into domestic industries. Because these tech-
nologies aretime-proven and well established, develop-
ing countries can imbibe all the experience associated
with these technologies.

Due to what is lately called “protectionism” or “na-
tionalism” on the part of donor nations, or other reasons,
transters of certain key technologies are sometimes not
feasible. Under these conditions, developing nations
must find a way todevelop them on theirown. Oneofthe
more important and challenging jobs of a research
institution is precisely in this category — they have to

Due to “protectionism” or “national-
ism” onthe part of donor nations, trans-
fers of certain key technologies are
sometimes unfeasible.

come up with the needed technologies independently or
jointly with other institutions, within a prescribed time
frame. Those technologies when completed and fully
developed can be implanted into local industries. Indus-
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trial research organisations are the major media for the
technological development of a country, particularly, a
developing country.

As an intermediary agent for technological
development, an industrial research institution must
have the requisite abilities and resources. Aiso it must
possess an indomitable will for innovation and technical
advance. Several national or public institutes forresearch,
ortesting labs indeveloping countries have unfortunately,
beenunableto fulfiltheir mission forlack of these means
and qualities. Primarily, private industry should lead a
country's technology development and carry out the
missions given. In a developing economy, however, as
is oftenthe case, private industry is unable to do this and,
the government has to volunteer support and funding.
Two kinds of functions can be identified for the medium.
The first function is as an industrial research and
development institution and the second, encompasses
standardization and quality control, analysis and
dissemination of technological information, and so
on.

R & D investment has been accepted for some time
as having equal significance as other direct industrial
investments, such as capital and facilities. But it is only
in the last few decades that the perception of R&D
investment as a major factor for the accomplishment of
industrialization has become widespread. By under-
standing the true importance of R & D, one may evade
some of the costly trials and errors that other countries

ltisonly inthe last few decadesthat the
perception of R&D investment as a
maijor factor for the accomplishment ot
industriaiization has become wide-
spread.

have made in the process of development, while ulti-
mately catching up with advanced nations by closing the
technological gap. The first priority to this end is the
setting up of technological development mediums di-
rectly linked to industry (Choi, 1986). These institutions,
should clearly distinguish themselves from academic
institutions. They must devote their entire capacities to
technological and economic problems. They can pro-
ceed independently or according to requests made by
government or industry. When an institution performs
tasks on external requests, expenses may be estimated
and settled by cost accounting. . he two parties, the

government or industry and the institution, should main-
tain a close relaticnship throughout the contract period
and preferably thereatfter.

Origin & Functions of Research Institutions

Historically the concept of an industrial research
institution is fairly new. It had its origin only at the turn of
the century. Industrial research institutes may address
the foliowing problems:

First, analysis, andtransfer of advanced technologies
from abroad to domestic industries. This is one activity
which is indispensable particularly in developing
countries, because they are highly dependent on
technologies and skills developed elsewhere. Industrial
research institutions must select and assimilate themto
the fullest extent before implanting them. Generally,
industries of developing countries do not fully absorb the
technologies they use, nor keep up with changes in
them. They simply carry out routine operations and
maintenance of the plants. Consequently, they lcok for
products to achieve higher productivity from outside,
usually from foreign firms. Also when the plants run into
problems, companies again seek help fromabroad. This
process tends to repeat itself. Technical problems,
however, can and should be solved independently by
the industry. Sometimes the problem is more complex,
involving changes of raw materials from imports to local
materials, product improvement to meet changes in
consumer taste, eic. Industrial research institutes
should be able to solve these problems. They should
have been sensitized beforehand to potential
problems.

Secondly, industrial research institutes functiorias a
channel for introducing new technologies. A high de-
pendency on imported technologies exists not only in
developing countries, but also in developed countries,
because, there is a need to upgrade the production
technologies of existing processes.

A “channel” is instrumental in locating highly
developed and appropriate technologies, andtransferring
thesetowhereverthey are needed. Anindustrial research
institute should be well capable of this function;
it maintains many connections with various
research institutions and their researchers and
technicians throughout the world, it holds a wide range
of technical, economic, and cultural information and is
capable of comparing different alternatives for the
appropriate choice of technologies to establish
international exchange programmes in science and
technology.
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Industrial research institutes function
as a channel for introducing new tech-
nclogies.

Thirdly, industrial research institutes must be re-
sponsible for educating research personnel in order to
utilize them effectively. A developing country, as a rule,
is short of specialists. A research organization is an
agaregation of experts and specialists, who are con-
stantly updated and retrained in their own fields. These
people are well equipped to solve industrial problems.

Fourth, an industrial research institute must cope
with the nature of research problems. For example, if an
industry encounters a special problem, it must hire
highly trained and experienced specialists to solve it.
When the problem is resolved, the industry has no
choice butto fire them. This is not areasonable arrange-
ment for either the industry or the specialists. An indus-
trial research institute can carry out the same tasks, and
pull out of it without any “side effects”. The institute can
gain new techniques, insights and experience through
such assignments. In other words, this medium will act
as a pool of expertise to help industry.

Fifth, aresearch institute gives significantbenefitsto
scientists and engineers by providing themwith practical
and professional research experience. For instance, for
a young scientist or engineer fresh out of university, an
institute is an excellent place to gain real-life experience
and training in dealing with actual industrial problems.
Also it may provide opportunities for himto get additional
training overseas, in a quite different industrial environ-
ment.

Lastly, an innovative management system should
be set up by which creative people and other necessary
resources are selected, organized and integrated to
achieve the goals of a national industrial research or-
ganization (United Nations, 1966).

Approaches to Industrial Research

Inthe 1960’s, Kcr=a started a serious effortto rectify
the vicious cycle ¢f social and economic impasse to-
wards economic seif-sufficiency. To this end, the gov-
ermment established a series of Five Year Economic
Development Plans, the first of which was launched in
1962. The theme of the Plans was modernization of the

nation by industrial development and the implementa-
tion of these plans resulted in the unprecedented eco-
nomic growth of Korea. Top priority was given to in-
creased exports of manufactured goods. The plansthus
necessitated the use of a number of process skills and
manufacturing technologies to generate the high vol-
ume of industrial production. However, in those years
the level of industrial technology available domestically
was too low to be efficient in producing export goods.
Obviously, what was needed then was a prompt import
ofkey technologies, followed by their adaptation and im-
provement to suit Korean conditions. Also needed were
the infrastructure and support systems that would en-
able those industrial activities to proceed effectively.
Evidently, one of the supporting means called for was
industrial research and development institutions.

In Korea, in the early 1960’s, there were a few
testing laboratories and research institutes. Most of
these were national or public organizations. Their main
concerns were administrative support for the ministries
or government agencies concerned with testing, analy-
sis, inspection, certification, etc. There also existed a
few university-affiliated research centres, butthey served
better as organs of instiuctional support for science and
engineering education than as research institutes carry-
ing out practical research and development. Nor had
private industry accumulated technologies of material
value. Theirchief concerns were simple analysis, testing
and inspection of products and some quality control
needed in manufacturing processes. Under these cir-
cumstances, the idea for instituting a full-fledged indus-
trial research organization was a viable strategy.

In May 1966, during summit talkks, President Park
and President Johnson agreed on the establishment of
a multidisciplinary industrial research institute to facili-
tate Korea's industrial development. This led to the
foundation of the Korea Institute of Science and Tech-
nology (KIST) which came into full operation in 1969.
The planning ofthis new research institute was based on
three basic principles : autonomy, siability and research
ambience.

Thetraditional Korean work ethics does notseemto
apply to people who do research, best described as
‘knowledge workers’. Researchis acreative activity car-
ried out by dedicated people with special knowledge and
experience in a field. Because research is creative.
unlike manufacturing or other routine activities, it is best
achieved when people are left alone and allowed to do
things the way they see appropriate. Intervention and
control, whetherinternal or external, can seriously inhibit
or even totally stifle the process of creation. Research
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management has a connotation of support and fostering
rather than the traditional management role of control
and governing. In hindsight, one can now recognize that
the inefficiencies encountered in the existing research
organizations in Korea resulted from, in part, a lack of
autonomy on the part of research staff. in these institu-
tions there existed constant external intervention and
internal bureaucratic controls, which were the results of
attempts by the external supervisory authorities and top
management of the organizations to increase output.

Research management has a connota-
tion of support and fostering rather
than the traditional management role
of control and governing.

Stability in a research organization refers to a long-
term guarantee of financial stability of the institution as
well as the security of the researchers’ livelihood and
welfare. Under the current circumstances, many re-
search institutions in Korea including KIST cannot sup-
port themselves solely on external contracts. In the
1960’s, the industrial community in Korea did not feel the
need to ask research institutes for technical help. Con-
versely, researchinstitutes had notaccumulated enough
experience and expertise to extend services to indus-
tries. In particular, large-scale, high-risk, and long-term
development programmes required large sums of money
on a continuing basis in order to achieve their intended
objectives and at the same time maintain operational
stability of the work force. Therefore, while the idea of
operaticnal self-sufficiency inthe foreseeable future had
not been overlooked, in the early stages, substantial
financial support by the government appeared neces-
sary.

Creating an ambience agreeable to research staff
and ‘knowledge workers’ in general was considered a
critical success factor. The past experience of success-
ful research organizations demonstrates that in orderto
obtain high research output, an adequate physical
environment and a free intellectual atmosphere with
social recognition are prerequisites. This means appro-
priate physical facilities, and a creative and challenging
work environment metaphysically.

Another important facet in organizing the Korea
Institute of Science and Technology was the transfer of
research results to commercial industry. With this in

mind, plans were drawn up with built-in provisions to
facilitate contractual arrangements with prospective
clients for development work or other technical activi-
ties.

In order to formulate basic guidelines for the opera-
tion of the Korea Institute of Science and Technology,
planners looked into case histories of a number of
successful research institutes, including the Battelle
Memorial Institute in the U.S.A., the National Research
Council of Canada, the Commonwealth Scientific and
Industrial Research Organization of Austraiia, the Max
Plank Gesellschaft of Germany, and the Research for
Physics and Chemistry of Japan. These and other
studies yielded the following set of basic guide lines for
the operation of the organization:

Todevelop and accumulate science andtechnol-
ogy as ameans forthe development of the nation;

To seek balanced advancement of industrial
reseaich for the nation’s industrial growth with
basic research oriented to feed the former;

To maintain a close relationship with industry in
orderto promote transfer of the Institute research
output;

To promote exchange of information and techni-
calcooperation with research institutes aswell as
academic institutions in the country and abroad;

To secure adequate research facilities so as to
give researchers an impetus to perform their re-
search and development work with ambition and
freedom;

To establish a sponsored contract research sys-
tem based on accurate cost accounting to gauge
inputs against performance; and

To employ able research personnel matched to
the research tasks on a contractual basis.

Prioritization of areas of focus for research was
based on the techno-economic surveys and assess-
ment of the actual state of the industry in Korea at the
time. A team of experts made up of Korean nationals
selected from the industrial, academic and public sec-
tors and those from the Battelle Memorial Institute had
made extensive field surveys of 25 different industrial
sectors over a period of 10 months. The team recom-
mended that six of the areas it had investigated should
be given high priority, demanding large-scale, long-term
research and development. They were : materials and
metaliurgical enagineering, food technology, chemistry
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and chemical engineering, electronics, mechanical
engineering, and industrial economics and manage-
ment. Research personnel for the six areas of emphasis
were recruited, and technical support, such as machine
shops for in-house fabrication and repair of research
equipment and tools, setting up a modern science and
technology library, computer center, and organization of
a group for the analysis of technical data and informa-
tion, was provided.

Pay standards which were exceptionally favourable
and other employment regulations were established for
the research staff. Housing was provided for them free
of charge. A system was set up to provide senior re-
searchers with one year's paid sabbatical leave after
three years’ service atthe institute, encouraging themto
make use of it at well-established research institutes
abroad, such as Battelle Memorial Institute in the USA.
In fact, this was part of a more comprehensive plan for
forming sisterhood relations with some of the more
prominent research organizations abroad, whereby
exchange of researchers, joint research programmes,
and technical assistance could be made possible. In
establishing these measures, planners constantly bore
in mind two important things : first, how to keep the
concentration of researchers presently at the institute on
research problems without them having to worry about
the welfare of their families, and second, to lure and
invite better researchers from abroad in the future.

Prioritization of areas of focus for re-
search was based on the techno-eco-
nomic surveys and assessment of the
actual state of the industry at the time.

In the meantime, a self-perpetuating board of trus-
tees responsible for important policy and financial mat-
ters of the institute was formed. Prominent and respon-
sible individuals were invited to the board from various
governmental, industrial and acadernic institutions.

To provide legal bases for this and other similar
institutions on a permanent basis the KIST Assistance
Actwas promulgatedin 1966. The law stipulated thatthe
institute was guaranteed the capital expenditures of
construction and operation, an endowment fund, and in
addition, an allotment of state-owned assets for the
initial installation of the institute. Further, the law had
provisions to preclude complicated and time-consu ming

administrative processes such as the prior approval of
research projects and audits by the government after
their completion. The operational endowment and in-
come from its interest could be used by the institute for
working expenses and all research and development
work commissioned to the institute would be in contract
form, whether from public institution, such asthe govern-
ment. or from private ones. When private industries
commission KIST to carry out a certain development
task, they are, by this law, entitled to total tax exemption
on the entire contract amount.

The rationale behind the indispensability of a formal
contract between KIST and its clients was, firstly, to
encourage the industries to get actively involved during
the course of the project and, secondly, to emphasize to
the people who take charge of the project their respon-
sibilities when agreeing to deliver to a client a product,
process or service which is of practical and commercial
value. In the absence of a ciearly defined, mutually
agreed objective, the researchers could at times con-
duct their research to satisfy their own scientific and
intellectual curiosities, rather than seeking practical
solutions to the problems industries face. Conversely,
industries may not ask a research institute to solve their
problems if the institute is not geared to that purpose.
Even if the institute were given the research contract,
industries may be less serious or even indifferent to the
research results, or would be passive in applying the
results to their problems. A formal contractual agree-
ment for a research problem not only works in favour of
the institute financially, but also creates a sense of
‘participation and responsibility’ between the institute
and the client, leading to high R & D efficiency in terms

of output generated for the resources put in.

Since its inception in 1966, KIST has undergone a
number of organizational changes, both small andlarge.
However, there have been no major modifications in
either the basic features of the structure, or the
organizational concepts. The board of trustees is the
highest decision-making organ of the institute,
deliberating suchimportant policy matters as the annual
budget and settlement of accounts, operational plans,
and the acquisition and sale of important assets.
Operation of the institute falls under the authority and
responsibility of the President, who represents and acts
for the institute.

The selection of research topics and researchers
responsible for performing given tasks, the allocation of
the budget for a particular research project, and other
associated matters of importance are discussed at the
Deliberation Council for Research.
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Case Analysis of R&D Activities

The Korea Institute of Scierce and Technology
(KIST) began its normal research activities in 1969,
although it was established in 1966. Three years were
spent to complete the preparatory work including con-
struction, installation of necessary equipment and facili-
ties, and the recruitment of research stafi, etc. The
institute’s objectives are to render technologicai serv-
ices to industries and to develop new industrial technolo-
gies which the country can utilize in its economic devel-
opment.

In its early stages from 1967 through 1970, KIST
concentrated on short-term projects in fields such as
technical services, troubleshooting in manufacturing
plants, and the selection, digestion and adaptation of
imported technologies. Since 1971, its scope has ex-
panded to cover not only bench-scale laboratory work,
but also developmentresearch and pilot-planttesting for
the commercialization of researchresults. In many cases,
results have already been, or are, inthe process ofbeing
transferred to industrial firms. KIST is also assuming the
role of a national brain for the effective formulation of
industrial development policy (Choi, 1984).

To sum up, KIST's successful operation stands as
testimony that a systematic use of all available capabili-
ties and resources in an organized form is an indispen-
sable factor in achieving the successful industrialization
of a developing country.

KIST’s successful operation stands as
testimony that a systematic use of all
available capabilities and resources in
an organized form is an indispensable
factor in achieving the successful in-
dustrialization of a developing coun-

try.

It is frequently assumed that industrial research
means only applied research, generating accusations
from scientific communities that insufficient emphasis is
placed on basic research. The problem has stemmed
from, among other causes, industrial researchers’ own
lack of understanding of the scope of and potential for
accommodating basic research as a part of their exer-
cises. Infact, without such an understanding and without
such an approach, industrial research itself might well
be seriously hampered. Our experience convinces us
thatindustrial research should indeed encompass basic

research as a distinctive element in the whole exercise,
and that it will in its turn contribute meaningfully to the
applied objectives. “Applied objectives” is the key to
opening the industrial research door to oriented basic
research.

i shalldraw ontwo Korean examples with which | am
familiar : the development of liquid crystal display tech-
nology and the development of a manganese-base
super alloy (Choi, 1975). Until 1970, little was made
public concerning the chemical formula of the room
temperature pneumatic liquid crystal compounds, de-
spite extensive research in many laboratories which
were in search of a new display means for the rapidly
growing electronics industry. Two research groups at
KIST- -one in organic synthesis and the other in phys-
ics—aoecided to undertake coordinated, interdisciplinary
research on the development of new pneumatic liquid
crystals at the instance of an electronics group. A new
method of synthesizing methoxy benzylidine butyl ani-
line (MBBA), which conflicted with one of the existing
patents, has as a result been developed, and in fact two
new patents were taken out—one for synthesizing MBBA
and the other for an electrode ‘efching process. In
addition to attaining the applied objectives, this exercise
proved eminently successful in achieving new knowl-
edge the successful application of which led to the
production of a display device mounted on a successful
export item, an electronic digital watch.

The other case in point concerns a high heat resis-
tant alioy. In view of the expanding industry’s ever
increasing demand for such a material in the manufac-
ture of valves, nozzles, heat exchangers and so on, it
was considered appropriate to develop such an alloy
using a locally available material in place of the conven-
tionally used nickel base, which had to be imported. The
research was carried out with striking success and ledto
bench scale production of a manganese-base super
alloy.

Tosubstitute one element for anotherina process—
manganese for nickel inthis case—itwas necessary first
to learn a great deal more about the nickel base super
alioy itself. In the process, fundamental studies about
the mechanism of-age hardening, c'eformation charac-
teristics, and so forth produced several scientific find-
ings on metal physics, one of which earnedits author his
docteral degree; but more importantly, the investigation
led to a new technology which was then transferred to a
production plant.

Industrial research can and should, in many in-
stances, encompass basic research and oughttobe an
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integral part of such research. As a rule of thumb, the
Korea Institute of Science and Technoiogy allows up to
30 per cent of its total research voiume for this purpose.

Industrial research can and should
encompass basic research and ought
to be an integral part of such research.

Commercialization of R&D Resulis

KIST has undertaken numerous projects under
contracts to industry. The level of industrial contract
research has been maintained at about 60 percent. The
remainder of KIST’s work is divided between govern-
ment sponsored research, which is available to the
public, and in-house research, funded through the inter-
est accrued from an endowment fund. The latter funds
were used mostly as seed money totest out some earlier
ideas of KIST researchers. Overthe years, the results of
this work have accumulated so that KIST decided to
establish an agency for “research commercialization”
called the Korea Technology Advancement Corporation
(K-TAC).

There are many articles about strategies to be
employed for the successful commercialization of re-
search results. Most of these, however, discuss situ-
ations encountered in an industrial environment where
continuous feedback and contact with real world mar-
kets are constantly maintained. From the beginning,
research projects are launched with commercial appli-
cations in mind.

As explained earlier, KIST at its initial stage of
operation, forcedits researchers to interact with industry
by adopting the mode of contract research. From 1977
however, the Ministry of Science and Technology (MOST)
launched a matching fund system to advance the re-
quired R&D funds to industry. Through this system
industry was able to receive loans of up to 70 per cent of
the project requirement, payable within five years follow-
ing the project’s commercialization. The fund had a pro-
found effect on linking public research institutes with
industry, since MOST awards the bulk of the fund to
projects co-submitted by industries and research insti-
tutes under MOST coordination. The potential for com-
mercialization was built into this matching fund award
system.

In addition to this, MOST also provides funds for
national projects that are essentially long-range in na-
ture. These national proiects are intended to solve
problems that are common to some specific industrial
sectors but which industry itselfis often reluctant to solve
alone. The institutes also undertake seed projects and
in-house research, to test new ideas by researchers. K-
TAC regularly reviews the results of national projects as
well as in-house research, for potential leads for new
business development. Once the initial review uncovers
a potential area, the next stage is to conduct a prefeasi-
bility study, where the market survey is the centralissue.
This is often time consuming, but is most essential.
Approximately one quarter of the projects survive this
phase. This is followed by a more detailed analysis
where such items as initial capital investment and inter-
nal rate of return are estimated. Further attrition occurs
and only about 10 per cent ofthe original number survive
for further pursuit.

Itis at about this time that K-TAC begins the earnest
search for a business partner to take on the bulk of the
work that remains ahead. This will either be a company
or an entrepreneur, but the partner should preferably
have manufacturing or sales experience. The location of
a competent partner is probably the most important
factor in making the project a success. Once the busi-
ness partner is decided, K-TAC together with the part-
ner, reviews the feasibility study in detail. At this stage,
the partners also draft and sign such documents as a
joint venture agreement, a technology licensing agree-
ment, and articles of incorporation into the new com-
pany. All details are examined carefully, including the
methods and valuation of stock. If this is not clearly
agreed, it will almost certainly become a problem in the
future, when K-TAC decides to sell its share to the
partner. Finance of the project must also be discussed
in detail. Normally, it is desirable for a new company to
borrow only about half of the total investment required.
In case K-TAC plans to consider the research result as
apart of the equity, itis at this time that both the partners
should agree on the monetary value of the know-how or
patents, generated through the research.

Should it decide to do so, K-TAC can also invite
development banks to take partin the venture. K-TAC's
experience with development banks has been very
good, as exemplified by the participation of the Korea
Long Term Bank with K-TAC on a number of occasions.

In this age of technological revolution, the survival
and growth of any new venture depends heavily on the
company’s ability to absorb new technology. For every
one of K-TAC’s successes, KIST has continued to
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support companies with second and third generation
technology to keep up with technological advancement.

In this age of technological revolution,
the survival and growth of any new
venture depends heavily on the
company’s ability to absorb new tech-
nology.

Guidelines for Further Development

Technology transfer cannotbe said to be fully imple-
mented until the technology has been made indigenous
and “regenerative”, through complete digestion and
absorption. After World War |1, Japan acquired techno-
logical innovations from abroad. However, little can be
expected from imported technology without the capabil-
ity to modify and improve it for domestic applications.
Only after such modification is the development ofa new
improved technology possible. This signifies a break
from technological dependence. One cannot empha-
size the facttoo much that this was the crucial factor that
led Japantoits fantastic success of today (Mukaibo et al :
1966).

Forthetime being, Korea obviously cannotcompete
with the advanced countries for the development of
original technologies. This requires the accumulation of
sophisticated base technologies and considerable re-
search investment, which enable digestion and applica-
tion of the latest technologies developed elsewhere.
Domestic R&D is a prerequisite for the sound selection,
efficient assimilation, and fruitful adaptation of foreign
technologies. Priority must be given to the sound and
efficient utilization of available foreign technologies, and
one must avoid engaging blindly in such noble but
certainly financially unrewarding exercises as reinvent-
ing the wheel. Thus, for Korea, it is more advantageous
toplan agradual switch over to technological independ-
ence via a stage of absorption and upgrading; in other
words, by relocating investments in favour of
the digestion and improvement of imported technolo-
gies.

The success or failure of technology transfer, which
strongly influences a nation’s technological develop-
ment, solely depends on the accumulated level of tech-
nology of a nation. The higher the technological level of
the nation, the better judge the nation will be for the as-
sessment and selection of proper technologies. And

thus the process of digestion and absorption can be
shortened (Mansfield, 1968).

One may recall again that Japan adopted a bold
liberalization policy and concentrated, with equal em-
phasis, on the grade-up of scientific and technological
capability through such complementary measures as: i)
expanding R & D investment, ii) strengthening the coop-
erative research between academia and industry and iii)
securing sufficient numbers of qualified scientists, engi-
neers and technicians. A developing country like Korea
must also construct an efficient national system of
technology development through positive R&D invest-
ment, particularly through the promotion of in-house
research activities in the private sector, the training and
efficient use of scientific and technical personnel, poli-
cies on financial and fiscal incentives for research and
development and an effective mechanism to diffuse
imported ordeveloped technologies throughout domes-
tic enterprises.

In addition, the country has to pay great attention to
future-oriented problems. These long-range problems
obviously cannot be undertaken by a few individuals or
institutions. Concerted, organized and systematic ef-
forts are demanded. Since the solutions to these future-
oriented problems require long lead times, investment
and preparation must be made as early and promptly as
possible. Determining priorities among tasks must be
done with long range global goals in mind.

As developing countries expand their economic and
technological capacities, advanced countries are ex-
pected to take defensive and protectionist measures.
Therefore, with increased scientific and technological
capabilities, one must pay greaterattentionto the follow-
ing : first, one should be preparedto share technologies
with others on a “give and take” basis in order to acquire
necessary new technologies. Second, one should de-
velop new products and processes based on the ab-
sorptionandimprovement of imported technologies and
by a combination of the former with internal develop-
ments. This will permit a nation to detour or break
through export restriction measures. Third, instead of
importing ready-made technologies, one should import

Technology transfer cannot be said to
be fully implemented until the technol-
ogy has been made indigenous and
“regenerative”, through complete di-
gestion and absorption.
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technologies which are stillunder development, orunder
application study, and then complete the development
inside the country for one’s own application. And lastly,
basic research should be supported on a national scale
to enabletechnicalinnovation. Thisis a process whereby
one can evolve from a stage of imitation to one of
creation.

Another strong point of KIST is to demonstrate that
systematically well-organized capacity opens up vistas
for applying indigenous potential totechnological devel-
opment. In the past, Korea could not afford to dream of
mounting challenges in advanced technology and thus
had to resort to the blind importation fo foreign technol-
ogy. The cases of the new type of electronic switching
system, the synthesis of pulp-like aramid fiber, the heat-
resistant super alloy etc. developedby KIST in coopera-
tion with industry, willl serve as reminders. An objective
assessment of the extensive direct and indirect effects
of KIST in and out of the country reveals that it played an
important part in building a secure foundation for na-
tional development and industrialization, and KIST will
continue to be dependent upon.

Instead of importing ready-made
technologies, one should import tech-
nologies which are stillunder develop-
ment, or under application study, and
then complete the development inside
the country.

Concluding remarks

There is no word that can more simply represent the
economic development of a less deveioped country than
“industrialization”. Indeed, planners in many developing
countries have taken industrialization actually to mean
“economic development”. Less significance has, how-
ever, been placed upon the need for technology devel-
opment through industrial research in countries where
' industrialization has been chosen as the economy’s
. prime mover.

Industrial researchin developing coun-
tries is not only a feasible proposition
but also an essential endeavor to help
realize industrialization goals within
the context of regional and global eco-
nomics.

Industrial research in developing countries is not
only a feasible proposition but also an essential en-
deavor to help realize industrialization goals within the
context of regional and global economics. In addition,
industrial research, if properly carried out, can help in
setting reasonable and feasible goals.

Industrial research can be extremely usefulindevel-
oping technological rapport with changing patterns of
industrial development and it can, over time, act as a
catalyst to change the attitudes of entities within the
domain of industrial researchers, to enable themto cope
with ever changing situations. In this regard, industrial
research organizations might be considered as major
intermediaries necessary for the technological develop-
ment of a country, particularly a developing country.
Sustained ecoriomic development in many developing
countries totally depends on how soon, how much, and
what kinds of industrial research they can manage to
undertake.
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Role of Standards In Technology

Management

K.R. Paramesvar

The developed world has realized long ago that stan-
dardization is a vital factor in the management of tech-
nology. This article examines the many facets of the key
role played by standardization in real life industrial
situations. The origin and development of the subject
have beendiscussed indetail alongwith the implications
due to the impact of rapid technological development.

K.R. Paramesvaris a former Director General, Bureau of Indiar Stan-
dards.

Management of technology encompasses many
aspects—generation of technology, its dissemination
and absorption, acquisition and formai transfer, innova-
tionetc. Inallthese phases, standardization plays a vital
role. Standardization is the process of consolidating the
knowledge and experience at any given point of time and
documenting the same for wide application. It is based
on ccnsensus of the diverse interests involved in the
subject being standardized. The consensus manage-
ment determines the extent of applicability and accepta-
bility of standards. That is how organized standardiza-
tion which started at the company level came to be
practised at industry, association, national, regional and
international levels with a view to manage as wide a
consensus as possible to promote trade.

Standardization for Technology Development

The role of standards is better known in cosi reduc-
tion than in development of technology. For y=ars,
practising professionals, particularly standards engi-
neersthe world over have stressed the cost and produc-
tivity aspects of standardization. Initial emphasis for
standardization was on increasing productivity, inter-
changeability and the like. Later, standardization tech-
niques were employed to premote safety, heaith, envi-
ronmental protection etc. Early days’ promotional litera-
ture that emanated from national standards organiza-
tions laid more emphasis onthe cost benefits in adopting
a standard, perhaps attuned to the needs of the time:
reduction of varieties and waste. When the focus shifted
towards the impending race for technological suprem-
acy of one nation over another, the emphasis also
shiftedto development of new technologies at the lowest
possible cost; and in the shoriest possible time. Hence
the increasing use of standardization to accelerate the
pace of technological development.
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Initialemphasis for standardizationwas
on increasing productivity, inter-
changeability and the like. Later, stan-
dardizatiocntechniques were employed
to promoie safety, health, environmental
protection etc.

Further, quick and maximum exploitation of sophis-
ticated technologies became necessary in view of the
huge investments required for their development asso-
ciated with high rate of obsolescence. Realizing this the
emphasis is shifting to codification of technologies and
standardization.

Origin & Development of Standards

Organized standardization activity first started with
the primary objective of increasing productivity. Dimen-
sions and tolerancing to ensure interchangeability of
components led to iniroduction of mass production
techniques. Today’s mass production of automobiles as
an assembly operation using components and parts
manufactured by several hundreds of companies lo-
cated in many countries would not have been possible
but for standardization.

When trade was localized, standardization efforts
were also localized. With the expansion of trade, it was
necessary to cross geographical and technological
boundaries. Thus there was an urgent necessity for
harmonization of standards adopted by companies
producing similar products or using similar raw materials
or components. This led to the development of stan-
dards by industry ortrade associations and professionai
bodies. National standardization also got the impetus
out of this need.

With globalization oftrade, standards also assumed
an international character projecting the need for world-
wide harmonization on various technical and related
issues. Thus organizations at the internationai level with
exclusive responsibility for standardization like the Inter-
national Organization for Standardization (ISQ), Inter-
national Telecommunication Union (ITU) and Interna-
tional Electrotechnical Cornmission (IEC) gained
prominence.

Standards are developed through a process of
censensus; a procedure that involves getting the needed
experts together to discuss and agree on solutions to
recurring technical problems. This activity is often spon-
sored by governments and supported by industry and

users. In India, the largest single organization at the
national level attending to the task of establishing na-
tional standards is the Bureau of indian Standards (BIS)
which has prepared over 16000 standards today in vari-

ous disciplines.

Since standards are documents (solutions in written
form) consisting of rules and requirements, which in a
way cover a part of technology which can be “codified”,
these have come about fo be recognized as “trade
facilitators” and often as “regulators of quality” provided
nations agree on common standards to foliow. Industrial
cooperation at national, regional and international level
view standardization from this perspective. The sub-
stantial efforts devoted to the standardization process at
company, association and national levels is persegood,
but standardization at international level has paved the
way for technology becoming truly international. About
90 countries now participate inthe efforts of the ISO and
IEC and adopt willingly the fruits of their collective con-
tributions in the national level work. Today it would be
very difficult to associate the development of any tech-
nology with any single country. It is in this context that
standardizaticn helps technological development. Large
industrialized nations participate actively inthe develop-
ment of these international standards, adopt them as
national standards, while a large majority of developing
nations with diversified technology base (indigenous,
adapted and imported) use international standards as
their starting point. The standards developed thus are
described as technically compatible with international
standards, further hastening the process of technologi-
cal development globally.

With globalization of trade, standards
also assumed an international charac-
ter projecting the need for woridwide
harmonization onvarioustechnicaland
related issues.

Role of Standards in Everyday Life

A number of exampies can be cited in products we
use in everyday life to illustrate the role of standards in
technology development. The nuts and bolts we use
commonly known as fasteners and their universal appli-
cation came about through the establishment of stan-
dard solutions to profile dimensioning, limits and fits and
engineering tolerances. The standards relatingto screw
threads is over a century old. It is such a common place
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item today that it would be difficult to imagine that much
debate and dissension preceded its acceptance. The
development of the modern day cassette tape used in
tape recorders and two-in ones and the universal stan-
dard for recording, play-back speeds facilitated enter-
tainment for the millions. Nobody needs any change in
these standard solutions which had aided technology
development and assimilation and refinement of the
technology and innovation on new products. In other
words, often most products need not be continuously
reinvented or redesigned; the standard solutions for
solving repetitive problems offer the best route for devel-
opment of technology.

Inpower engineering , standardization and adoption
of preferred current and voltage ratings alone had
brought about so much savings of material, time and
energy that it has become feasible to redeploy these on
several aspects of electrotechnology where such efforts
remain productive. An area where standardization has
helpedtechnology grow leaps and bounds is information
technology. Starting from the invention of the transistor
in the 1960s, the integrated digital circuits and the
myriad products that go under the generic term of
information technology equipment (computers, office
machines), development has been possible only due to
standard solutions on basic aspects. Most important of
all, the standards, once established, help in validating
technology by providing a means for verifying quality
levels and a basis for further improvement.

Role of Standards in Technology Development

The role of standards in technology development in
high tech areas can be seen from the example of
advanced materials, information technology and bio-
technology.

Advanced Materials : There is a continuous urge
for development of new materials to reduce the depend-
ence on conventional materials which are fast depleting
and to meet exacting demands of high technology
applications. The three main areas for advanced mate-
rials are:

° Light weight but strong materials for various ap-
plications including aircraft and transport ve-
hicles,

2 High temperature materials for improvement of
efficiency,

° Materials for electronic components, sclar pho-
tovoltaic cells, thin films and multiple layers for
micro circuitry, etc.

There is a growing need for standardization of

methods oftest and evaluation of advanced materialsto
promote their practical and widespread use. This would
also help in comparing test data on common basis by
users and manufacturers. Standardization of technical
terms and test methods is necessary for constructing a
reiiable data base to enhance the use of advanced
materials in industry.

Standardization of technical terms and
test methods is necessary for con-
structing a reliable data base.

Inthe past, standards for materials were developed
after relevant technologies had materialized as new
product in the market. In the advanced materials area,
there is a need for pre-standardization to work as a
strong promoter of technological development. For
example, to facilitate research in support of improved
standards for new and advanced materials, an interna-
tional collaborative research programme involving the
Summit Nations (Canada, France, Germany, ltaly, Japan,
UK and USA and the Commission of the European
Communities) was launched some years ago. This
project was known as VAMAS, the Versailles Project on
Advanced Materials and Standards. Selected VAMAS
technical projects include: wear test methods, surface
chemical analysis, ceramics, high temperature materi-
als, polymerblends, and material databanks. VAMAS is
expected to create an impact in the standards making
process relating to advanced materials. The TIFAC
project on National Material Policy has highlighted the
contribution of VAMAS and in turn triggered an effort by
BIS to bring together leading organizations in India to
review the role of standards in materiais development in
India.

Information Technology (IT): Information Tech-
nology is the science of collecting, storing, processing
and transmitting information. Importance of IT and its
utility are increasing because of reduction in cost of
computing power made possible by micro electronics
which has coincided withthe application of digitalization.
The result has been the convergence of electronics,
computingtechnology and telecommunications resulting
in the IT Revolution.

Standardization provides strength to the efforts of
R&D and manufacture in the IT area: Standardization
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helps R&D efforts to fit into the complex pattern of this
high-tech field. Globalization of information and the IT
industry necessitated the adoption of harmonized stan-
dards world over to ensure compatibility.

That standardization work at international level is
leading the way is amply clear from the developments
taking place in the Information Technology area. To
quote from Dr. L.D. Eicher’s, (Secretary General of ISO)
speech at Tokyo in June 1987. “The proportion of ISO
work inthe information technology field has grown about
5percenttoover25percent (currently 40 percent) inthe
last 5 years. The paper work alone has grown at the rate
of 55 percent per annum”. The Joint Technical Commit-
tee of the two apex bodies ISO and IEC on information
processing systems JTC-1 has 18 active sub-commit-
tees, each of which require vigorous administrative
support fromtheir secretariats. One committee currently
lists more than 100 meetings of IT experts and these
meetings regularly involve more than 50 delegates
representing 20 to 30 countries.

BIS has been pleading for the setting up of a fully
equipped centre for standardization in Information Tech-
nology with active participation of Department of Elec-
tronics, Department of Telecommunication, other Gov-
ernment departments, involved inthe use of Information
Technology and the industry (active in both hardware
and software). Such specific centres may be needed in
other areas of rapid development in future.

The fear that standardization may in-
hibit technological growth and has no
relevance in high-tech areas where ob-
solescence rate is quite high, is un-
founded.

Bio-Technology: Bio-technology is a multi-discipli-
nary technology involving disciplines like biochemistry,
genetics, microbiology, physiology, morphogenesis,
information technology, etc. It involves exploiting bio-
logical systems for the production or improvement of
goods. The requirementof standards in this fast growing
area relates to materials for bio-technology, characteri-
zation and identification of biclogical systems, unit proc-
esses and theircontrols, environmental issues, biomass
conversion, process validation and terminology.

The fearthat standardization may inhibit technologi-
cal growth and has no relevance in high-tech areas
where obsolescence rateis quite high, is unfounded. On

the other hand standardization is essential for organized
growthin high-tech areas. Without standards, hightech-
nology would not be able to get commercialized to
benefit the industry and consumers.

International Standards & Future Development

As more and more standardization effort gets
concentrated at the international level, and more nations
willingly adopt international standards in national work,
what really happens is the finding of common ground for
agreement on issues concerning technology and an
attempt to codify technology. This, in fact provides the
greatest impetus to the use of standards so developed
in international trade. Technologies that do not result in
a product or system confirming to international stan-
dards on safety, interchangeability, energy and material
conservation cannot sell. If national level solutions are
not compatible with these standards, the country may
well be out of of the global market.

With such a key role in management of technology,
standards bodies have to look carefully at future needs.
Since 1986, the ISO/IEC have placed great emphasis on
understanding and responding to the new needs of
international standardization. They have set up two
groups to assist them in this task—the ISO/IEC Pre-
sident’s Advisory Board on Technological Trends and
Ad hoc Group on Long Range Planning. During 1988/
89, a global survey was carried out on the standardiza-
tion needs especially for the emerging technologies.
The results of ths survey have been remarkable and
have been of help to technology policy makers and
planners world over. The document ‘A Vision for the
Future’ of the ISO/IEC brought out in 1990 presents an
analysis and recommendations concerning standardi-
zation approaches for new technologies together with
findings of a global survey on future standardization
needs. InIndia, TIFAC has made good use of this input.
The document needs a much wider dissemination to
sensitize the Indian scientific and technical community.

Globalization has become a reality today. All but the
smallest or the most local commercial and industrial
enterprises are finding that their principal market place
competitors include companies headquartered in other
countries. Consequently, technology/product develop-
ment must be done globally to reckon with global com-
petition. The rapid implementation of the European
Community’s single market concept has also become a
major driving force. Obviously, this places new pres-
sures on India since we wish to trade with European
companies and would like to compete with them in other
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markets. The assurance that we have to provide on our
technologyto an overseasbuyer necessitates our adop-
tion of standards demanded by the new market players:
particularly those governing certification systems. The
four goals for Indian technology development are “Uni-
versal acceptance, current compatibility, forward com-
patibility and forward flexibility” in a highly volatile market
situation. All investments on technological research
must facilitate these goals. It is obvious that none of
these goals can be achieved without standardization
and appreciation of international standards in the rele-
vant field.

The four goals for Indian technology
developmentare “Universalacceptance,
current compatibility, forward compati-
bility and forward flexibility”.

In the case of technologies of the future the task is
complex. Thetime, effort and cost to develop standards
in such complex fields will be high and at the same time
the standards may be rendered obsolete faster. There
is, therefore, a need forincreasing the dynamismin stan-
dardization. Professional bodies as well as industry and

trade associations in India which hitherto did not attach
significance to standards development and application
aspects in their fields of activity should get involved and
give the impetus needed for standardization to place
india in the world technology map. The approach to
standardization itself may require to undergo a change
to cater to the advent of liberalized industrial policy. The
main players in this exercise are not only the organiza-
tions involved in standardization like BIS but all organi-
zations and individuals, public or private, engaged in
diverse activities like supply of goods and services,
administration, scientific and industrial research etc.
Once this is understood and organizations learn to
network, standards and standardization will play the role
they ought to, in India also.
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Any society in the era of the new technology would perish miserably
were it to attempt centralise responsibility and decision making at
the top. It would go under as did thee great reptiles of Saurian age
who attempted to control a huge body by a small centralised nerv-
ous system that could not adapt itself to the rapid change in the en-

\

— Peter F. Drucker
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Focus

Strategic Management of Technology:
Major Decision-Making Issues

P.N. Rastogi

Management of technology by an industrial enterprise is
bound with its business strategy. The latter governs the
products a firm decides to produce and the technology
it needs to use, acquire and develop for this purpose in
the light of market competition. Major decision-making
issues in this context relate to assessment, selection,
acquisition, assimilation, use, integration, upgradation,
incremental innovation, and development of existing
and/or new technology. These issues are not however,
independent or disparate. The basis of their formulation
and resolution lie in a company’s competitive business
strategy on the one hand, and a strategic vision of its
future on the other. This paper explains briefly some of
the major decision issues associated with technology
management in terms of this broad orientation, and
outlines the new Japanese concept of ‘technology fu-
sion’ for competing and excelling in world markets.

P.N. Rastogi is Professor in the Humanities and Social Sciences
Department Indian Institute of Technology, Kanpur 208016.

Technology and its management are today matters
of global primacy. Technology is being developed, im-
proved, combined, refined, bought, sold, and traded
around the world at unprecedented levels. To maintain
their competitive edge, companies are increasingly
iooking outside. They adopt and assimilate newtechnol-
ogy, improve and refine existing technology, and com-

bine both in their quest for commercial success in world
markets.

Companies adopt and assimilate new
technology, improve and refine exist-
ing technology, and combine both in
their quest for commercial success.

From semi-conductors to super computers, super
conductivity to ‘miracle’ materials, jumbo jets to genetic
engineering, technology has become the single most
important factor driving the global competition. Techno-
logical development and innovation are engendering
new businesses, transforming old ones, and redefining
the rules of competitive success. Competitive success
increasingly goes to enterprises that can absorb, apply,
and coordinate new developments quickly.

Successful firms across the world’s industrial spec-
trum are speeding up the commercialization of innova-
tive ideas to meet specific business and customer needs.
They are developing and using the tools and techniques,
structures and processes, and the technological infra-
structure to be more dynamic, productive, and innova-
tive. Keeping a product-line competitive requires con-
tinuous, incremental improvements in function, cost,
andquality. Cost-effective design, new process/product
technologies, concurrent/simultaneous engineering,




flexible manufacturing systems, and high level of pro-
duction engineering are most important in this context.
Competitive success increasingly depends onthe effec-
tive management of technology. It is therefore neces-
sary to understand the nature and dimensions of tech-
nology management, andthe decision issues pertaining
toit.

Holistic Approach to Technology Management

The concept of technology in the present context
needs to be comprehended in a holistic sense. Technol-
ogy and its management cannot be narrowly viewed
merely in terms of machines, equipment, instruments,
and processes. Manufacturing technology comprises
five inter-connected and inter-dependent facets. Each
of these facets needs to be cognized explicitly both
individually and in terms of its multilateral linkages with
others, for the purpose of managing technology effec-
tively. These facets are:

» Production Process(es): This facet includes
design and layout of production facilities; type
and mix of machines and equipment; flow of
information, materials, and people; elements of
automation; computer systems hardware; moni-

toring, control, maintenance, and simulation of -

operations and facilities.

+ Product & Process Design: This facet is related
with the design of products including materials,
parts, components, and features, on the one
hand, and design of processes andtheirintercon-
nections with products, on the other. Both prod-
ucts and process(es) may be designed simulta-
neously in terms of ‘concurrent engineering’
towards achieving zero-defect production.

+ Information Systems: This facet includes meth-
ods and systems for communication, integration,
intelligence, production control and overall coor-
dination.

+ Orgaware Technology: This facet relates to or-
ganizational support system that facilitates the
transformation process, including aaministration,
communication, integration, coordination, learn-
ing, acquisition and retention of knowledge and
information, and incentive/reward systems.

+ Materials Technology: This facet relates to the
knowledge and use of the properties and attrib-
utes of core materials, interconnection of parts,
composites and functions.

Production/manufacturing technology, in the holis-
tic sense, describes the way in which the foregoing five
facets interact together to convert resources into out-
puts. The technology of a firm along any of these facets
may or may not be innovative, new, state of the art, or
advanced. Effective management of technology implies
continuing improvement, consistency, and coordination
of all the foregoing five facets. Decision-making issues
in this context centre on how to bring about continuing
and conjoint improvements in order to sustain and
upgrade the company’s distinctive competency, towards
its potential competitive advantage. These decision
issues together define ihe firm’s technology strategy.
The latter broadly refers to a company’s planned vision
for the modernization of its productive core, and its key
interface and support functions like engineering, infor-
mation, materials handling or logistics. Technology strat-
egy also defines the nature and requirements of desired
change(s) and the ability to implement that change.

Technology strategy refers to a
company'’s planned vision for the mod-
ernization of its productive core, and
its key interface and support functions

Technology Strategy

Technology strategy of a company is constituted by
the following two basic elements:

The company’s ability to perceive the need for
change in its technology base. This perception is a
part of the company’s perception of its competitive
environment.

The company’s ability to implement the perceived
requirements of change(s).

Technological changes in a company may in turn,
involve one or more of the following:

« Minor improvement in the company’s existing
product or process technology,

« Major enhancement in an existing product tech-
nology,

+ Developing an entirely new core technology that
is integrated with an existing company technol-
ogy inthe final product i.e., new, related technol-
ogy,
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« Developing a new, unrelated technology.

The effective implementation of such changes,
however, depends on the strength of an organization’s
culture (Rastogi, 1990, 19391). In this context, R&D and
engineering cannot be separated fromthe core business
decision-making by an enterprise. Without a strong
culture of productivity, excellence, and innovation,
acquisition and use of superior hardware by itself cannot
generate a sustainable competitive advantage.

“We have seen a number of companies that have
been abletobuild a powerful competitive advantage
around their internal capabilities and teamwork,
even though their plants and equipment were not
exceptional; but we have never seen one that was
able to build a sustainable competitive advantage
around superior hardware (technology) alone...... It
is almost impossible for a company to “spend” its
way out of competitive difficuity” (Hays,
Wheelwright, & Clark, quoted by Erickson et al.,
1990).

Without a strong culture of productiv-
ity, excellence, and innovation, acqui-
sition and use of superior hardware by
itself cannot generate a sustainable
competitive advantage.

For obtaining sustainable competitive benefits,
continuous improvements in both structural and infra-
structural elements need to be made in tandem, in a
mutually supportive manner. The guiding impulse here
is provided by the firm’s business strategy.

Business Strategy & Technology Management

Five sets of questions are useful in systematically
examining the relationship of a company’s programme
of managingtechnology to its business strategy (Erickson
et al., 1990). They also highlight the decision-making
issues. These sets of question are:

+ Does the company have a clear product and
market strategy? What markets does ii want to
enter? How? What markets does it intend to
defend? What product and service attributes will
accomplish these goals?

« Whattechnologies support the product and market
strategy? Which ones produce competitive ad-

vantage in existing markets by adding value or
lowering cost? Which ones promise to support
new market initiative, or to define a new level of
product performance?

+ What technological successes can the company
support or exploit?

+ Does the R&D programme focus on developing
capabilities in technologies that will, or may,
support its product and market strategy? Are
options for technology acquisition (in-house
development, licensing, academic support etc;)
being examined in relation to the company’s
immediate product and market strategy as well
as its future vision?

» Doesthe R&D staff have access to the firm’s key
customers? Do the R&D staff, manufacturing en-
gineers, and marketing people work together to
ensure that R&D ideas can be made into high
quality, low cost products that will meet custom-
ers’ needs?

The centraltask oftechnology management in a firm
inthe contextof its business strategy is to assure that the
firm gains and/or maintains a strong position in the
technologies relevant to its product-market relationship,
and that these technologies support the firm’'s competi-
tive strategy. It would however, be erroneoustoinferone
way dependence oftechnology strategy and technology
management on the firm’s business strategy. Technol-
ogy strategy also takes cognizance of emerging techno-
logical developments, that may engender new opportu-
nities and threats for the firm. The firm’s business strat-
egy is expected to respond to these opportunities and
threats. The interaction between a firm’s business strat-
egy and technology management is hence one of recip-
rocal influence. This interaction leads to regular review
and revision of the strategic targets of the firmonthe one
hand, and the goals of its technology management
programme, on the other. Such a review is governed by
the requirements of consistency, balance, and mutual
supportiveness between business strategy and technol-
ogy management.

The central task of technology man-
agement in a firm in the context of its
business strategy is to assure that the
firm gains and/or maintains a strong
position in the technologies relevantto
its product-market relationship.
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Management of technology encompasses continu-
ing improvement in the five facets outlined earlier, as
well as, the management of R & D in product(s) and/or
process(es). Together, allthese functions of technology
management form a spectrum of the overall process of
product creation. Japanese companies have demon-
strated their superb ability to integrate all phases of the
product creation process in a cost and time effective
manner. Effective management of technology today is
bound up withthe efficient integration of all phases of the
product creation process. Itis subject to the principle of
continuous improvement. An enterprise must have a
technology road map for continuous improvement re-
lated to the strategic variables of its business.

Factors facilitating technology management

The most important overall factor underlying the
effectiveness of an organization as a whole, is its culture
(Peters & Waterman, 1982; Rastogi, 1988). However,
certain more specific factors facilitating technology
management, have also been identified empirically.
Giffy et al (1990) term them as the “areas that have the
greatest impact on success of technology implementa-
tion". These factors or "areas’ may be outlined as fol-
lows):

Top Management's Viewpoint. Management views
technology not as individual components but as part of
a total system of resources and capabilities. Top man-
agement acknowledges and understands the vital link-
ages between process technology, product design,
suppliers, manufacturing engineering, humanresources,
and the shop floor. It maintains responsibility for the
fundamental soundness of technology decisions.

Nature of Technology Decisions: Technology devel-
opment follows a path rather than discrete steps. CIM
{Computer Integrated Manufacturing) for example, is a
step in the organization’s development of technology,
not the achievement of a certain level of technological
development. Every technology decisioncan and should
have a strategicimpact. Technology decisions are viewed
as capability enhancing.

Every technology decision can and
should have a strategic impact.

Focus of Technology Development. Technology
development focuses on processes that are central to
competitive advantage such as developing process
technology internally. In areas that are not central to the
company’s plans for competitive advantage, the best
off-the-shelftechnology available isused. The organiza-
tion must recognize that competitive advantage can be
created through superior integration of purchased tech-
nology. Continual development and experimentation
are encouraged to avoid initiating high risk, quantum
leap projects to keep abreast with competitors. The
focus here is on how the organizationchannels its vision
of strategic advantage into technology development
projects; how itdecides where to expend resources, and
how to obtain technology.

Technology Justification Process: Itis based on the
company'’s strategic understanding of the market place
and its current market position. The response of com-
petitors to specific technology investments by the firmis
considered explicitly. The cost of not implementing a
new technology is factored into the justification, and
planning process. The costs of obsolescence andkeep-
ing abreast with competitors are considered. The plan-
ing horizon used for evaluating the appropriateness of
investment is sufficiently long to reflect the technology
lifecycle.

Implementation Process: The company fosters an
atmosphere supportive of innovation; constant experi-
mentation and piloting of new ideas are encouraged.
incentives reward innovation. Projects phase inthe new
technology, supporting both the learning process and
the developmental migration path. Challenging goals
are established for technology implementation projects.
Multi-disciplinary teams are drawn from every area of
the organization. The teams comprisethe organization’s
brightest and most dedicated personnel.

Middle managers must be motivated towards ac-
complishing significant goals, and providing the funda-
mental energy that drives the advanced technology
engine. Top management must ensure that the middle
managementteamis preparedto act, not only in execut-
ing the vision, but also in expanding it.

The last factor or area specifically refers to organi-
zation culture as a system of shared values, beliefs, and
vision. One viewpoint goes as far as 1o suggest that the
basis of a company’s culture lies in its production engi-
neering. According to Fujita (1989, 1990), ‘when a
production engineer and a foreman resolve a problem
in cooperation with workers as practised in Japan, the
process fosters organizational fusion; recurrences of
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the process will gradually give form to a new culture'.
According to him, production engineering not only con-
stitutes the direct cause of creation of new culture
through stabilization and enhancement of production,
but because it represents an organized effort partici-
pated by employees, their day-to-day problem-solving
exercises lead to “accumulated innovations”. Thus,
production engineering guarantees development of
culture in the double sense. He concludes, “Creation of
new culture is conditioned by the local level of production
engineering”.

Technology Decision-making

Renovation of the existing production facilities re-
quires an assessment of the new technology to be ac-
quired. Such an assessment proceeds in terms of the
evaluation of economic feasibility, technical feasibility,
operational feasibility, operational compatibility, and op-
erational versalitity of the whole or parts of a technology
package. A concept useful in charting the course of
decision-making inthis contextis a three-axis descriptor
of the characteristics of manufacturing (Ehner & Bax,
1987). The three axes may be outlined as:

+ The Xaxis is the transformation axis and involves
all the cutting, forming, painting, and other
processes that change the condition of the
material. This axis may be designated as the
maker.

+ TheY axis is the finalization axis and includes all
materials handling, storage, and assembly activi-
ties. It can be viewed as the mover.

+ The Z axis includes all test and inspection activi-
ties, data-gathering operations, anc production
control, inventory control, and cost control activi-
ties. It is the information axis. This axis may be
thought of as the timerbecause it sets the speed
with which the axis can flow through.

The three axes are interrelated but trade offs be-
tween Y and Z are possible, allowing different ways of
reaching the same level of efficiency and productivity.
Only the X processes add to product value. The remain-
ing Y processes and all of the Z processes contribute
nothing to product value. They, however, contribute to
the speed with which parts move through the factory.
The task of technology management in this perspective
is to design and organize a production system in terms
of an optimum combination of the three axes. Such a
task may require different axis positions foreach plantor
factory.

Single Core Technology Vs. Plural Technologies

Deciding what products to make, and how to make
them, is a continual decision-making challenge for tech-
nology management in companies. The decision issue
here focuses on whether a firmshould have asinglecore
technology or pursue technical diversity. Evidence from
USA and Canada indicates that companies that focus
their new products on extensions to a single key core
technology are far more successful than those who do
not follow such a course of decision and action. Suc-
cessful Japanese companies however, do not concur
withsuch aninference. In USA and Canada, companies
that concentrate on the internal development of a single
technology, or a closely related set of technologies, and
focus onrelated market applications, achieve both tech-
nological product excellence, and adeep understanding
of their customers. Without a defensible core technol-
ogy, the technological venture cannot assume a leader-
ship role in its target markets. In contrast, companies
that develop a strong core technology, show the ability
to develop new products faster, with greater reliability
and quality, thanunfocused companies (Roberts, 1991

Deciding what products to make, and
how to make them, is a continual deci-
sion-making challenge for technology
management

The best opportunities for rapid growth of a young
firm come from building an internal critical mass of
engineeringtalentin a focusedtechnological area, yield-
ing a distinctive core technology that might evolve over
time, to provide a foundation for the company's product
development. These products should be targeted at a
focused set of customer needs. Successful high tech-
nology firms in Japan however, follow a rather different
approachinthis context. They pursue technological seli-
sufficiency, and for this purpose proceed towards mas-
teringthe relevant subtechnologies also. American firms
leave subtechnology(ies) specialization to their suppli-
ers. They assess a new technology in terms of the risks
of adopting it, and their research is focused towards
narrow, specific, and limited applications. The Japanese
companies by contrast, assess a new technology in
terms of their potential vulnerability, if they fail to adopt
it. They approach R&D from the viewpoint of multiple
applications and the creation of technological capabili-
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ties from a relatively long-term perspective. This ap-
proach has led them to evolve a new concept of techno-
logical innovation— ‘technology fusion’. The latter refers
to development of new hybrid technologies by combin-
ing the technological capabilities of existing technolo-
gies.

Competing By ‘Technology Fusion’

‘Technclogy fusion’ refersto R & D focus on combin-
ing existing technologies into a hybrid technology. ‘It
blends incremental technical improvements from sev-
eral previously separate fields of technology to create
products that revolutionize markets’ (Kodama, 1992).
Such new hybrid technologies are greater than the sum
of their parts. The fusion of electronic and optical tech-
nologies, forexample, gave birth to “opto-electronics”. It
allowed a company like Sharp to be a major player in
technologies ranging from colour televisions to liquid
crystal displays to customized integrated circuits. By
fusing electronic, mechanical, and materials technolo-
gies (‘methatronics;), Fanuc created an affordable nu-
merical controller and became a market leader.

Successful companies today are not
necessarily those that create new tech-
nologies, but those that rapidly absorb
them.

Dynamics of technology fusion render established
technologies in any industry susceptible to displace-
ment by radically different technologies coming from
outside. In effect, the critical resource for competitive
manufacturing today is not capital and labour. Success-
ful companies today are not necessarily those that
create new technologies, but those that rapidly absorb
them (Branscomb, 1992). This requires an organiza-
tional capacity to identify promising new technologies
worldwide, and absorb them into new products and
processes, quickly and effectively.

A company's capacity to absorb and adopt technol-
ogy is increasingly becoming the key to business strat-
egy (Kodama, 1991), As mature markets become satu-
rated, Japanese companies are using their ability to
apply new technologies to specific business needs to
shift into new and more profitable markets. Canon, for
example, has moved from cameras into office equip-
ment such as laser printers and fascimile machines.

NEC has moved beyond its original base in public tele-
communications switching and transmission equipment
to main frame computers, semi-conductors, and more
recently to mobile telephones and laptop computers
(Branscomb, 1992).

Emerging Technologies

Another major decision-making issue associated
with a firm'’s technology strategy and management re-
lates tothe formulation ofits stance and position with ref-
erencetoareas of emerging technologies. An ‘emerging
technology’ is defined as one in which research has
progressed far enough to indicate a high probability of
technical success for new products and applications that
might have substantial markets within ten years. In
consultation with private industry, the Technology
Administration of US Commerce Department (1990)
identified 12 ‘emerging technologies’ as among those
most applicable to commercial opportunities, lyinginthe
following four areas:

* Advanced materials such as ceramics, polymer
composites, metal alloys, and superconductors.

Electronics and information systems, including
advanced semi-conductor devices, digital imag-
ing technology, high-density data storage, high
performance computing, and optoelectronics.

Manufacturing systems, including artificial intelli-
gence, flexible computer-integrated manufactur-
ing, and sensor technology.

Life sciences applications, including biotechnol-
ogy and medical devices and diagnostics.

A firm has to decide whether or not to enter into any
of the foregoing areas, and if so in what manner, and
when.

Conclusion

The complexity of technology management is ex-
ceeded only by its importance. It represents the cutting
edge ofafirm’s business strategy. ltinvolves a multitude
of decision issues which interface with every major area
of enterprise management. These issues are related to
perceived needs, opporiunities, threats, impacts,
strengths, weaknesses, and key concerns of a firm in
relation to ongoing developments in technology and
markets. Firms need to be constantly on the lookout for
emerging developments in both technologies and mar-
kets. They need to be oriented towards improving their
critical competencies or capabilities toward absorbing
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new technologies, and improving and, combining exist-
ing technologies. They need to be productive towards
seizing new technological opportunities and facing new
market challenges. Finally, they need to know far more
than they do now about what is happening in laborato-
ries around the world.
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R

A Formula for Handling People in Business:
* Understand what the other man wants to accomplish.
+ Give each of your subordinates the feeling that you have a deep personal inter-

+ Put each man in business for himself. A man produces best when he is respon-
sible for a specific result, whether it be the finishing of a tiny part or the directing

* Don't judge employees on their attitudes, but on their production. There is no
reason to assume that a sweet-tempered worker is a better investment than an

+ Create an atmosphere conducive to originality and free expression of ideas.
Source : Charles A Cerami : How to Solve Management Problems, Englewood,
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It is necessary to evolve criteria such
as efficiency and productivity on true
scientific lines so that identification
of viable technologies can be made.

Regulaticn

In the framework that is emerging in India’s econ-
omy where Governmental controls are being removed
in respect of inflows and outflows of capital, technolo-
gies, and products it is necessary to evolve an alterna-
tive mechanism for regulation of these inflows and
outflows. Since technologies tend to entrench them-
selves deep into economies, and thereby obstruct or
preclude subsequent technological choices, it is neces-
sary to evolve a national Technology Selection Policy
to influence and regulate the flow of technologies in In-
dia.

Adaptation

Hitherto adaptation of foreign technologies into India
has been little more than “ruggedisation” of the im-
ported technologies or ancillarisation of sub-compo-
nents and sub-assemblies, all of which passes under
the name of Technology Transfer. Instead, adaptation
should be in the nature of Technology Transplantation
starting from the stage of design and detailed engineer-
ing itself, and go on to replication of improved proto-
types, indigenous development of dies and moulds and
indigenisation of measuring and calibrating instruments
connected with the technology.

Legislative/Accountancy Framework
Our laws such as the Companies Act, Income Tax

Act, etc., still retain a 19th century European outlook.
It is necessary that these laws be comprehensively

recast so that the true costs and benefits of industrial
enterprises employing technologies are reflected in their
profit and loss accounts and balance sheets. Corre-
sponding to the legislative changes necessary, the
concepts and practices of national-level and firm-level
accountancy also need to be revised.

Technological Education System

It should be a question of profound interest to the
philosophers and analysts of scientific history as to
how even the scientific section of the university aca-
demic system of the world could ignore its own funda-
mental presuppositions regarding technology; particu-
'arly the academic system in the third world which had
direct access to the effects of the hidden/externalised
costs of technology. The syllabi, teaching-methods,
and examination systems prevalent in India’s universi-
ties, institutes, and research centres of technology
need to be thoroughly modernised so that the coming
generations of academic scholars and engineers will
work in the more scientific, binary worldview of technol-

ogy.

The syllabi, teaching-methods, and
examination systems prevalent in In-
dia need to be thoroughly moderni-
sed.

Financial Institutions

Banks, financial institutions, investment institutions,
Governments, trusts, and other financial mediators
which channelise the national savings into industrial
enterprises need to redefine their criteria and approach
in project evaluation, monitoring, and disposal by
adopting a more scientific conception of techno-
economic viability. In other words, “bankable” proposals
should be “long-term bankable”, not just “bank- rollable”.

[
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Focus

Forging New Links : Foundation For
Innovation & Technology Transfer

Prem Saran Satsangi

Since its inception, HT (Delhi) has made special efforts
to reach out to the needs of industry through sponsored
and joint research, technology transfer, consultancy and
testing. With a view to achieving a quantum jump in the
level of collaboration and interaction with industry and
other user organizations on programmes of mutual
interest, the Institute has set up a Foundation for Inno-
vation and Technology Transfer (FITT). The Foundation
draws upon IIT (Delhi) as the primary resource, supple-
mented by expertise fromother llTs, R&D organizations,
consulting engineers, marketing and management
experts to serve the industry and other user organiza-
tions.

Prem Saran Satsangi is Professor in the Electrical Engineering De-
partmentand Applied Systems Research Programme and Managing
Director of the Foundation for Innovation and Technology Transfer at
the Indian Institute of Technology, Delhi.

Indian Institute of Technology (11T) Delhi, the young-
est among the five institutes of national importance was
set up under the Institute of Technology Act, 1961, as
amended by the Institute of Technology Act, 1963. Early
sixties was a period of youthful exuberance when strong
foundations were laid in formulating a dynamic aca-
demic policy. The next decade was a transition from
adolescence to maturity, when post graduate program-
mes and schools of research were established in the
academic departments and interdisciplinary activities
given special emphasis. This decade witnessed a no-
ticeable shift from fundamental research in basic and
engineering sciences to investigation of problems of
direct relevance to the needs of the country through
time-bound research and consultancy projects for solv-
ing live industrial problems. The third decade had been
to a large extent, a period of stabilisation and consolida-
tion when special attention was given to emerging areas
identified at the national level such as atmospheric
science, laser applications, thin film technology, micro-
electronics, bio-technology, energy, transportation, mi-
croprocessor applications, computer science, optical
communications, signal processing, computer aided
design and manufacturing, artificial intelligence and
robotics.

International Collaboration

Inorder to remain at the forefront of advancement of
science and technology, the Institute has collaborated
with some of the foremost institutions in U.K. The Insti-
tute has extended academic and research collaboration
to several Institutes of excellence in industrially ad-
vanced countries other than the United Kingdom, such
as France, Switzerland, U.S.A., Norway, Japan and
Germany. Plans are being formulated for extensive
collaborative links with the newly established Benha
Higher Institute of Technology in Egypt. In 1988 for the
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first time, the Institute launched a programme to provide
assistance to develop the infrastructure and faculty
expertise at a sister institution in a developing country in
the form of the IIT-Tribhuvan University (Nepal) Co-
operative Agreement. We have also signed a memoran-
dum of understanding (MOU) with the International
Centre For Public Enterprises in Developing Countries
in Yugoslavia for collaboration in the area of manage-
ment of public sector undertakings. A student exchange
programme with University of Lyons in France has been
finalized, and a scheme under the sponsorship of the
Asian Development Bank for exchange of post-gracu-
ate students with other developing countries has been
put into operation. The programme for training person-
nelin Renewable Energy Sources fromvarious develop-
ing countries under the sponsorship of the United Na-
tions University has been further renewed. A new di-
mension has been added with the signing of a MOU with
the University of Massachusetts at Amerst (U.S.A)
which provides exchange of undergraduate students
annually between the two institutions for durations upto
one academic year to pursue full-time studies at the re-
spective exchange institutions.

Over the years the level and extent of industrial
interaction are continuously growing. Industrial R & D
(IRD) Unit was setupin 1974 to co-ordinate the activities
of sponsored research and industrial consultancy and
provide service to the industry and principal investiga-
tors and consultants at the Institute. The assigned
functions of the IRD Unit include: sponsored research
projects; consultancy jobs; patents and transfer of know-
how; foreign collaboration with universities/ research
institutions; collaborations with institutions in India; and
industrial interaction. IRD is responsible for efficient ad-
ministration of contract negotiations, patent applica-
tions, management ofresearch and development funds,
purchase of necessary equipment etc.

Achievements in Industrial R & D

Consultancy activities have been growing over the
years with the industry reposing full confidence in the
institute to solve R & D problems (figure 1). During the
year 1991-92, the Institute provided 270 consultancy
services tothetune of Rs. 85.3 lacs. In 1991-92, 51 new
sponsored research projects were taken up with the
funding inflow of Rs. 5.26 crores (figure 2).

Table 1 provides an illustrative list of a few major
consultancy projects undertaken by the Institute in re-
cent years. Table 2 lists some of the significant spon-
sored research projects which have been in operation at
the Institute during the years 1984-92.

A few of the technology transfers, already made or
ready, aregivenbelowtoillustrate the range of expertise
available in the Institute:

* Anaerobic biomethanation technology for treat-
ment of distillery effluents

* Charred biomass briquetted fuel

* NMR spectrometer for evaluation of content of oil
seeds

* Instantaneous breaking system for induction
motors (upto 50 hp)

* Twin cassette recorder

* Biomass fuelled gasifier-engine genset/pumpset
system

Bioconversion of lignocellulose biomass into
ethanol and co-products

Braille duplication sheets and duplication ma-
chine

Transfer printing process for transfer of design of
100% polyester cotton blended fabrics and gar-
ments.

Foundation for Innovation & Technology Transfer
(FITT) : Raison d’etre

The development of technology requires an envi-
ronment which encourages innovation and creativity.
Such an environment can be provided through the
development of an effective synergistic relationship
between academia and industry so that creative people
with fundamental knowledge and exploratory research
provided by academia are coupled with the motivation,
resources and the means to translate new ideas into
commercial products and processes provided by the
industry. Inspite of the continuously growing interaction
with industry, there has been little substantial techno-
logical fallout of Institute’s R & D work. There are a
number of inhibiting factors contributing to this state of
affairs. Major amongst them are:

* Lack of adequate communication between the

industry and the institute leading to an inade-

quate appreciation of each other’'s needs and

constraints

Lack of guidance by industry as to what their

strategic needs are to enable channelisation of

academic R & D towards their solutions

Lack of an interface to translate research results

into commercial products and processes

* Gaps in perceptions of the time frame for carry-
ing R & D work.
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Table 1:Major Consultancy Jobs

1. Risk Analysis due to Accidental Release of Toxic Gases especially Gases like Chiorine, Ammonia, HCN, etc.
2. Rotating Stall Studies on a Compressor Stage of the GTX Engine.
3. To Conduct Bench Scale as well as Pilot Plant Loop Studies in order to Generate Experimental Data for Designing Slurry Pipelines
for Feeding Coal to the Various Steel Plants.
4. Diagnostic Load Tests for DDA Houses in Shalimar Bagh in Five Parts.
5. Development of Polymer Alloys.
6. Development of Technology of Fabrication of all Welded Heavy Duty Wire-wrapped Liner naving Keystone Shape Opening.
7. Reliability Availability Maintainability (RAM) Analysis of Drilling Rigs.
8. Design Fabrication and Testing of a Prototype Microfilter Unit.
8. Control System for Cross-regulation of Gates of Irrigation Canal in Chambal Region.
10.  To Carry Out the Design and Development Work of Hydrocyclane in Malang Khand.
11, Advice on the Production of Single Cell Oil from Mollasses.
12.  Design of Maintenance Planning and Control System for Open Cast Mines/Phase-|.
13.  Designing of a Microprocessor Developmenit-cum-target System Based on 8085 A.
14.  To Develop Methodology & Software for Pipeline Transport of Waxy Crude Oil,
15, Dynamic FEM Analysis of Ship and Related Design.
16. Investigation of Erosive Wear Behaviour of Pipe Bend Materials in Pneumatic Transport of Lime and Coal Dust.
17.  Air Pollution Control in Coal Fired Furnace.
18. EIA (Air) Studies for Panipat Thermal Power Plant.
i 19. Impact of Surface Transport on Air Environment of Deihi.
20. Design, Demonstration and Evaluation of Solar Heating and Swimming Pool at Lucknow, Phase - II.
21. lIT Delhi- CDOT Cooperation on the Development of Application Softwares in Meteorology for Parallel Processing Super-computer
(PPS).
22. Development of Signal Processor for Radar Cross Section Measurement System (RACS).
23. Study on Mixed Surfactant Systems.
24. Computer Modelling Project for the Rural Energy Sector of India Phase-I.
25. MAC Layer Bridge: Design and Assistance in Development and Implementation.
26. Development of a Driving Band Ring for AIFS Projectiles.
27. Feasibility Study on the Design of a 2M Watt. Separately Excited D.C. Motor Speed Controller for Electric Propulsion for Operation
of DC Battery Supply.
28. Improved Strength of Nylon 6 Tyre Cord.
29. Condition Based Maintenance of Diesel Locomotives Phase .
30. Development of SAW Expander/Compressor Sub-System.
31. Reporton Development of Communications Industry in India.
32. Investigation of Polymer Composites for Microwave Absorption.
33. Finite Element Analysis of Right Bank underground Power House Cavarn - Sardar Sarover Project, Gujarat - Phase .
34.  Formulation of Hardware and Software Specifications for Fault Repair System.
35.  Simulation and System Design Studies for a Model for HF Digital Radios.
36. Optimization of Fermentation Conditions for Rhizobium Production.
37. Development of Blends/Alloys of Polyvinyl Butyral with other Polymers.
38. Application of Reverse Osmosis for Chemical Recovery and Treatment of Textile Process House Effluent.
39. Matched Phase Shifter Development (MPSD),
40. Derivation of Real-Time Flood Forecasting Computer Model for lcha and Chandil.
41. Design and Development of an Experimental Fibre Optic Prototype System for Measurement of Currents upto 1000 ampsonH.V.
Lines.
42. Power System Security Analysis.
43.  Air Pollution Dispersion Modelling for Nimbahera/Mangrol/ Chambhupura Plants of J.K. Cement (allin Dist. Chittaurgarh, Rajasthan).
44. Application of Shellacin Water Treatment,.
45. Development of Methodology for Condition Monitoring of Critical Rotating Machines of BTPS through Wear Debris and Degradation
Analysis of Lubricating Oil.
46. Proof Checking of Design/Drawings for Paint Tunnel in Rail Coach Factory at Kapurthala.
47. Pulsed Plasma Energisation for Fluid Gas Cleaning of SO2 and NOx.
48. X-band Phase Shifter Driver Development.
49. Evaluation Study on IREP Programme in Two Blocks in Haryana State.
50. Development of Blends of Liquid Crystalline Polymers and Engineering Thermoplastics.
51. Microprocessor Controlled Motor for Conversion Kit (Conversion Kit for the Introduction of Flexible Repair Weaving in Ordinary Flat
Jute Looms).
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Table2:Significant Research Projects

1. Development of SOl MOS Structures on Polysilicon, Buried Insulator and their Application to 3D CMOS Technology.
2. Development and Analysis of Short Fibre Reinforced Thermoplastic Composite Systems for Engineering Applications.
3. Wear Resistant Tribological Coatings.
4. Signal Processing Technigues, Algorithms and Architecture for Phased Array Systems.
5. Development of C-band Dual Mode Reciprocal Ferrite Phase Shifter.
6. Testand Failure Research of Fallope Rings and Cu-T under the Family Welfare Programme.
7. Development of Software for Numerical Control Machine Tools.
8. Development of Interactive Facility for Digital System Design.
9. Development of Route Interlocking System using Microprocessor for Indian Railways.
10. Development of Yarn Fabric Structures for better Apparel Comfortwith Air Texturing using Cotton and Cotton/Man -made Fibre Blends.
11. Processing and Sub-systems for Radar and Sonar Applications.
12. Composite Coordination R & D Project on Development of Resin Moulding Components, Curing Agents etc. for Use in Composite
Industry.
13. Design and Development of Air Filter for Combat Vehicles and Characterization of Dust Particles.
14. Development of Integrated Design Automation Languages (IDEAL) and Associated Support Software for Integrated Design System
Automation (IDEAS).
15. Polymer Ceramic Composites and their Use in Transducers.
16. Rotary Steam Gasifier for Thermal Electrical Application using Rice Husk (250 kg/ltr).
17. Thin Film Fabrication Studies and Devices Possibilities.
18. Development of Engineering Prototype Units of Route Interlocking System using Microprocessor for Indian Railways.
19. Development of Milimeter Wave IC Components at KA-Band.
20. ProcessOptimizationof Restriction Endonucleuses large scale purificationand stabilization.
21. Prevention of Disabilities among Agricultural Workers.
22. Role of Interface in Fibre Reinforced Composite Integrity.
23. Development of Universal interlocking system using microprocessor for Indian Railways.
24. LasergenerationofHigh Tcmaterials by abloation and characterisation by Laser Ramanand Infrared Spectroscopy.
25. Design, Development, and Evaluation of Solar Kier.
26. Modelling Simulation Prototyping and CAD Tool Development for Application Specific SAW Devices (ASSAD) in Radar and
Communication.
27. Route Interlocking using Microprocessors for Indian Railways.
28. Studies in Chemical Processing of Silk.
29. Development of Integrated Design Automation Language (IDEAL) and Associated Support Software for Integrated Design Automation
System (IDEAS)-Phase-|l.
30. Development of a Parametric Sonar.
31. Establishment of Electronics Resource Centre (Manpower Component) for Poly-technics and Engineering College at lIT Delhi.
32. Advanced Object Visualisation Techniques for Imaging Sonars (ADOVIT).
33. High Power Microwave Plasma Interaction Using Slow Wave Structures.
34. Microbial Synthesis of Lipases.
35. Basic & Biochemical Engineering Studies onthe Developmentof Stable Plasmid Vectors in Corynebacteria and Fusion Hybrids Between
Bacillus and Corynebacteria.
36. Production and Application of Microbial Polysaccharide Xanthan.
37. Development of a Gantry Robot and lts Integration into Advanced Manufacturing System.
38. Biomass Related Action Research Centras (BGTU).
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CONSULTANCIES JOBS

(APRIL '87 - MARCH '92)
CUMULATIVE OF ALL DEPARTMENTS/CENTRES

Amount [Rs. Lakhs) 334
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SPONSORED RESEARCH PROJECTS

(APRIL '87 - MARCH '92)
CUMULATIVE OF ALL DEPARTMENTS/CENTRES

Amount (Rs. Lekhs)

86-80

90-91 TOTAL

———————— Financial ‘Year -—-———?

B 1o CF PROJECTS

Tofully utilise IT (Delhi) as a national resource and
as a partner in national development, thereis a need for
a quantum jump in the extent of its interaction and
collaboration with industry. In order to achieve this
interaction without compromising its primary goals and
objectives, to improve communication between the lIT
and the industry and to provide an effective delivery
system for technology development through various
stages of the research, pipeline to transfer a research
idea to the market place, the Foundation for Innovation
and Technology Transfer (FITT) has been set up as an
autonomous technology development interface closely
linked to the Institute. The FITT is expected to serve as
an “Impedance or Variely Manager' matching the
“impedance or variety” of industry on the one hand with
that of the IIT on the other for achieving optimum
technology development and transfer to the “market
place”.

To fully utilise IIT (Delhi) as a national
resource and as a partner in national
development,there isaneed foraquan-
tum jump inthe extent of its interaction
and collaboration with industry.

SN TOTAL FUNDING
FIG.2

] EQUIPMENT GRANT

Basic Features of FITT

In order to identify the basic features and program-
mes of FITT, the various successful models of a mean-
ingful partnership between the industry and the higher
technological institution were examined. Its basic fea-
tures are:

- FITT will work as a commercial organisation and
adopt an industrial culture and ethos in its func-
tioning. Since it is proposed to be financially
independent in the long run, the surplus of in-
come over the expenditure shall be ploughed
back into the Foundation Corpus Fund.

IITT will have minimum of its own fixed assets
both in terms of buildings and equipment. It will
use IIT (Delhi) as its primary resource. However,
where necessary, it will supplement the resources
of IT (Delhi) by providing financial inputs to aug-
ment the infrastructure.

With a view to providing single window service to
industry with professionalism, FITT will supple-
ment the resources of IIT (Delhi), by utilising, on
a commercial basis, the expertise and resources
available elsewhere such as at other lIT’s, R&D
organizations, consultancy firms, marketing and
management firms, etc.
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- FITT will appoint a minimum of full time core staff
who possess broad-based expertise and are
able to adapt themselves from project to project
as required to allow maximum flexibility in man-
power utilisation. The full time core staff will be
supplemented by project staff who may be drawn
temporarily ondeputation from IIT (Delhi) or other
organizations.

- FITT will seek corporate membership from pri-
vate and pubiic sector industry, services sector,
ministries and organizations, industry associa-
tions and financial institutes. It will provide serv-
ices to its corporate members on concessional
and preferential basis.

- Financially, FITT willbe independent of IIT (Delhi)
and will not pass on its financial liability to the
Institute. It will generate its own finances through
governmental grants, gifts and donations, corpo-
rate membership fees, overhead on projects and
services, technology sales, patent rights, royal-
ties, consultancy fee efc.

Objectives of FITT

The broad terms of reference of FITT are to add
. commercial value to academic knowledge and to market
theintellectual and infrastructural resources of II T ( Delhi)
for national development. Emanating from these broad
terms of reference, the specific objectives of FITT
include the following activities:

The broad terms of reference of FITT
are to add commercial value to aca-
demic knowledge and to market the
intellectual and infrastructural re-
sources of lIT (Deihi) for national devel-
opment.

- Prototype and pilot plant development leading to
commercialisation of products and processes for
which initial research has been done as student
projects/sponsored research/in-house research
of institute faculty

- Development of product and process technology
specifically requested for by industry to a com-
mercial viable level

- Technical support to small scale industry and en-
gineering entrepreneurs especially in the initial
nursery stage

Exchange support to small scale industry and en-
gineering entrepreneurs especially in the initial
nursery stage

Exchange between IIT (Delhi) and industry and
institution of fellowships for leading Indian schol-
ars to work on development projects of their own
choice but in the areas of interest to IIT (Delhi)

Promote, foster and engage in goal oriented in-
dustrial research and development both atindus-
trial premises and at IIT (Delhi)

- Undertake co-operative R&D programmes jointly

with industry/industry associations

Fosterexchange of information between 1T (Delhi)
and industrial concerns including future vision
seminars on forecasting of trends in technology
development in individual generic areas of inter-
est at the iIT and industry

Motivate IIT (Delhi) faculty to undertake market/
product oriented problems

training industry personneland lIT (Delhi) UG/PG
students to become technical experts on specific
products/processes (with the subsequent pos-
sible transfer of experts to industry).

Programmes & Services offered by FITT

In conformity with its objectives, the FITT offers the
following programmes in the first year of its existence:

(i) PDP—Product/Process Development Pro-

gramme: The “front end” of the FITT will be a
marketing group which will explore developments
both in and outside IIT (Delhi) with a view to
identifying in-house developments with a poten-
tial for industrial applications and also industrial
needs for products, processes and services that
the FITT may provide. To achieve this objective,
comprehensive data banks will be generated on
ailtechnical work being done at IIT (Delhi) includ-
ing student projects, faculty research, etc. as well
as on faculty expertise and infrastructure facili-
ties available at the Institute. Similar data bank
will be prepared for Indian industry followed by
plant visits to facilitate close interaction. Experts
will also be nominated on the evaluation commit-
tee for B.Tech./M.Sc., M. Tech. and Ph. D proj-
ects to get first hand information on latest devel-
opment inresearchat IIT (Delhi). After identifica-
tion of a promising product or process and a
detailed analysis of its feasibility, a work plan ard
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abudget will be formulated and a project teamwill
be assigned forits completion within the time and
resource constraints established.

(ii) TIP—Technology Initiatives Programme: a
significant portion of the resources ot FITT willbe
set aside to support technology thrusts at the
Institute and foster exploratory work in identified
generic areas of technology that may lead to
commercial products on a long term basis. An
illustrative list of generic technology areas of
strength of IIT (Delhi) is given in Table 3.

Table 3 : |Ilustrélive List of Generic Technology Areas Of
Strength of IIT, Delhi

® Software Engineering
Development of CAD Environment
CAD for VLSI
CAD/CAM/CIM
CAD for Engineering Systems
Computer Communication Maiworks
Parallel Computing
Al & KE
Planning Technology
Energy
Transport/Communication
Technology Forecasting and Technelogy Assessment
® Micro-Electronics
VLS| & SAW Techinology
Microwave & Milimeter Wave Technology
High Resolution Sonar
Phased Array Radar System
° Sensor Technology
- Fibre optics
- Bio-sensors
@ Photonics Technology
Optical fibres
- Holograms
°  Semiconductor Material Technology
Thin films
- PV Devices
IR Detectors
¢ Fuel Efficient Engineers
°  Pollution Control and Waste Management
¢ Decentralised Energy Systems
°  Energy Conservation
©  Chemical / Polymer Technology
©  Bio-Chemical Technology

(iliy TAP—Technoiogy Advancement Programme:
FITT will undertake entrepreneur development
programmes for young engineering graduatas
throughtraining programmes inthetechnical and
managerial aspect of technical businesses and

(iv)

(v)

(vi)

(vii)

by providing assistance to develop their enter-
prise through ‘technology business incubator
programme”. In addition, the programme will
operate the FITT Enterprise Forum for offering
help in evaluation, planning, product develop-
ment, production, marketing, staffing, financing
etc.

TES—Technology Extension Service: FITT
will provide consultancy services and material
and product testing services to industry over a
wide range of science and engineering disci-
plines.

FVS—Future Vision Seminars: FITT willorgan-
ise technology-strategy awareness programmes
forindustry ingenerictechnology areas of strength
of IT (Delhi).

ISS—Information Support Services: It is pro-
posed to establish network links with interna-
tional/national data-bases to provide information
support services such as bibliographic services,
abstracting services, patent search, technical
expertise profiles, materials and services availa-
bility etc. In addition information will be provided
to industries through the following publications
for use by industry:

- Periodic Research Report giving information
on R & D results in lIT (Delhi)

- Periodic Progress Reporton the programmes
and services offered by FITT

- Periodic Teaching Bulletins ontraining courses
available under regular, and continuing edu-
cation programme of the Institute.

- Newsletter

- Aperiodic Technology Status Papers or Mono-
graphs in emerging areas of technology.

HRDP—Human Resource Development Pro-
gramme: Integrated management/technology de-
velopment short courses for middle level manag-
ers/technical executives and integrated graduate
development courses for young managers/tech-
nical executives on part-time modular basis will
be offered both on campus and at industrial work
sites including tutored video instruction (TVI) and
computer aided instruction and evaluation
(CAI&E)mode of distance education. In addition,
the programme will provide access tothe Institute
library of video based self-learning modules and
to its TV Studio mult-media expertise in the

618

Foundation for Innovation & Technology Transfer




development of special video-based modules on
request of industry.

(viii) SPMS—Strategic Planning and Management
Services: This programme will provide assis-
tance inthe formulation of business plans, strate-
gic planning and management.

(ix) RPP—Research Partnership Programme: FITT
willundertake sponsored and joint research proj-
ects for transfer of technology by matching the
technology based areas of strength of IT (Delhi)
with the needs of the industry/user organisations
and seeking matching funds from research fund-
ing agencies. The project proposal must be co-
authored by an Indian Industry and IIT (Delhi)
faculty. Also, the participating company must
make a matching contribution in the form of
services, equipment or money depending on its
size.

(x) SOP—Summer Opportunities Programme:
FITT will organise a Summer Industrial Opportu-
nities Programme under which faculty members
identified by the industry and user organisations
will spend six to eight weeks inindustrial locations
in summer. This will make available to industry
high level expertise, and to the faculty exposure
and insights into real life industrial problems.

(xi) CSP—Conferences and Symposia Pro-
gramme: FIITT will organise conferences, sym-
posia and technology meets in areas of strategic
needs of Indian industry including case studies of
technologies in specific generic areas ready for
exploitation.

(xii) CIP—Communication with Industry Pro-
gramme: In order to communicate with the in-
dustry for marketing FITT/IITD, FITT will

- arrange meeting at CEI/FICCI/PHD Cham-
bers of Commerce /ASSOCHAM /ICICI/IDBI
etc. to explainthe concept of Foundation and
present case studies of promising technolo-
gies;

publish Technical Newsletters;

- appraise the campus selection teams from
industry, regarding the latest at ITD and
FHT;

- organise
premises;

seminars at industry

- schedule visits to Industry by the Managing

Director of Foundation and Dean, Industrial
R&D of ITD;

- arrange panel discussions on Government
policy and other relevent areas;

nominate industry representatives on under
graduate/post graduate project evaluation
panels;

- coordinate the visit of faculty member, and
supervise the B. Tech. practical training in
such a manner that it provides for a stay of
atleast one month in the same industry and it
may be linked with the Summer Industrial Op-
portunities Programme;

- promote programme on faculty achievement
to Industry and adjunct appointment of indus-
try personnel at the Institute;

- create technical study centres at industry;
publicise R & D activities of IITD through
displays in stalls in Exhibitions arranged by
Trade Fair Authority of India and other organ-
isations.

Resource Generation

Financially, FITT will be independent to IIT Delhi.
The Ministry of Human Resource Development has
commitied to provide seed money for the FITT for the
initial 3 years of its operation. Gradually, FITT will earn
its own expenses. FITT will extend its corporate mem-
bership at a specified fee to private and public sector
industry, services sector, ministries and organisations,
industry associations and financial institutes, which will
be able to avail of its information support services,
human resource development programmes, consul-
tancy and testing services andtechnology transfer serv-
ices on a preferential and concessional basis. Gifts of
movable property may be received from persons/asso-
ciations interested in the aims and objectives of the
FITT. Overhead charges on services provided to corpo-
rate members as well as to non-members on an a-/a-
carte basis such as consultancy and testing services,
information support services etc. will generate addi-
tional resources.

Mechanisms of interaction
The present mechanisms of interaction between the

Institute, the industry and other user organisations
operate, by andlarge, onan ‘as andwhen basis’through
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informal and, often, chance interactions. FITT has been
conceived to provide a framework for a more formal and
effective relationship between the Institute and industry
on a mutually supporting basis.

Corporate membership

Corporate members will have the following privi-
leges:

(i) A continuing contact through a wide range of
services and a preview of Institute R&D program-
mes of interest to them.

(i) Corporate members will be entitled to services
such as, information support, FITT publications,
visits to the Institute, industrial opportunities pro-
grammes etc. on a regular and continuing basis
against the membership fee.

(iii) Each corporate member will be assigned a full-
time core staff of FITT towork closely with contact
person(s) identified by it to promote and facilitate
programmes of mutual interest. The core staff will
consist of professionals with industriai experi-
ence, and a thorough knowledge ofthe expertise,
facilities and programmes of the Institute: they
will respond to specific enquiries of corporate
members; visit various divisions of member
companies to identify interests, problems and
appropriate interfaces with IIT (Delhi); alert cor-
porate members to special opportunities (HRD
programmes, research developments, patents,
etc.) at lIT( Delhi) that may be of interest to them;
and fix up meetings, identify faculty members
who may serve as consultants and advisors to
the corporate members.

(iv) Corporate members will be entitledtoa preferen-
tial access to FITT/Institute programmes, such
as, conferences/symposia, joint/consortia re-
search, technology transfer, and HRD program-
mes. They will be offered discounts in the regis-
tration fees and other chances for participation in
programmes of FITT.

(v) Corporate members will form a constituency for
purposes of representation on the Governing
Council of FITT. In this capacity, they will have
opportunities to shape and guide the R & D
agenda of the FITT, its policies and procedures
consistent with the needs of the corporate
members.

Tobecome a Corporate Member, industry and other
user organisations will pay an admission and an annual
fee, commensurate with their size, and value of the
services offered by FITT.

Ordinary members

Individuals over 18 years of age or unincorporated
bodies having interest in the fields covered by the
activities of the Foundation can be admitted as ordinary
members of FITT on payment of the annual subscrip-
tion.

Services to non-members

FITT will also provide its services, on an a /a carte
basis, to industry and other user arganisations who are
not Corporate Members of the Foundation. However,
these services will be offered, subject to availability, at
normal charges.

Concluding remarks

Over the past decade, there have been several
major initiatives in the developed world to forge new
alliances and collaborative arrangements between
governments—both state and centre, academia and
industry. These arrangements are based on mutuality of
interests of participants, and have evolved in response
to the increasingly important role of technology in
industrial development. Governments have promoted
and supported these alliancesto attract hi-tech industry,
generate employment and accelerate the process of
economic development. Industry has joined hands with
academia, in enlightened self-interest, to have accessto
the two mostimportant ingredients of innovation process,
namely, creative people, and bulk of fundamental
knowledge and exploratory research. Academia have
reoriented their goals and programmes, and broken
themselves from the shackles of “ivory tower” image, to
reach outto work withthe industry and accept government
support to participate in these collaborative
arrangements. In taking these initiatives, academia is
looking for improvement in the quality of academic
programmes—its primary responsibility, and atthe same
time contributing directly to economic development by
getting its laboratory research to the “market place”.
There are several successful examples of cooperative
R & D, technology transfer and human resource
development programmes around the world.
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Academia is looking for improvement
in the quality of academic program-
mes—its primary responsibility, and at
the same time contributing directly to
economic development by getting its
laboratory research to the “market
place”.

As India enters the era of knowledge-based indus-
try, withtechnology providing the cutting-edge for devel-
opment, there is a need for forging new alliances be-
tween industry and academia with the government act-
ing as a catalyst. Successful industrial innovations re-
quire substantial funding, large interdisciplinary teams
and sustained efforts over several years. By interna-
tional standards, the size of Indian enterprise is small
which often limits the financial resources to subcritical
level. We also face shortage of creative people espe-
cially in emerging areas of science and technology. In

this background, the need for cooperative efforts which
share people, facilities and funds is allthe more pressing
in India. FITT has been conceived to respond to this
reality.
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staying within.

N

Any fool can learn to stay within his budget. But | have seen only a
handful of managers in my life who can draw-up a budget that is worth

| once asked a farmer for direction to a neighbouring village and he
told me you can't getthere fromhere. | runinto the same problem with
senior managers when discussing corporate strategy.

—Nicholas Dreystadt

—W.J. Reddin
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Focus

Promotion of Cleaner Technologies in
India: Status & Prospects

Vijay Kulkarni & Purushottam Khanna

Cleaner Technologies (CT) are the practical application
of knowledge, methods and means so as to provide the
most rationaluse of natural resources and energy and to
protectthe environment. Development and implementa-
tion of cleaner technologies warrant a co-ordinated en-
deavour on the part of R&D institutions, industry asso-
ciations, financial institutions, and regulatory agencies.
The current R&D on cleaner technologies is restricted to
fringe issues of minor process modifications, resource
conservation through good housekeeping practices,
and waste recycle. The paper argues that the ultimate
cleaner technology will be based on renewable re-
sources as raw material and energy, and transformation
through highly efficient biotechnology to produce envi-
ronmentally benign products. Accordingly, the real is-
sues to be addressed are ranking of production tech-
nologies based on resource-environment considera-
tions in various industry sectors.

Vijay Kulkarni & Purushottam Khanna are from the National Environ-
mental Engineering Research Institute, Nagpur, 440020

Over the years, India has achieved a substantial
measure of self reliance, as a result oi policies initiated
Second Plan onwards. The country now produces the
entire quantum of coal, tractors and other agricultural
equipments, some 80 to 95 per cent of steel, industrial
machinery and machine tools, power generation and
transmission equipment, mining and earth moving
machinery, vehicles, nitrogenous fertilizers, drugs and
drug intermediates, and more than two thirds of zinc,
paper and newsprints and a variety of other industrial
products.

The expansion in industry sector, however, has
beentowards capital and energy intensive sectors which
are alsothe most polluting. Also, nearly 50 percentofthe
industrial output in monetary items is contributed by over
2 million small scale industries which account for 60 to
65 per cent of the total industrial pollution. Also, the use
of toxic chemicals in industry has grown phenomenally.

The expansion in industry sector, has
beentowards capital and energy inten-
sive sectors which are also the most
polluting.

Status of Pollution Control in India

Endeavours on environmental protection, so far, in
India, have relied on strict regulatory measures. There
are some two hundred enactments that have a bearing
on environment. Those most relevant to industry are the
Factories Act (1948), Water (Prevention and Control of
Pollution) Act (1974), Forest Conservation Act (1980),
Air (Preventicin and Control of Pollution) Act (1981, En-
vironment (Protection) Act (1986), and the Public Liabil-
ity Insurance Act (1991).
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As per Ministry of Environment and Forests (MEF)
requirements, industrial units are required to obtain from
the concerned State Pollution Control Board a consent
to operate the unit. Such consent is subject to the unit
complying with the standards prescribed by the Board.
A provisional consent is given if the unit has an accept-
able programme for installing necessary measures for
controlling pollution. Failure in complying with the pre-
scribed standards or conditions renders the unit liable
for prosecution. By mid-1991, 4500 prosecutions have
been made by the central and state pollution control
boards of which 1133 (about 25 per cent) have been
decided.

Despite legal mechanisms for environmental man-
agement, only about 50 per cent of the large/medium
scale industries have provided complete/partial emis-
sion/effluent control systems and many of these do not
achieve stipulated standards. Further, the small-scale
industries (SSls) have not yet been subjected to rigor-
ous pollution control.

In 1991 MEF has formulated a 15-Point Action Plan
under which action has been initiated to control pollution
in the 17 categories of major polluting industries
(Table 1) and directed State Pollution Control Boards to
ensure the compliance of standards in these industries.
Pollution Control Status of 17 categories of industries in
23 States/Union Territories including all major industrial
estates have been collected, collated and compiled.
Defaulting units have been identified and action is being
taken against them.

Table 1: Priority Industry Categories for Pollution Control
Identified by Ministry of Environment and Forests

Sr. No. Category
£ Cement
2 Thermal Power Plants
- Iron and Steel
4, Fertilizer
& Zinc Smelter
6. Copper Smelter
i Aluminium Smelter
8. Qil Refinery
9. Pulp and Paper
10. Basic Drugs
T Dye and Dye Intermediates
12, Pesticides
13. Petrochemicals
14. Tanneries
15. Pharmaceuticals
16. Sugar
[ ¢ Distillery

Environment - Industry Policy Linkages

The basic structure of Industrial Policy in India has
been guided by the Industrial Policy Resolution of 1956.
From time to time, the Industrial Policy has been modi-
fied through statements in 1973, 1977, 1980 and re-
cently in 1991.

The goals of industrial policy in India are rapid ex-
pansion of opportunities for gainful employment, pro-
gressive reduction of social and economic disparities,
removal of poverty and attainment of self reliance. Pro-
motion of small scale industry on one hand and restric-
tion of the size of large industries through Monopolies
and Restricted Trade Practices Act have been the tools
for achieving these objectives. Tillrecently, anindustrial
license was required for establishing a new unit, expan-
sion of the existing units, change in the products as also
change oflocation. As per Industrial Policy Statement of
1991, industrial licensing has been abolished for all
projects except for industries related to security and
strategic concerns, hazardous chemicals, highly poliut-
ing industries and items of elitist consumption.

The goals of industrial policy in India
are rapid expansion of opportunities
for gainful employment, progressive
reduction of social and economic dis-
parities, removal of povery and attain-
ment of self reliance.

The role of Ministry of Environment and Forests in
industrial development has been, so far, envisaged as
control of pollution from the industries whereas the
larger issues of resource conservation and carrying
capacity based planning of industrial estates have been
overlooked in the industrial statements over the years.

In the industry sector, the major environmental im-
plications arise from small-scale industrial (SSI) units.
The Government of India has a policy of promoting the
steady growth of the SSI sector and has accordingly
introduced a large number of fiscal incentives and other
measures. Thoughthe labour and capital productivity of
this sector is comparable to that of medium and large in-
dustries, its material productivity is usually lower, thereby
resulting in more pollution per unit of output.

Some of the problems due to obsolete technology
associated with higher levels of pollution employed by
Indian industries relate, in addition to inadequate infra-
structure for implementation of legislation, to conces-
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sions given to small scale industries and policy of
administered prices for large industries such as steel,
ferfilizer, cement, power generation, alcohol and drug
industries thereby failing to introduce competition.
Chemicals already banned or obsolete in other industri-
alised countries are still being producedin India. In other
cases, relatively dirty industries or processes which find
themselves under considerable economic and environ-
mental pressure in developed nations, have been in-
stalled in India, exacerbating the environmental prob-
lems associated with industrial sources.

The protection offered to industry and the emphasis
on deceniralization of industrial development have re-
sulted in the adoption of sub-optimal scales of produc-
tion, most notably, for some sectors such as pulp and
paper, sugar and distilleries, leather tanning and chemi-
cal industry. India’s chemical plants are tiny by interna-
tional standards. Inthe case of many products, capacity
of asingle plantindeveloped countries is higherthan the
entire installed capacity of the product in India, which
itself is distributed in large number of units. Adoption of
small production scale frequently increases the cost of
production and cost of pollution control, making it finan-
cially difficult for small companies to meet emission
standards.

Technology employed by the Indian industry lags
behind that of Newly Industrialised Countries (NICs) due
to relatively low level of indigenous technology which s,
inturn, due to low level of R & D undertaken and stringent
control and regulation of direct foreign investment and
technology agreements till recently. Thoughtechnology
was imported incertain cases, gap exists in allimportant
industries (Table 2).

Table 2 : Technology Gaps in Select Industries in India

Sr. Industry/Product Technology Gap
No. (no. of years)
- Cement 10

2 Steel 10-15

3. Aluminium 2-5

4. Foundries 10

5. Engineering 10

6. Agro-chemicals 10-15

A Tyres 10-15

8. Tobacco 10

9. Paper 15-20

Source : ASSOCHAM (undated)

Pollution Prevention v/s Control

The options for environmental management in in-
dustry sector include, on the one hand, reactive control
measures such as end-of-the-pipe (EOP) treatment
technologies and media-specific regulations for waste
discharges, and on the other, anticjpative and preven-
tive strategies such as adoption of cleaner technolgies
of production and integrated planning based on consid-
erations of regional carrying capacity. Environmental
policy for industry in India, till recently, had focused
mainly on pollution control through end-of-the-pipe (EOP)
treatment which allows the wasteful use of resources
and then consumes further resources to solve the envi-
ronmental problems in a particular medium. Also, EOP
control technologies, more often than not, transfer pol-
lutions from one environmental medium to another and
consume resources out of proportion to the accrued
benefits.

Future raw material and energy scenarios, theimpact
that the industry and its products have on the natural
resource base and environmental quality, and the nec-
essary thrust being given to industrial growth in our
country, warrant a comprehensive strategy to deal with
environmental and economic problems of the industry.
As new industries come up to meet developmental im-
peratives, it will be necessary to impose more stringent
emission standards progressively to maintain accept-
able levels of environment quality. If the option of more
intensive pollution control is to be avoided in the future,
then it is necessary to adopt a strategy of pollution
prevention based on technologies that conserve re-
sources, minimize pollution, and reuse wastes as sec-
ondary resources to the extent possible.

As new industries come up to meet
developmental imperatives, it will be -
necessary to impose more stringent
emission standards progressively to
maintain acceptable levels of environ-
ment quality.

Concept of Cleaner Production

Cleaner production has been defined by UNEP as
the conceptual and procedural approach to production
thatdemandsthat all phases ofthe life cycle of a product
should be addressed with the objective of prevention or
minimization of short and long term risks to humans and
to the environment. The goal of cleaner production is
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essentially that of sustainable development; production
processes, product cycles, and consumption patterns
which allow for human development, and the provision
of basic needs without degrading or disrupting the
ecosystems in which human development must oper-
ate. The centraltenets of the cleaner production philoso-
phy are preventive and integrative measures.

Cleaner Technologies of Industrial Production

Cleaner Technologies (CT) are the practical appli-
cation of knowledge, methods and means so as, within
the needs of man, to provide the most rational use of
natural resources and energy and to protect the environ-
ment. Cleaner Technologies are based on improved
manufacturing methods that require less raw materials
and energy to obtain equitable levels of output of iden-
tical or better quality. CT also make greater, if not full,
use of wastes and recyclable materials and are depend-
ent upon innovation and high level of cooperation be-
tween different industries, particularly when exchanges
of certain wastes are involved.

There are three broad elements of cleanertechnolo-
gies, viz.

* Resource conservation technologies aiming at
waste minimization at source through product
change (substitution/conservation/composition);
production process changes involving raw mate-
rial changes, technology changes and better
house keeping

End-of-Pipe treatment technologies designed to
recover raw materials, energy, water and by-
products

Waste utilization technologies for reclamation
and utilization of wastes as secondary raw mate-
rials.

The concept of cleaner technologies is being advo-
cated in different parts of the world under various names
such as low- and non-waste technologies, environmen-
tally sound technologies, waste recycling, residue utili-
zation, and resource recovery technologies. The ulti-
mate cleaner technology will be based on renewable
resources as raw material and energy, and transforma-
tion through highly efficient biotechnology to produce
environmentally benign products.

The elements of cleanertechnologies are presented
in Fig. 1. Selection and application of cleaner technolo-

Source Reduction

Recycle/Reuse

Waste Utilization

Product Changes

- Product Substitution

- Product Conservation

- Product Composition
Production Process Changes

Input Material Changes
- Material Purification

- Hazardous/Recalcitrant
Material Substitution

- Non-renewable Resource
Substitution

Use as Raw Material

- Return to Original Process Unit

- Raw Material for Another
Process Unit

Material Recovery
- Processed for Resource

Recovery
- Processed as by-product

Raw Material for Another Industry
- Industrial Complexing

- Restoration of Environmental
Quality

Technology Changes

- Process Changes

- Equipment, Piping, Layout
Changes

- Automation

- Changes in Operational Settings

Good House Keeping

- Procedural Measures

- Prevention of Emissions

- Management Initiatives

- Waste Stream Segregation

- Material Handling
Improvements

- Logistics

FIG. 1. ELEMENTS OF CLEANER TECHNOLOGIES OF INDUSTRIAL PRODUCTION
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Cleaner Production

Major Barriers

Incentive Mechanisms

Initial Phase

- Good house keeping
- Input substitution

- Waste segregation

- Lack of information on waste
reduction methods
- Lack of technical

- Information dissemination such as
newsletters and technical
workshops

- Minor process changes expertise - Grants for waste audits
Capital Intensive Phase
- Capital intensive investments, - Financing not available - Loan guarantees
such as recycling or waste- - Lack of information on waste | - State loans &
water treatment equipment reduction methods - Grants for project implementation
- Interest subsidies
- Tax deductions
R & D Phase
- Research, development and - Technology not available - Grants
demonstration of technologies or not demonstrated - Venture capitals

- Dissemination of results

FIG.2.ISSUES AND POSSIBLEINCENTIVESTO PROMOTECLEANER TECHNCLOGIES OF PRODUCTION

Source : Yakowitz (1991)

gies require a comparative analysis and evaluation of
various competing technologies based on economic,
technological, social and environmental considerations.
An overall approach to promotion of cleaner technolo-
gies is presented in Fig. 2.

The ultimate cleaner technology will

be based on renewable resources as
raw material and energy, and transfor-
mationthrough highly efficient biotech-
nology to produce environmentally
benign products.

Major Issues in India

In considering technology as a tool to meet environ-
mental anddevelopmental goals andtargets, objectives
should be defined with regard to main contributions
expected from the application of technologies, and
barriers which restrict the acquisition of technologies.

The grossness of pollution in India due to inade-
quate enforcement of existing legislative framework
indicates that there is huge potential for cheap improve-
ments. The potential forcleaner productionin Indiadoes
not solely depend on western cleaner technologies.
Advanced technology is a long way down the list of what
is required. Far from being locked behind exensive pat-

ents barriers in the laboratories of the West, the devices
best placed to bring about the most spectacular gains,
especially in energy efficiency and pollution reduction,
are decidedly low technology such as good house keep-
ing and preventive maintenance, and they often pay for
themselves within a year or two.

Technology transfer is a social and not industrial
problem; it is not about handing over blueprints, it is
about ensuring that the technologies willwork. Access to
technologies is more a perceived than real barrier. The
really beneficial technologies were not pieces of equip-
ments, but soft technologies —training in operation and
maintenance methods, in particular—which have been
historically neglected.

Any benefit from technology transfer is heavily
dependent on the capacity of the recipient industry
sector to manage the technological change. Such ca-
pacity building also encompasses the ability to make
informed technology choices based on the technology

The grossness of pollution in India due
to inadequate enforcement of existing
legislative framework indicates that
there is huge potential for cheap im-
provements.
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assessment; to acquire and manage technologies ac-
cording to its own developmental condition, needs and
priorities; and to generate scientific knowledge and
technical know-how. A technology which involves mere
transfer of machines and chemicals will last as long as
the creators of the material are around. What is needed
isthetraining of people in skills and technologies to crea-
tively adapt, innovate and invent new technologies
appropriate to their needs.

Transfer of cleaner technologies is often discour-
aged because “polluting” technologies have a price
advantage, current financial resources are insufficient to
cover the incremental costs involved, and additional
financial resources are not available. The cost differ-
ence betweentraditional and the cleanertechnologies is
aggravated by the failure to implement legal measures
for pollutin control.

The major constraints in acquisition of cleaner tech-
nologies relate to lack of appropriate information and
resulting misconceptions affecting various pertinent
features of the technolgies to be transferred as well as
their optimal functioning. For instance, certain process
technologies may need continuous inputs and may
break down if batch process is being used. However, in
case of small scaleindustries, batch feeding ratherthan
continuous feeding is a more realistic possibility. Also,
the quality of raw material may be substantially different
from the one for which cleaner technology has been
develped, e.g. raw material used in Indian pulp and
paper industry.

Industrial design parameters are crucial for newly
introduced cleaner technologies since developers of
such technologies in the developed countries have not
accumulated experience in transferring and applying
those technologies to developing countries. As a result,
technologies exported to developing countries are often
not adaptable to their conditions, infrastructure
and environment. The cleaner technologies cannot be
directly imported from successes abroad as perhaps
possible for ad-on units such as technologies for ETP.
Also technologies which were invented for
temperate conditions may not be applicable to tropical
countries.

Another major constraint to technology transfer is
lack of information regarding local markets such as
availability of trained manpower. This may resultin over/
under estimation of capital and operational costs. A
combination of informational, financial, economic and
legal measures, need to be devised in order to promote
waste minimisation through cleaner technologies.

Development of cleanertechnologies warrants inter
disciplinary research. A systems approach comprising
two inter-related subsystems—a production sub-sys-
temand an environmental sub-systemis required forthe
objective evaluation of technologies.

A major factor that discourages entrepreneurs from
preventing pollution is the perceived financial risk asso-
ciated with the relatively new cleaner technologies. In
many cases, such technologies may not even have
been developed or sufficiently tested. Then, of course,
there is the tendency of the industry to avoid environ-
mental costs in favour of short-term gains. There is also
lack of coordination and direction in R & D efforts and
inadequate thrust for technology transfer from lab to
commercial scale. These problems arise mainly due to
the insufficient mission oriented approach of laborato-
ries; inadequacy of design, engineering and fabrication
facilities; inadequacy of funds for pilot-scale demonstra-
tion of laboratory results; and low value placed on
technology transfer by scientific and technological per-
sonnel engaged in R & D work.

Strategies for Promotion of Cleaner Technologies

With the realization of limitations of pollution control
approach and felt need for resource conservation, the
focus of environmental management in India has now
shifted to anticipation and prevention.

With the realization of limitations of
pollution control approach and felt need
forresource conservation, the focus of
environmentalmanagementinIndiahas
now shifted toanticipationand preven-
tion.

Further, with international standard for quality man-
agement and quality assurance (ISO : 9000 - 9004)
introduced in 1987, focus in industry sector has now
shifted from product quality to assessment of manufac-
turing process. In the wake of global awareness of
environmental problems, clean performance would be
the key foundation for industrial competitiveness of
Indian industry.

A major challenge is to ensure that industry is
strongly encouraged to:

Invest in cleaner technologies which minimise to
the extent practicable, the energy, raw materials,
and waste produced per unit of product
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.

Improve the production process and the state of
the art of cleaner technolgies of production

Minimize the use of inherently hazardous sub-
stances in the marketable outputs or as interme-
diates.

This could be achieved through demonstration,
development and promotion of cleaner technologies
through:

Provision of financial assistance for R&D and in-
stallation of demonstration plants. A major part of
such assistance should go to the industry

Provision of economic incentives such as subsi-
dies, tax rebates and loans to industry

Internalisation of environmental costs through a
system of taxation on wastes. Among the waste
taxes, the concept which has found widest appli-
cation is that of effluent changes

Ecological grouping and shifting of industries.
The supportive and assimilative capacities of a
region should be assessed for location of eco-
nomic activities which create wastes in the vicin-
ity of those which can utilize these wastes so that
the netuse of resources and the net pollution load
is minimized while the unavoidable residuals are
treated jointly and disposed of

Formulation of standards in terms of waste dis-
charge per unit quantity of raw material

Introduction of legal measures to ensure that
cross-media transfer of pollutants is minimized

Development of indigenous capability for tech-
nology assessment and environmental auditing
for poliution prevention

Development of indigenous design engineering
capability for absorption, adaptation and improve-
ment of imported technology through joint ven-
tures

Icentification and rejection of manufacturing proc-
esses which result in insolvable problems of
waste disposal or which carry risks which are no
longer acceptable

Identification of economies of scale of operation
below which polluting industry should not be
allowed

Creation of a centralised data base on cleaner
technologies to enable industry o gain access to

available information facilitating pollution
abatement vis-a-vis poliution control and setting
national network for access to this data-
base.

+ Launching of Technology Mission on Cleaner
Production {TMCP) to co-ordinate activities re-
lated to promotion of cleaner technologies onthe
part of Government; R & D institutions, industry
associations, financial institutions, and regula-
tory agencies. The terms of reference for TMCP
for selection, demonstration and development of
projects comprise:

- Formulation ofindustry specific task forces for
selection of demonstration and development
projects

- ldentification of cleaner technologies devel-
oped inresearch laboratories and R & D units
in industries at bench/pilot scaie which couid
be demonstrated

- ldentification of cleanertechnolgies available
abroad and facilitation of transfer and adap-
tation of such technologies

- ldentification of industrial units for demonstra-
tion in consultation with industry associations

- Identification of institutions to undertake short
term research for development of cleaner
technolgies

- ldentification of industry sectors with residual
environmental problems alongwith R & D
institutions to develop appropriate low-cost
solutions

- Survey of cleaner technologies and develop-
ment related activities through site visits for
assessment of the problem and bench/pilot
scale studies

- Thebasiccriteria for selection of technologies
would be the desirability, affordability, imple-
mentability and multiplicability.

Epilogue

While cleaner technologies of industrial production
alongwith green products are the accepted paradigms
for sustainable development, it is also essential that the
western modes of life styles, characterised by
consumerism, give way to limited-want philosophy.
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ltisessentialthat the western modes of
iite styles, characterised by consumer-
ism, give way to limited-want philoso-
phy.

Deliberations atthe Earth Summit have clearly indi-
cated that the debate on sustainable development has
now moved on to focus on an agreement by society in
general to define a sustainable lifestyle with industry
producing the goods and services to maintain that
lifestyle with minimum demands on the environment.

In this context, cleaner technologies of industrial
production conserve resources, generate less pellution,
provide direct economic benefits to the industry, and
stimulate the growth of the industry as well as the

national economy. However, promotion of cleaner tech-
nologies requires information, economic, legal and insti-
tutional measures that are substantially different from
those used within the present legislative environmental
policy framework.
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