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PREFACE 

Technological change must be sieen as im·oh·ing a c::>mpl.:x 
inter-ac~ion of factors some of which ~re internal to the firm and others 
exte?:"n.al tc it. For analyti.~al purposes it is useful to distinguish 
bet-een the !D.:icro and the micro aspects vf !llanagement of ~echnological 
change. At the :nacro level there are the economic policies which 
determine the em·ironment in ter::is of the opportunities .ind constraints 
for the management: of firms. 

An adjustment to technological change within a firm is not just a 
formal organizat:ional restructuring. It often calls for new or different: 
skills. new job requirements and more importantly a new work culture. 

There are not many micrr> or t irm-level st:udies in India on 
management of t:echnological change and this should receive particular 
emphasis in future research. 

This document is the outcome of a U~IDO-ICRIER ~orkshop on 
Management of Technological Change, held at ~ew Delhi on :-!Cly 16 and 17. 
1988. The document is in three parts: the first part includes papers 
relating to Issues in the ~nagement of Techn~logical Change; the second 
part consists of Case Studies of individual firms; and the third part has 
an Overview. 

A major contribution of the ~orkshop has been the presentation of 
case studies. The value of these case studies lies in their help in 
identifying the success factors and winnin~ mana~~~e~: 5tLdLe~ics fvL 
technological change. The number of case studies. however, presented at 
the ~orkshop is much too small for generalizations regarding 
organizational str~tctures and patterns of management. 

The case studies have clearly shown that leadership is a crucial 
factor in the ma:-iagement of technological change and one of its important 
roles is to build up, within the firm. a community of employees with 
shared values and beliefs. 

The discussions on the issue papers and the case studies have led 
to two sets of recommendations; one. which is for consideration by 
government in the fcrmulation cf policies. and thP. other. which is 
relevant for the management strategies ~f firms. 

Only those papers which were basically prepared for the ~orkshop 
and had neither been presented at any other forum nor published elsewhere 
are included in this document. However. the Overview chapter at the end 
also covers discussions on papers which were not included in chis 
docwuent. 
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SWOL\R.Y PROCEEDINGS OF THE INAUGURAL SESSION ON MANACE!Dln' 
OF TECHNOLOGICAL CHANGE 

Usbar Dar 

The Indian Council for Research on International Economic 
Relations (ICRIER) hosted the ~'NIDO-ICRIER ~orkshop on ~anagement of 
Technological Change, held at ~ew Delhi, on May 16 and 17. 1988. 

The ~orkshop was inaugurated by Mr.Hiten Bhaya. ~e~ber, Planning 
Commission, ~ew Delhi, India. ~elcoming Mr. Bha.ya and the participants. 
Dr.S.P.Gupta, Director, !CRIER, expressed concern regarding technological 
obsolescence in Indian manufacturing which was reflected in low factor 
productivity. The technological gap was getting wider not only between 
India and the advanced ~estern countries, but also vis-a-vis many other 
developing countries. Dr.Gupta emphasi~ed the need to focus on the 
welfare implications and efficiency impact of technological change, and 
observed that there were quite a few studies in India which shoved that 
the benefits of technological change, however small, had not been passed 
qn to the consumer through price decreases. They had mostly been absorbed 
either in factor payments in the form of wages or profits, or had been 
absorbed in the idle capacity and unused capital in the country, and, 
therefore, price competitiveness had not improved in many areas. 

The next important issue to which Dr.Gupta invited attention was 
the whole question Qf the supply and demand for technology. and the 
management problems associated with them. Technological change per se may 
indeed be a micro problem but it had macro inter-sectoral implications. 
I: was difficult, for example, to bring into the picture the supply side 
of technology without going into many of the aspects of manpower, quality 
of training, the labour laws, fiscal measures and so on. There were also 
problems associated with the organization in industry. It had been 
observed that in Indian industry there were poor relations on the supply 
side between those who were working on the design board and the 
production managers, and on the demand side, becween those ~ho were 
working as the sales manager and the production 11ana.ger, and there was so 
much insensitivity that it led to obsolescence. 

In situations where the sources of supply of technology were 
different from the sources of demand, several issues arose with respect 
to the transfer of technology. for instance imports of technology; buying 
of patents; patent laws. Hence, discussions relating to the management 
of technology would have to go also into such related areas. 

Dr.Gupta further stated that the Directorate General of Technical 
Development had been influenced by the past strategy of import 
substitution and indigenous technological developments; restrictions were 
placed on foreign collaboration agree•ents and royalty payments; some 
fiscal incentives, including ta~ exemptions for R&D. were given, but they 
had only a mar~inal effect on development, and commercialization in some 
cases was very ineffective. Yet another area which was weak and 
ineffective was the information network of private industry regarding 
alternative technologies, their sources and means of tapping them. 

Publi~ research institutes, like the Coun~il for Scientific and 
Industrial ResP.arch; Machine Research Institute, where nearly 8j per cent 



oi the r.:search and de\·elopment e:.-pendi t:.ire •as concentratt::d _ h.;d 
inadequate orientation for need-based research of immediate and 
commercial value for industrial :mterprises. specially co\·ering the 
private sector. 

Finally. Dr.Gupta expla:ned that the Aorkshop had two major 
objectives: first. to formulate the issues inv-:>lved in the management of 
technological change. and second. to provide a feed- back to Go,·ernment to 
facilitate consideration of different relevant issues and the required 
changes in policy. so that the policy environment enables firms to bring 
about a rapid change in technology, economically and efficiently. 

Delivering his Inaugural Address. ~r. Bhaya observed that the 
subject of 'Management of Technological Change' had be~n in the forefront 
for the last ten years, and he had attended a number of Seminars and 
~orkshops on this topic; but t.his ~orkshop was different because it had 
Case Studies with rich data. 

Nith the passage of time the topic had not :ost its significance: 
on the contrary, it would assume greater importance in the future. Mr. 
Bhaya expressed the view that Management of Technological Change needed 
to be discussed at two levels; one, at the policy level, that is at the 
national level; and the second, at the enterprise level. The enterprise 
level was important, because it was the ope=ative level, and a number of 
issues arose, because there were differences in perceptions in regard to 
the rationale for technological change at the national and at the 
enterprise level. In general terms technclogy change was not a change 
which can be justified for its own sake. It had some ben~fits by way of 
reducing the inputs of national resources; materials; energy ar..d capital. 
Te~hnology also resulted in quicker ways of prociucing larger quantities; 
economies of scale; improved quality; and increased value added. \t the 
national level, the criteria were lower cost of domestic resources and 
lower range marginal costs for each unit of production, but at the 
enterprise level, cost was not the only consideration. The enterprise was 
further concerned with factors such as prices, markets and profitability. 
From the national point of view prices could be administered in such a 
way that they covered the costs and generated profits. or in the case of 
the public sector revenues for the budget. If prices did not cover 
economic costs then there are losses and the need arises for subsidies. 

At the root of the policy debate, or even policy mistakes that 
might possibly occur. is the adoption of a particular technology or 
change in technology: for example, a look at the jute industry showed 
that despite financial incentives. modernization and change of technology 
was tardy; other examples were the textile industry and the coal 
industry before nationalization. Again. if one took the case of an 
entrepreneur who was making profits with old and inefficient equipment 
and boilers. it would be difficult to convinc~ him of the need for 
further investment. ~"hile it may be in the national interests to 
modernize. an entrepreneur would take action towards modernization only 
if he found that it was in his interests. Hence. it was necessary t~ 
create the appropriate environment through ~arious ?Oli~ies. It was also 
necessary to harmonize the sets of policies. such as tariff: import 
licensing: and taxat!.on. to ensure that the pri:e.te goals and national 
goals were congruent, as far as possible. 



:·tr.3ha\":l t:'m;Jn..isi::E<l :hat .:ons:dc:r:icle ..iCticn '4.:iS re•'.{Uired "::·.> Ce 
:..ik'"n in r:1is n·S?""Ct. F:.rst of all -:::1.:-r.:- o;;iS tht: quest :on oi th.:: choice 
.)f technology •hi ch 11.-ould serve the nat :.Jn.ii interests as .,.ell as the 
objecti\·es CJf i.ndi•:idual enterprisE:s. This ·,;as .rn 3rea in 1"hich ;:her:e •as 
not enough knowledge e'-·en on the part of the ?Ublic sector despite 
:!let:ti.ngs of experts. debates and dis.:ussions. Seconal::. forecasti.ng of 
technologies and infor!llation !or future choices of technology had 
rE:cen:ly generated consider..ible interest. but ~evertheless it 1"as a wea~ 
area. The third area of weak.,ess was that India did not have its own 
technolllgy base in the sense oi its OW':l design capability. although it 
had successfully adopted. though not adapted. many technologies over a 
·.iide c-ange of industr:1 and also. that the country had "·ery competent 
manpower. technicians. managers and analysts. 

In the private sector. finance is crucial for the choice of 
technology. and the ultimate decision rests with development institutions 
like the IDBI. Oiith his experience of sever-al years on the Board of IDBI. 
~r.Shaya observed that the development institutions hardly c~nsider the 
~echnology angie; they are basically concerned with the viability of the 
enterprise and its ability to serJice the debt. They do not aporaise the 
technology to fi~d out whether it would keep the enterprise competiti.ve 
for about ten to fifteen years. and whether it would reduce prices and 
hence give relief to the consumer. 

Looking at :he current scene and the future from the national point 
of view. the order of priorities, sector-wise in industry, appeared to 
be: capital goods; inter~ediates like steel and copper; fertilizers. wage 
goods, and lastly. the consumer durables. which went to the more affluent 
s~ctions of the oarket. However. from the private point of view, the 
order of pri~rities would be exactly the reverse, and this was really 
where the proble~ arose and where policy guidance became necessary. 

Very often with hindsight, a criticism was made that one of the 
reasons for technological obsolescence in Indian industry was a dogmatic 
insistence on import substitution and entering into a number of 
uneconomic ventures. 

Looking back at policy. it was founc that between 1950 to 1962 there 
were absolutely no restrictions in terms of foreign equity holdings or 
technology transfer - and what was the outcome? A lot of foreign 
companies went into areas such as petroleum refining, pharmaceuticals. 
dye-stuffs. fertili::ers. batteries, and commercial explosives, because it 
was in the interests of the foreign companies to do so. Thei~ interest 
did not necessarily coincide with the national interest subsequently. but 
~t did initially. Then there was a period in which there was no bar en 
foreign collaborations: and a number of collaborations were made in many 
areas. such as PVC, synthetic fibres. nylon tyres, and some 
petrocheRticals. However, inspite of the open policy. no interest was 
shown at that time by foreign c~mpanies on long-gestation infrastructural 
projects like the exploration of oil and gas. steel. non-ferous metals. 
heavy engineering. basic organics. ship-building. and a host of similar 
~reas. Tilese wer-e the very dreas -hi~h to-day were 3uffering from 
technological obsolescence. ~nd therefore required technological imports 
in or1er to enable technological change. 



.. 

Cr. 8ha1;.:i obser-:ed :hat ?:echnoiog:,· impcn: ·•a~ .1n .irea •hic!l requi,:-.;-d 
s~rious consider:iti0n. bot!1 f":.""-:r.i the r:.:itional ;>oint cf \"ie...-. as we Li. as 
the enterprise point of vie•. In India patents had ·"Jperated as a negative 
f·.Jrce and prevented the de,:ei.opment of industr:,. _ and this was because an 
.:xtraordinary ;cind of protect i.:in •as given to hold~rs of Indian patents. 
Those patents .-ere naturally held by foreign technologists and fo!."eign 
companies. particularly in the drugs. pharmaceuticals and the chemical 
industr:.r. However. this policy has been changed and protection for 
process patents has been reduced from 16 years to 7 years and for design 
patents to 5 years. This had led to the growth of a number of industries 
like chemicals. drugs. pesticides, c~talysts. and dyes. There was a lot 
0f pressure on India to join the Paris Convention. but t~1is could be 
useful only at a time ~hen India is able to take patents out in other 
countries and export technology. 

After 1968-69, a number of incentives were given for R&D work. and a 
number of establishmr.nt~ set up R&D Departments, but there had been no 
major advances in an~· of ti:u:: industrial technologies or at best very few; 
and this constituted a major area of weakness. 

In regard to the terms of transfer, the transfer fee in the past 
included the whole package. the basic process. basic engineering, 
procurement and inspection. constriction, some commissioning assistance, 
and guarantee fees. Over the years. in many industries technology had 
b~en 1.!ll-packaged, and detailed engineering, procurement, and insp~ction 
of construction, was all being done by Indian companies, but the basic 
process and basic information leading to optimal design was still not 
available to Indian industry. This still remains one of the areas where 
the transfer fee was an important issue. As far as royalties were 
concerned, in the earlier days they were based on the Indian selling 
prices which were usually about three times higher than in the developed 
countries; that was subsequently changed and the royalties are now based 
on the international prices. 

The use of brand names was another important area for consumer 
goods, particularly drugs. India permits the use of brand names, but 
~ountries like Japan. Republic of Korea, and Brazil have a very open 
policy in contrast with India's inward-looking policy. which had always 
refused the use of brand naJ?1es. 

:-tr. Bhaya was of the op1n1on that -che approach to technology pol icy 
should be reconsidered and the appro~ch that only high technology should 
be permitted and low technology should not oe permit'Ced should be 
reversed. The whole range of agro-industries. such as food pror.essing and 
food packaging are the major industries for :nass employment. and should 
not be considered as low technology and the flow of technology should be 
different from what it is today. In China, for instance, there was 
tremendous use of food technology and food processing. 

Mr.Bhaya drew attention to the technology-driven industries like 
bio-technology. informati~n technology, the whole range of electronics, 
and the area of renewable energy. The basic problem here was that they 
were already bein~ coramerciali=ed in the developed count4ies. but that 
range of commercialization need not necessaril? be the one India cou:.d 
adopt, and this was where ?Olicy was necessary for the development of 
endogenous parallel technology. 



c.:=1er.:·:. -:-"'c::mui..i..:•.- !:·.:>~- t·.:-n.,-...-.:;bi.,- .:nc-r;·: h.;;.d be.:n J.- .... ·.:l..Jped i.:1 ;:_:;_,\ .. ..:nd 

':!1t:St:' :~cbnv~ ]:;:.c-s ~-~!:~ ::itt-~in~ :U-.irkct 3 i.:'l _\f:::.~j, dtld r:i.c..ii..i ..it ..i ·:er·· .. -
hi.,:;i· ->-'St. :his aw.y h.;;.,·e be.:n alt·i.~hr ~: th._:\· ...-er.: to sen·e .J. sm.;;.U 
st·.:_..Jt" ·..!L"' ... i ·:~r·-- sp.et.:i.dli...:td scc:ut- .. ~ut ~:: i~ L,:; tu .5c:.--::e :he:: 

Jecenr t·..li i.;.:ed n1ral s.:ct.Jr. then it 10ould !:>.:..:om.: n~cessary ro pro'l.·ide a 
subsiJy. ~rchn0l.J§ical change needs t~ be c:unsi.dered nor 0nly i~ the 
or_i;J.ni:::ed l.irge industry sector but .il:t·oss che board. This rue.ans _. 
di~~erent set Ji problems with regard to ljbour. choice of technology . 
.;.nd dissemi!tat i..in :ind adopt ion of technology. The 1o0hole .one.a of 
rll<inagement cf technological change ....-i:!.:i. e:·:tend be:-·ond the 0r~.'.ini::.:d 

sect.:>r. but the .:>rgani::ed sector would continue to be the core. 
Technology could ULi:ike a considerable difference to the rur:il ..ind social 
sen·i.ce sectors. but the issues in the man.iigemcnt of technological change 
in these .J.t:'e..is need to be identified. 

:-tr. Bhava drew sper.ific attenti..:>n to the fact that when foreign 
compani"s ·..-i.::hdrew from industries like plantations. jute and te:~tiles. 
thev ~ere bought over by Indian capit.J.l and these were the industries 
which had languished for want of technological change. The industries 
which caf!'e up with collaborations in the sixties and seventies were also 
being bought over by Indian companies i.n a big way and the question was 
whether they would also languish and become ailing industries for want of 
technological change and then left to be saved by the Government. 

:tr.Bhaya recognised that the ';.iorkshop would nC't find it possible to 
discuss the vast range of issues which he had raised. since the focus ;,;as 
on issues relating to enterprises. But if there was the need for 
harmonization ~f all policies relating to national interest and 
enterprises. then some of the issues regarding choice of technology and 
relevant policies ought to be better understood. 

The !Jir.ector of the Industrial Technology Devel.:>pment Di•:ision 
extended his greetings on behalf of L'NIDO. He stated that L~IDO was 
charged with the promotion of industriali::ation of developing countries. 
It had become a specialized agency since the beginning of 1986 and had 
alreddy bec:n playing an important rolt> in India. particularly in the 
field of technical assistance. in a number of important sectors like 
computers. the steel industry. and the sponge iron industry. The role of 
L:JIDO •,.ras not •mly to provide technical assistance but also to highlight 
the important issues governing the nature and speed of industriali=ation. 
It was in thi.:> ::ontext that L:JIDO had taken an interest in the ·1uestion 
of tt!chnological change. because the ;Jattern of industriaL:.:ation 
depended very much on the kinds of technologies suppli~d and the speed of 
technological change. 

He made a distinction between technologies which ;,;ere directed 
towards chang1:<s in .:i product or process and technological developments in 
fietds such as micro-electronics. inf.Jrmation technologv. ben~t ic 
engineering, and bio-technol•Jgy. He observed that technologi<:al chdnis~s 

Ln products were also l1:adLng to d1Jn.~es ir1 :uanufact.uri.ng pr.:.cti.ces. such 
.1s the i.ar::-odut:t.i.cm •>f tl.,:<ible rn ... m;t.1c~ur:n~ :;•:st.::ms. 

The c:ompulsi.ons :)f t~·chnolrJ;ir.al -·hanges wt>re le.1dinb to the 
emt'rgcuce riL flt'W :.;t::lcs dnd p..ittcn1:; it :n<rn,1i.;ement. m.:1cie !wav•: demands ·Jn 
~e.-1dcr::;hip <jUalit:i.es .::nd requir!'d fl pt'rcept~Vt' r~sp<HlSt-! r1f. rn<ifl<l~~t~ment tO 



~ ~1.~ t:\·~ r - ..: !!..int;:.:-:~ ct-·~l! i. t"c-r:ieru: .s :· r : ~-·..: ~r.1_ i.. .; .;~·. ... _ :·~~lui :.·;;;:.~ -:n ~ · :·~: ... i __ · · 

~tr.:t:;n:1\·€ :.·12spunse ::,~.- ho,~·et·nm.:-nt~ . .s . .; t.hjt cccnumic ;Joli..:i.~.::; ~:.-~...itt::d th~ 

apprapri~te ex~er~al envir0nmenc ~hi~~ ~G~li enable Ei:ms :o ;~~c.:ss:~::~ 
acr:t:pt the chaE.;n~ts of r.ianac;ement <:;i ::ec!"tnclobical :.:hang.:. 

The D1~~--~r hoped that this ~orksh~p ~ould 3er~e as a pr~tot~pe tor 
a series ot simi:ar ~orkshops in ocher deveiopicg countries. 

Dr.S.K.Sengupca. in hi~ vote of thanks. o~served th~c ~onsideration 
cf technolugical change sh0uld not be l.imi.ted only tc ::he enterpri.st's 
le\·el but should be extended to t;1e ra.ac:.·o-l.;\·el and th.: en\·iro!"'~'Uent. :it: 
pointed out that it •·•as indeed i!Dport .. mt to discuss t.o'chnol.0gical change. 
but it ...-as also :iecessary t:o concept:..iali=e the .:xp.:riem:e. H.: :toped that 
the "iiorkshop would pro\·ide a useful starting point for meaningft.l 
dis...;ussions w-hich would lead to some concl:..isive results. 



7HE ~(·!..£ -CF !:-tF·~·R7 1.:F IE·.:H~~i(.;L !(;;c~-Hc.; r~; :HE 
:H~AC~:-!£~;: :~F 7E~H~GL.::;-.; I .:.-\L ·:H...\~1...:c: 

t<.ESi.."LTS JF A SL-t<.\:EY ·=~ ~~;Du-..;ER.:-t:...":: .:c ~~;: ·;Exn."RES 

Peter Born 
lndo-Germa1r Chaaber of Commerce, Nev Delhi 

: shali begin wi:h a shore story about mv ~~rst ex~erience of 
management of technologi..:a.1 change in India. .-\bout i ~/ 2 ::ears ago. •hen 
I came tor :he first time to Ind~a. i ~et at a party ~ ~usinessm.an •ho 
told ~e that he had problems with his machinery •hich he bought in 
~erman:. second-hand. ar~und iSS5. His ~roblem •as :hat :hese aaachines 
in his production ar~ stiil running very well •ithout any problems. He 
knows that the teclulology of his product is from the mid ~u·s and he 
would li~e to b•. · some new equipment after 40 years of technological 
change. but as long as he is making good profits by seiling his outdated 
produc::s to the Indiar. market he does not like to take the risk to 
introduce new machines when he does not know how they will run. 

Cf course this might be an extreme example but it seems to be 
still true for at least some branches of industry in India that 
management of technol:Jgical change is not required. ~evertheless the 
sinking profit rates of the Indian industry in the last few years 
indicate that rhere is a change going on for more competition in the 
Indian market. There is no doubt that, for example, the new policy of 
de-licencing of certain branches will lead or has led to more 
competition, which forces the Indian entrepreneur to react to 
technological changes. And also now-a-days more and more Indian 
companies are willing to export and to do business with the international 
markets. Their ability depends on how they are able to adapt new 
technologies for their ?roducts and production. ~anage~ent of 
technological change will become necessary . 

. \fter this introduction let me come to my topic: "The Role of 
Import of Technical Know-how in the ~anagement vf Technological Change", 
which I base on a sur\'ey carr:.ed out by the Inda-German Chamber of 
C~mmerce last year on Indo-German Joint Ventures. First question: #bat 
have joint ventures - companies founded together b:; an Indian and a 
forei6n businessman - to do with our workshop topic? 

! •ant to demonstrate in :he fol~owing th~t technical import in 
general and joint ventures in particular are Ln$t~wuents in the hands of 
entrepreneurs who want to or who have to react to technological changes 
with a ~iew to being competitive. 

Technological change can be made mainly by developing through the 
nation's R&O or by purchasing know-how abroad. The choice is deper.dert 
on a number of factors such as how much time is .avaiL1bJ.e. what resources 
are available. u.nd r'!lative costs. Once a decision i.s t.iken to import 
from outside the country it can be don~ bv: 

Licensing agreement: 



Joint venture agreement. which means licencing plus capital 
participation in the ne..,· company b~· a foreign firm (in India 
normally restricted up to 40%). 

~e asked in our survey of the Indian partners in Indo-German Joint 
Ventures what primary factors motivated them to form the joint venture. 
The result is given below: 

Main reason for joint ventures: 

Reason 

Acquisition of know how 

Expansion of the production 
programme through hi-tech 

Market potential 

Acquisition of capital 

The reputation of goods 
made in Germany 

India's import policy 

Improvement of the company's image 

Export: Production of export 
quality products 

% 

63.13 

14.2 

8.6 

2.4 

2.4 

2.4 

1.5 

0.8 

Other reasons 4.1 

The overwhel~ing majority was interested in getting technological 
know-how from their West German partners. Only a very few were also 
interested in German capital. 

Immediately the next question arises which we ask the Indian 
patties: ~by were you then interested in a joint venture, when a 
lic·msing agreeement is much easier to get approval by the government ar..d 
has the advantage that you don't have to share your influence with 
another party? 

The clear answer we got from about 76% of the Indian partners was 
that they wanted to ensure long-term building, that means a long-term 
technical involvement of their German partners. In India a licensing 
agreement normally ends after 5 y~ars. About 48% of the Indian 
businessmen believed that the possibility to transfer know-how is easier 
and better in a joint venture that in a simple licence agreement. 

So the specific character of a joint venture is the long-term and 
easier technical know-how transfer, which make3 it valuable for the 
management of technological change. 
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In the following I want to bring some results of the survev 
regarding technology and know-how transfer ~n Inda-German joint ventures. 

Altogether more than 250 licences were given by the German partners 
to their Indian joint ventures. In some cases they were even given 
general licences which were not restricted to a particular item. 

The licences given related mainly to sophisticated hi~~ technology 
as is evident from the industrial branches to which the joint ventures 
belong. 

20% of the joint venture companies are producers of primary goods 
(chemicals, construction material, semi-finished metallurgical products 
etc.). 70% produce capital goods and machinery parts (electrotechnik, 
automotive parts, optics and pumps etc.), 5% manufacture consumer goods 
(mainly for exports). 1% produce food stuffs and 4% provide technical 
services and consultancy. 

To our question whether they were satisfied with the German 
technical contribution and also whether they consider that the German 
partners adhered to the terms of the agreement. 93% of the companies 
answered with a clear yes. We as a Chamber wanted to know whether the 
technology required by the Indian businessmen was for the development of 
their existing joint ventures. The answer was that it was a step for 
diversification and there was no connection between their existing 
product and the product to be manufactured in the joint venture. This 
shows, in my opinion, again that there was no necessity for technical 
updating of the existing products in the joint venture. It was more for 
upgrading the production line by taking a high-technology product in 
their production line. The German firms not only brought technology from 
their country but also set up R&D centres in the joint ventures. Almost 
70% of the joint venture companies have their own R&.D department and 
employ a total of about 2000 persons. About 58% of these departments 
have been set up in order to improve existing products and adjust them to 
Indian conditions. and 46% of the R&D departments were engaged in 
developing new products. 

~'hen asked about their future plans, the firms stated t:iat in the 
coming years they wanted to introduce about 430 new products into the 
market and plan 32 new projects for this purpose. They estimated that 
this would call for an additional investment to the tune of Rs. 7.1 
billion and that it would generate additional employment for about 10,000 
persons. The setting up of R&D departments together with the foreign 
partner and inflow of technology on a long-term basis shows that 
establishment of joint ventures is a strategic decision with several 
options in the management of technological changg. 

The survey also showed which of the partners in the joint venture5 
had the ?iggest responsibility for the areas of technology. production, 
marketin& and finance and how the share of responsibilities changed 
aiteI"~ards. It is natural that the German partner. as the provider of 
the know-how, was at the start of the joint venture responsible for the 
area of technology (92~). But later the management of technology shifted 
to the Indian side and at the time of the survey 42% of the Indians were 
responsible for the technology. rt is astonishing to see that in the 
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setting up phase only 384 1 1.atEr on l'4!J of thE Gc<rmans :ock the main 
~esponsibility for product_jn_ In mere than 90~ of the cases finance and 
!'.Bilrketing were in the hands of Inciians. 

The employment c: foreigners by the foreign partnEr in the joint 
venture should be seen also as a kind of technology transfer. The survey 
showed that only 16% of thE Inda-German joint ventures employed German 
nationals. This r.as something to do with the high costs of secondment by 
foreign ccuntries but mostly it is due to the restrictive visa policy of 
the Indian government. In contrast to this low number of German 
employees in the joint ventures each year 390 Indian employees are sent 
to Germany from the 92 joint ventures either for training or assignment 
with the ~erman parent company. 

For a good product it is also necessary to have skilled labour. 
:\I.together 63% of the surveyed joint ventures have an in-house training 
system. 44% have special training facilities, e.g. at training centres. 

The seiection of the production technology is a strategic decision 
and has to be decided in connection with the price and quality of the 
~roduct and flexibility. Some 58% of the joint venture companies 
described their production technology as semi-mechanised in the beginning 
while 34% described it as mechanised and only 8% described it as 
automated. However, after establishing themselves in the market they 
introduced a change in their production technology in the direction as 
seen below: 

Period Start" Interview Change 
Production 
Technology 

Half l!!echanised 67 (58.2%) 49 (42.6%) -27% 

!iechanised 39 ( 33. 9%) so (43.5%) +28% 

Automated 9 (7. 9%) 16 (13.<;%) +78% 

115 ( 100%) us ( 100%) 

Before I conclude let me introduce :rou briefly t:o the survey and 
some general information about the Indo-German joint ventures. 

For the last 20 years the Federal Republic of Germany has been 
India's second most important partner for technology transfer in the form 
of joint ventures. 
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1984 l98S l986 

CSA lt' 66 71 
Fed. Rep. of Germany 19 36 40 
l'K 16 26 23 
Japan s lS lS 
F~ance s 8 9 
Italy s 10 8 
Sweden 4 4 7 
Other countries 26 38 51 
Non Res. Indians 34 36 8 

Total 151 239 240 

Developments in the last three years (1985-87) have seen a further 
significant increase in all forms of technical cooperation. particularly 
of joint ventures. 

In the context of this remarkable development more and more German 
companies interested in cooperation with Indian firms have been seeking 
information on this fora of collaboration and have expressed eagerness to 
know about the experience of firms already engaged in j~int ventures. 

This is why the Indo-German Chamber of Commerce and the DEG (German 
Finance Company for joint ventures in Developing countries) embarked on a 
comprehensive survey of all operative Indo-Cerman joint ventures. This 
could only be done by personally contacting each joint venture company 
know - or thought to exist - and bombarding them with a barrage of 
questions. Anyone who knows the average businessmen's abhorrence of 
questionnaires would have considered our undertaking as doomed from the 
start. The compilation of the material for the survey involved some 20 
pages of tightly packed questions presented to 184 Indian and 170 German 
firms. 

It was very surpr1s1ng to receive such an overwhelming response 
(84% :3 India and 60% in Germany), making this the first truly 
representative study of Indo-German joint ventures. 

Altogether, today, about 200 Indo-German joint ~entures are 
operating in India and they are more or less evenly distributed over all 
major industrial regions. according to their industrial importance. 

The study of the company size and structure show that Indo-German 
joint ventures cover the entire spectrum from small firms to 
market-dominated lar6e undertakings. Six firms may be categorised as 
small companies (with a turnover less than Rs. l million) while 3 firms 
number among the 101 largest undertakings in India and 7 others belong to 
the group of the 150 so-called •Mini Giantsft of the Indian private 
sector. As is to be expected, the chemical industry is dominated by 
large undertakings. while in the engineering sector one finds mostly 
smaller and mediW11-sized joint venture companies. 

The 16% responding Indo-German joint ventures have directly created 
some 80,000 jobs. ~hile indirectly they have been responsible for an 



imm~~surablv high number of job openings. Acccr1ing to the study. high 
qualit~· ?r~t.:cts ._.i -:h a s.sles ,:,ilu~ of Rs. 3i... :> bi:Eon .and a ·.-aluo: added 
amounting to Rs. 15.17 billion were manufactured. 

In the face ~f India's unfavourable balance oi payments situation. 
expenditure of foreign exchange in connection •ith technology transfer 
and especially payment of dividends by joint ventures in India is very 
closely scrutinised. It is. therefore. an important result of this study 
that it shows that lndo-German joint ventures earn considerably more 
foreign exchange through exports than they give out in terms of profit 
transfers. payment of licence fees and royalties. As compared with the 
transfer payments of Rs.144.l million the export earnings amount of Rs. 
1.61 billion. Even if one were to add the costs of products imported by 
the Indo-German joint venture companies from their German partners 
(1985-86 totalling Rs. 577.l million) to the foreign exchange costs, 
there would still remain a foreign exchange surplus of Rs. 888.8 million. 

This means th.at the technology transfer of the Indo-German J01nt 
ventures is not only •foreign exchange-neutral• from the Indian point of 
view, but instead directly contributes to the improvement of the 
Indo-German trade balance. 

Apart from the economic advantages just mentioned, I hope I was 
able to demonstrate to you th.at import of technology in general and joint 
ventures in particular are potential instruments in the hands of 
businessmen for the management of technological change. 
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CHAPTER II 

ACCESSi~G iSNOVATIVE CAPABILITIES : THE STRATEGIC l~ORTA.~CE OF 
TECa'\OLVGY I:S POST· ~ODER."'i STRATEGY 

flel Horvi tch 
Massachusetts Institute of Tectmology. U.S.A. 

I. Introduction 

This paper focuses on the current transformation of the strategic 
management field and the rise of a significant new era in strategy. This 
new phase, called •Post-Modern•, has key features which distinguish it 
from previous periods of strategy thinking. In particular, it is 
characterized by the rising priority. and in some cases dominance, of 
innovation as a major strategic variable. As can be seen in Figure l. 
Post-Modern Strategy represents a significant change in top-level 
decision-making in the postwar era and increasingly characterizes the 
cutting edge of strategic practice today. It blends certain features of 
general management and strategic planning thinking while also exhibiting 
nev concepts of its own. Moreover, it is both less universal and less 
elegant than its predecessors. It is more varied, contingent, and 
complicated in the way its diverse parts have been both disaggregated and 
reintegrated. It stresses such strategic matters as implementation. the 
creation of multiple organisational strategic support systems, processes. 
and pressures, the role of a firm's unique culture and history in setting 
and influencing strategy. internal entrepreneurial units, the increasing 
use of inter-organization networks and linkages, the growing importance 
of what is now termed global strategy, advanced and targeted analytical 
strategic approaches. and the relationship between corporate strategy and 
various functional strategies. 

A major challenge for large corporations belonging to the 
Post-Modern age is to develop the capability to generate simultaneously a 
number of diverse. and perhaps seemingly contradictory, strategic 
management approaches. What is the cause of such a major change in the 
configuration of strategic management? The answer clearly lies in the 
current transformation of competition in much of the world. Today 
competitive success increasingly requires achieving higher value 
objectives. which often means satisfying a range of complex and often 
changing demands by the customer throughout the value chain for greater 
innovative capability in products ar.d services. Consequently. the key 
strategic objec:ives are shifting. In the 1970s, extending and 
maintaining a product line via 111&rket-share dominance, for exampl~. was 
as important a goal as creating new produces and services. Witb the 
arrival of Post-Modern Strategy there is a move away from simply the 
extension of value and toward the creation and transformation of value. 
Strategic actions that encourage value-intensive differentiation, such 
as increasing the importance of internal research and development, 
entering into joint ventures co design and create new prod.ucts, 
disaggregating structure (to allow for flexibility and freedom of action 
in order to encourage innovation). and reintegrating structure in complex 
~ays. to permit appropriate economies of scale and scope assume higher 
priority. 
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Figure I 

The Postwar Evolution of Strategic ~nagement 

Phase I : 1950s - late 1960s 

The Gener3l :!anagement Era 

The importance of leadership 
~niversal ma:iagerial characteristcs 
The universal professional u:anager 
View the firm as a whole 
Optimism 
Top management oriented 
Implicit strategic management 

Phase II : la.te 1960s-l980s 

The Golden Age of Strateg:c Planning 

The rise of analysis 
Strategic approaches 
Strategic portfolio 
Incorporation of industrial organization and micro-economic 
approaches 
Viewing the firm as made up of component business that have 
different strategic rol~s 
The rise of support industries and institutions. e.g. 
strategic consulting firms, business schools, and strategic 
databases 
The emergence of a new function, profession and unit: The 
strategic planning staff 
Formulation oriented 
Staff oriented 
The centralization and growth of power of strategic planning 
Explicit strategic management 

Phase !Ii : 1980 

Post-Modern Strategic ~nagement 

Reaction to strategic planning 
Renewed interest in implementation 
Emphasis on the role of culture and history in determining 
a firm's strategy 
The rise of global strategy 
Targeted and advanced analytical strategy 
The concurrent use of multiple kinds of strategic support 
systems, processes, and structure 
The elevation of technology to a strategic variable 
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The us~ or lnterorganization net•orks and itnkages in strategy 
lhe simultaneous deployment of multiple strategic approaches­
blending implicit and explicit strategy 

This important reorientation of major objecti\•es is a key factor in 
the elevation of technology as a strategic variable and the creation of 
•new linkages• by corporations for technology acquisition. For 
t~chnology-intensive firms in practically all parts of the world. 
therefore, incorpora:ing technology into corporate strategy is probably 
the greatest challenge nov facing top managers in all functions of an 
enterprise. 

II. :rhe Practice of Post-Modern Strategv: Technology Strategy and 
Value Creation Networks as Cases in Point 

A major indicator of overall Post-Modern Strategy and perhaps the 
most distinctive feature of this new wave of top !lanagement behaviour is 
the rise of what may be termed Technology Strategy in the mid-1980s. The 
recognition of technology as a top-level strategic concern for a 
corporation and technology•s elevation to a strategic variable are due to 
the convergence of !lany of the same forces that. by the 1980s, had 
created the need for Post-Modern Strategy management as a whole. The full 
impact of such historical trends -- including the negative reaction to 
strategy planning, the success of the small hightechnology firm, the 
increasingly strategic importance allocated to technology by foreign 
competition (particularly the Japanese), the related rise in status of 
manufacturing as a strategic weapon, and the supportive relevant thinking 
and research in the fields of strategic management and the management of 
technology -- is visible, wijespread. and powerful. Technology Strategy 
has now emerged as an important and pace-setting management activity in 
the modern corporation. 

Technology Strategy is part of the growing concern for creating and 
maintaining increasingly higher-value strategic actions. Technology 
Strategy also focuses on the design aud implementation of novel kinds of 
structures. Technology Strategy confronts continuously the critical 
tradeoff between the benefits of large-scale-oriented economies of size, 
scope. and synergies and the benefits small-scale-oriented individual or 
decentralized entrepreneurialism, flat organizations. and fast response 
to users and the market. A key part of Technology Strategy also involves 
~he challenge of creating the requisite set of "new linkagesw with 
organizations external to the firm. Finally. in developing a way to put 
these and possibly other elements together. Technology Strategy must cope 
with the probable need to manage concurrently inherent contradictions for 
the long-term strategic success of the enterprise.l/(see footnotes at end 
of chapter) 

Technology Strategy is characterized first of all by disaggregation 
the purposeful fragmentation, decentrai1zation, and flattening of ~n 
enterprise in order to promote risktaking and innovation. In part, the 
new emphasis on disaggregation was a somewhat delayed reaction by large 
corporations to the dramatic and successful experience in the U.S. of 
small-firm high-technology entrepreneurialism and the continuing vigour 
of medium-size companies. which tended to highlight thebenefits of 



decentral:=ed. s:nait. and il~t orsani=ativndi struct~res_2, 
)lse:.ggregati.on iic.:::ua:.:.·.· re;nesents .s sig:1i.::"irant change of e!llphasis i:t 
::he e1.;oluc:.on of the large .:orporation. In.itea,i '>f continuing to intert"ta· 
li=e cransacticns through cocrdinaticn and administered hierarchies vhe~e 
.appropriate. as large firms had been doing since tr.e iate nineteench 
.:entury. by the early 1980s these entreprises were seeking ways to loosen 
up and operate in less coordinated sma.l~er units.3/ 

At the same time. ~owe\·er. Technology Strategy does not neglect the 
benefits of large si=e and the economies of scale and scope. when they 
can result value-intensi'.'e strategic success. Clearly. in many instances 
such traditional advantages of market power as volume production. mass 
marketing. and large industrial R&D facilities can lead to significant 
strategic achievement. A process of complex reintegration is also 
occurring. and this new !llethod of assembling a high value critical mass 
is particularly e:fective in the current competitive environment. This 
type of action essentially permits not only the effective mobilizing of 
internal resources but also the selection of e~ternal sources for 
achieving strategic advantage. Complex reintegration allows 
make-versus-buy of high value resources. especially technology. 
Therefore an important distinguishing feature of Technology ~trategy 
today is a growing use of fluid and network-like interorganization 
structures-- such as strategic alliances-- as well as bett~~ and varied 
use of the traditional hierarchical corporate form.4/ 

Consequently. a key aspect of Technology Strategy is th.at it is 
working to modify the shape and structure of the modern corporation by 
actually promoting the externalization of transactions where appropriate. 
The whole matter of procurement and make-versus-buy is becoming 
increasingly critical because of the ever-growing requirement for 
accessing innovative capabilities. 

~odern Technology Strategy demands that top managers throughout the 
enterprise balance concurrently disaggregation (in order to capture the 
benefits of flat organizations and an entrepreneurial zeal) and complex 
reintegration (in order to exploit the advantages of particular kinds of 
critical mass). Therefore, i~plementation of Techn~logy Strategy often 
requires the kind of action that permits the continuous blending and 
coexistence of seemingly opposite kinds of behaviour and strategies. This 
crucial quality in Technology Strategy is termed Simultaneitv, the 
simultaneous incorporation of diverse and often seemingly contradictory 
elements in order to achieve a larger set of strategic objectives. The 
ability to demonstrate Simultaneity on an ongoing basis is increasingly 
critical for strategic success today. 

It is important to realize that key characteristics of Technology 
Strategy today are quite different from salient featu~es of 
private-sector technological innovation that existed through t~e 1970s. 
In that earlier era. at least in the U.S .. private-sector techr •. ,logical 
innovation was segmented between small and medium-size firm innovation 
3nd the traditional industrial R&O done in the large corporation. These 
two types of innovative activic:: operated .iccording i:o differ!nt rules 
and priorities and thw U.S. beneftted from their coexistence.'/ By the 
early 1980s, however. as technology became increasingly strategic. the 
boundary between the t~o major for~s of private-sector ~echnological 
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inno\·ati••e acti.'l.·ic•: -- small-firm a:td :arge-corporation innovation--began 
to fade. :!tis blending of these previously distinctive modes is a salient 
feature .;,f llOdern Technology Stratt=gy.6/ 

Focusing no~ on the ne~ds of the large corporation. technology 
Strac~gy ~an be viewed as a complex array of ~~ade-offs. relationships, 
and iink'lges th"!t lllllSt be managed in a highly sophisticated fashion. The 
specific nature ~f these tradeoffs are 3epicted in Figure l. 'nlree key 
aspects cf Technology Strategy are presented. Acc~rding to this 
framework. large modern technology-intensive corporations are making 
Technology Strategy decisions along three dimensions: competition vs. 
cooperation '.competitive strategy!: internal (make) vs. external (buy) 
technology [domain;: and traditional large corporation industrial R&D vs. 
decentralized, small. entrepreneurial units vs. interorganizational 
networks [structurej. Achieving the appropriate set of lllUl.tiple 
trade-offs and location5 ~l~ng these dimensions is one of the major tasks 
in Technology Strategy today. 

There is a substantial, varied, and ever-increasing empirical 
database that supports this general notion of Technology Strategy. One 
study examined the Technology Strategy of a representative set of firms 
from the population cohort consisting of those 97 U.S.-based Fortune 500 
companies that had spent at least $80 million on R&D in 1982.7/ Several 
methods for technology development and acquisition were identified R&D 
laboratory or in entrepr~neurial subsidiaries represent the fruits of 
internal techniques of development. The remaining techniques can be 
considered external methods of technology development or acquisition. A 
review of both the Wall Street Journal Index citations and an indepth 
survey found that for the 1978-83 period there was a substantial increase 
in the practising of modern technology strategy methods generally and, 
especially, in employing non-traditional decentralized structures and in 
using all the methods identified for external technology acquisition. 
Companies that have strong inhouse research capabilities have been using. 
at the same time. more of and a greater variety of internal and external 
sources for accessing technology. which is a clear illustration of 
simultaneity in action. 

Similar trends can also be seen when viewing technology strategy 
from the perspective of specific technology-intensive industries. Such 
practices are increasingly c~amon in a diverse set of 
technology-intensive sectors, including the personal computer industry. 
which experienced a prototYl'ical evolutionary development, from a large 
number of small firms to competition among fewer large players, the 
permanently turbulent medical diagnostics industry. the restructured 
manufacturing technology sector. and the immediately strategic 
biotechnology industry.Bl 

To take a specific and startling example, Technology Strategy can 
even be documented in an industry that does not yet truly exist. the 
optoelectronic communication switching and computer industry. In fact, 
the advent of modern Technology Strategy in this industry is probably the 
most dramatic manifestation of technol~gy's strategic importance. 
Optoelectronics still consists mostly of intensive R&D efforts by a host 
of U.S. and foreign firms and some government-sponsored programs. It is 
still more a vision based on as~umptions and extrapolations of technical 
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and market trends. Even without vi,;.ole .ln'- accepted products. however. 
Technology Strategy is being vigorously practised.9/ 
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Fizure 2 ~ 

T~chnology Development and Acauisition Approaches 

Internal 

L. :echnologies developed 0riginally in the traditionai industrial 
R&D facilities. including the central or divisional 
laboratories. 

External 

Technologies developed using intern<l venturi!1g. 
entrepreneurial subsidiaries. indeptndent business ~nits. etc. 

3 Technologies developed through external contracted research. 

4. External acquisitions of firms for primarily technology­
acquisition purposes. 

5. As a licensee for another firm's technology. 

6. Joint ventures to develop technology. 

7. Equity participation in another firm to acquire or monitor 
Technology. 

8. Other approach•~s for technology development or acquisition. 

To pinpoint this industry is a particularly difficult task. The 
Japanese Optoelectronic Industry and Technology Development Association 
defined the general optoelectronic field as one "targeted at an effective 
use of various characteristics of light. such as high frequency. space 
information processing and phase information processing capabil-ty."10/ 
A leading expert at Bell Laboratories defined the industry as including 
devices that emit or detect light. rather than using light simply for 
illumination. The foundation of this industry was the invention of the 
laser in 1960 at bell Labouratories. The laser made possible the 
generation of a pure and strong light signal. Optical technology in 
theory offers several intriguing potential advantages over-traditional 
electronic technology, having greater "band-width" and speed capacity for 
the cransmission of information, possessing electroni~ immuni~y 4nd 
thereby avoiding electronic tapping or jamming. and employi~g lighter and 
smaller transmission media using optical fiber instead of copper. Some of 
these charateristics have already led to a growing and increasingly 
commodity-like optical fiber ma1ket for long-distance telecommunications 
and information transmission. 

There is also the potential for higher value uses of optical 
technology ln in.:ormation processing and telecommunications when fused 
with electronics and relateG technologi~s. The use of optics in such a 
fashion could accelerate the processing rates and capacity in these 
sectors. Ultimately, optical technology could be used inside 
telecommunications switching equipment and computers to replace 
electronic integtated circuits. other semiconductors. and computer 
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•;iri~i; .. .\t le<lst in the<Jr·.-. thi..> kiad 0f ~nno\·atil.ln -::mid lead tc :nass 
:u.arktts !.'or a.J\·ar.ce.j ··i::i.:-o and information services .ind t.J a huge Jemand 
f.:>r a host of new p~·oducts. including optically integrated chips (the 
.so-call.:-d "opti.cal chi;>"i. the O!>tical computer. and phctonic 
telecommunication switches. it is this potential sector. defined bv the 
ci.se of optics in electronics. computers. ana telecommunications switches 
-- not solely for long-distance transmission -- that is emerging as a 
rich domain for intense high value competition and !liodern technology 
strategy practices. 

Bv the late 1970s, ~he possible application of optoelectronics in 
computing and teleco1111111.1nications devices was already recognized. 3ell 
Laboratories was researching integrated optoelectronics. dozens of other 
U.S. research laboratories were spending a total of about $50 million on 
optoelectronics; and ~ITI in Japan established in 1978 a joint $90 
million optoelectronic research project with 13 companies. Al.so. several 
companies and small firms were exploring segments of this field. 

By the mid 1980s, however, the set of industry participants had 
changed. A dual structure had emerged with three major Japanese computer 
companies heavily committed to optoelectronics as well as several other 
firms, mostly small ones. still staking out niches. Figure 4 shows this 
evolution. In order to understand better this change and the strategic 
decisions being taken, two important and contrasting firms will be 
discussed. AT&T and NEC. 

AT&T has been the clear leader in optoelectronics research. In 1985, 
at Bell Labs out of a total of 18,000 employees and 120 laboratories, 
about 225 scientists and parts of six laboratories (three wholly 
dedicated) were working on photo~ics research. At that time. Bell Labs 
spent a total of about $45 million annually on optoelectronics. $25 
million on research and $20 million on development. However, Bell Labs' 
effr -ts in optoelectronics are rather unfocused and fragmented, 
reflecting the broad, and science-oriented research tradition of that 
organization. In 1985. its optoelectronics research budget had allocated 
33 percent to lasers, 33 percent to detectors. switches, and bistable 
optical devices (for optical computing). and 33 percent to systems. But, 
meanwhile. the nature of competition had changed. 

SEC is a formidable rival to Ar&T in optoelectronics. Ten percent of 
its sales are investe1 in R&D (2 percent more than AT&T) with about 10 
percent of its R&D budget allocated to optoelectronics, about $50 million 
i.n 1985. Optoelectronics R&D has grown about 10 per~ent annually sir1ce 
1980. Optoelectronics R&D at NEC is consciously structured according to 
three categories: basic research, device research, and applications 
research. Research activities are given priorities ~ithin each category. 
Applied research is linked closely to production and marketing. ~EC is 
already committed to produce efficiently small optoelectronics devices, 
the first plant of its kind in the world. Clearly. NEC is much more 
explicitly strategic, coordinated, and integrated in its commitment to 
optoelectronics than AT&T. 



Figure 3 

Participants in the Optoelectronics Industrv 

Year 

Type of Institution 

Integrated Computer 
on Communications 
Company 

Transmission 
Systems Supplier or 
Non-Telecommunica-
tions 

1978 

AT&T 
Bell-Northern 
Research 
IBM 

Hewlett-Packard 
Texas Instruments 
RCA 

Integrated Company ITT 

Vendor 

Multi-Firm Research 
Programs 

Galileo Electro 
General Optronics 
Spectronics 
Times Fiber 
Valter 

MIT! 

1984 

AT&T ($33 Billion-Total 
sales) 

NEC ($9 Billion-Total 
sales) 

Fujitsu ($8 Billion-Total 
sales) 

Boeing Electronic Company 
Sumitomo 

Hitachi 
Galileo Electro 
General Optronics 
Spectronics 
Times Fiber 
Valter 

MIT! 
Battelle Memorial 
Institute 

Source Anne T. Fox, Strategic Decision-Making in a Global 
Technology-Intensive Environment : A case of the 
Optoelectronics Industry, Unpublished Master's Thesis, MIT 
Sloan School of ~anagement. June, 1986, ~p.26-30. 
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;Jther Japanese firms are also strongly involved in developing an 
optoelectronics capability. including the computer company Fujitsu. •hich 
has a general strategy of entering the high g~owth segmen~s of 
telecommunications. and the cable firm Sumitomo. ~hich is a leading 
producer of optical fiber and semiconductors. This company has also made 
a strong commitment to optoelectronics as part of i~s overall strategy to 
~ave into high-technology and international markets. Sumitomo is 
targeting high value compor.er:.ts like Optoelectronics modules. In the 
U.S .. Boein~ also has R&D activity in optoelectronics. The firm 
established the Boeing Electronics Company in 1985. as part of its 
strategy to diversify somewhat out of aerospace. In 1986. Boeing also 
created an optoelectronic research laboratory in its High Techr.~logy 
Center. This laboratory has received about $20 million in funding or 
about 20 percent of the Center's total budget (which. in turn. represents 
about 25 percent of Boeing's overall R&D allocation). Boeing's 
activities are more focused than either AT&T or NEC. 

It is extremely hazardous to perform an assessment of the corporate 
strategies in this industry. where practically no truly significant 
products have been marketed. Still, certain trends and evaluations can be 
done. As seen in Figure 4. one comprehensive analysis of this industry 
concluded that both NEC and Fujitsu would maintain their high strategic 
position during the next decade, that Sumitomo and Roeing would improve 
moderately. and that AT&T would decline somewhat in relative strategic 
position due especially to its lack of explicit priority-setting within 
optoelectronics and the absence of strategic coordination and 
integration. Clearly, AT&T has excellent technology but not necessarily 
superior Technology Strategy. 

~ulti-firm activities are also an important aspect of the 
optoelectronics industry. In Japan, the nine-year. $90 million MITI joint 
research program on optical measurement and control systems, which 
started in 1979, still exists with 13 companies parpticipating. In 1981. 
MITI also formed the Optoelectronics Joint Research Laboratory to conduct 
basic research on optoelectronics devices for short-haul uses. MITI is 
also funding optoelectronics R&D at NEC, Fujitsu. Hitachi, Toshiba, and 
Mitsubishi. These firms, along with Sumitomo and three others. are also 
participating in the MITI optoelectronics laboratory. ~EC is working with 
several Japanese materials and chemical firms and a U.S. firm on 
optoelectronics R&D. In ~he U.S .• an optoelectronics research consortia 
was established by Battelle Memorial Institute in 1985 and had seven 
corporate sponsors, Boeing, Hewlett-Packard, ITT. Allied, Litton, AMP. 
and Dukane. Each firm contributed $600,000 for three years ~f research. 
Battelle ideally is aiming for 16 corporate members and a $12 million 
program. The U.S. Department of Defence also funded $20 million for 
optoelectronic research in 1985. 

The remarkable aspect of the optoelectronic communication switchLng 
and computer industry is how strategic it is even before there are 
significant products on the market. A massive long-term R&D commitment is 
in place, a global perspecti•1e dominates. evaluations of long-term 
strategic capabilities and advantages are carried out. and a web of new 
linkages already exists. Amazingly, explicit Technology Strategy has 
preceded the actual establishment of an ongoing industry. 
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~igure 4 

Strategic position of :iajor Optoelectronics Firms 

1986 1995 

High Medium 

High High 

High High 

Low Medium-low 

Low Medium-low 

Anne T. Fox, Strategic Decision-Making in a Global 
Technology-Intensive Environment : A Case of the 
Optoelectronics Industry. Unpublished !'taster's Thesis, MIT 
Sloan School of Management. June, 1986, pp.94. 

Among the general lessons to be derived from a discussion of 
comparative Technology Strategy patterns at the industry level ar~. 
first, that a similar pattern of strategic decision-making seems to have 
emerged, mostly without regard to the specific technology-intensive 
industry. Technology itself has become an increasingly important 
strategic concern in stereotypically high-tech sectors like personal 
computers. ultrasound medical diagnostic equipment, biotec~nology, a~ 
optoelectronics and in seemingly mature industries like manufacturing 
technology. In addition, there is also clear evidence of coexistence of 
multiple internal structures (such as industrial R&D and venturing), of 
large and small firms, of multi-firm research efforts, and of new kinds 
of linkages in all of these industries, whether they are established 
(li~e manufacturing technology. personal computers. and ultrasound), new 
(like biotechnology). or not yet truly in place (like optoelectronics). 
Moreover, Technology Strategy methods are obviously being vigorously 
practised on a global basis, particularly in the advanced economies. 
Finally. all these lessons point to a more general implication that such 
practices are similarly not limited to either a small set of industries 
or countries. 

!he global character of T~~hnology Strategy can also be discerned by 
st~ving specific representative firms. One increasingly significant 
feature exhibited by many of these companies is the growing importance of 
diverse kinds of strategic alliances and inter-organizational 
relationships, termed value creation networks, for the purpose of gaining 
access to needed technolcgy. 
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The prevalence of strategic alliances on a global basis can be 
demonstrated by briefly reviewing the strategic configuration established 
by three representative technology-intensive large corporations: the 
~~nkages •ith a bictechnology focus of the Swiss-based pharmaceutical 
company. Hoffmann La-Roche: selected strategic alliances formed by the 
Japanese electronics giant. ~EC: and the constellation of external 
relationships established by the U.S. automobile maker. General ~otors . 

.:\11 three firms are now clearly at the center of a hub of a vast and 
complex network of relationships. 

The functions of these networks are clearly multiple. They include 
simply extending value for ongoing business activity and. increasingly. 
~reating new value or radically transforming current value . .:\lso. it is 
worth mentioning that the kinds of participants in these webs of linkages 
are extremely diverse. Large firms. small firms. multi-firm consortia. 
and governmenta:_ agencies or programs are all represented. 

The actual types of linkages identified are also quite varied. They 
include licensing agreements, marketing or research contracts, 
acquisition, and minority equity holdings. ~ith regard to this last type 
of linkage, for example, it is clear that General ~otors has a strategy 
for using a portfolio of minority equity invesoaents at least partially 
to keep abreast of technological developments in such fields as vision 
systems, artificial intelligence, and expert systei95. 

Finally, it is obvious that these interorganizational relationships 
often cut across international boundaries and some of these linkages are 
truly global in scope. Hoffmann La-Roche has biotechnology-related 
agreements with three U.S. universities. ~C has ties with several U.S. 
firms and foreign governmental bodies. General Motors has foreign joint 
ventures with technology development objectives. GM's partners include 
Fanuc. Isuzu, Alfa Romeo, and Toyota. 

These remarkably similar patterns of strategic-alliance structures 
by s~ch different corporations as Hoffmann La-Roche. NEC, and General 
~otors are not simply due to coincidence. Instead, they indicate a kind 
of convergence in the practice of Technology Strategy by 
technology-intensive corporations. Many such firms are intensively 
searching for effective higher value strategies, which often involve the 
consideration of technology as the critical strategic variable. 
Increasingly, firms are willing to "buy" such value-creating capability 
as ~ell as investing in an internal capability to "illake" high value 
creation. 

III. Generalizing : Technologv Strategy and the Value-Creating 
Post-Modern Corporation 

A major implication of Technology Strategy. particularly with its 
9enchant for both novel anti-hierarchical forms within the firm and for 
interorganizational linkages outside, is that it sienifies the emergence 
of at least partially a new corporate form. 

;;hat might be the configuration of this quasi-new entity? It is not 
simply a rational hierarchical institution. which was documented by 
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Ch.anciler and vhich was a supporti'l.·e home for strar:egic planning 
::ier:hods.ll/ ~or is it the smaller-. flatter. and more infor:aal 
organi=ation and style of either the general management school or 
high-r:echnology entrepreneurialism.12/ Instead, it possesses features of 
both--with decentralized smaller units and continuing large-scale 
hierarchies. divisions. and functions. 

In addition. a major part of such a corporation's strategic 
repertoire is a diverse set of external r~lationships that are 
established for the purpose of capturing still more value_ In pa1·t:icular. 
the employment of interorganizational collaborative value-creati~n 
networks are a key distinguishing feature of the strategic behaviour of 
the corporation practicing Technology Strategy today. Such moves can be 
viewed as essentially attempts to establish pipelines to outside 
resources that can enhance the value creation capability of an 
enterprise_ The various types of linkages can be delineated in Figure 5, 
and it is argued that the emphasis is shifting to the second and third 
coluans where the creation of value is largely occuring. 

• 
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Al :ernat: !. \"e E:\.ternal Collaborative :\r~angements 
Possible for the Large Corporation 

Strategic ubiecti~e of Large Corporation 

Ex.tension of 
Esublished 
Value 

Licensing, 
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Distributor 
for Limited 
~rket 

Creation or Creation or 
Transformation Transformation 
of Narrow or of Broad Value 
Targeted Value 
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Contracted Research 
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Governmental 
Research 
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Industry 
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Portfolio of 
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Equity Positions 
in Selected 
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Multi-Firm 
Consortia 

Governmental 
Research 
Program 

University­
Industry 
Association 

The job of strategy has changed. Previously the emphasis was on 
~ecognizing the opportunities and threats in the competitive environment 
and establishing within the firm the appropriate structure, systems, and 
processes. ~ith the increasing importance of strategic networks, which 
have associations that pierce through the formal boundaries of a firm, 
the tasks of scanning, facilitating. and coordinating external entities 
assumes greater significance. In addition, the old make-vs-buy tradeoff. 
found originally in purchasing and manufacturing, takes on greater 
general meaning. The creation of strategic networks can encourage a 
policy in which external entities play a higher value strategic role, and 
the notion of shrinking or "de-massing~ the internal structure gains 
enhanced legitimacy. 

To repeat. as we have seen. both novel internal structures and 
external value-creation strategic alliances. which make up much of 
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sophisticated Technclogy Str3tegy t0day. are part vf the broader 
t~3nsition toward Post-~od~rn Str3tegy that ~s now unden.-ay_ This 
develop~ent requires a significant change of views concerning the 
fundamental conceptualization of strategic management_ Defining the 
domain of corporations is no longer simple. The inside structure is 
quite complex. The outside environment is no longer merely competitive_ 
The distinction and boundaries between organization and environment are 
blurred_ There are now a variety of ways to join forces with external 
actors. At least some of th~ linkages themselves can be changed or 
cancelled. The growing diversity of enterprise certainly presents new 
difficulties for strategic managers_ But it also can mean enhanced 
strategic degrees of freedom and choice. The rising strategic impurtance 
for firms of constantly acquiring innovative capabilities means that now 
there are new paths available for achieving meaningful strategic success_ 
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CHAPTER III 

MANAGE..~E.\"'T OF PRODUCTION TECHNOLOGY 

s. Kai-1 
llanagement and Tectmical Services, Nev Delhi 

Introduc:ion 

To define 'technology' is not easy with its denotative and 
connotative usages. Derived from the Greek root 'Technologia' it 
originally embraced systematic treatment of an art. In modern context 
it envisages all aspects of applied sciences for achieving a practical 
purpose - a totality of the means employed to provide objects for human 
sustenance and comfort. A widely used definition is that it is the 
practice. description and terminology of any or all of the applied 
sciences of commercial value'. nte buzzword here is the value or rather 
the commercial value. It would imply that a certain applied scientific 
practice which has no co11111ercial value presently or for the future will 
be treated as obsolete and such practices find no mention in this paper. 
However. they too serve, for they form the basis on which future 
technologies are often built up. It has also to be kept in mind that 
what is obsolete for a certain country is probably the current practice 
very much in use in another country. ntermionics valve theories and 
steam engine technologies etc. are probably obsolete in terms of 
'technology life cycles' but they are very much in use and practice not 
only in the teaching establishments but even for co111111ercial purposes in 
some part of the world. 

Technology being obsolete, the terms 'current' or 'modern' and 
'high-tech' are relative to a great extent. What would identify them in 
their correct perspective is the environment is which references are made 
and discussed, relative to the industrial and coaaercial standards and 
state of development of the state or country. When discussing management 
of technology, the guiding factor will be the position of the technology 
in its life cycle pattern as applied to the country under reference. For 
example semiconductor and IC technology are at a different stage in their 
lif~ cycle curve in the most developed countries but in most of the 
developing countries they are very much current technologies. 

Afiother term that is normally or almost synonymously used with 
technology is innovation. Probably this term has wider applicability for 
it denotes th~ sum total of activities from creating new technological 
concepts. skills to implementing them in industrial and commercial 
applications. Management of innovation calls for such aspects as 
technology life cycles, technology 'S' curves, sources of innovation, 
innovation in service as well as marketing and technology and production 
strategies. 

~anagement of technology would also imply that the concept role and 
contribution of the R&D infrastructure at micro and macro levels are kept 
in view. In terms of overall competitiveness. irrespective of the radius 
of the action arena of the organisation. R&D of the organisa~ion plays a 
critical role. It may not sound convincing when one is used to borrowed 
technology through and through and competitiveness may not ring a 
familiar bell. It is often said that managing technology is taking 



risks on nO'\:el products and developing new ;narkets dud managing 
technological change is the crux of high-tech strategy. 

The competitive situation in the national and international 
environment of commerce and industry need to be touched upon for. that is 
the key tri&ger for all innovativeness and the catalyst to developing 
better and better technologies. In an unfriendly environment where 'live 
and let live' is not the title to the theme song. no one can afford the 
lu.~ury of being complacent and hang on to the relics of technology old 
and obsolete. The focus will therefore be on competitiveness and 
management of production technology. 

Global Competitiveness and Challenges 

Stories concerning the loss of market share and jobs to competitors 
in various industries are frequent news items in newspapers around the 
world. Examples are far too many to be picked and quoted here. 
Japanese supremacy in most industries particularly electronics anc 
automobiles are two outstanding instances which shook a number of other 
developed countries. The decline and fall in the position of their 
manufactured products and services in the international market have been 
a great awakening to managers around the world. 

Stress on matters of competition and technology are uppermost in 
most industrial organisations' plans. Strategic decision-making 
considers these two aspects as vital inputs. Be it the industrialised or 
the industrially developing nations, the writing on the wall is there 
for those who can get the message - to survive in the highly competitive 
industrial environment of tomorrow, the choice and adaptation of 
appropriate technology is the most vital need. The right technology and 
the effective management of such technologies. Real challenges for the 
managers. 

Technological choice and adoption for its own sake will serve no 
useful purpose. If the management is convinced of a reasonably good 
chance of success in the competition by adopting new technology. the 
venture will be justifiable but it has to be remembered that 
technological or innovative changes may not be the panacea fot· all 
problems in competi ti •1eness. !he scientific rating or the 
sophistication of the technology as understood internationally has less 
significance than the appropriate technology to match strategic 
decisions of production or manufacturing management. 

Technology in bdustrv 

Passing through various phases of human civilisations covering spans 
of centuries, world trade in manufactured goods and products developed 
and kept pace with human ingenuity and innovative skills. Technological 
progress from ~he Renai~sance period to the start ot the Industrial 
Revolution came in the shape of enhanced knowledge and improved skills. 
Gradual changes from manual technology to mechanisation took place with 
the growth of competitiveness. technological progress, production 
process. and management skills. Better products, improved services with 
greater stress on quality reliab~lity consistent with customer ne~ds with 
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cost effecti·:eness resulted. Constant ;;;(forts at improving t:.::chnoiogi.es 
brought out the need for specialised agencies charged with the specific 
responsibilities in this area. The R&D departments became an essenr.ial 
element of all industrial organisations. Scientist and technocrats 
working together have created technologies that were outside the dreams 
of ordinary people. Isolated inventions ~ere no more the trend. The 
last few decades have probably seen 111.ore and greater innovativeness i:l 
the areas of both products and seL-vices than we had in the whole 
century. Production technology the world over has gradually changed and 
continue to change. Starting with the age-old systems. the shift to 
mechanised systems was very gradual in some countries but rather fast in 
some of the highly industrialised countries. Process industries, 
mass-produced standard products and mass-produced assembly lines were the 
first to go into the mechanised tec:.Oology stage. The great strides 
made by the electronics industries ~nd the advent of computers and their 
availability to most types of organisations opened up new vistas for 
the innovative entrepreneurs and risk-taking managers in different parts 
of the world dealing with different typ:s of products and services. The 
shift to the automated strata of production technologies becaae a reality 
almost a decade ago. The shape of factories of tomorrow is already in 
the minds of the visionaries and creative leaders of industries. 
particularly in the developed countries. 

PRODUCTION TF.CHNOLOGIES 

Some of the most important tech~ologies that are adopted by most of 
the industrialised countries and their industries are discussed in the 
following paragraphs. Production and manufacturing managers in 
developing countries are aware of these technologies and most of them 
might even have had short term exposures to such technologies as part of 
their training programmes in the developed countries. In our industrial 
environ11ent. bits and pieces of such high-tech are in use, and in a 
number of organisations some of the major technological disciplines are 
already an established fact with some limitat~ons. Three major 
technologies are discussed below: 

Computer Integrated Manufa~turing Svstem. 

The system known by its acronym CI~ is in the higher class of 
high-tech production technology. An apt and precise definition is not 
yet available but in general it reflects t:he growing convergence of 
systems in the busi, ess and technological areas within the overall area 
of manufacturing concept behind this pattern of technology is that the 
rotal process of manufacturing should be viewed as consisting of three 
sub-systems: 

design 
production 
coordination 

~ithin each of these subsystems. both technological and 
organisation, there is a gradual move towards integration of activities. 
~esign activity has been moving from the concapt of a few discreet 
activities to closer interface with 111anufacturing. As the technology in 
·.1se gets to be more and more sophisticated and elaborate, use of computer 



- 3~ 

in design function has ~ecome ine~itabie a~c thus the pr~sent trend and 
use or computer airieri desi~n or computer assis~ed design. ~opularlv kno~"Tl 

as CAD. 

~anufacturing organisations find more and more need fer ne• 
techniques and integration. rse of established systems such as EiS. SC. 
C~C. DNC. CAM. CADMAT etc. are accepted methodologies in the 
industrially developed countries. ~"here the necessity of adopting such 
production technologies have been found suitable and economically viable. 
even a few of the developing countries have resorted to the use of such 
technologies. 

CIM in its full configuration will effectively bring together all 
the three sub-systems of design. manufacture and coordination into a 
highly integrated system. ~"hen fully developed and implemented it is 
expected that this system is likely to establish active links with such 
technology as JIT (Just-in-Tii:ae) an accepted and widely-practised 
advanced system of inventory management. 

The suitability of CIM technology for adoption in the indigenous 
industries of the developing countries need to be assessed for its 
overall cost etfectiveness. The system is capital intensive for its 
introduction and various factors associated with the smooth and 
efficient function of the system need careful study before ~roduction 
managers decide to select this technology. Mass production lines 
involved in production of standardised products or components being 
produced to order and stock with assured marketing outlets with 
sufficiently experienced personnel to operate the system would find it 
viable and pr.ofitable. 

Flexible ~achining Svstem. 

This is in extensive use in most large-scale industries even in the 
developing countries. An integrated system of production. specially 
suitable for the machine tools division. this modern technology calls 
for the use of a number of advanced sub-systems such as NC (numerical 
controlled) machines. with or without data record and play back 
facilities, CNC (computer numerical controlled) machines, DNC 
(direct/digital numerical control) machines ~tc. Flexible manufacturing 
systems generally involve the bringing together of such activities as 
component handling in the close proximity of the machines. cutting. 
shaping and milling bearing in mind overall production and quality 
considerations. By the combined use of micro-electronics and best 
technology in machine design. FMS. brings considerable economy to large 
batch and mass production with considerable improvement in quality as 
well as quantity. An on-line control computer constantly controls the 
entire operations at all work stations including the transfer Jf 
components. tools selections and even a few dimensional checks. A 
number of new systems similar to FMS. both in technology and even in 
their names such as AFMS. VMMS and FMLS etc. are now in use at a number 
of production e~tablishments with minor variations in the conf~~urations 
of the sub-systems applicability and are to a certain extent more 
need-based to specific produc~ion purposes. 
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The generally accepted FMS should comprise of: 

work stations. Usually machine tools which can be NCs, CNCs, and 
special-purpose machines. in-process measuring devices and special 
finishing devices including LASER devices and final washing devices. 

handling systems. Ranging from simple roller conveyors towed 
vehicles, overhead cranes, man~pulators and, where special demand 
exi~ts, even robots. 

supervision system manual, direct numerical control local networking 
with linkages to central control and storage cell. 

It may be noted that the sub-systems mentioned above are not 
mutually exclusive and are more often a combination of the units on an as 
desired basis to suit the particular production plans. 

Flexibility in manufacturing could often be misconstrued or 
~:sunderstood. Flexibility itself needs to be defined as the ability to 
yield tc influence or capable of responding to changing situations. 
Considering che overall capital cost of setting up a modern production 
line incorporating r.ew high-tech practices, the need for these set ups to 
be flexible would almost be mandatory and warrants no special emphasis. 
However, flexibility relating to four main aspects need elaboration. 

(a) Labour Flexibility: Flexibility conditions to this vital resource 
area are concerned with numerical and functional aspects. It is 
generally concerned with the readiness and the mutual understanding 
involving the labour force and the management of the continual or 
frequent changes in work force that need to be effected from time to 
time. Such demands might become necessary due to the changes or 
fluctuations in the carket demands. This sort of situation is generally 
accepted in the industrialised countries, at least in some of them but 
with the explicit understanding of both parties - the industry and the 
labour force - to the benefit of all. A situation of this nature is not 
easily conceivable in the developed countries where pressures on the 
labour and the management often are of a non-complementary nature. It 
is, however, presumed that an organisation that can go into production 
using modern high-tech systems may be in a position to implement such 
flexibility with an awareness of t~e need and an assurance of fairness to 
the work force illuscrated in a convincing manner. Functional 
flexibility associated with labour is concerned with the readiness and 
understandings by which changes in functions performed by labour can be 
alter •d in order to meet changes in process as well as products. There 
is yet a third area in which flexibility is accepted in some 
organisations and related to labour flexibility. This is financial 
flexibility and it deals with adjustments in the remunerations package 
that would be necessary at times and are acceptable to the labour force. 
The labour force generally consists of two main groups: the core group 
and the peripheral group. Where labour flexibility is an accepted norm. 
each of the groups mentioned earlier is subject to one or more of the 
flexibility conditions. It is essential to note that the workin6 group 
in organisations consists of the core group. peripheral group and the 
extra peripheral group. 
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A simple model indicating the composite group in an organisation is 
indicated below: 

coP. ... E 

GROUP ) 



·..;hil.: .enjo~·ing a certain a.mount oi securi tv of tenure and other 
~onditions. the core group in th.: centre has and !llUSt have the readiness 
to accept flexibility of utilisation. The peripheral group. •ho are also 
direct employees of the organisations but not subject to career status 
and such other conditions of service in terms of continuity. are subject 
to the numerical flexibi~ity conditions. The peripheral group generally 
consists of specialists and represents the under emplo~'"Dlent periods; 
they are entitled to higher remunerations which. to a certain extent. are 
compensatory factors and these are probably the main conditions under 
which the flexibility is accepted. The core group are generalists and 
subject to functional flexibility only where they could be expected to ~o 
more than one task and are expected to be trained for such changes in the 
job and functional matters; functional flexibility can only be achieved 
where achievement of multiple skills on the part of labour exists and is 
encouraged. A multiple skilled work force is the basis of functional 
flexibility. Labour force flexibility can also be achieved by the 
extraneous deployment or utilisation decisions. :\s widely practised. the 
policy and practice of sub-contracting and purchase of sub-systems and 
parts gives an opportunity for labour flexibility - a method ~hat is 
probably the most applicable in our environment. 

(b) Production Flexibility; The most common way of distinguishing 
between different types of production systems is to group them into three: 

batch production 

mass or assembly line production 

flow or process production 

Batch production systems are associated with specific orders and are 
often quantity and time-bound operations. A good deal of sub-contracting 
from the assembly line or mass production organisations are batch 
production tasks. Batch production technology has an inherent flexibility 
attached with it. Mass or assembly line production systems, on the other 
hand. tend to be inflexible under normal conditions unless the need for 
flexibility has been built in at the planning and implementation stage of 
the facility. As it requires a high level of investment and uses a 
considerable number of machines of specific functioning with dedicated 
tooling and other detailed arrangements, ~lexibility in this sys~em of 
manufacturing is not easy to achieve. Generally conceived as inflexible. 
new developments in innovations and technology are aiming at inducting 
flexibility to the extent possible in this system of manufacture. Flow 
or process production systems have distinctive characteristics of their 
own. Primarily it has only very limited interactions from the human 
element or the work force. High volume of market demands and very high 
capital investment needs are feature~ of this system. Flexibility in 
this type or system of production :s not anticipated, outside the normal 
limits. 

(cJ Technical Flexibilitv: This implies primarily or is concerned with 
the readiness or ability of an organisation to absorb new technologies 
which by themselves are likely to be flexible. ~ultiple programables, 
user friendly are some features of such flexible systems. Modern 
technology using Numerical Control (NC) and Computer ~umerical Control 
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tC~C) systems are all elt.lmples of flexible technology that are becoming 
more and more common in !lajor manufacturing organisations. As invest;aent 
cost of such sophisticated systems are very high it is almost imperative 
that they lllllSt be flexible to a very great extent. 

(d) Structural Flexibilitv: This is concerned with the extent to which 
the structure of an organisation is assisted or hindered by changes. For 
example. based·on a decision to introduce a batch or number of new 
generation product. it might be necessary to close down some departments 
or make necessary changes in the organisational structure itself. Unless 
flexibility requirements have been built into the organisation itself the 
introduction of new technology or changes for the good of the 
organisation may not be easy to implement. All rank and file in the 
organisation must be free and willing partners and be flexible to accept 
changes. To cope with such fast changing technology in manufacturing 
and operations management scenario, organisations which are flexible 
surge ahead of others which are not. 

(e) :\dvanced Manufacturimt Technoloav: There is a school of thought 
which claims that such a name could be substituted by 'High technology' 
on the plea that these technological innovations are applicable in the 
areas of manufac~uring only and as such, this word or function needs no 
repetition. AMT basically consists of computer controls and high 
capital intensive machineries. Another explanation or a definition is 
that it is the application of the most up to date production methods and 
machinery. Examples of ir.dustries adopting this system fully are not 
easily available but it is expected that llOSt high-volume manufacturers 
of electronics products and services are currently using the system or 
are likely to adopt the system soon. In the opinion of some of the 
leading technologists of the industrialised countries, AMT happens 
wherever people work or on the boundary of yet unknown processes. 
materials and methods and even in some areas of accountancy and financial 
disciplines. Information technology use of expert system and the 
presence of all other paraphernalia which are supposed to make up the 
enterprise of the future may indicate that the organisation is practising 
a high/advanced manufacturing technology approach to production. 

MANAGER'S CHALLENGES 

+choice of Technology: Process technologies can be classified in 
many ways. in terms of the nature of or the marmer in which 
transformation is brought about on the materials: Chemical process, 
machining process, information process and assembly line process are 
some of the common examples. Generally. classification is done by 
keeping in mind the historical progress of the product. Such 
classification helps in assessing a number of vital factors such as cost, 
flexibility and quality. Process Technologie& classifications that are 
generally accepted are as follows: 

+Manual Technolo~v: Advantages of manual technology are low cost 
for low volume of production. low capital investment and a certain 
inherent flexibility. both financial and operational. which ~ake this 
most suitable for most developing industries and enterpreneurs. For low 
or very low volume of products such as custom-made machinery manual 
technology is undoubtedly the most appropriate. Capacity can usually be 



- 41 

incr-eased or reduced without great difficuity resulting in o\·erall cost 
and scheduling facility. Since the human fact:or is full:-· im·olved. 
sustained quality of products or quality control is one of the inherent 
probl~ms or disadvantages of this system. This point may. however, be 
refuted by citing the age-old quality aspects of Rolls Royce - where, it 
•as claimed. every component was handmade. Longer production cycles and 
uncertainty in delivery schedules are the other disadvantages of manual 
technology. 

+~echanised Technology: #ith the establishment of factories for 
regular manufacturing and production substitution of human power for 
mechanised power, became an established fact of life. Fully or semi­
mechanised manufacturing systems were prestigious and efficient until a 
few years ago, although it has yet to catch up with industry in the 
developing countries, particularly in the lov-volwae low investment 
sectors. If low cost is required and product designs are stable, the use 
of special-purpose machines and ~echnology are suitable. Larger volumes 
of product of standard designs would make this a suitable choice though 
investment cost is high and there is need for higher maintenance costs 
with the added disadvantage of loss of production time due to factors 
such as non availability of power etc. 

+Automated Technolo~v: Automation in its industrial or even 
domestic applications is nothing new. Use of chermostats with 
refrigerators and airconditioners. float valves in the domestic plumbing 
systems for toilets, traffic control systems using self timers etc are 
some examples of automation which have been in use for some time. 
Chemical industries have been using automatic control systems for quite 
some time. But automation in manufacturing industry as we visualise it, 
with the introduction of computers and associated technology and gadgets, 
is new and its use limited to the industries of most developed countries 
and a few industrializing countries. By this we mean the extensive use 
of such systems as NC, CNC, :\MT, and Robots etc. 

+Use of Robots: It may be appropriate to make a brief mention of 
Robots, their development and uses. Industrial robots are gaining great 
attention and applicability the world over. In certain spheres and in 
industry the robot has come as a great boon for its ability to replace 
man in and around vulnerable and hazardous situations and it has helped 
industrial development at a much greater pace. Robots seldc isk 
questions and are capable of steady productivity performance 
irrespecti •1e of the working environment and the length of time they are 
put into use. It is of interest to note the definition of 'ROBOT' as 
defined by the ROBOT I~STITUTE OF AMERICA which states that 'a Robot is a 
reprogrammable multifunctional manipulator designed to move material, 
parts, tools, or specialised devices thr'>ugh variable programmed motions 
for the performance of a variety of tasks'. 

The selection of appropriate technology has to be a joint responsibility 
shared by heads of associated discipli.nes, and not left to the product or 
production managers alone. Often specialists are inducted in and the 
task undertaken on the basis of project management. 

Technology and Human Factors: Selection, adoption and maintenance of 
Technology (AMT) in any organisation presents considerable challenges to 
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the .managers_ That is particularly ~rue of those organisations and 
industries •.ohich have grown in a traditional semi-orthodox manner and 
fi:ui even minor changes difficult to accept. A feeling of threat seems 
to hang over them. 

The self development of managers and others at the top to look ahead 
creatively and plan every operational activity. including production. in 
order to appreciate decisions and their overall influences on the 
organisation as a whole. ought to be the foremost requirement. Decision 
making/taking and their implementation calls for true skills in these 
areas which. among other things. can come through the learning processes. 

The conceptual and professional skills of the managers and personnel 
involved will be an important contributory factor for the successful 
implementation of programmes and plans_ The saying that it is the man 
behind the machine that matters more has never been truer. The success 
of a flexible manufacturing system (FMS) is largely dependent on the 
flexible learning system that exists in the organisation. Senior 
management llUSt understand that the evaluation and implementation of any 
type of modern .technology as a part of the corporate strategy 11Ust be 
tied to the decision of suitable personnel policies which must include 
training and motivation. Any plans to adopt modern technologies in the 
production and operations management area must cater for the selection 
training and motivation of suitable professionals in their respective 
areas of specialisation. Changes in attitudes, expectations and 
foresightedness at all levels of management are essential. Advanced 
technologies give ample opportunity to deserving and persevering 
professionals. An inquisitive mind and a challenging attitude on the 
part of personnel are vital in acquiring new skills through an 
understanding of modern technologies and practices. Enlightened 
management must initiate actions and provide the necessary inputs that 
the potential leaders can identify and be prepare~ to act and associate 
themselves with the factories of the future. the 'automatic fac~ory'. 

The Automatic Factory: Although nothing like an automatic factory 
exists today. there are small islands and patches of such in a large 
number of industries abroad and probably in our area too. It is said 
that the watch assembly line of SEIKO has no human association at all 
as none is required. The wheel manufacturing line of the General Motors 
in their ~est Coast Plant are in good shape without the influence of 
human hands. Imagine raw materials in the form of strip steel and coiled 
bars encering at one end to be aucomatically cut, formed, welded, 
punched. assembled, painted and dried and the wheel emerging at the other 
as a finished product - all an example of the Automatic Manufacturing 
Technology. 

Technology and Service: A paper of this nature dealing with modern 
technology and production will be incomplete without a reference to the 
service indust!"Y which is more customer oriented and where tne majority 
of the workforce of the world are engaged in today. Banks, travel and 
fast-food departments are Wldoubtedly leaders in the area of adopting 
new technology for the purpose of providing better and faster service to 
the customers. An indepth study in sP.r .. ice sectors of the developing 
countries would be beneficial to idel. ~=t modern technologies that could 
be adopted for overall efficiency and better and faster service. Most 



departments in the service area which would probably embrace almost every 
government agency seem to have abundant scope for absorbing or adopting 
bette&'.' technologies. 

SUMM..\RY 

The central theme of all management development and the central task 
of all managers are productivity and profitability improvement. In the 
back-drop of national and international competitiveness. the adoption of 
new and never technologies and innovations has become an absolute 
necessity. A fe• industrialised nations are considering radical changes 
in the management development curriculum and the introduction of 
full-time programmes entitled 'Advanced Manufacturing Technology 
~nagement'. The thinking and the priority are significant. 

Choice of appropriate technology to match the competition market and 
economic viability have to be the cencral concerns of the organisation. 
Each departmental head has his own role to play. 

The most important factor that needs consideration is the human 
element and the technology choice. The best of technology may falter and 
flounder unless the people behind it have the skill, commitment and 
motivation to be a party to decisions and management functions. 
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CHAPTER IV 

MANAGEMENT OF TECHNOLOGICAL CHANGE 
ISSUES AND CH..\LLENGES 

Usha Dar 
Indian Council for Research on International 

Economic Relations. Nev Delhi 

we are concerned here with the management of technological change in 
the corporate sector. The decisions relating to this change typically 
are taken in a market setting which provides the motivations as well as 
he constraints. For purposes of our analysis we may distinguish between 
the management for change and the management of change. The former is 
concerned with the choices and decisions relating to the evolution of 
technology or to the obtaining of already available technology through 
negotiations. Clearly the management issues raised by these tvo ways of 
obtaining technology are different and need to be considered separately. 
Once technology is available, its introduction brings us into the areas 
of management of change. 

The prime concern of a firm is excellence in business performance 
and, therefore, skillful 111&t1agement involves a keen perception and 
sensitive response to technological change_ As emphasized. by Peter 
Drucker in the "Practice of Management•, an enterprise cannot be a 
mechanical assemblage of resources. In other words, technology cannot, 
by itself, bring about a change; it has to be supported by appropriate 
organisational changes as well as changes in human skills and training. 

Management of Research and Development 

The most important single motivating factor for R&D seems to be the 
nature of the product which a firm produces and ma.rkets. In products 
which are not subject to frequent technological changes •a company 
necessarily operates in a stable environment, eschews change and adopts 
a reactive attitude to market requirements. The manufacturing operations 
associated with relati~ely unchanging products are concerned with the 
attainment of highest possible efficiency and this they achieve by giving 
attention to automation, group technology. rationalisation and other 
production engineering procedures. If research and development or design 
is carried out it is normally evolutionary ar.d defensive in 
character•.l/ On the other hand "the innovative company accepts that the 
future is likely to be uncertain and the process of corporate planning 
must itself generate new insights and be dynamic and reiterative. One 
aim of a marketing function in an innovative company will be to disturb a 
stable environment in order to create new opportunities. Manufacturing 
operations will thus need to be designed with a view to the possibility 
of introducing new production. Research, design and development will be 
important activities and will be aggresive and innovative rather than 
reactive". 2/ 

The attitude to uncertaint1 is crucial for the management of R&D. 
"The problem is of human attitude to uncertainty itself. ~ot merely are 
the human rea~tions to situations of this character apt to be erratic and 
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extremelv various from one ind~vidual to another but the normal reaction 
is subject to well reorganised deviation from the conduct •hich sound 
logic would dictate•.3/ 

"The distinction among R&D outlays as to whether the results are 
(1) uncertain (2) risky within a probability range and (3) known or 
reasonably predictable is clearly of considerable importance for 
economic analysis of the R&D decision•.4/ and for taking decisions 
regarding an R&D project. 

In addition to the attitude to risk and uncertainty research 
leadership is extremely important in the management of R&D_ ~e may take 
here an example of ~illiam Coolidge as a research manager at General 
Electric_ "In terms of management style. Coolidge combined the firmness 
of expense control with the leadership of technical excellence. He 
interacted with the staff and was accessible. He walked around the lab, 
looking m~re like a scientist than a 'laboratory manager'. Because 
Coolidge maintained his interest in ~esearch, he inspired his 
researchers. He encouraged them with words like: "This is fascinating. 
anything we can do to help?' One of his colleagues was quoted as saying 
of Coolidge: 'That man oozes optimism of an inspiring brand. You feel in 
his presence that if all things are not possible, many are_ Yet he has 
plenty of circumspection, with a verifying, sagacious mind that readily 
isolates what is either impossible or extraneous".5/ 

It is important to recognise that "the research manager must "span 
the boundaries between the worlds of business and technology, managing 
the interface between the economic and technical aspects of the 
corporation. ~ithin the corporation research managers must contribute 
(1) to product creation and maintenance and (2) to productivity 
improvement and cost reduction. Outside the corporation, research 
management must contribute (1) to the corporation's competitive ability, 
and (2) to the corporate safety and environmental responstbLlities, and 
(3) to the corporate ability to respond to changes in the availability 
and costs of resources".6/ 

The issue which arises here is: w'hat is the correct balance between 
the economic and the technical corporate values? Each firm would indeed 
have to find its own answer recognising the fact that. "The discipline of 
innovation (and it is the knowledge base of entrepreneurship) is a 
diagnostic discipline. A systematic examination of the areas of change 
that typically offer entrepreneurial opportunities. Specifically 
systematic innovation means monitoring seven sources of innovative 
opportunities".8/ Drucker goes on to state that four sources arise 
within the firm : they are unexpected success or failure: the incongruity 
between the actual and the assumed reality; in~ovation based on process 
need and changes in industry and market structures that catch us 
unawares. The outside sources are sources identified as demographic, 
'changes in perception. mood and, meaning' and new knowledge eicher 
scientific or non-scientific. 

"The lines between these seven source areas 
blurred and there is considerable overlap between 
likened to se\en windows each on a different side 
Each window shows some features that can also be 

of opportunities are 
them. They can be 
of the same building. 
seen from the windows 
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on the other side of it. But the view from the centre of each is 
distinct and different".?/ "How then are these different views to be 
reconciled? •bat is the role of personality in conflicts or solutions?•9/ 

Acquisition of Technolo£y 

~"hen technology is not generated by a firm it has the opti~n to 
acquire it from firms where it is available. There is considerable 
literature on the international transfer of technology. Issues relating 
to the llOde of technology tran~fer. such as subsidiaries, joint ventures 
or licences, and payments for technology in the form of equity, royalty 
or fees. and issues relating to transfer pricing have received 
considerable attention. Our concern here will be with the nature of the 
technology markets and their implications for the competitive status of 
the firm which imports the technology. 

The technology is available on a market in the relatively later 
stages of its product cycle, and while the product is advertised the 
technology is not advertised. On the contrary, there is considerable 
secrecy about the technology and the terms on which it is sold. The 
purchaser of the technology cannot, therefore, really make an informed 
choice by comparing the possible alternatives. In the market for 
technology the seller of technology has absolute control over his 
technology and, therefore, occupies a dominant position and the 
negotiations for technology, therefore, are negotiations between 
unequals. Governments of most developing countries do scrutinize and 
examine the terms on which technology is sought to be acquired and then 
accord their approval to technological collaborations. But the question 
which arises here is, how adequate is the system of review and how can it 
be strengthened? 

Regardless of whether the tet"las on which technology 
favourable or adverse, the technology which is available 
generally applies to the later stages of a product cycle 
competition is already keen. 

is acquired are 
for acquisition 

when product 

A firm in a developing country which acquires this technology is 
likely to be at a competitive disadvantage in domestic as well as 
international markets. Does this mean that technology imports require 
tarif.f protection or quantitative restrictions or both in domestic 
aaarkets? What is the effectiveness of export promotion measures such as 
duty drawback and cash assistance? Under what conditions, if any, will a 
technology importing firm be able to assume competitive postures? 

Managing for technological change is not only a question of m&kin~ 
available the relevant technology but also deciding on the pace of 
change. There appears to be widespread concern that technological change 
is not taking place fast enough. For example, the UK Advisory Council 
for Applied Research has observed that wthe rate of technological 
innovation in the United Kingdom industry will have to increase if its 
products and manufacturing process are to match those of its major 
competitors. This is a necessary condition of our future survival as a 
trading nation ... we have no option but to attempt to match the 
productivity and product quality of our overseas competitors, to 
concentrate our efforts on those industries ~here we have most chance of 
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success. and to adopt. as fast as possible. ~echnical innovations from 
abroad. as well as those developed at home• .• O/ 

The same concern that technological change is not fast ~nough has 
been expressed in U.S. in the Report of the President's Commission on 
Industrial Competitiveness. "We have been slow and ineffective in some 
areas in translating research into new technologies and in recent decades 
we have suffered a notable lag in applving our science and engineering to 
process technology and :nanufacturing•.ll/ The Report further states, 
•today the role of technology in our everyday lives and in the 
functioning of our institutions is greater than ever and is still on the 
increase. In the years ahead. it will be the primary factor in 
determining our economic vitality, national strength and general 
well-being. It will 

+ Accelerate advances in productivity; 

+ Help us manage an increasingly complex economy; 

+Generate products and services to fill new market needs; 

+Create a net increase in employment; and 

+Raise our standard of living•.12/ 

It is the pressures for introducing technological changes with a 
competitive speed which poses a challenge for management. 

The speed with which technological change can be introduced depends 
upon the possibility of maintaining a balance between what Valerie 
Stewart calls the technical system, the economic system and the people 
system. "A key to successful management of the systemized pnase is to 
recognise that there are three systems and that each system needs to be 
managed on its own terms; in addition, the three systems interact and 
this interaction in itself needs managing. A good deal of the 
mismanagement associated with the systemized phase comes about because 
people try to get the economic system and the people system to conform to 
the same rules as a technical system. It may make sense ~o subdivide a 
technical process into its component parts, and to base the manufacturing 
system on this breakdown; but one should not be surprised if bits of the 
economic system or the people system refuse to give comparable benefits 
from similar treatment".13/ 

!he 'people system' possibly poses the greatest challenge for 
management. "Frequently. firms confront conflicting pressures in 
connection with work reorganisation. On the onP. hand, the prospects for 
achieving substantial product vity gains through improved development of 
human resources is a powerful spur for encouraging efforts towards 
reorganisation. Despite the paralyzing grip of convention, pressure from 
the workforce and the rigours of competition in the long run can lead 
firais to be more alert to opportunities for adjusting work conditions and 
to be more active innovators. On the other hand, devising specific kinds 
of changes in work organisation to capture these prospecti•;e gains has 
proved elusive and difficult and may raise all chose issues concerning 
power and the maintenance ,)f authori t:y that firms would rather not fc&ce. 



rtrms are thus uneasy about proposals for work change: the potential 
benefits are attractive. but the uncertainties make the~ pause. 

The net result of these conflicting pressures is that. from time to 
time. firms have had to adjust to strong prevailing winds of change and 
surrender some prerogative they would have dearly preferred to retain. 
Firms may have had to accommodate to po•erful forces affecting the nature 
of the matching process in labour markets, but their strategic position 
has been sufficiently strong to enable them to effectively retain their 
presumptive essential authority. ~ork organisation does respond to 
pressure for change but not quickly enough•.14/ 

The greatest challenge of technological change for management is to 
minimize the insecurity, stress and psychological resistanc~ to change to 
bring about a synthesis of conflicting view points and to create an 
environment which generates a positive response to technological change. 
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Technological progre~s is universally acknowledged as the single largest 
factor contributing to the economic development of a country. At enterprise 
level. technological input. besides capital and labour, is again said to 
explain half of the :ncrease in production efficiency. 

In the case of India, where nearly half of the total planned investment 
is in the public sector enterprises, it is important from th~ policy planning 
point of view to examine the nature of management of technological change in 
these enterprises. In fact, the Indian experience in the last forty years 
since independence has been quite unique in many respects. 

India has been a pioneer among the (post Second ~orld War period) newly 
independent countries to adopt the path of plann~d economic development for 
building a socialistic pattern of society. It recognised the role of state 
pubLic enterprises in fulfilling their national development objective. ~nile 

the country was infl~enced to a large extent by the functioning of the state 
enterprises in the socialist countries, it kept its options for a model public 
sector enterprise (PSE) to itself. The mixed economy model that the country 
adopted admits the co-existence of both public and private sector enterprises. 
The latter included those with equity participation by foreign firms or 
subsidiaries of wholly owned foreign firms. This made the economic 
environment of PSEs quite competitive. 

~ith its inception in mid fif•ies, the PSEs have grown to a towering 
height with Rs.7,597 crores in 1984-85 as the contribution to the public 
exchequer by way of taxes, duties and dividends. The export earning in the 
same year amounted to Rs.4,827 crores. In 1984-85 there were 207 public 
sector Enterprises under Central Government of which 57 were in the service 
sectcr and the rest in manufacturing. In addition there are a large number of 
enterprises under state government jui .~diction. 

The PSEs employed 21 lakh people in 1984-85. Despite its social 
obligations which affect the profitability, the PSEs earned in the said year a 
gross margin (surplus before depreciation) of Rs.7,398 c=ores on a capital of 
Rs.36,339~0 crores which is 20.33 per cent, or 12.7 per cent in terms of gross 
profit as a percentage of capital employed. 

The size of PSEs in terms of investments vary from a mere Rs.S crores in 
Central Electronics Limited to giants like ONGC with Rs.5800 crores. Quite a 
few of India PSE's appear in the list of world top 500 companies of Fortune 
Magazine, and many are the lar~est of their kind in the Asian continent . 

. :Uthough PSEs were primarily created to build the industrial base of the 
economy by manufacturing the capital goods, they are not prevented from 
entering the consumer goods sector. PSEs enjoy a monopolistic pow~r in 
certain capital goods industries and strategic sector~ in India. :.lhe~eas in 



. l 
- :>~ 

t!u: .:oise of copper. Lead. ships and railway coach1:s PS Es have a 100 per cent 
.;i1are of the product. in the case of steel equipment of metallurgical 
industries. mining equipment. electricity, oil. oil produ~ts, e~c. its share 
ranges from 78 per cent to 99 per cent. In this respect the PSEs have helped 
the country achieve a broad-based well diversified industrial structure and 
much of the economic growth is based on it. 

All this does not mean that all PSEs are doing very well. In fact. that 
is far from the truth. The break up of profit-making and losing units give a 
better picture - only 115 enterprises made profits while 90 incurred losses 
more or less regularly over the years 1980-1985. Of course, the losing ?SEs 
include 44 ailing units taken over by government and which had a loss of 
~s.346.92 crores out of Rs.1095 crores in the year 1984-85. 

What ails the PSEs is a complex problem and would require a separate 
treatment altogether. and is outside the scope of the present theme. It may 
be useful to categorise the process of management of PSEs in the country into 
three distinct historical phases of development as follows: 

Evolution of Public Sector Enterprises in India: 

Phase I: 

Late fifties­
early sixties 

Phase II: 

Nature of management 
of technology 

Assimilation, technical/ 
adjustments/modifications 

Late seventies- Technological change arising 
early eighties from in-house R&D 

Phase III: 

Late eighties­
nineties 

Modernisation/technological 
upgradation 

Remarks 

Transfer of 
international 
technologies 

Incremental 
process/product 
innovations and/ 
or diversifica­
tion of product 
lines 

Introduction of 
new high-tech 
and capital 
replacement 

The paper is accordingly organised into three sections. The fitst section 
deals with the problems of management of technological change in the context 
of international transfer of technology at enterprise level. In the second 
section, the technology management problems of incremental change and 
diversification are mentioned. Finally, the last section deals with some 
current and future problems relating to management of technological 
upgradation. 

From :he point of view of manag~ment. aside from management of change and 
even less from management of technological change, the PSEs have fared f<lr 
below expectations. The importance cf management as an extra input into the 
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production of goods and services •as either not properly visualised or not 
given due attention in the first phase. 

An important feature of the PSEs in India has been that in almost all 
cases in the first phase the technology was imported from advanced countries. 
both the capitalist and socialist blocs. There are also many cases where the 
PSEs have imported technologies from multiple sources and are examples of 
hybrid technology. It would be evident that in the first phase of 
development, corresponding to the period of the late fifties through early 
seventies, the Indian PSEs were still coping with the management of 
international transfer of technologies. The problem of management of 
international transfer of technology is, generally, a fairly challenging one. 
In the Indian context it is even more complex due to the several super-imposed 
governmental considerations. As the PSEs were intended to help in treating 
national socio-economic development objectives and were an integral part of 
the national planning, the decisions on choice of technology. selection of the 
suppliers lay ultimately with the respective Ministri~s. 

Described below are the management issues related to 

- selection of technology 

- foreign collaboration agreements 

- research and development 

- technology utilisation 

There were the usual problems that any country would face initially owing 
to a lack of expertise and, to a considerable extent, its dependence upon the 
supplier of technology to help identify the need for the technology. 

Thus, there were in use six different ways of selecting a technology for 
an enterprise: 

(i) Government directed the companies to implement the agreement already 
entered into with the foreign firm by the Government. 

(ii) Government would conduct initial surveys for collaboration for 
certain products and then directed the companies to follow up. 

(iii) Government directed the companies to follow up project reports of 
foreign companies prepared for Government. 

(iv) ~ith the approval of the Government. the companies sometime signed 
fresh agreements with an existing collaborator for new products. 

(v) The companies sent out global tenders to seek collaboration. 

(vi) Negotiations were conducted with prospective suppliers to obtain 
know-how. 

~'hich of these six options was actually us~d in different cases depended 
much upon the prevailing circumstances, i.e. the importance of the supplier of 
technology, the attitude of the bureaucracy in the concerned Ministry and the 
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influence that the Chairman cum :-tanaging Director of the concerned company 
could exercise. In cases where the concerned ~inistrv appointed an expert 
committee. much depended. again. upon how forceful the experts were. Very 
often there were differences of opinion on technical decisions between the 
Indian experts and those of the prospective suppliers but more often than not. 
the :-tinistry would favour the foreign experts' views. 

Thus. it can be said. that generally speaking. most Indian PSEs had 
little say in this crucial aspect of management of technology. namely, the 
identification or selection of technology in the first phase of their 
development. 

~n the related issue of clauses describing the terms and conditions of 
the foreign collaboration agreement, the individual companies had little to 
contribute - concerned ~inistries and the supplier worked it out jointly. 

PSEs in India made a departure from the practice of private sector firms 
that invariably entered into financial cum techni~al agreements with foreign 
collaborators, by ma.king only technical agreements. However, their efforts to 
obtain design know-how was controlled by the number of restrictive clauses 
imposed upon them by the Ministry. Thus, these conditions not only posed 
restrictions on the capability building of the PSEs but even, in some cases, 
made the task of operationalising the technology difficult. Where the altered 
production conditions demanded change in the designs of equipment which could 
not be made by the Indian managers, spe~~al arrangements had to be entered 
upon with the collaborator to permit sub-contracting of various spare parts 
and ancillary equipment. 

The collaboration agreements usually did not have any time constraint to 
ensure that the said technology was transferred within the specified period. 
There were usually delays in the approval of the detailed project reports, in 
obtaining loans or shipment delays, all adding to the gestation period. Not 
only would these escalate the project costs substantially, but in some cases 
it could be embarrassing since the guarantee period for plant equipment would 
elapse by the time they were actually put to test. The top management of such 
enterprises wer.a trying hopelessly to work against time. The poor project 
management of most PSEs could be ascribed to lack of proper process 
engineering. 

To ensure effective assimilation and development of imported technology. 
the management of technology and that of technological change require the PSEs 
to have their own R&D establishment. In practice only a section of them had 
R&D units; most of them had design development cells only. The PSEs that had 
R&D laboratories were actively engaged initially in conducting R&D activities 
relating to import substitution of costly imported items by cheaper 
alternative material which was locally available. Like-wise there were a 
series of small incremental design alterations along with process improvements 
carried out by these units. Other PSEs. that did not have their own R&D. 
collaborated with the national laboratories. 

The management of R&D in the PSEs had to face special problems. There 
was no i~dependent budget for R&D; it was tied up with the production 
performance, and the latter being poor. the R&D scientists were starved of 
funds. 

.. 
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Likewise. there was no provision for the purchase of sophisticated 
equipment fur R&D from advanced countries. ~ith limited funding facilities 
for R&D only limited technology capability building could take place. One 
noteworthy feature of the Indian PSEs has been that they were free to 
horizontally transfer the technology to any enterprise - usually a state 
public sector enterprise. In managing technological change. not within the 
company but without, in establishing new enterprises. the Indian PSEs have 
been quite successful. 

In the second phase of :uanagement of technological change, corresponding 
roughly to the late seventies and early eighties. most of the Indian PSEs have 
not only mastered themselves with respect to the technology imported but built 
a small R&D base of their own. By this time most of the PSEs had come up with 
a large number of technologies to offer for exports. 

But how many buyers came forward is altogether another issue. Even the 
few cases where joint ventures were entered, the experience was not too 
encouraging. What has been exported mostly are the technical consultancy 
services by PSEs like Engineers India Limited (EIL). National Industrial 
Development Corporation (NIDC). Rail India Technical and Economic Services 
(RITES) etc. 

The problem now was not with the technology but convincing the top 
management to introduce change. PSEs like Hindustan Machine Tools (HMT), 
Bharat Heavy Electricals Limited (BHEL), Electronics Corporation of India 
Limited (ECIL), etc. that had by now built a certain reputation of 
technological competence and of managing the business in general, could afford 
to go ahead with their plans for introducing new products and processes and 
even diversify into new areas. Thus, HMT has not only introduced the use of 
computer aid numerically controlled (CNC) machines, but diversified long ago 
into consumer products viz. wrist watches and electric lamps. BHEL has, 
likewise, ambitious plans for diversification into telecommunication EPBAX and 
def~nce items like tanks. The majority of the top twenty PSEs have drawn up 
their own corporate plans and introduce changes accordingly, but the majority 
of the other PSEs do not have this practice and have not planned any major 
change. Yet another set of problems encountered by management of PSEs in the 
second phase are of a different nature, namely, convincing their own managers 
who have grown with the company and struggled hard enough with one technology 
to go in for the new one. In fact a major managerial problem that faces most 
of the PSEs is that of human resource development. Maintaining high 
motivation level of its R&D managers is an all the more difficult task. 

Innovating new products also requires market acceptance. The :uarketing 
set up of most PSEs is quite poor and cannot compete with those of the private 
sector units, especially the multinational corporations. 

All PSEs, that have been recurring losses for years or, to put it more 
appropriately, have never been out of the red since inception, are obviously 
under the close scrutiny of the concerned Ministry. They have, thus. to 
convince their super bosses of the need for technological change for, after 
all, they are dependent upon them for finances to bring about the change. 

Another major problem is the existence of the administered prices. ~ith 
the average price formula worked out by the Bureau of Industrial Costs and 
Prices. the PSEs, have hardly any incentive to undertake R&D for incremental 
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i:mo\·ati.ons as thev •ould not be in c. position to :.idd the ext::-a cost to thei:: 
price until. a gi •:en period. 

The thii:d phase of de\·elopment of the PSEs has commenced since the middle 
oi the eighties. The new government policy to•ards liberalisation of import 
o: a fresh round of technology has set in a ne• shock •a\·e for many PSEs. for 
they had been hoping all along that the policy of technological self reliance 
orould protect them as em·isaged in the first technology pol icy statement of 
the Government in 1983. At the same time. it is also true that there is a 
need for major technological upgrading of PSEs if they are to catch up with 
the technclogical advances made by the developed countries. ~ot only has the 
Indian PSEs been unable to come up •ith any major technological breakthrough. 
but their level. pace and capability is such that. at the present: rate. it 
would take them at least a decade and a half to reach the present: levels of 
technology of the developed countries. Besides. the economy of the country is 
so positioned that it is essential for its select products to capture 
international markets. This. in turn. necessitates the purchase of the latest 
technologies in respective fields. 

It is therefore, necessary for the PSEs to get ready and organise 
themselves to synchronise with a higher level of technology. This also 
includes technological change outside the production wing. such as office 
automation, use of export systems in decision making etc. 

A major development: in 1987-88 has been the conclusion of a Memoranda of 
Understanding (MOU) between a few PSEs and their respective Ministries. This 
gives greater authority to the PSEs while assuring the Ministries of certain 
time-bound results. 

A cheering feature of recent times that concerns PSEs has been the issue 
by a few of them of public bonds. Their acceptance speaks not only of the 
confidence they enjoy with the investing public but also of a new channel for 
raising financial resources. If they perform well they can expect to plan 
change by raising resources on their own and not always depending only upon 
the uncertain allocations from tt.e concerned Ministries. 

Perhaps. the most persuasively argued aspect of managerial change in PSEs 
today is that of reorganisation of its Board structure. Today. with 
organisations like the Standing Committee on Public Enterpr~se (SCOPE) the 
PSEs heads are voicing their views for radical reforms. 

To conclude. the PSEs' problems of management of technological change 
have undergone transformation over the three distinct phases of their 
evolution #hich has been for the better. They are demanding greater autonomy. 
a clearer direction on technology from the government and public cooperation 
to help them to introduce and manage effectively technological changes that 
are essential for their survival and growth. 
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:\ feature of the development process - both in the developed and 
developing countries - since ~orld Aar II is the deliberate assumption by the 
State of the function of regulating the pace and pattern of socio-economic 
development. In a large number of developing countries the State is. in 
addition. playing an active role in promoting and managing these enterprises. 

without a clear insight and understanding of the problem of public sector 
decision-making. it is hardly possible to suggest any solution. This process 
is complex even in the private sector and is inevitably much more complex in 
the public sector, as it is an integral part of the process of socio-economic 
evolution. 

The enterprise selected for this case study is Punjab Tractors Ltd. 
(PTL). This enterprise is modest in its financial and economic dimensions but 
has much greater significance for this ~orkshop as it illustrates the multiple 
facets of the problem and enables some general inferences to be drawn on the 
creative management of modern technology. 

The study aims at providing an understanding of the nuances of 
decision-making at several levels. both institutional and hierarchical. 

The plan of the case study is as follows. The brief introductory section 
provides some information on the characte~istics of the tractor industry. The 
narrative on Punjab Tractors is presented in all its richness in the second 
section. The concluding section illustrates some of the problems in the 
decision-making process and the shortcomings in institutional behavt~ur. 

Background of the Tractor Industrv 

Before presentin6 the Swaraj Tractor case. it is essential to give some 
background wi :h regard to the tractor indusrty. In ~forth :\merica. tractors 
replaced draught animals - usually horses - around 1900 and thi~ substitution 
process was completed before ~orld ~ar II. In Europe. this substitution 
occurred during the first decade after the war as small versatile tractors and 
goverr.ment support for tractor purchase became widely available.!/ 

~ost of the technical developments in tractor design had taken place by 
#orld ~ar II and much of it occurred in the USA. However. the truly 
revolutionary development of the pre-war period, the ~Ferguson System". came 
not from the USA but from the Ul< and ~as introduced in the USA in 1939. By 
this time tractor technology was more or less established and there has not 
been any major change in this technology. The introduction of power-steering 
.ind automatic transmission are perhaps t:he only two significant additions. 



Bv compa::-ison •i::h an automobile. a tr.J.ctor is a simple !Lichine. :.ihi.!..: .l 

.::.;.r -:.vpicail:·· h.is i5.'Ji)1) parts. a farm ::rac:or has a mt>re 2.000: of chest: 
about 60 pt:-rcent are seldt::on or ne\·er actually manufactured by ..;ractor 
manufacturers themsel,es. These characteristics of tractor technology and 
manufacture are worth noting: for they indicate that the management of 
technology change for new entrants is relatively easier. This point is 
relevant for the Swaraj Tractor case. 

There is another relevant characteristic of the tractor industrv that 
should be noted. In the tractor industry. there are economies of scale both 
in production as well as distribution. lt has been estimated that in the LlS. 
economies of seal.: of dround 20 per cent would accrue as a result of 
production expansionl/ from 20.000 to 90.000 units. This is part of the 
reason why the industrv in most countries is dominated by a few firms. 
resulting in oligopolistic competition as well as collusion.3/ 

In a durable item like a tractor. the farmer essentially buys tractor 
services and hence is concerned in his purchase decision with after sales 
service and parts availability. Farmer's loyalties or preferences thus are 
dealer-oriented and sales of tractors depend crucially on the quality of 
distribution and service. As seems to have happened in other countries. this 
dealership network can reduce competition and work against the interests of 
the farmers: for farmers generally, all over the world, do not have adequate 
information to judge the quality of a tractor, except through the marketing 
structure. These characteristics of the tractor market suggests the need for 
public policy in the interests of tne farmers - the group in a weak bargaining 
position vis-a-vis the production-distribution system.4/ 

This background has been given as it is essential to understand the 
Swaraj Tractor case in India. Tractor production and imports are controlled 
and regulated by the government as are all industrial investment and imports. 
Public sector-decision making, thus, plays a crucial part with regard to the 
nature and characteristics of industrial evolution. One would expect, 
therefore. the decision-making organs to be aware of the characteristics of 
the tractor technology and industry, mentioned earlier. 

Farm mechanisation in India started only after the ~ar. In 1946-47 there 
were about 5.000 tractors. the number sharply rose to 20,000 in 1956-57 and by 
1965-65, where our story begins, there were about 40,000 tractors. This was 
the year when the new agricultural strategy - the so-called green revol~tion -
was formulated. The domestic production of tractors started in 1963-64 with a 
licensed capacit:r on a two-shift basis of 8.500 units by two firms - Tractor 
and Farm Equipment ( T.\FE) and Eicher Tractors India Ltd. (Eicher). the former 
with a capa·:·.ty of 7.000 units and the latter with a capacity of 1.500 unics. 
TAFE was petmitted foreign collaboration with ~assey-Ferguson, UK in 1961 and 
Eicher with Eicher of the Federal Republic of Germany in the same year. 

This domestic production capability was consciously created as it was 
estimated that: the demand for tractors would increase substantially as a 
r~sult of the adoption of che new agric•.iltural strategy in Punjab, Haryana and 
~estern U.P - areas in India where wheat srows on irrigated land. ~ith large 
increases in land productivity, far~ers were facing a farm power shortage 
during the peak season: further. and even more important. the cost of animal 
power was rising sharplv. The adoption of high :tielding varieties of wheat 
improved the producti~ity of land, especial!~ irrigated land. 7his. in turn. 



raised the opportuni::v .::ost .;,f using draught animals. as fodder competed for 
::he highl:; producti,_·.: i::-ri6ated land_ :iechanisation - task-wise - t:hus was 
expected to be :in inevitable complement to the green revolution_j/ 

!io•ever. in '-"iew of reiati'.·ely small holdings - 68 percent of holdings in 
Punjab •ere below 9 hectares. accounting for about 20 percent of the stock of 
tractors in 1971 - the problem which the Planning Commission faced was: what 
type of tractors would suit the budget and the needs of small-medium farmers?6/ 

Origin and Development of Swaraj Tractors 

The story begins in 1965. A new team of members had been appointed at 
the Planning Commission and it was busy formulating the Fourth Five Year 
Plan. As a part of this Plan. se~eral new projects were identified which 
could be set up with financial and technical assistance from Russia. One of 
them was a 20 HP tractor project. The Planning Commission h~' estimated the 
demand for tractors to be 40,000 units per year by 1968-69 a:·,: Jf this. half 
the demand was expected to be for tractors in the HP range of 20 HP and 
below. The Government of India.' s delegation, headed by the Deputy Chairman of 
tne Planning Commission, visited Russia in May 1965 to discuss with the 
Russian Government the nature and magnitude of assistance for this and the 
other projects. The Director of the Central ~echanical Engineering Research 
Institute (CMERI), a part of the national chain of research laboratories, was 
one of the members of this delegation. 

The Russians were reluctant to commit themselves to the tractor project. 
In any case, the Director. CMERI felt that the project, as formulated, had 
excessive foreign exchange contenc and required a large number of Russian 
experts. As the Russians were unable to assist this project, the Director 
suggested to the Deputy Chairman that CMERI could develop an indigenous 
tractor design that could be produced without external assistance or even 
imported parts. the CMERI thus started the work on the new tractor design 
under direction of a Committee of Technical Experts; comprising 
representatives of the industry. agricultural universities, farmers and the 
Tractor Traini~g & Testing Station (TTTS), Budni. 

A team of engineers studied in-1epth the relative merits of the available 
designs of agricultural tractors. keeping in view the local manufacturing 
facilities. skills, raw-materials and agro-climatic conditions and developed a 
tractor component by component. 

Since the availablity of standard hydraulics was considered as the key 
requirement for a good tractor. the CMERI engineers successfully developed an 
original design ~or a single lever automatic depth-cum-control hydraulic 
system. patents for which were accepted in fe~eral Republic of Germany. 
France. India, Japan. Poland, UK, USA and Yugoslavia. 

the first proto-t:;pe tractor was assembled in ~ovember 1967 and was put 
to extensive endurance tests at CMERI on specially designed test rigs 
simulating field ~onditions. These tests were carried out for 1.200 hours of 
non-stop running with 10 to 30 percent over-load during the hottest summer 
months. ·..;ith the experience gained on this proto-type. three more units were 
assembled in :1arch 1969 for extensi·.·e field trials and performance evaluation 
at the TTS, Punjab Agricultural University. Ludhiana and the UP Agricu!tural 
~niversicy. Pant ~agar. 
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As a ~esuit of these tests. a number of modifications ...-ere incorporated 
in the h;.·draulics. steering gi:::ar. rront axle. e.1gine .mci its cooling s;•stem 
and the modified tractor was again tested at TTTs in :fay/ june l. 971. These 
tests indicated that its performance w-as better than most of the imported 
tractors in the 20-25 HP range in regard to drawbar pull and ratio of the 
dra•bar HP to the poi.-er a\·ailable at the Power Take Off (PTO) - which are the 
primary .:oncerns for cultivation. The tractor passed the TITS test. Thus was 
born the Swaraj Tractor - the product of local technological competence. 

The design for Swaraj 30 HP was built around the four-stroke. twin 
cylinder air-cooled Kirloskar engine. that was being produced in the country. 
So~e of the salient features of the Swaraj were: 

a dual range four speed transmission so as to cover a wide variety 
of jobs ranging from heavy duty ploughing to fast transport; 

provision for an independent PTO which could be engaged or 
disengaged when the tractor was in motion and could be used as a 
prime mover for pumps and other similar equipment: 

hydraulics with finger tip control both for positioning and draft 
control of the three point linkage for operating implements; 

foot operated differential lock to improve traction in slippery and 
muddy spots; and 

adjustable front and rear axles. manual steering and vertical 
exhaust. 

Lack of Sponsorship by Central Government 

Thus ~y 1971. the Swaraj Tractor was ripe for commercial production. But 
the question was: who would adopt this innovation? Earlier. the proto-type was 
constructed with the assistance of a public sector concern - the Mining & 
Allied ~achinery Corporation (:iAMC) and it was expected that !-IAMC would be 
able tc undertake the tractor project with the addition of only some balancing 
equipment. But in the period of industrial recessior. in the country - 1967-71 
- the MAMC had incurred financial losses and was not willing to take any 
additional risk involved in the production of the tractor. 

Because of industrial recession and decline in its sales of machine 
tools. the Hindustan ~chine Tools CHMT) - another Central Government ccncern 
- wanted to diversify its output by going into tractor production. However. 
it wanted to use its unutilised capacity immediately by first going into CKD 
assembly of Zeteor tractors with parts imported from Czechoslovakia. Further. 
it thought that Zeteor was a proven production model. while Swaraj was only a 
proco-cype. In this decision. it was supported by the ~ational Industrial 
Development Corporation (~IDC). a consultancy organisation sponsored by the 
Central Governmen~. 

Thus. at the Central Government l~vel. there ~as no strong support for 
the Swaraj Tractors. There was a change in the members of the Planning 
Commission in l'J69 and the then Director of r.::1ERI. the driving force behind 
this project. also left the Institute in 1969. The ~IDC and the Council of 
Scientific & Industrial Research (CSIR) considered S•araj a riskv venture. 
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Stcite ·~v\·e rnment i..'ni t Becomes a Promoter 

It •as at this stage that the Punjab State Government decided to produce 
the S•araj Tractor. The Punjab State Industrial Develorment Corporatiaon 
(PSIDC) had been familiar with the development of the Swaraj Tractor: its 
field trials in the Punjab and the tarmer's favourable response to the Swaraj. 
Three characteristics of the Swaraj attracted the PSIDC: its indigenous 
design. its employment potential in the Punjab and its likely accept~nce by 
the Punjab farmers as a sound dependable tractor. The PSIDC hence obtained an 
in..:iustrial licence to manufacture the Swaraj Tract.ors in 1970. 

:he PSIDC contacted the CMERI and requested the latter to release the 
five engineers who had worked on the Swaraj design for its newly set up 
company - the Punjab Tractors Ltd. CPTL). Simultaneously. it appointed a 
local consulting firm to prepare a detailed project report and undertake the 
entire installation and co1m1issioning of the plant along with the company's 
engineers (the CMERI Group). The detailed project report was completed by the 
middle of 1977. The next problem was: how to finance this project? 

Industrial Development Bank of India (IDBI) 

The PSIDC and the Punjab Tractors Ltd. approached tae Industrial 
Development Bank of India (IBDI) :or funding. 

PTL were not completely confident of obtaining financing to the tune of 
85 to 90 per cent of the project cost due to the lack of sponsorship by the 
Central Government and ~he skepticism about its success expressed by both the 
CSIR and the SRDC. T'ney, therefore, suggested only a modest project (capacity 
of 5.000 tractors in the 20-30 HP range) ~1th a capital cost of less than 
RS.40 million. They were able to reduce the project cost by liaising with 
Kirloskars for the supply of the motive power unit and ancillarisation of 
about 80 per cent of total component requirements from established and new 
firms - largely small-scale engineering firms from Punjab - and concentrate on 
the manufacture of only 15 to 20 per cent of the key components. 

IDBI Aporaisal Process 

Somewhat apprehensive about indigenously developed technology. IDBI 
wante:d to satisfy itself about the commitment to the surcess of this 
innovative project by PSIDC. PTL and the technical consultants; for this, a 
single factor. was to their mind, crucial to the success of any project and 
more particularly for this one - a motivated team spirit. They found this 
present in full measure. They were also impressed by the following 
characteristics of this project: 

a) it was specially designed to meet local conditions. and had passed the 
TTTS test; 

b) it would support a large number of engineering ancillary industries in 
the Punjab - known for its entrepreneurial and mechanical talent - and thus 
have a large employment impact. 

c) the project envisaged an efficient distribution and service system; a 
factor crucial from the point of view of the farmer's response; 



d) it had alreadv 3tarted t.."ith the establishment of its own tool roo~ to 
manufacture jigs. f:~tures and inspection gauges: this tool room was also to 
be used for training its personnel, developmental work and research to improve 
technology and design other tractor models; 

e) about 10,000 tractors in the HP range of 20 to 25 were currently imported 
and there was no domestic production of tractors in this range. This demand 
was also expected to grow. 

f) It was expected to produce ruid sell Swaraj tractors at a competLtLve 
price and. its capacity expanded to 12,00~ tractors. after the initial pilot 
phase, it would be in a position even to export its tractors abroad. 

IDBI Approves the Project for Financing 

The technical evaluation committee appointed by IDBI approved the 
project, as in their view. it was technically sound and would be able to 
produce and sell a good quality tractor at competLtLve prices. However, they 
felt that it would possibly take longer than expected to complete the project 
~nd. in any case, in view of its small size and government control on tractor 
prices, the project would not be able to generate an internal rate of return 
of 15 per cent - one of the two IDBI selection criteria. 

The IDBI then prepared a memorandum for its Board, recommending more than 
85 per cent financial assistance (in collaboration with the other financial 
institutions) for the project: the memorandum argued that the exchange rate 
criterion was met - the domestic resource cost was less than Rs.9.50 per US$ -
and this showed that the project was efficient. Obviously, an innovative 
project of this small size would not be able to have an internal rate of 
return of 15 per cent or more; but this rate was not very much lower than the 
cut-off rate - it was 13 per cent. The Board approved the project and 
sanctioned the required financial assistance - partly by way of long-term 
loan and partly as equity - in February 1972. The technical research for 
designing this tractor had started only in late 1965 and was completed in May 
1970; the PTL was formed in 1970, the project report was completed in 
September 1971 and was submitted to the IDBI for assistance in November 1971. 

Performance of the PTL 1972-77 

The construction work as well as the installation of plant equipment 
started immediately after the IDBI sanction of financial assistance in March 
1972. The performance of the PTL since 1972 has been remarkable with regard 
to both its cost and time schedules. as well as the mannrr in which it faced 
and tackled the problems as they arose: 

a) The project was completed in 105 weeks by the end of March 1974 as was 
projected. 

~) The actual project cost was more or less the same as expected - in fact 
it was somewhat lower with regard to the total cost as well as the cost 
under each head. 

c) PTL started manufacturing its Swaraj :fodel 724 tractor from l April 197'• 
and more or less achieved its full capacity as per schedule in 1977 in spite 
of raw-material shortages, inflationary pressures and financial stringency. 
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For the IDBI. this performance was unique. There was hardly any project. 
financed by it until then ~hich had been complet~d without time or cost 
o~erruns. Again. there was hardly any project that had reached its capacity 
output within the planned time frame. Even the way in which the PTL 
identified its problems and tackled them reflected competant management. 

During the first fifteen months (April 1974 to 
expected, PTL suffered from irregular supplies from 
costs due to acute inflationary pressures in India. 
cash loss of Rs.7.8 million as a result. 

June 1975). as was 
the ancillaries and rising 
The company suffered a 

The top management of PTL was aware that it would have to face this 
problem but until November 1973. the company had almost no inventories and its 
relationship with its ancillaries had still not been formalised. At this 
stage. PTL could not afford more than one source of supply for each component: 
the initial production was inevitably limited by the available supplies of 
components. and to develop new sources required intensive technical inputs 
from PTL. 

From November 1973. PTL concentrated on developing multiple sources of 
supply for each component. It promoted new ancillaries near the plant 
location and provided technical assistance to new entrepreneurs. lhus its 
materials pipeline improved and it was able to increase its output to full 
capacity level before the end of 1977. 

But its production costs rose steadily as input prices rose. Unlike the 
other manufacturers, its output had no import content: others imported their 
inputs to the extent of 20 to 30 per cent of requirements and the prices of 
imported inputs were significantly lower than those of the domestic inputs. 
For example. HMT had started the production of Zeteor Model 20 tractor by this 
time with an import content of more than 45 per cent. A study by the 
Ministry of Finance indicated that the cost of its inputs was lower by about 
RS.4.000 per tractor as compared to that for the Swaraj. Even this figure 
does not accurately reflect the Zeteor advantage. For Zeteor, all imported 
inputs did not require further p~ocessing as the HMT was aoing mainly assembly 
operations. 1et the Swaraj price was comparable to that of the Zeteor; but 
its margin was much lower. It may be mentioned here that the cost of inputs 
rose from 77.5 per cent in June 1973 to 93 per cent of the ex-factory selling 
price by March 1975. 

Hence, PTL suggested to the Government of India that Swaraj should be 
exempted from excise duty of 10 per cent (about RS.3.000 per tractor) to 
~ffset its hi~her input prices of domestically-bought components. This 
exemption was gr1nted by the end of 1975 and thereafter PTL's financial 
performance impr•Jved. 

In addition. PTL took several measures to reduce its costs and diversify 
its products through intensive R&:D work. It developed a new design - Swaraj 
735 (35 HP) - during 1974-75 and introduced it by the end of 1975 - the second 
year of its operation. For this 35 HP tractor, the additional costs were only 
Rs.2.000 per tractor. while the price advantage was of the order of Rs.4,000 
per tractor; because of historical reasons. it appears that farmers regarded a 
··igher price product as a superior product (they were used to the 
Massey-Ferguson tractor of 35 HP - a tractor which had not only passed the 
TTTS test but was the ~ost popular tractor for its ease of operation). 
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By ~97i. PTL's output was composed ~f 4.200 "Swaraj ;J)" and 800 "S~araj 
72.4". Ith.id started work on deveioping a third :nodel and expected to start 
its production by the end of 1977. ~o other tractor manufacturer had gi\·en 
such attention to R&D work for prodcct planning - developing new designs and 
models in response to local conditions and farmers' preferences. 

However. it suffered from a major tundicap. It ~as not included as an 
eligible tractor in the ~orld Sank line of credit under which finance was 
provided to farmers at a concessional rate through the Agricultural Refinance 
& Development Corporation (AR.DC). However. it got over this problem by 
working out a financing arrangement with co111111ercial land mortgage banks in 
various states. 

Problems and Conjectures 

Such is the story of the Swaraj Tractor. It raises several problems for 
analytical inquiry - problems relating to the behaviour of the various 
'actors'. 

The following questions arise with regard to the Swaraj story: 

a) wby did the Central Government not sponsor this project? 

b) ~by did the Punjab Government take the risk of undertaking this 
project? w"hat were the nature and characteristics rf its decision-making that 
accounted for its success? 

c) ~by was this experiment in the creative adaptation of modern 
technology fruitful? 

Let us proceed to examine these questions and try to draw some inferences 
- conjectures - about the public sector decision-making process. 

Central Government Behaviour 

One part of the Government - the Planning Commission - took the 
deliberate decision to develop an indigenous tractor design. 

The c:iERI successfully evolved the Swaraj tractor which passed the TTTS 
test. 

HMT - a Gentral Goverrunent enterprise - wanted to diversif:; its product 
range as it ~as facing demand recession in its main line of business, ie. 
machine tools; it wanted to undertake a tractor project to use its surplus 
capacity and thereby improve its financial results. 

~IDG. also a Central Government enterprise. considered Swaraj a risky 
pro.'er.t and advised HM1 to take up the assembly 0£ Zeteor - which had also 
pass~d the TTTS :est. 

This suited HMT as Swaraj ·.i1ould have i.nvol ,·ed a gestation lag of two to 
thrre years. while the assembly of Zeteor could start immediately. Doubtless, 
the HMT decision was a rational one from it3 own point of v:ew. But then the 
question is: ~by did the Central Government not sponsor another public sector 
enterprise to manufacture Swaraj? 
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One ans•er could be that the bureaucratic apparatus had no technical 
knowledge of the tractor industrv and probably considered an enterprise based 
on mere research a risky venture. However. this explanation do~s not seem to 
be valid as the Central Government had adequate technological competence in 
~IDC. and DGTD. ~ore importantly. it was C!iERI. a national research 
institute. which had deveioped Swaraj. 

It could be that government technical experts, and hence the bureaucracy. 
di1 not have confidence in the competence of the C.\ffiRI personnel specifically 
or in indigenous technology and consultancy generally. After all. it was l?!Uch 
less risky to accept overseas help than to undertake an enterprise on the 
basis of commercially unproven indigenous know-how. It appears from available 
evidence that such indeed was the case. 

Anoth~r explanation could be inter-institutional rivalry. The Director 
of CMERI, the record shows. did not have a favourable equation with government 
technologists. 

This project suffered in the absence of an active technology policy that 
could raise policy issues above the field of inter-personal and 
inter-institutional rivalries and jealousies. 

In this connection, the role of the World Bank mission is worth 
mentioning. In 1971, the ~orld Bank sent a mission to study the growth and 
s:ructure of the tractor industry in India in order to make policy 
recommendations to the Central Government and find out the nature and 
magnitude of financial assis~ance that the World Banlt should offer. It is 
somewhat ironical to find that this ~orld Bank study recommended improved 
product planning to upgrade 4esigns by the domestic producers with the 
technical as~istance of their foreign collaborators. Strange to note is the 
following recommendation: 

"Indi3enous capabilities will grow through collaboration agreements but. 
in additicn. firms should initiate cooperative programmes with indigenous 
universities and engineering research centres (such as, for example. the 
Central ~echanical Engineering Research Institute) aimed at developing tractor 
features especially su~table for India". 

Decision ~aking at the State Level 

In spite of the skepticism - for what~ver reasons - about the Swaraj 
project on the part of the various Central Government agencies, how did it 
come to pass that another ~nit of the government - the Punjab State Government 
- decided to undertake this project in 1970? 

The Punjab Government and the Punjab farmers were familiar with the whole 
process of the evolution of the Swaraj. After all. the field trials were 
largely undertaken in the Punjab. The far~ers had, in a sense, become a part 
of this venture, and they had approved this new product which was ~xpected to 
save on both capital and operating costs. They were, thus, able to judge 
Swaraj on its ~er~ts. 

The other factor was the considerable potential employment lmpact of the 
tractor project, as Swaraj was to purchase more than 80 per cent of the 
components f~o;n the ancillaries - mostly from the Punjab. 
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For the Central Government agencies. Swaraj was an abstraction: it did 
not have such a direct visible impact on them as it had for the Punjab 
Government and its agencies. Only a well-thought-out technology policy 
integrated with the general development strategy of the country could have 
induced the Central Government to sponsor this project; but it did not have 
such a policy then. nor did it have confidence and pride in domestic 
technological competence. But the Swaraj success has probably taught some 
lessons. In 1975. the PTL was awarded the Gold Shield for successfully 
implementing a project based on domestic technology and know-how by the 
Central Government; this is probably an indication of a new awareness of the 
role of indigenous tech.1ological competence in the developing strategy. 

How do we accoun~ for the remarkable performance of the PTL? The 
completion of the construction phase without any cost overrun. the timelv 
realisation of capacity output, the ways in which the top management tackled 
problems as they arose (the problem of sources of supply and the liquidity and 
financial problems). the new models developed through continuing R&D work -
all these characteristics of project performance were indeed unique in the 
financing experience of the IDBI. 

Creative Management of ~odern Technology 

This case has relevance for 
regard to the Swaraj project but 
management of modern technology. 
experiment? 

the decision-making process not only with 
also with regard to the process of creative 

How do we explain the success of this 

The organic and sequential relationship among the following tasks and 
functions seems to be the crucial factor: 

a) Identification of a project idea was the critical first stage. This 
was done by the Planning Commission. 

b) The identification of available technological choices for this was 
the second. This was the function of a Technical Consultancy Service Centre 
(TCSC), in this case, the C~ERI performed this function. 

c) Identification of a research problem by TCSC - in this case. the 
CMERI - was the third stage. 

d) The research on the problem by a Technological Research Centre (TRC) 
- in this case, the C~ERI - and the transmission of this research result to 
the promoters - in this case, PTL - was the fourth stage. 

e) The preparation of the detailed project report by the promoter and 
its analysis by the financial system (IDBI) was the fifth gtage. 

f) The association of not just one, but a team of highly motivated 
technologists with the top management for project implementation was the final 
stage. 

In this organic sequential relationship. the critical functions were 
performed by PTL and the IDBI - the functions of identifying relevant research 
problems, embodying the research results meaningfully into a concrete project, 
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and facilitating its implementation. ~ithout PTL implementation. neither the 
r.:le..,:ant research problem nor a concrete project would have been identified: 
and without the link bet•een PTL and the IDBI. the project would not have 
become an operational project. It appears from a priori reasoning as wel~ as 
from this case study that the critical links in the process of creative 
management of modein technology are the promoters as well as the technical 
team and the financial system (FS); these two provide the essential links 
between the production system and the technological research system. ~ithout 

these two functional agencies, the production system and the technological 
research system are likely to evolve on parallel lines. 
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CASE STUDY OF BAGASSE-BASED ~EWSPRI~T 
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(Study undertaken with the assistance of the 
Industrial Development Bank of India. 

Seshasayee Paper Boards Lta. and thP ~orld Banlt) 

Historically, the state has played a significant role in stimulating and 
accelerating the process of socio-economic development. The public 
enterprises in India are an important and integral part of this process. 

This case study of the bagasse-based newsprint project is undertaken to 
illustrate the rationale for public enterprises as well as the determinants of 
their performance. This is a fairly large and complex project, based on 
commercially unproven and new technology - and hence with considerable 
potential risks as well as direct and indirect benefits, arising from adaptive 
technological research not only to India but to several other LDCs growing 
sugar cane. It is directly linlted and interrelated with agriculture as well 
as the sugar industry. Thus, no private enterprise was willing to select, 
implement and operate a project of such complexity. Such was the rationale 
for public enterprise in this sector. 

This case study also illustrates the several preconditions essential for 
the success of such a public enterprise. First, it indicates the significance 
of having plurality of public enterprise promoters or sponsors; this generates 
healthy competition and makes experimentation with new ideas possible. 
Second, it pinpoints the importance of high level support and commitment, 
which makes it possible to institutionalise the decision structure and 
processes, essential for the effective and efficient functioning of a public 
enterprise. Third, it indicates the type of partnership relationship, 
essential in a mixed economy, between the public and the private sectors. 
Fourth. it draws attention to the nature and characteristics of functional 
interlinkages. essential for identifying and selecting an appropriate 
technology as well as identifying and undertaking technological research for 
improving such technology. 

In particular. it emphasizes the role of technical service centres 
(TCSCs) and financial institutions in providing the vital link between modern 
technology and technological research centres (TRCs) on the one had and the 
production system on the other; without these two vital agencies, quite often, 
technology choi~e is not rightly made and research problems are not 
identified. Fifth. it shows the nature of partnership relationship that 
needs to be established between domestic TCSCs and TRCs and financial 
institutions on the one hand and the foreign TCSCs and TRCs and international 
finan~ial institutions on the other. Finally. it illustrates the vital 
significance of entrepreneurial ability - the ability to identify a project 
idea and the will power, tenacity and drive to implement it in spite of 
obstacles of all types. 

The plan of the paper is as follows. The introductory section deals with 
the raw material bdse of the paper and newsprint industry in India, the 
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u.r,;ency of using bagasse ..is the principal ::-aw materi.'il and the evolution .;,f 
:ae ba.gasse technolog~:. The narrati.\.·e on the evolution and implementation 
of the project is presented in all its richness in section II. The nature and 
characteristics of the decision structure and processes. which accounted for 
the successful implementation of the project. are disc~ssed in section Ill. 
Based on this case study. some conjectures are made with regard to the 
determinants of public enterprise performance in ~ixed economies in the final 
section. 

I 

Introduction 

Before we present the bagasse newsprint case. it is essential to give 
some background relating to the paper and newsprint industry in India, its raw 
material base and the evolution and current status of the bagasse technology. 

Paper and Newsprint Industrv: The paper and paper board industry was 
started in India by the Christian missionaries in the nineteenth century. By 
1950. total annual production was approaching 110,000 tons. In the ensuing 
three decades, domestic production of paper and paper board, based almost 
exclusively on bamboo and indigenous hardwoods, expanded to over l million 
tons annually, predominantly in the private sector. The new capacity since 
then has been built predominantly in the public sector. 

The demand for paper and newsprint has been growing at more than 5 per 
cent per annum since 1974 and is projected to increase at a somewhat higher 
rate in the next two decades or so. with an income elasticity of demand of 
around 1.7 to 2. By 1979, - the year in which this project was conceived -
the domestic production of paper and paper board met only 80 per cent of 
domestic demand and the rest was imported. Even currently, more than 10 per 
cent of domestic demand for speciality papers is met by imports - even after 
the implementation of this project. At the same time of the identification of 
this project, domestic production cf newsprint was only about 15 per cent of 
demand; even after the increase in domestic capacity partly as a result of 
this project, imports still constitute about 40-50 per cent of domestic 
consumption. It is worth noting that India's pet· capita average consumption 
of paper is still only 2 Kg. per annum - among the lowest in the world. 

The raw material base until 1980 for the paper industry has been bamboo 
(65 per cent) and indigenous hardwood (20 per cent). Both materials are 
scarce, with other high priority uses. The area under forest has declined 
from 33 per cent to about 11 per cent in the last 30 years and afforestation 
would require more land. Besides. wood is required for fuel, heating and 
construction. The unutilised bamboo resources are in relatively remote areas, 
where the cost of establishing mills is ·1ery high. Bamboo, again, has 
alternative uses. particularly in house construction. The bamboo plant of 
any given species flowers on an unpredictable schedule! (10-40 years) and then 
dies. There is, therefore. understandable reluctance to 111ake major 
investments in new large plants, where there is a risk of bamboo flowering and 
thus result in a cessation of supply. 
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Ho•e'\·er. India is the world's largest producer of sugar cane and therfore 
has 4mpl.c supply of bagasse _ if al: of the cane produced ...-ere crushed. and 
the bagasse made available for paper production. this fibre could support an 
output of about 7 million tons annually or almost si~ times the present 
domestic consumption_ However. only one-third of the available sugar cane is 
delivered to the organised sugar ~ills. the balance being processed in small 
village crushing units_ 

About six tons of bagasse yields about one ton of pulp: on this basis. 
even the bagasse available with the organised sugar mills can produce 3 
million tons of paper pulp, as either ne•sprint grade or fine paper grade. 
The Seshasayee Paper Boards Ltd. (SPB) was one of the first integrated pulp 
and paper mills in India to produce pulp out of baga~se for :aanufacturing 
fine paper in 1963-65_ About 16 paper mills ha'\-e been constructed in India 
with the intention of using bagasse for at least part of their fibrous raw 
material. However. only one is using bagasse on a large-scale at present. the 
Mandya ~ational Paper Mills Limited in Karnatalca. which produces about 11,000 
tons per year of printing and writing paper from 95 per cent bagasse pulp. 
SPB continues to use a small quantity of surplus bagasse. Bagasse pulp 
production as a proportion of total pulp production throughout the world has 
increased from 0.57 per cent in 1968 to about 1.50 per cent in 1986, mainly 
for the production of paper. This project, the Tamil Nadu Newsprint and 
Papers Ltd., (TNPL) is the first in the world to use bagasse successfully for 
producing newsprint out of 75-80 per cent bagasse pulp. 

For India, with dwindling forest resources, the paper and newsprint 
industry has to rely on bagasse as the principal raw material. From a 
national-social point of view, it is much more economical to use bagasse than 
to bring new land under forests_ One hectare of land, if used for pulp, can 
make only paper out of the pulp, while one hectare of land under sugar cane 
would produce both sugar and paper. Even if new land is to be brought under 
the cultivation of sugar cane, one hectare of land would be six times more 
productive than it would be for producing pulp. 

For these reasons, the Government of India has been encouraging the use 
of raw materials other than bamboo and wood from the early seventies. In 
order to promote the use of bagasse, in April 1979, Government announced that 
a mill producing paper containing at least 75 per cent bagasse would be 
exempted from excise duties and also from production and sales controls; 
further, there was a reduction in import duty on equipment required for 
newsprint production and a levy of import duty on imported newsprint. T!lese 
incentives made newsprint production, and particularly a composite project 
(producing both newsprint and paper based on bagasse) financially and 
economically viable, in spite of the additional cost incurred in the 
procurement of bagasse from sugar mills. 

The additional cost arises for the following reason. The sugar mills use 
bagasse as their in-house fuel, and they have hardly any incentive to release 
it for paper making. They have to be supplied with coal - of which India has 
large reserves - but transportation of coal is costly. So the sugar mills 
have to be supplied with coal and coal-fired boilers. Not only that. The 
project has to take the responsibility of operating coal-fi~ed boilers as 
sugar mills have no experience in the operation of coal-fired boilers. 
Further. because of the uncertainty of procuring coal on time - due to 
transportation and other problems - the boilers have to be capable of firing 



lignite. bagasse pith. etc. To ~se ~agasse pith for boilers. it is essentia~ 
tc l'-.a\·e cem:ral:.sed -:iepithing en the .:>it;: of the paper mill. instead of having 
satellit:e depithing stations in \"arious sugar mills. This increases the cost: 
of transportation of pith from sugar Mills to the centralised location. Of 
course. the installation of multi-fuel boilers - instead of coal-fired bcilers 
- reduces the risk arising from the uncertainty of coal supplies. 

Procurement of bagasse thus links a paper or newsprint project directly 
with the sugar mills and requires complex negotiations with them for the 
procurement of bagasse at additional costs. The private sector mills. hence. 
are reluctant to take responsibility for these additional investments and 
coordination with sugar mills. which a bagasse-based project requires. A 
public enterprise. thus. becomes essential. 

Howe~-er. it became difficult to arrange financing for these two projects 
as the financial institutions had doubts about their financial and technical 
viability, in view of the uncertainty relating to bagasse technology. Thus no 
comnercial installations were built. based on this process. After sper.ding 
several million dollars on this development, the Crown Zellerbach Corporation 
and the Hawaiian Sugar Planters' Association made an irrevocable decision in 
about 1966 that they would not devote any further time, energy or money to 
bagasse newsprint. Thus, no actual test runs were carried out to prove the 
viability of this process. 

It was this mechanical pulping approach that required further research 
and the Beloit Corporation was working on it for several years at their Jones 
Division, Pittsfield, Massachusetts, USA. Further research was done after 
1982 by the Beloit Corporation in collaboration with SPB-PC. which resulted in 
the Beloit-SPB Process, developed fully in late 1984. And this technological 
research has been the vital element in the success of this projec~. Taail Nadu 
Newsprint and Papers Ltd. (TNPL). 

A similar approach has also been developed by the Cuban Research Center 
for the industrialisation of sugar cane bagasse, commonly referred to as 
Cuba-9 and at the P.~. Kertas Letjes Bagasse Newsprint Mill in Probolinggo, 
East Java, Indonesia. The Cuba-9 project has been only a demonstration plant, 
started in 1981, while the !ndonesian project, started in 1985, has sufferred 
from shortage of bagasse. The capital cost per ton, however. in both these 
projects has been higher than in the TNPL project. Thus far. the only 
successful project for manufacture of newsprint based on 75-80 per cent 
bagasse has been the ~PL project, which succeeded in producing newsprint on 
this basis on October 31. 1985. 

~ith this background. it is now possible to narrate as well as appreciate 
the nuances of the bagasse newsprint story, to which we now turn. 

rr 

Bagasse Sewspri.nt: :>ecisi.on-:faking Process 

The Seshasayee and Paper Board Ltd. (SPB). was started ln 1960 for 
producing ~riting and printing ?aper wi~h a capacity of 20.000 tons per year; 
in 1966-68 it expanded to 35,000 tons and further expanded to 55,000 tons in 
1976-78. 
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S. \"ish•anath.an had conceived t::he idea of a ne•sprint projeco: based on 
bagasse of 300 tons ~er day capa~it::y as far back as l963-6S. for •hich a 
feasibili~y study was completed in 1966. Forest-based raw materials are 
scarce in the Tamil ~adu state. bu: t::he state has 23 prosperous sugar mills. 
as i": is the third ~argest sugar cane producer in India. Further. newsprint 
production has been accorded priority hy t!te Go•·ernment of India. Thus. it 
•as quite natural for the Chief ~inister of the Tamil Nadu Government to 
accept ~r. Vishwanathan's suggestion and his offc~ of technical and 
consultancy services without ar.i fee. and he announced the government decision 
to undertake this project in the State Legislative Assembly in February 1979. 
On April 6. 1979. a separate public limited company - Tamil Sadu ~ewsprint and 
Papers Limited - was formed to implement and operate the project with 
~r. Vishwanathan as its chairman and C. Ramachandran - a state official - as 
executive director (who later became its managing director). SPB along with 
SPB-PC were then engaged by the TNPL as its project consultant to ?rovide all 
technical and consultancy services. 

Even before the for111ation of TNPL. the Tamil Nadu government approached 
the Government of India to obtain the industrial license. The Government of 
India approved and supported the project idea; however. it had certain 
reservations about the financial and technical viability of the project. So 
the Government of India asked the Developaent Council for Paper Pulp and 
.:\l.lied Products to constitute a subcommittee with ~r. Vishwanathan as one of 
its members to evaluate the techno-economic aspects of such a project. This 
sub-committee approved the project idea of bagasse newsprint; but it 
recoDDended certain fiscal incentives like exemption from excise duties and 
production and sales controls for projects based on bagasse (up to 75 per 
cent) and reduction of import duty on equipment essential for newsprint 
production. (There was no excise duty on newsprint; such duties related only 
to paper production). In April 1979. the Government of India took the 
decisi.on to provide these fiscal incentive:; and these were crucial in 
modifying the original project idea so as to make it financially viable. 

Evolving Project Design: 

The SPB had realised at quir.e an early stage that a newsprint project may 
not be financially viable because of the additional cost of procuring bagasse, 
the prevailing newsprint prices and the uncertainty relating to bagasse 
technology. The fiscal incentives. however. induced the SPB to evolve a 
concept of a composite project - that is a project that can manufacture both 
paper and newsprint. 50.000 tons per year of newsprint and 40,000 tons per 
year of writing and printing paper or some viable mix of the two. ~ith the 
fiscal incentives and prevailing prices of paper, a composite project appeared 
to be much more viable - financially and fro~ 'he economic point of view. The 
concept of a composite mill was further modified by going in for a single 
machine - a dual-purpose paper machine - which can manufacture both newsprint 
and writing and printing paper on the same machine. This concept of a dual 
purpose machine reduced the risk of the project more or less completely; if 
oagasse technology did not prove viable for the manufacture of newsprint. the 
pr~ject could concentrate on paper only - for which the bagasse technology was 
already well developed. 

The problem that still persisted relAted to technology. To understand 
the problems faced by similar projects in :ie:<ico and Peru, ~r. Vishwanathan. 
along with his team and the Chief ~inister, visited ~exico and Pen; projects 
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some ~ime in 1979 and also discussed their problems -ith Cusi as •eii as <lther 
exp~rts_ in Europe. La:in America and the ~nited 5tates. From these 
discussions. the SPS drew the folloaing lessons: Cl) Since the pulping was the 
~ritical area in the manufacture of newsprint. the project should be conceived 
in such a way that the entire process of preparation of fibre, pulp 
:aanufacture and paper machine up to rewinding should be offered as a package 
and the responsibility for successfully implementing this package should be 
entrusted to a well-k.~own iJlanufacturer of paper/pulp machine in the world; and 
(2) bagasse technology for newsprint can be improved with technological 
research relating to mechanical bagasse pulp. Thus the concept was conceived 
of a single consortium and one leader who •ill take the responsibility for the 
success cf the entire project as well as for the essential technological 
research. After detailed discussions with four consortia -

(a) German consortiWll headed by M/s Voith 

(b) Finnish consortium headed by Metex Corporation 

(c) Swedish consortium headed by M/s Elof Hansson and 

{d) American consortium headed by M/s Beloit -. 
the final choice was made to entrust the package to M/s Beloit Corporation Inc. 

The Beloit Corporation was fauiliar with the evolution of the bagasse 
technology for newsprint and was already doing research based on the 
mechanical pulping approach as indicated by the Hawzell process. The TNPL, 
thus. entered into a preliminary agreement with the Beloit consortium in 
December 1980 on condition that the final agreement would be made by June 30, 
1981. This preliminary agreement induced the beloit Corporation to 
concentrate its research on improving the process for bagasse based 
newsprint. Thus, intensive technological research started at the pilot plant 
facilities of Beloit Jones Division at Pittsfield. Massachusetts (USA) in 1980. 

Beloit had considerable research experience in the field of mechanical 
pulp out of non-wood fibre. The SPB scientists were, however, more familiar 
than others with the behaviour of bagasse fibre. Hence. in the latter half of 
1982, SPB deputed two scientists to reinforce the Beloit team. This 
collaborative research resulted in the Beloit-SPB Process. perfected in 
October 1985. The printed newsprint samples were presented a~ an 
international conference held at Hollywood. Florida in ~ovember 1985. All the 
delegates were quite impressed with the achievement and the quality of the 
n~wsprint. Thus, the era of non-wood newsprint began. 

The SPB and ~PL were quite confident about developing suitable 
technology for bagasse-based newsprint even before April 1980 in view of their 
negotiations with the Beloit Corporation. However, the other problems of 
procurement of bagasse had to be faced. The five sugar mills with which they 
were negotiating for the procurement of bagasse were reluctant to release 
bagasse, unless the SPB-!~PL assured them of the alternative fuel and took 
responsibility for installing. :naintaining and operating the coal-fired 
boilers to supply steam to the 3ugar mills. The T~PL took responsibility for 
installing, maintaining and operating coal-fired boilers in the five sugar 
mills. However. the T~PL was not certain of procuring coal to the extent of 
more than 50 per cent of the requirement. Hence. the concept of 
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multi-f~el boilers was conceived: such boilers can burn coal. as well as raw 
lignite. l~co er ~fines. bagasse pi~h. rice husk. wheat husk. etc. Thus. the 
dependence on coal was substantially reduced with this concept of multi-fuel 
boilers. and this improved the viability of the project. 

The project design was modified in the light of all these considerations 
and a draft project report was formulated by the early part of 1980. However. 
the informal negotiations for the financing of the project with the IDBI had 
started right after the formation of T:SPL. .:\nd we must now turn to these 
financial negotiations. which appeared to SPB to be critical for the 
i~plementation of the project. 

Financing of the Proiect 

The T~PL had informally approached the IDBI for arranging the financing 
of the project in April 1979. It may be noted that an official of the IDBI 
was a member of the sub-committee of the Development Council for Paper Fulp 
and Allied Products; thus the IDBI was already aware of the project by early 
April 1979. In August 1979. the IDBI approached the International Finance 
Corporation for the latter's judgement on the techno-economic feasibility of 
the project; the International Finance Corporation expressed serious 
reservations concerning the financial and economic feasibility of the project. 
This made the IDBI hesitant and even reluctant to finance the project. 

However. the SPB and the TNPL persisted in their negotiations with the 
IDBI as well as the Government of India. By April 1980, the SPB prepared a 
preliminary project report and informally submitted it to the IDBI. At that 
time. the SPB wanted the Indian financial institutions to provide finance for 
the rupee cost of the proj€ct and intended getting the foreign exchangP. 
financing from a consortium of foreign banks, headed by Manufacturer's Hanover 
Trust. with whom discussions were at an advanced stage by April 1980. 

It was at this time that the project came to the attention of a world 
Bank mission. visiting India for other purposes. This mission was attracted 
to this project for several reasons. The bagasse technology. if developed, 
cotild ma.ke India self-sufficient in both paper and newsprint. Further, it 
could be of significant benefit to other developing countries producing 
sugar cane and sugar. The developed countries had no interest in developing 
this technology, as they depended largely on wood as raw material; and thus, 
the initiative for developing the technology had to be taken by a developing 
country like India. Finally. with the compo lte nature of the project, the 
risk of failure was greatly reduced as the project could manufacture paper, if 
newsprint production did not materialise. 

So the mission, on its own initiative, approached the SPB and the TNPL 
and o~tained the preliminary project report. The mission found the logic of 
the project design quite sound and promised the TNPL as well as the Government 
of India to consider providing resources tn finance a part of the foreign 
exchange cost of the project, if the ~orld Bank appraisal of the project 
established its economic viability. Mr. Vishwan.athan was somewhat sceptical 
about timely assistance from thP. ~orld Bank; however. the mission gave 
assurance that it would cake a decision to finance, within eleven months. that 
is before February 1981. 

~his was quite critical for che project. The ~orld Bank's favourable 
view of the project convinced the IDBI and the Government of India of the 
soundness of the project design. The Government of India, hence, requested 
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the Indian E:nancial institutions and the •orld Bank to appraise and evaluate 
the project in detail. 

The ~orld Bank sent a mission in September 1980 to ~exico and Peru to 
observe their newsprint project. Further. the mission also visited Dalton, 
:iassachusetts and Beloit. ~isconsin to monitor pilot-scale pulping and 
paper-making trials specific to the project and carried out by the Beloit 
Corporation. All these convinced the ~orld Bank mission of the"feasibility of 
developing bagasse technology and the soundness of the SPB project design. 
The ~orld Bank appraisal mission visited India in November 1980 and in 
collaboration with the IDBI conducted a detailed appraisal of the project. 
This appraisal was updated by another ~orld Bank mission which visited India 
in February 1981 and as a result ?romiseri an assistance of $100 million to 
cover 87 per cent of the total (direct and indirect) estimated ~oreign 
exchange cost of the project or about 47 per cent of the total cost. excluding 
taxes and duties. after the IDBI and the Indian financial institutions had 
taken thP. decision to support the project. 

M~anwhile, in June 1980, the TNPL made a formal application for 
assistance to the IDBI, along with a revised project report. The IDBI along 
with the other institutions began appraising the project thereafter and on 
Jarruary 28, 1981 submitted its preliminary appraisal for comments and 
suggestions to the Inter-Institutional Meeting (!IM). This is an informal 
institution, devised by the IDBI with the Industrial Finance Corporation of 
India (IFCI) Industrial Credit and Investment Corporation of India (ICICI), 
Life Insurance Corporation of India (LIC) and, the Unit Trust of India (UT!) 
as members to meet and discuss every month all the project proposals requiring 
consortiwa financing at the highest level. After the IIM approved the 
appraisal report, the IDBI submitted it in February 1981 to its Executive 
Comaittee for its views. Thereafter. the IDBI began a detailed appraisal of 
the project. A team, headed by S. A. Dave, the Executive Director of the 
IDBI, visited Europe, the USA and Mexico for an on-the-spot study and 
assessment of the technological aspects of the project; an industrial adviser 
to the Directorate General of Technical Development (DCTD) of the Government 
of 1ndia was also a part of the team. The team also observed the trials of 
the on-going process development programme at Beloit's R & D Center at Dalton, 
USA. All these convinced the team of the soundness of the project design as 
formulated by the SPB. 

Meanwhile, the ~PL submitted its revised and ~etailed project report to 
the IDBI on May 12, 1981. On the basis of this report, the IDBI prepared an 
appraisal report for discussion with the Ad Hoc Group of .o\d.visors (AGA) for 
their comments and suggestions. AGA is a body of experts, selected by the 
IDBI for each project that it is considering for financing. At these 
discussions, the project promoters are confronted with the experts for 
responding to the comments by the experts. 

At this particular meeting, the representatives of TNPL, SPS, State 
Government and Beloit Group participated in OLder to provide clarification and 
additional information regarding the project. The AGA wa$ generally satisfied 
with the responses of the project promoters and consultants and approved the 
pr~Ject as creditworthy. Howevet. the AGA felt that the gestation period was 
underestimated by the TNPL and would be longer by about a year or so; in their 
view, this would mean a 46-50 month-interval in~L.!ad of the 36 months 
envisaged by the TNPL. Further, in their opini~n. the cost of the project was 
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underesti.illated: in viev of the fact that the technology '*as still to be firmed 
up and some of the cost estimates were on the basis of not so firm ccntracts. 
the project cost ~ould exceed the estimated cost of Rs.1800 millivn - or $225 
million - by about 25-30 per cent. 

The IDBI then submitted its proposal for sanction of project finance to 
its executive committee on June 20. 1981 on the assumption that the ~orld Sank 
would grant assistance to the tune of $100 million to the project through the 
Government of Ind:a. 

The committee approved the project for financial assistance to the order 
of Rs 645 million, of which Rs.118 million in the form of equity and Rs.527 
million in the form of term loans was to be provided by the Indian financial 
institutions on the assumption that the ~orld Bank assistance to the 
Government of India would be available to the tune of $100 million or Rs800 
million. The «~rld Banlt assistance vould be to the Government of India, who 
would transfer it to the Development Assistance Fund of the IDBI and the 
latter would provide the resources to the project out of this Fund - Rs.192 
million in the form of equity and RS.608 million in the form of a loan. 

The Development Assistance Fund is constituted by the IDBI out of the 
resources obtained from the Government of India; the IDBI manages this Fund on 
behalf of the Government for providing assistance to large sophisticated and 
risky projects, which do not meet IDBI criteria for assistance. Thus the risk 
of non-payment of interest and principal is borne by the Government of India. 
The Government passed on the world Bank assistance for the project to this 
Fund. The exchange risk relating to the debt servicing with regard to the 
~.iorld Bank assistance is also borne by the Government of India. 

This project had an integral rate of return of only 12.1 per cent per 
year. while one of the criteria for IDBI assistance is an internal rate o~ 
return of at least 15 per cent per year. Further. this project was considered 
by the IDBI as quite risky in view of its complexity, and the fact that 
assistance had to be provided even before the technological research was 
completed. If decisions were not taken with regard to financial assistance by 
:1ay 1981, the Beloit Corporation would not adhere to the details of its 
preliminary agreement with the TNPL of December 1980. For these reasons, the 
Government of India agreed to provide the ~orld Bank assistance to the project 
through the Development Assistance Fund. It may also be noted that the World 
Bank, for the first ~ime in its history, agreed to let the Government of 
India. thr~ugh the Development Assistance Fund of the IDBI. provide a part of 
assistance in the form of equity to the project. This shows the importance, 
which the ~orld Bank attached to this project for the reasons mentioned 
earlier. 

Subsequently, the ~orld 3ank formally sanctioned its assistance of $100 
million for this project in September 1981, with the provision of retro-active 
assistance of $10 million in order to cover the initial down payment for the 
consortium package (Beloit Corporation) essP.ntial for the project to be 
implemented as scheduled. 

Project Implementation 

After the financial assistance was secured. the T~PL finalised i:s 
agreement in June 1981 with the consortium led by Beloit ~almsley, Ltd., UK; 
the consortium included also the Beloit Jones Division of the Beloi.t 
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Cor?oraticn Ltd (~SA). Site preparat:0n commenced in August L981 and 
preparation for procurement in January 1982. Start-up of paper machine with 
purchased pulp •as achieved in September 1984. eucal::-ptus pulping line was 
started in FebruaLy 198S. the chemical bagasse line in ~ay 1985 and the 
mechanical bagasse line in October 1985. Thus. though the TNPL started 
manutacturing ne•sprint •ith imported pulp in September 1984 (that is within 
36 months after the ~orld Bank assistance was sanctioned) the newsprint 
production based on internal bagasse sr.arted only in October 1985 (that is. 48 
months after the ~orld Bank assistance was secured). This additional 
gestat:on period of a little more than a year was due to the additional time 
taken for completing the technological research: the technological 
breakthrough in the manufacture of mechanical pulp out of bagasse was achieved 
during late 1984. A part of the additional time-lag was due to an initial 
delay in making down payments to Beloit - a three-month delay. The port 
strike and diversion of ships carrying consignment to the plant held up the 
delivery of certain critical equipment and delayed the project to some 
extent. It is the finalisation of process parameters which has contributed to 
the major part of the time overrun. 

This research resulted in the modification in the process configuration 
and a change in the design and layout of the factory buildings: consequently 
the cost estimated for buildings increased by Rs.14.60 million, for land by 
Rs.10.50 million, and some increase in cost (about Rs.135 million) for plant 
and machinery. Thus about Rs.286 million of additional cost was due to the 
redesigning of the project as a result of technological research. The rest of 
the increase in project cost was due to exchange rate fluctuations and 
increase in import duties (Rs.203 million) and additional cost as a result of 
an increase in domestic prices (Rs.22 million). In all, the project had a 
cost-overrun of Rs.500 million - an increase of about 27 per cent over the 
original estimate. In terms of US dollars. however, the cost increase was of 
the order of only $5 million ($230 million as compared to the original 
estiillate of $225 million). 

In view of the fact that project impleme~tation had started and financial 
arrangements had been made well before the completion of technological 
research, this additional gestation lag and the additional cost were quite 
understandable and reasonable. The AGA of the IDBI had already anticipated 
this outcome. 

The ~orld Bank was satisfied with the outcome. To quote Mr. Ray Chalk of 
the ~orld Bank. who was associated with this project since April 1980: "At the 
~orld Bank. we all feel now that this project is definitely a technical 
success. ~e were very happy that it came in within the scheduled time -
depends a little bit on when you start counting the start of the work. 
Basically, we are very happy with the implementation period and certainly with 
the capital cost. This project has come in basically within budget. The 100 
million dcllars that the Bank loaned to the project was used very efficiently 
and did not overrun. So I think that is all I need to say. ~e at the World 
Bank congratulate Mr. Vishwanathan and all his colleagues. and we think this 
is a very successful project. one in which we are very pleased to be part of". 

As a result of this experimental project. it is possible to improve the 
design of such future projects in India and elsewhere. If an integrated 
sugar/paper mill project is conceived there could be substantial economies in 
steam and power balance and in rationalising equipment to be employed in both 
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the sugar and paper industries. This integrated complex could be tied ~p. 
~herever possible. with captive sugar c3ne plantations. !he project cost.in 
such a case. can be reduced by S-7 per cent with considerable saving in 
transportation cost. Such projects can now be thought of for count~ies iike 
Argentina. Bra=il. China. Colombia. Cuba. Egypt. Indonesia. Iran. ~exico. 
Pakistan. Peru. Thailand. Venezuela. the Sudan and others in Africa - all of 
which are now large consumers of newsprint. Thus the TNPL project is likelv 
to have a world-wide impact - as anticipated by the ~orld Bank. 

The SPB is currently engaged in advising the Government of India and 
three state governments on establishing such bagasse-based mills. It is also 
promoting the idea of an integrated sugar-cum-paper mill complex and the 
Government of India has come to realise the importance and significance of 
such an integrated approach. The ~orld Bank has assured its continued and 
keen support and assistance for two other similar ventures. which. it is 
hoped, ~ill improve upon the technology and design of the TNPL. Towards this 
end. the SPB is already taking effective steps. 

It may be noted that this was the first project in lndia which was based 
on collaborative research between an Indian firm and a foreign multinational. 
just as the Swaraj tractor was the first Indian project, based on indigenous 
research. 

III 

Strategic Factors in Public Enterprise Performance 

Such, then, is the story of evolution and implementation of this bagasse 
newsprint project, based on adaptive technological research to improve 
commercially w1proven bagasse newsprint technology. This research has 
resulted in ~he development of Beloit-SPB Process, and the project has 
successfully adopted this new technology well within the anticipated time even 
though there were coet overruns due largely to factors which were not within 
the control of illanagement such as fluctuations in the rupee-dollar exchange 
rate, rise in import duty, the re-designing of the technological process as a 
result of research and the time taken for semi-commercial trials of the new 
research results. In view of the fact that the project was formulated and its 
implementati,Jn was initiated much before the final research was completed. the 
successful implementation of the project within the anticipated time and cost 
parameters appears to be an achievement, unique at any rate in the context oi 
the Indian and the IDBI experience - and probably the experience elsewhere in 
the world. 

How, then, do we explain the causal or strategic factors behind this 
success story of a public enterprise? One can make some tentative conjectures 
relating to the nature and characteristics of the decision structure and 
processes. that resulted in this success story, and these conjectures or 
hypothheses appear to be valid for public enterprise performance in the 
developed as well as the developing countries. 

(a) Plurality 0f public enterprise oromoters and competitive promot]on: For 
identifying new project ideas and stimulating a competitive learning process 
relating to economic development, it appears essential to have a plurality of 
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?roject sponsors or pro~oters in the public sector as •ell as a plurality of 
various institutions - and in particular financial institutions. TCSCs and 
TRCs - for the success of both public and private enterprises. 

~b) High-level colDl!litment: The Tamil ~adu Chief ~inister was not only keen 
on restoring the position of his state, but was also committed ~o whctever 
action was necessarv for the purpose. He was willing to consult a private 
enterprise lSPB) and his managing director and to delegate full responsibility 
for the project to a · :e-sector enterprise. simply because he was 
colll"Jlitted to the succt effectiveness and efficiency - of his public 
enterprise. The success was not merely due to the co1111Ritment of the state 
government; it was also due to the commitment. at the highest level. of the 
central government, which had already taken several measures to promote the 
use of bagasse for paper as well as newsprint production. 

(c) Partnership relationship with the private sector: The high-level 
collllllitment by itself would not have been enough. There was, in this case. a 
non-ideological pragmatic approach; if the public sector required zssistance 
from the private sector, there was no inhibition or ideological constraint in 
obtaining such support. 

The partnership link was net merely between public and private sectors in 
India; it was established among Indian and international financial 
institutions - IDBI, IFC and the World Baak - between Indian TCSC (SPB and 
SPB-PC) and the Beloit Corporation and its affiliates and finally between the 
central and the state government. 

(d) Critical role of a TCSC: The SPB had long exrerience in the paper and 
newsprint industry since 1960 and its two expa~sio~s of capacity were made 
possible by developing and nurturing a team of experts in design engineering -
a team which later on, probably, in 1977, was formed into a separate TCSC -
(-SPB-PC), a natural evolution for a TCSC from an expanding enterprise. 

It was this TCSC, which identified the project idea, initiated the search 
for technology, identified the areas for research and selected a foreign 
consortium which could undertake research as well as assume full 
responsibility for project implementation and successful operation of the 
project. A TCSC of such a type is essential not only for the choice of 
technology but also for identifying problems relating to adaptation and 
improvement of modern technology - whether commercially proven or otherwise. 

(e) Critical role of entrepreneurial abilitv: But this TCSC (SPB and SPB-PC) 
was not an ordinary TCSC. The 111anaging director of SPB was also the chairman 
of SPB-PC. He and his team had an aspiration - a dream - of developing a 
new~print project based on bagasse as early as 1963-65. This dream was still 
alive in 1978, and it is this dream, which prompted him to suggest this new 
project to the Chief ~inister of Tamil Nadu. 

But the managing director did not merely suggest the project idea. He 
was so possessed by his dream that he wanted to make it a reality. And he 
worked at it with passionate zeal. ardour and drive - the characteristics of a 
Schumpeterian entrepreneur. He convinced the Chief ~inister of the viability 
of the project idea and the necessity of having this project in the public 
sector in view of the risks, costs and exter~al beneiits associated witi1 a 
project of this type. Through the Chief ~inister. he tried to persu..r. · the 
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Central Government to take essential measures in order to make this prcject 
financiallv viabit. It is worth noting that he was one of the members of the 
sub-committee of the development council - referred to earlier - that 
recommended to the Government of India certain measures for the application of 
bagasse technology and which the latter adopted in April 1979 - and which 
resulted in the concept of a composite project with a dual-purpose machine - a 
concept Jeveloped by the PSB. 

It was again the managing director and his team which. through personal 
visits and discussion in Mexico. Peru and elsewhere - in Europe, Latin America 
and the USA - identified the problems relating to research as WPll as 
implementation an· ,lected a leader of the consortium of foreign companies -
the Beloit Ccrpor. on with its affiliates - to tackle these problems. 

The managing director and his team. again. provided the expert personnel 
and trained others directly and indirectly through the Beloit Corporation -­
the personnel responsible for the formulation, implementation and operation of 
the TNPL project. 

The technological research too, would not have been undertaken by the 
Beloit Corporation without the assurance by the TNPL - through the SPB - of 
obtaining their assistance as equipment and know-how supplier as well as the 
major coordinator with the responsibility for the successful implementation of 
the project. This type of research, as the World Bank had recognised, would 
not have been undertaken in the developed countries - which lacked sufficient 
interest in bagasse - without the active support and pro~otion of such 
research by a developing country; the Beloit Corporation undertook this 
intensive research because the TNPL had entered into a contrac~ual obligation 
with them for the success of this project. Again, this research would not 
have been fruitful but for the scientists of the SPB-PC actively associated 
with this research since 1982 - the persons who knew the characteri~tics and 
eccentricities of the bagasse fibre. 

The managing director and SPB were the entrepreneurs not only for all 
these but also for persuading the Indian financial institutions under ~he 
leadership of the IDBI and the World Bank to provide the necessary financial 
assistance. 

This financial assistance from the IDBI was principally due to the 
Central Gov?.rnment support rnd commitment to bagasse technology; and this was 
obtained partly by the persuasive presentation of the case by the SPB as well 
as because the ex-industries minister of Tamil Nadu - Mr. R. Venkataraman, the 
architect of the industrial development policies of Tamil Nadu - happened to 
be the finance minister of the Government of India. Institutional mechanisms 
are, indeed, important; but the spirit in which they are operated depends 
critically on the entrepreneurial ability of the persons who man them. How 
true this has been vis-a-vis SPB, the Tamil Nadu Government and even che 
Central Government. 

(f) Vital role of financial institut~: It is worth noting that, 
initially, this project was considered to be risky and ~ot creditworthy by the 
!DBI as well as the International Finance Corporation (~ashington). iiJhile the 
discussions were going on between TNPL and the IDBI for financial assis~ance, 
it was a very fortunate coincidence that a world Bank team of experts happened 
to be i~ !ndia in April 1980 and came to know about this project. The ~orld 



Sank team. on their own. initiated ~ discussion with the T~PL and SPB and 
assured them in principle of ~orld Bank support - to the tune of $100 million 
after a detailed appraisal of the project to be completed by Februarv 1981. 
just ten months after the first identification of the proj~ct by the ~orld 
Sank team. It may be mentioned that the ~orld Sank was familiar with the 
newsprint projects in ~exico and Peru and. in fact. was probably also 
conscious of the lack of mechanical pulping approach with regard to the 
bagasse newsprint technologies and the lack of coordination among the various 
suppliers to these projects - views which were later confirmed by the reports 
of the ~orld Bank consultants. who visited ~exico and Peru in September 1980. 

This ~orld Sank support to the project was of critical significance; for 
it inspired confidence Wlth regard to the project in the IDBI and other 
financial institutions ana induced them to actively support it in an 
imaginative manner. The #orld Bank support also strengthened the conviction 
of the Government of India with regard to the viability of this project. ~y 
did the World Bank support this project so actively and with such initiative 
and enthusiasm - somewhat unusual in a conservative international bank? 

First, bagasse technology, if successful. would make it possible for 
India to be self-sufficient in its requirements of both paper and newsprint. 
Second, such a technology would be a considerable benefit to developing 
countries with sugar cane cultivation - and in particular the African 
countries - as it would enable them to improve the profitability of 
agriculture as well as sugar mills and at the same time make it possible for 
them to develop agro-industrial complexes by linking sugar-cane cultivation 
with sugar and paper mills. Third, the developed countries have no incentive 
to develop and commercialise such new technology; India, being the largest 
sugar cane producer in the world and with its technical and scientific 
personnel - the third largest in the world - was one of the few developing 
countries that could develop and commercialise this new technology. Fourth, 
because of the risks involved and the complexity of the project. it was 
essential to promote and support a public enterprise. And finally, even if 
the project could not develop bagasse newsprint technology. it could 
manufacture paper based partly on bagasse, as the project was so conceived as 
to produce either paper or newsprint or both; thus, because of the composite 
nature of the project and the dual-purpose single paper machine, the risk of 
the project was considerably reduced. Such were the explicit reasons for the 
World Bank support of the project. 

The role of the TCSC - in this case SPB and SPB-PC - and the financial 
institutions. including the ~orld Sank. was thereforP. very critical and 
crucial in providing a vital link between modern technology and TRC (Beloit 
Corporation and its affiliates) on the one hand and the production system 
(TNPL) on the other. 

(g) Qualitv and motivation of the top management team: The selection of the 
top management of TNPL was. of course, the most vit~l factor in its success. 
The Chairman of T~PL was Vishwanathan during the period of implementation and 
the managing director has been, since the beginning, C. Ramachandran. The 
chairman and his team had a powerful motivation to make the project a success; 
after all, it was their idea, their dream and creation. They had identified 
the idea, formulated the pro~ect design. identified the research problems, 
selected the foreign consortium for promoting research, manufacturing, and 
supplying eq~ipment and taking full responsibility for the implementation of 
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the project. Soth SPB and C. Ramachandran ~ere ~ssociated with the project 
right tram its inception and both had d powerful non,economic motivation to 
make it a success , a case similar to that of the Swaraj Tractor. SPB had 
charged fees for its consultancy service which were much lower than the 
conventional standard for the tasks involved; SPB was more interested in the 
implementation of its cherished idea than in :naking money from this project. 

The wise selection of the top management team. its ass~ciation with the 
project :~~ht from its inception and its powerful ~on,economic or 
non-pecunia~y motivation were all factors of critical significance. 

The Tamil Nadu government was far-sighted and prudent in agreeing with 
the financial institutions to keep its share of equity below 50 per cent: this 
was done explicitly to maintain the professional character of the management 
and provide it with operational autonomy. thus restricting the scope for 
ad hoc political and bureaucratic interference with the implementation and 
operation cf the project. 

Such, then. were the strategic factors which accounted for the success of 
this public enterprise; and these factors are relevant for public enterprise 
performance anywhere in the world. This case study demonstrates the critical 
significance of these strategic factors for effective and efficient 
functioning of a public enterprise and as such. has relevance for all 
countries with mixed economies and probably also for centrally planned 
economies. which are in the process of reforming the management system for 
their industrial enterprises - or undertaking, to use the popular Russian 
word, perestroika, a thorough restructuring of the economic system. 

IV 

Concluding observations 

This case study has demonstrated the rationale for a public enterprise 
particularly in the developing countries. 

Further, it indicates the pre-conditions essential for successful 
implementation and operation of a public enterprise project. These 
pre-conditions are: (a) Plurality of project promot~rs or sponsors; 
(b) Partnership relationship between public and private sectors; (c) Existence 
of an appropriate TCSC for the search of relevant technology, identification 
of research problems for adapting and improving technology, identification of 
a foreign TRC/TCSC for joint research and implementation of a public 
enterprise project, and establishing the vital link betveen modern technology 
and TRCs on the one hand and the production system on the other; (c) Existence 
of development banks with development orientation and with capac4cy to forge 
partnerships with other domestic banks and international institutions and with 
domestic and foreign TCSCs and TRCs: (e) High-level support and commitment on 
the part of the Government to ensure effective and efficient functioning of 
the enterprise and its operations autonomy for the purpose; and (f) Existence 
of institutional and policy framework that creates a favour~ble climate for 
the emergence and functioning of entrepreneurial talents and impulses in both 
the public and the private sectors. 



Emergence of these pre-conditions is an evoiutionarv ?rocess; but th.at 
can be set in ~otion only if the political and bureaucratic structures are 
co ... itted to the objective of socio-economic development. and decision 
structures and processes have built-in mechanisms for learning from experience 
with a view to ensuring creative adaptation to a changing environment. 
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CHAPTER VII I 

::iA ... lljAGE..1ENT OF TECHNOLOGICAL CHANGE I~ ~iACHINE TOOLS 

Aasha Kapur Mehta 
Indian Institute of Public Adai.nistration. Nev Delhi 

and Arun Mehta 
INDATA Company (Private) Ltd. • Nev Delhi 

The case of P~ ~chine tool Automatics Ltd. 

Machine tools are power-driven machines, used for cutting. forming. 
shaping or pressing metals or other materials into desired forms. They are 
appropriately called mother machines. since they are used to manufacture both 
machine tools and other machines. For this reason. developments in machine 
tools are critical for the development of industry as a whole. 

It is not incorrect to say that there has been a revolution in the 
machine tool industry in the last few decades. Introduction of new materials 
and improved understanding of the machining process have been responsible for 
a part of the change. The prime mover, however, has undoubtedly been progress 
in control technology, which has led to large-scale automation and integration 
of machine tools. 

It was in the machine tool industry that the computer was for the first 
time used outside the pure date processing environment. In 1949, not long 
after the invention of the electronic computer. a series of research projects 
were started at the Massachusetts Institute of Technology on automatic 
machining. In 1952, paper tape output from a computer was used to control a 
milling machine, which was the first numerically controlled (NC) machine. 
Computer applications in machine tools, therefore, have a long tradition. 

In 1976, when microprocessors were still fairly new in the market, Fanuc 
introduced inexpensive microcomputer-based controls, which resulted in very 
large growth rates worldwide. The large. general-purpose machine tool 
manufacturers in the advanced countries have more or less stopped making 
non-CNC (Computer Numerical Control) machines. Some manufacturers - for 
example Traub in ';.iest Germany - entered the c=;c field as late as 1979, and 
have had to almost completely switch over in less than a decade. 

Reasons for the shift in favour of CNC machines in manufacturing are: 

The ahility to machine difficult parts cost efficiently, for which the 
human operator would require a lot of skill or produce a higb percentage 
of rejects. 

Speed is much higher on a CNC machine for several reasons. CNC has high 
positional accuracy, and is able to dispense with many i~termediate 

cycles that a human operator adopts in metal removal. A CNC machine with 
automatic tool and work piece changers can be set up much faster than a 
conventional one. Repeatability is higher on a CNC machine, finished 
parts have to be checked less frequently. ~odern computer-controlled 
machines store a lot of knowhow on tool and work piece materials. i.e., 
they resemble expert Sfstems, and allow programming with powerful 



g=aphical and ether sophisticated means. This reduces rejec~s and saves 
time. particularly during prototype !!Minufacture. :t has been estimated 
that for relatively simple parts. machining time on a simple CNC ma.chine 
is consideracly lower: on the average. 76 per cent lower for a motor 
coupling with a 2° bore taper l/ (sec references at end of Chapter). 

Higher accuracy of parts machined on CNC machines decreases assembly time 
and ensures interchangeability of spares. 

Quality control: the quality of CNC-machine products does not fluctuate 
as much as can be the case with human operators. Controlled speeds. 
pressures and feeds result in better finish. CNC machines can maintain 
tolerances of a few hundredths of a millimetre running almost 24 hours a 
day. 

The computer maintains an u.~interrupted watch on the machine in the 
monitoring of those faults for which it has been programmed and equipped. 
and sends out alarms speedily. Its record of the events preceding the 
fault is always honest. 

CNC-machines are a prerequisite for flexible manufacturing systems (FMS). 

In the industrially advanced countries. the reduction in manpower 
obtained through introduction of CNC has also played a major role. 

There are. certainly, exceptions to the rule, and for many parts 
conventional machines are still more cost-effective than CNC. However, the 
markets for these have either been captured by the Republic of Korea and the 
Taiwan Province of China, or are not large enough to interest the machine tool 
manufacturers in the advanced countries. 

Flexible Manufacturing 

A multi-purpose machine (or a combination of simple machines). together 
with equipment for automatic loading and unloading of work pieces. an 
automatic tool changer and a gauging system (to measure the dimensions of the 
finished part) would be an example of a Flexible ~nufacturing Cell (P.fC). 
Such a cell is capable of working a complete shift unattended. For the 
controls, in addition to the GNC, a programnable logic controller (PLC) is 
needed to coordinate and interlock machining. tool and work piece changes. 

The next level of technological development is the Flexible ~nufacturing 
Systems (F~S), obtained by coupling several C~C-machines or FMCs via a bus, 
with a central c~mputer for overall coordination. FMS includes a centralised. 
automatic work-piece and tool management system. This seeks to ensure that all 
necessary tools and work pieces are available and the manufacturing programs 
downloaded to the CNC machines at the right time. 

Factors contributing to the growth of F!iS in the developed countries are: 

It requires considerably less manpower than stand-alone c~:c 111&1chines. 

The trend towards "just in time" manufacturing, popularised by the 
Jaoanese. To reduce inventories and associoted costs and improve cash 
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flow. parts are manufactured o= obtained from sub-suppliers just when 
needed in the small batches required then. 

In today's fiercely competitive world markets. manufacturers try to keep 
one step ahead of the competition by continuously developing products to 
reduce manufacturing costs and add new features to meet the tastes of 
more affluent and fastidious customers. In a six-month period, Japan's 
Sony. for example. expects to launch 101 new audio, television and video 
products in Britain alone - in an average of one per working day - and 
new electronic products are unlikely to remain in production for more 2 
than three months2/. FMS are essential for manufacturing the large 
variety of small batch sizes just in time that such a market demands.3/ 

~ith increasing competition, delivery periods have become shorter, 
increasing the demand for systems that can quickly be reconfigured to 
manufacture the desire~ part. 

Increasing attention is now being paid in the developed countries to 
Computer Integrated manufacture (CIM). Implied by this term is the integration 
of marketing, design. fabrication, inventory management and dispatch through a 
network of computers in a fully automated plant. Advantages expected include 
increases of 40-70 per cent in productivity and 100-200 per cent in machine 
utilisation.4/ However, this technology is still in its infancy. 

The Indian Machine Tool Industry 

The basic strategy of development planning in India, especially since the 
Second Five Year Plan, has laid considerable emphasis on the development of 
and relative self-sufficiency in capital gocds industries. Capital goods 
comprise non-electrical machinery (including machine tools), electrical 
machinery and transport equipment. 

Starting with three large units making machine tools in the early 
fifties, today there are between 140 and 150 machine tool manufacturing firms 
in ~he organised sector. In addition, there are a large number of 
mechanic-workshop type small machine tool shops in Pubjab, Gujarat and Tamil 
Nadu, specialising in the product' Jn of simple machine tools. 

A few large firms - Hindustan machine Tools. Perfect Machine Tools (PMT). 
XLO, Bharat Fritz ~erner, Mysore Kirloskar, Praga, Godrej and Boyce, Heavy 
Eng~neering Corporation, Premier Automobiles (Walchandnagar) and Ameteep to 
name a few - dominate the industry in volume of production. technological 
collaborations. innovations and ex9orts. 

Clearly distinct from the large firms and the mechanic-workshops is a 
class of new ~ntrants. Small partnership firms have been set up by 
engineer-entrepreneurs who were working at companies like HMT or Godrej and 
Boyce or were trained at the Central Machine Tool Institute (CMTI) and have 
now started out on their own. Skilled in the design and production of modern 
machine tools. they operate with low overheads and are rapidly establishing 
themselves successfully in the domestic and export markets. 
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Indian production. imports and exports of machine tools between 1978 and 
1987 are shown in Fig.l. 

Fiq. 1: Production, linports and Exports of the Indian m/c tool industrv 
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With almost 70 per cent of the exports in 1986 being made to the Soviet 
Union and Bulgaria (Fig.la), the hard currency component in exports is low. 

fig.la: Oirect1on of Indian Hach1ne Tool Exports in 1986 
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The value of output of machine tools and accessories was Rs.2.86 million 
in 1950, Rs.58.6 million in 1960 and Rs.372.3 million in 1970, Rs.1859.5 
million in 1980 and Rs.3,361.2 million in 1986. However, the increase has been 
much less spectacular in real terms, i.e. from Rs. 372.3 million in 1970 to 
Rs.755.9 million in 1980 and Rs.844.2 million in 1985. 

As can be seen from Fig.l, exports of machine tools stagnated between 
1978 to 1984, and even though they have been increasing since then, they 
continue to remain a small fraction of imports. The self sufficiency ratio 
decreased from 86.1% of total value of machine tool requirement in 1978 to 
58.2 per cent in 1985. 

This is a result of the fact that user industries, especially 
auto1110biles, railway workshops and defence, have invested heavily in setting 
up new production capacity and in expansion and modernisation programmes. Ihe 
stress on fuel efficiency has cmapelled narrower tolerances and more stringent 
quality control. There is a resultant shift in the demand pattern, with a 
clear preference for high-tech, precision CNC machines. This is reflected in 
the fact that 160 CNC machines valued at Rs.32 crores were cleared for import 
in 1985. As per the Machine Tool Census of India,5/ less than 0.1 per cent of 
the installed base of 13,35,000 machine tools in India in 1985 were CNC 
machines. 88.5 per cent of the 1200 CNC machines were imported. The small 
installed base coupled with increasing demand have resulted in an extremely 
high growth rate for CNC machines in India. Current demand for CNC machines is 
about 250 per annum, of which about 150 (worth approximateLy Rs.150 crores) 
are from indigenous production (Fig.2). In contrast, Japan raa~actlired 
approximately 45000 CNC machines in 1985.6/ 

F1g.2: CNC-mach1ne tool proouction 1n Ind1a 
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Source: CNC Machine Tools - Problems and Prospects. fMTMA, January 19E3 
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Indian :la.chine Tooi Firms and Technologic~l Change 

Indian manufacturers have seriously lagged behind international 
developments in the industry. particularly in CNC. This has led to burgeoning 
imports of GNC machines. Given the ne~ technological developments abroad -
FMC. FMS and CI~ - their ability to compete in the hi-tech export market is 
shrinking. The Indian !Barket for machine tools is segmented. ~bile the bulk of 
the user industry lacks the sophistication necessary to ~se CNC machines. 
there are several large organizations manufacturing to international standards 
that need to purchase CNC machines. Relative to the industrially advanced 
countries, however, the market for CNC is still limited. Meanwhile, in the 
shrinking export marKet for conventional machine tools, India has been 
out-competed by the Republic of Korea and the Taiwan Province of China. 

India has not had a manufacturer of CNC hardware. so that the close 
cooperation and mutual stimulus between CNC and machine tool manufacturer, 
characteristic of the Japanese and German industries, has been lacking in 
India. Manufacturers for several other critical components. such as 
high-precision bearings and sensors, are also not to be found in the country. 
Skilled manpower. particularly in the programming of CNC, is hard to find. 

Raw ;naterial prices are substantially higher here than those prevailing 
on the international carket. In addition, the quality of several key raw 
materials is also not upto international standards, making costly and 
time-consuming inspection and testing of incoming materials a must. 

The Indian machine tool industry must regain competitiveness in 
international markets and simultaneously allow Indian users of machine tools 
to manufacture products that are competitive in hard currency markets. One 
area that could offer very interesting export possibilities is in conventional 
machines which foreign manufacturers are phasing out. Some of these are still 
and will continue to be cost effective with respect to CNC in manufacturing 
certain parts. Even though the demand for them is small by international 
standards, these volumes would be large for Indian manufacturers. If such 
niches could be identified in time and machines for them manufactured both for 
the domestic and the imported markets, the necessary economies of scale could 
make it possible to successfully compete with the Republic of Korea and the 
Taiwan Province of China. An example of this are automatic lathes, discussed 
below. 

However. the requirements of several Indian users of machine tools 
needing to manufacture to international standards for import substitution and 
to compete in international markets can only be met through a concerted entry 
~nto CNC technology. In this, it would certainly be advantageous for a 
computer manufacturer to start manufacturing CNC hardware. More complex, 
however, is the problem of the manufacturing technology for sophisticated 
machine tools and the machining know-how that goes into the manufacture and 
programming of a CNC machine tool. 

It is in this context that technology management by the Indian machine 
tool industry and the large number of foreign technical collaborations, into 
which the industry has recently entered need to be viewed. 
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Foreign technical collaborations - some advantages and disadvantages 

Some of the issues raised in the literature pertaining to foreign 
technical collaborations are: 

Cooperation agreements with foreign machine tool manufacturers are 
necessary initially to speed up the growth of the machine tool industry and as 
an essential component for the training and development of engineers, 
technicians, designers, planners, managers and skilled operators.7/ 

From the point of view of the licensee, the purchase of a license reduces 
otherwise heavy R&D expenses. Technological know-how as well as product design 
lDB.Y also be included in the provisions of a licensing agreement. The brand 
name of the licensor may in addition be an indispensable selling point for the 
licensee, even if the quality of the licensee's own brand of machine tool is 
equal to the more familiar one. Finally, local producers in LDCs may obtain 
from their government the guarantee of protection against competitive imports 
if they produce an alleftedly technologically sophisticated product under 
license than otherwise. I 

The interests of the buyer and seller of technology are complementary as 
long as they do not compete in the Indian or the international market. 
Government restrictions on imports prevent conflict of inte~est as long as the 
Indian producer limits himself to selling in the domestic market_ But once he 
wants to become a substantial exporter he is liable to run into the 
competition of potential technology suppliers.9/ 

Therefore, attention needs to be drawn to provisions in foreign licences 
which affect the freedom of licensees to export. This is especially critical 
in the machine tool sector because machine tools are a widely traded commodity 
and it is rare that a successful machine tool producer does not engage in 
exporting. Thus, one must be doubly wary of licences in the machine tool 
branch which prohibit exports outright or which do not pr~vide the latest 
designs (however simple the technology) so that exporting is effectively 
impeded since the latest designs are necessary to compete internationally.10/ 

The PMT Machine Tool Automatics Ltd. (PMTMTA) has, during the last 
decade, acquired technology primarily through entering into foreign technical 
collaborations ar.d so is illustrative of the above. Since the company has been 
fairly successful in the management of technological change, their example is 
worth looking at closer. 

Historv of PMTMTA 

The Perfect Machine Tools Company (PMT) was established in 1947 as a 
marketing organization for machine tools. The decision to manufacture machine 
tools was taken in 1963. ~at is today known as PMTMTA was originally set up 
as Traub India Ltd., a joint venture formed in 1963, with Hermann Traub 
~schinenfabrik (HTM), Federal Republic of Germany, holding 60 per cent of the 
equity and Mr.D.L.Shah, founder of PMT, holding 40 per cent. In 1964, Traub 
India started manufacturing single spindle automatic lathes and acquired 
considerable expertise, know-how and trained personnel in the process. 
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~ot willing to reduce foreign equity in accordance ~ith the Foreign 
Exchange Regulation Act (FERA), HTM •ithdrew financial investment totally in 
1978 and sold their share to their Indian partner. The company was renamed P!1T 
:iachine Tool Automatics Pvt. Ltd. (PMTMTA). However. a close technical and 
trade relationship continues between PMTIITA and HTM. Since then the turnover 
of PMT~A has increased from Rs. 15 million to Rs.96.S million in 1986-87. 

~ith the exception of 1984. in which a large export order from Iran was 
executed. company sales have depicted a steady increasing trend. The company's 
share in Indian production increased from approximately 1.56 per cent in 1983 
to 2.76 per cent in 1986. 

Today PM'nf!A manufactures: 

i) Automatic lathes, continuing the Traub India Line. 

ii) Automatic lathes with six-station turret, in which the machine can 
simultaneously hold six tools, any one of which can be used for 
machining. with rapid switchover to one of the others. Technology for the 
product was obtained through a technical collaboration with HTM in 1980, 
for which a technical know-how fee was paid, and production started the 
same year. 

iii) 3!DID-80mm internal grinding machines under technical collaboration with 
Vo\Ziicird Machine Co., Switzerland, signed in 1983. Production started in 
1984 and about 75 per cent indigenisation has already taken place. 
Payment terms were lumpsum for drawings and know-how. and royalty at the 
rate of S per cent of sales for a period of S years from commencement of 
froduction. 100 machines have been produced so far. 

iv) 2-axis CNC turning centres (lathes) and 3-axis tum-mill centr~ li.e. a 
lathe with limited milling capability). with 2-axis CNC, only the tool 
position is controlled, whereas in 3-a~is control. the rotary motion of 
the workpiece is synchronised with tool motion, allowing the machining of 
sections other than cylindrical. For these machines a technical 
collaboration with HTM was signed in 1986, on payment terms similar to 
those mentioned above for Voumard. Production started in 1987, and so far 
10 machines have been delivered. CNC for these machines has been 
developed by HTM. with hardware from Mitsubishi. and is a part of the 
collaboration agreement. 

PMTMTA exports automatic lathes through PMT to hard currency areas such 
as Japan. the Federal Republic of Germany. Iran and South East Asia. In 1986, 
186 automatic lathes were exported by PMTMTA. 

Technology management by PMTMTA 

Licensing agreements have a variety of special benefits associated with 
them such dS short-cut in obtaining ready made design; training of local 
skilled manpower; technology updating; entry into ~ore sophisticated product 
ranges; building up higher technological capabil1ties; development of own 
design on the basis of experience gained from the design of foreign 
collaborators and marketing advantages.11/ 
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PMTMTA has succeeded in obtaining most of these benefits in technology 
transfer. Th.at this has raised P~MTA's technological capabilities is 
demonstrated by the fact that they have made changes in the machines based on 
their knowledge of local market conditions that have been approved and even 
partly adopted by the foreign collaborator. The reasons for PMTMTA's success 
are discussed below. 

Product line - marketing nexus 

PMT is a marketing organization for machine tools that has served as 
agent~ not only for foreign manufacturers of sophisticated machine tools, but 
also, st~rting in th~ si~ties, of small Indian manufacturers of simple 
machines. ~ny of these have subsequently grown and started making 
sophisticated machines. Clients for the imported machines include defence 
plants, the railways, and the automative and steel industries. PMT had an 
annual turnover of Rs.380 million in 1987. with exports of approximately Rs.25 
lllillion (a significant proportion being PMTMTA products). 

The decision to start manufacturing machine tools in 1963 was based on 
PMT's marketing experience, in particular the identification of the products 
which sold well. Good relationships with their foreign manufacturers eased 
tie-ups. PMTMTA's current product mix clearly reflects this. PMT has been 
selling Traub machines since the fifties (much before domestic manufacture of 
the Traub lathes began in 1964) and Voumard machines for more than 25 years, 
whereas the technical collaboration with Voumard was signed in 1983. 

Increases in the licensed capacity of and the new collaborations entered 
into by the two-wheeler industry in the early eighties triggered the decision 
to manufacture the Voumard machine. Using PMT's marketing know-how to identify 
the machine tools that the rapidly growing two-wheeler industry would need, 
PMTMTA diversified its product range into internal grinders, required for 
grinding bores in critical components such as connecting rods. crankshafts and 
gears. Manufacturing began in 19&4. 

Competitors in internal grinders are XLO, HMT and Mysore Kirloskar. 
PMTMTA was, however, the first to develop this product and to rapidly 
indigenise it, thereby partly counteracting the price disadvantage on iQported 
components when the value of the Rupee fell against European currencies. Th~ir 
use of the Voumard brand name i~ a market in which it was already establishad 
hel~ed. 

Therefore, choice of product, timing, identification of collaborator and 
a strong marketing base. all contribute to PMTMTA dominance in the market for 
internal grinders. A similar strategy has also been successful in the case of 
Traub automatic lathes, with the additional advantage that these are also used 
by small manufacturers in addition to the medium and large ones, so that PMT's 
role as an agent of small manufacturers also works to PMTMTA's advantage. 

Entry into the market for CNC lathes has been dictated by the switch in 
favour of CNC machines by large Indian users. PMTMTA is a relative latecomer 
in this field and competes with HMT and Mysore Kirloskar. with whom it has 
caught up already. The PMTMTA strategy appears to be an attempt at 
differentiating its product from that of the other Indian manufacturers by 
offering single-source responsibility for the machine as well as the control 
system. 
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Most foreign firms collaborating with Indian manufacturers purchase 
controls from Fanuc or SielllEns. P~TMTA. en the other hand. i3 collaborating 
with HT~! for the manufacture of CNC lathes and tum-mill centres. and HT~ have 
developed their own softwar~ for their CNC system. components for which are 
purchased by them from Mitsubishi. tailored to the specific requirements of 
their lathes. HTM's biggest strength is their expertise in the field of 
turning. acquired through decades of advising users on how to "program" the 
manufacture of parts on their automatic lal .es. Th~y were therefore. very 
clear on what features they wanted in a CNC. Not finding these in standard 
systems. and given the lack of flexibility in the large CNC manufacturers. HTM 
decided to develop their own system based on Mitsubishi hardware. This has the 
added advantages in that they are able to meet special customer requirements 
in the software. and also avoid dual responsibility in the servicing of their 
machines. 

PMTMTA's tie-up with HTM has obvious advantages in that both machine tool 
and CNC technology is available from one source. However, this could prove to 
be a competitive disadvantage should HTM notbe able to keep up with Fanuc and 
Siemens in new developments in CNC. With system software becoming an 
increasingly significant component in the price of CNC and the relatively 
small volume of HTM CNCs. HTM might not be able to keep up in software 
features and still stay competitive in price with the larger CNC suppliers. 

Internationally, automatic lathes are in the lower-middle range of 
technology, and the large machine tool manufacturers are phasing out such 
products in favour of CNC machines. On th£ other hand, automatic lathe 
manufacture involves conside:able knowledge of how the final part is to be 
mauufactured, and newcomers have not found it easy to enter this field. 
Besides, world demand is not large enough to make the effort worthwhile. 
PMTMTA has thus found a niche here. Their machines are well received because 
they meet HTM standards, and are given a make-or-buy decision, it is cheaper 
for Japan and the Federal Republic of Germany to buy PMTMTA automatic lathes, 
especially when the Rupee is weak relative to the Yen and DM. 

Internal grinders and CNC lathes are as yet relatively new products for 
the company and are not yet exported. Th:s is planned for internal grinders. 
where a niche similar to that for automatic lathes may exist. In the case of 
CNC lathes, the company will find it difficult to withstand Japanese and the 
Republic of Korea competition in the foreign market, unless prices are reduced 
to less than half. 

Transfer of design methodologv and the indigenisation process 

Technological change certainly cannot be managed on the basis of design 
drafts and bluprints alone. However, while design methodology is usually 
mentioned in the formal licensing agreement, a survey of the Indian capital 
goods sector by UNCTAD found that the foreign licensor hardly transfers it in 
practice. and that normally the licensor only provides the design drafts and 
blueprints.12/ 

P~~TA has nonetheless managed to imbibe design methodology. as is 
indica~ed by their ability to further develop the machine to suit local 
requirements. Technological developments made by them on the machines 
manufactured under collaboration, include: 
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Automatic work-piece loading. including transfer from one machine to 
another. 

Change in turret design of the lathe to incorporate the facility of doing 
threading on the machine. 

Increase in internal grinding speed from 20-35 m/sec to 50-60 m/sec using 
a higher powered spindle. special fully enclosed guards and a high 
pressure coolant system. 

As far as automatic work-piece loading is concerned, this is a useful 
addition to any machine, but is by now considered fairly routine in the 
machine tool industry. ~ith regard to changes in the turret, HIM. has accepted 
the re~esign, and such machines are now being exported by PMTMTA to HTM 
subsidiaries in Singapore and Japan. 

The modification in the internal grinder to almost double the machining 
speed has similarly been accepted by Voumard. and is a remarkable achievement 
reflecting PMTMTA's successful absorption of the imported know-how and quick 
understandit1g of the grinding process. 

That PMTKTA is today able to transfer design methodology through 
licensing agreements, make technological developments on the machine, 
indigenise and launch new products is because it started out as an HTM 
subsidiary, getting in-depth know-how and training for its workers in FRG and 
at the domestic plant. This helped develop a strong and sound technology base 
on which PMTMTA has built further through licensing agreements. While it took 
some ten or twelve years to properly assimilate the design and manufacture of 
automatic lathes, the company is today already developing a simple CNC lathe 
based on its own design, just one year after obtaining CNC lathe technology. 

In PMTMTA's case, design methodology is transferred as part of the 
training of their personnel by tne foreign collabcrator. Managerial and 
technical staff receive training at the domestic plant as well as for 8-12 
weeks at the collaborator's plant. The objective is to let them familiarise 
themselves with the methods, fixtures and equipment for assembly, 
sub-assembly, etc. This gives design engineers, for instance, the opporttmity 
to pick up the finer details that cannot be or are not adequately conveyed 
through the drawings and ot 1.1er technical documents. These are best le'lrnt 
through hands-on experience or through talking to people actually involved in 
the manufacturing process, who are, as a rule, more frank and les~ 
secrecy-conscious than marketing personnel. Therefore, full use of ~he 
training offered by the collaborator of personnel already experienced in 
machine tool mam·.facture is a must if the new technology is to be successfully 
absorbed. 

Indigenisation plans are. in general, such that initially. 70 per cent 
of the components are imported, and 30 per cent procured domestically. 
N~n-critical easily-manufactured parts like guards, and standard components 
like switchgear and cables come under thP. 30 per cent. Within five years, more 
than 85 per cent indigenisatioo is planned, so that only a few critical 
components that are not available domestically and are very difficult to 
manufactl•:-e continue to be imported. However. in the case of internal 
grinders. more rapid indigenisation has taken place. because the declining 
value of the rupee made it uneconomical to import components. At the same 
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time. the company has used the currency fluctuation of the rupe~ to its 
competitive advantage by increasing exports. 

Conclusion 

The large-scale application of controls technology to machine tools. 
initially in developed countries Like Japan and the Federal Republic of 
Germany and now in the Republic of Korea and the Taiwan Province of China, has 
left India facing a substantial product technology gap. The quality and 
sophistication of machine tools in use affects the international 
competitiveness of products produced by the industry itself, and in addition 
has ramifications on the competitive~ess of most other industries as well. 

Therefore, the Indian machine tool industry needs to rapidly absorb a 
sophisticated and fast changing technology, in particular CNC, if it and its 
customer are to be able to compete in domestic and foreign markets. In this, 
manufacture of CNC hardware by Indian computer manufacturers would help 
considerably. 

The volume of domestic demand in the variety of CNC machines needed is 
not likely to be large enough to justify investments unless exports are 
possible. Hence, while signing such collaboration agreements, it must be 
ensured that they do not. formally or informally. curtail exports of CNC 
machines. 

At the same time, however, Indian manufacturers must not neglect the 
opportunity for increasing exports provided by the pullout of most foreign 
manufacturers from conventional machines. 

PMTMTA is a case of a company that has used this strategy to its 
advantage. It has successfully absorbed foreign technology. is a regular 
exporter to hard currency markets and has, in the SO's, diversified its 
product mix to include more complex and sophisticated machine tool technology. 
Its success is in large measure due to the fact that it started out with a 
strong technological base, built upon it and benefited substantially from the 
PMT network in terms of identifying domestic product need, timing, choice of 
collaborators and target markets at hoce and abroad. 
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CHAPTER IX 

~~'llAGEMENT OF TECHNOLOGY :\..~D CHANGES 

R.K. Mathur 
Gabriel India Ltd. • Nev Delhi 

Goods. people. information and technology are moving across the globe at 
ever increasing speeds. Technology. in particular. is cutting across all 
political. economic and trade barriers. The automobile is a conglomeration of 
virtually all industrial technologies and products from basic raw materials 
like steel, copper alwainiWll. zinc, rubber. plastics. natural and man-made 
fibres to sophisticated alloys and ceramics. Aerodynamic factors dictate body 
design and modern manufacturing methods use computer controlled robots. Today 
micro computers fitted on the vehicle 111<>nitor important aspects of performance 
and control the engine and braking systems to a high degree of efficiency. 

The major automobile manufacturers compete worldwide with manufacturing 
centres in dozens of countries. This has led to a greater stress on transfer 
of technology than perhaps for any other product that we can think of. Product 
standards and specifications travel with the product and over a period of time 
.merge as they interact through the component suppliers. There is also a 
constant pressure on upgradation of technology. 

The Indian automobile industry was insulated from the technological 
progress taking place in the rest of the world until three years ago, with the 
introduction of the M.aruti-Suzuki. Since then. the growth of the industry has 
been dramatic. rther foreign tie-ups have mat~rialized for Light Coimaercial 
Vehicles (LCV)s, 2 wheelers and established manufacturers have scrambled to 
upgrade their products or introduce their own new vehicles. The component 
suppliers have also been busy responding to new entrants who have come 1:1 with 
the latest technology. A host of new tie-ups have emerged, and industry 
capacity is being rapidly increased to meet the demand. 

The challenges for the Indian automotive ancillary industry are seen on 
two fronts. 

meeting the quality and volume requirements of the new generation of 
vehicles in the domestic market 

absorbing the latest techniques of manufacturir.g to upgrade 
efficiency of production to world levels and export at competitive 
prices to the developed countries. 

The two challenges are interlinked in many ways. Although the new vehicles 
bring with them some of the most: stringent specifications, which are being met 
by the vig~rous effort: of the ancill•ry equipment suppliers, the high cost of 
production is a serious bottleneck to e~ports. This cost: is not only due to 
the high cost of the raw materials e.g. steel, but also due to high wastages 
since our manufacturing processes and, in fact, our thinking processes have to 
catch i..p. 

we present here a case study ~f Rs.80,000,000 (about US$5 million at: 1988 
exchange rate) project set up by us in 1980 for the manufacture of thin wall 
engine bearings. as a Division of Gabriel India Ltd. There was financial and 
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technical C' _laboration with one ot the top bearing manufactarers of the 
~orld. ~ederal-~ogul Corporation. C.S.A. The project •as designed to be a 
fully integrated facility from the start. making copper lead alloy powder. 
sintered bimetal strips and fully :nachined and plated bearings. ~ushes and 
thrust washers. The plant was located in a backward area of Himachal Pradesh. 
Currently. it has a 25% market share. competing with two established 
indigenous manufacturers and imported bearings. 

Our experience •ith this project has been mixed and has brought out some 
important factors that govern the management of technology and changes in the 
Indian context. we give below the a_pects which appeared at different stages 
of the project and which required new sets of approaches to handle the 
technology management challenges. 

l. Absorption of Technology 

- training of technicians 

manufacturing 'quipment 

- raw materials 

- technical discipline 

- in house R&D 

2. Adapting imported technology to Indian conditions 

3. Locational problems 

4. ~nagement insights 

5. Change 

1. Absorotion of technology 

Training of technicians 

The absorption of new technology takes time. It must also be done before 
the product is sent to the !llarket. otherwise. an inferior product will ruin 
the reputation of the company at its most vulnerable stage. Several cases 
where this has happened are well known in the Indian industry. 

In some cases, this difficulty can be met by SKD/CKD imports and a phased 
manufacturing program. This is however, not possible in the process based 
industry. Technicians therefore have to be trained at collaborator's plants 
well ahead of the planned start ~f production ~nd for periods of time 
sufficient for them to fully grasp the basic nature of the technology. 

~e starterl our technician training program almost three years before 
start of trial production. The training period for each technician ranged from 
four to eight months. ~e found that a minimum of six months was requjred for a 
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~ell qualified and skilled technician to gain a proper insight into a new 
proc€ss. ~e also continued to send technicians for shorter periods once 
production started. to study particular aspects oi the technology which 
required ~loser attention. as vell as study new manufacturing processes as we 
expanded our range of manufacture. In the period of eight years. over twenty 
technicians were sent for training of which four are still at the plant. More 
on this later. 

It is also well understood that the tra1n1ng received by the technicians 
at collaborator's plants is not quite adequate for independently starting on 
their own. The collabcrator's operations look deceptively simple. but it is to 
be realised that they are being run by seasoned personnel with a combined 
experience of hundreds of years. 

~e had technicians from our collaborators during the collllllissioning of 
each stage of our o~erations and subsequently more technicians were invited 
for short periods to review and streaaline our working. More important. it 
served to ensure acceptable product quality from the process point of view 
right from the start. 

This of course did not mean that we were anywhere near mastering the 
technology. Productivity was low, r~jections were very high. Apart from the 
learning curve of the technicians, other important factors were responsible. 

Manufacturing equipment 

The collaboratoring company, over the years had automated its production 
facilities and had established different manufacturing lines for each t}-pe of 
product. Its large volumes justified this investment. In the Indian market, 
only manual all purpose equipment was affordable, especially at the start up 
stage. 

The downsizing/multitasking of the equipment from high volume/automatic 
to lov volu:11e/ma.nual naturally meant lower productivj_ty and more rejections 
due co more frequent machine set ups. These conditions will remain until 
production volumes rise over the years to justify additional investment in 
automation. 

But what is infinitely more important is that this placed an additional 
load on the Indian technicians to fully grasp the technology so that they 
could produce the variety of products from the limited equipment. This ability 
to innovate cannot be developed ac the collaborator's plane, because these 
conditions do not exist th~re now. 

~e were faced with this problem as our collaborator had divided his 
product range into t~o separate plants located in different cities altogether. 
Equipment and process parameters ~ere naturally different and some forced 
co1111011ality had to be effected in the equipment. This required very many 
trials after installation in India to establish the new process parameters. 

This brings out one of the most important lessons of our ~xperience. that 
experimentation and development of the imported technology to s~it the Indian 
conditions is a must. This necessity appears agQin and again in many forms as 
we look at the other factors and is something of which :ndian mana~ements need 
to be much more aware. 
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Raw materials 

The impor~ed technology assumes that raw materials are available to 
certain specifications. This can be a source of acute problems. In our case we 
needed extra deep drawing steel to make flanged type bearings which were 
manufactured by press forming. This grade of steel was not readily available 
and our rejections for this type of bearin6 due to cracking of the steel 
during the cold forming operations were above 50%. The situation is not very 
much improved today and we do have instances when supposedly the right grade 
of steel is supplied. only to have the entire production lot rejected on 
account of steel cracking. 

~e feel that any improvement in the quality and grading of steel 
manufactured in the country will provide immediate economic benefits to the 
entire industry. 

Technical discipline 

In the supplier's market which exists in India with some ~otable changes 
being seen only now. ~echnical discipline in terms of strict quality control, 
and equally important. the development of manufacturing methods to reduce 
rejection and wastage has been notable by its rarity. Customers, of course, 
have had to accept whatever was available. Imported goods generally enjoyed a 
prelliwa due to their better quality. There was a general feeling that higher 
quality meant an additional expense which should be avoided to whatever degree 
pcssible. 

It required the japanese 'miracle' to convince us that the opposite was 
true. In pursuing the goal of a quality product, improvements in manufacturing 
technology to increase productivity and reduce wastage become an unavoidable 
part of the working of the organization. This naturally leads to better market 
acceptance and market share, larger volumes, more automation. lower costs and 
so on. 

In our case, we were manufacturing a critical product in that a failure 
resulted in consequential costs to the user for exceeding the cost of the 
product. Due to this reason, users were exceedingly sensitive to product 
quality. ~e did experience a few instances of defective product inadv~rtantly 
reaching the market due to labour trouble. The market reaction was immediate 
and we had to ensure that dealer stocks suspected of defects were returned to 
the plant for re-inspection. 

This enforced sensitivity to quality ~s substantiated by the high 
rejection rates experienced by the plant until very recently when we have 
turned our attention to the second part of the technical dis~ipline, i.e. to 
improve the manufacturing technology for better control of the process. 
Undoubtedly. as competitive pressures increase domestically and we aim at 
export markets, this part of the management of technology will receive more 
importance. It is greatly overdue. 

In-house R&D 

A brief mention has been made ot the necessity of experimentation to 
adapt imported manufacturing process technology to Indian conditions. This is 
actually the tip of the ice-berg. !he concept goes much deeper and in f~ct 
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rietermines the success of a technological enterprise. 

Let us begin the examination of this concept with the training of 
technicians. The "how to do it" is the first part of the learning. (p to now. 
this has been considered as quite sufficient. gi~en stable technology and a 
supplier's market. ~bat is now beginning to be understood is that the rate of 
change of technology is accelerating. A process or design which lasted for 
decades is now obsolete in a few years. The computer industry. where product 
life is now measured in months rather than years is a good example of how fast 
technology can change. Secondly. importing technology is no longer cheap. 
Thirdly as will be elaborated in the next section. the imported technology mav 
not always suit the Indian market. It is, therefore, required that the 
technician also understand the "why is it done" of the imported technology so 
that if the need arises to meet a local condition. say the nature of the raw 
materials, he can confidently modify it. This part of "why" is much harder to 
get from the training at the collaborator's plant since here. experimentation 
is required and both time and opportunities are limited. This part is 
therefore best carrLed out in-house. 

The collaborator i~ also not standing still and will continue to develop 
his technology to survive in his competitive environment. If this knowledge 
is not absorbed on a regular basis, then after some time the gap will again 
widen. 

The other vital area where in-house R&D can contribute is in upgrading 
the technical discipline of the operations so that the learning curve 
continues to operate to reduce the cost of production, by productivity 
improvements and reducing wastage. If the learning is allowed to get stuck at 
the point of start of commercial production. the enterprise is also likely to 
be left high and dry over a period of time. 

The absorption of technology is, therefore, a continuous process and can 
only be done if an ongoing technology development activity is maintained 
in-house. 

2. .:\dopting technology to Indian conditions 

It has been our experience in the automobile industry that Indian 
conditions are significantly different from those existing in the North 
American/European/japanese environments from which the bulk of our technology 
is obtained. the major differences are 

High ambient temperatures 

Dusty atmosphere 

Uneven roads or no roads 

Overloading of vehicles 

Improper maintenance pract~ces 

Imported designs which have been optimized and value engineered to suit 
the collaborator's environment may not work in India. This is a particularly 
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dangei:Jus area : .:;r the lndi.>.n :1igh t~ci::.no.!..cg~: ?ro je:ct as the kno•iedge .. md 
experience Jf r:he technical and marketing teams is generall~- loi.: in the 
beginning. A mi~hap on this front c3n lead to the untimel:; demise of the 
pro ,ect unless ·.-ery quick correcti\·e action is taken. The collaborator can 
prc.vide soa:e guidance if he hz.s experience in similar environments. but 
ultimat~l:• the answer has to be pro\·ided locally. 

~e have· also found that the fitment practices followed ov overhaul 
garages in the replacement market do not. ~n many cases. conicrm to the 
specifications laid down by the original equipment manufacturers. There are a 
variety of reasons for this. including inadequate training of machanics and a 
lack of awareness among users. 

These factors place an additional requirement of sturdiness on the 
product for the Indian market. 

VehiGles in India are also operated for a much longer life than in the 
developed countries. Parts are reconditioned again and again whereas they 
would be normally rep~aced. This brings up the requirement on the Indian 
component manufacturer to incorporate design features in his product that 
would assist in the reconditioning to the extent possible. 

When we launched our product, we found that our design which had be~n 
approved by our collaborators an.:i which also passed ail the requirements of 
the original equipment manufacturer (OE.~). had an unacceptably high failure 
rate in the replacement market. The collaborator, not having experienced this 
problem , was unable to provide an answer. A study of the problem locally soon 
showed that an improper but widely followed fitment practice was resulting in 
overloading of the bearings. Steps were immediately taken to strengthen our 
design and a major problem was averted. 

Similarly, there are very many component design features required by the 
replacement market which are meant for ease in reconditioning. These are 
naturally of no use to the original equipment manufacturer. In order to carve 
our a share in the engine bearings replacement market dominated by existing 
manufacturers and imported bearings, we produced with great success. bearing 
designs exclusively for the replacement market which were different from those 
being supplied to the OEMs. 

This responsiveness to customer needs was possible because of the 
availability of senior t~chnical personnel in the marketing function so that 
accurate and timely customer feedback could be provided to the plant. The role 
of the collaborator was naturally limited to advising whether a proposed 
design change would adversely affect the functioning of the component or not. 
Clearly, the collaborator has limitations in advising what design features 
would be most suited here. A strong technical link with the customer for the 
success of a technology is a must. 

3. Locational problems 

Our experience has been that setting up ci iaedium scale unit in a backward 
area has been a major proble~. 

ln the course of erection, install~t:on and commissioning of equipment, 
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we experienced nl'.merous Jel~ys because of u.navai.labili.t:: of simpie erection 
raat.:=ri.:i.i.s. tools. etc. locally. Today. !:.his t:roblem apFlies to spar1: ;tarts ..:o::­
the :uachinery since all possible spares cannot be maintained in !:.he plant. !he 
'-ltili=.ativn of the equipment is affected and consequently t!:'le productivity. 

Communications is the other source of delays. It is not possible to have 
di.rec:: <:'Ollll'lunication .,ith the plant from e"·en the head Office at Delhi. :.ie 
therefore operate an office in Chandigarh for relaying messages. 

By far the biggest problem has been to provide a stable en"·ironment from 
the personnel point of view. ~e had trained over twentv technicians at the 
collaborator's plants. of which four remain today. As discussed throughout 
this paper. it is the people who make tachPology work. not machines. The high 
turnover of per~onnel at the plant, we believe. is the single most iwportant 
reason for the mi:.:ed performance observed. 

4. Management insights 

~e believe that the successful management of technology requires 
attention tll the following key areas: 

Quality of the human element 

The technology is really held in the heads of people, not in the 
machines, manuals or drawings. The latter are only a means for the people to 
effectively utilize their knowledge. 

~orkforce stapility 

An organization must have workforce stability in order to flourish. Our 
exposure to collaborator's plants revealed that most of the people fcom 
machine operators to departmental heads worked in the same plant for most of 
their careers. A substantial number had been on the job for 20-30 years. This 
most certainly did not lead to stagnation as their interest in their work was 
maintained by the rapid pace of process/equipment/product development going on 
all the time to maintain their competitive edge. There were also parallel 
ladders for growth of technicians in that it was not required for a skilled 
technician to become .~ manager with adminsitrative duties in oraer to get 
higher remuneration. 

In-house R&D 

A consistent ongoing in-house R&D effort i.s required for absorption of 
technology, adopting it to Indian conditions, responding to customer demands 
and advance in the learning curve to improve producrivity and reduce costs. 

Human resource education and training 

The involvement of the entire workforce is required to get the maximum 
benefit ?f the ~alent, energy and experience available with them. This can 
only be done if they are trained and motivated. ~e have initiated several 
training programmes on quality and wastage control with very encouraging 
results. 
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S•:st-:ms .:lre .idmi.nistr..itive proced;.ires fur :nanagement t.J ensure t:ldt t~e 
integri:·: o~ the technol.:;~;y does r:.::t deteriorate ;.;ith pass.:ige of ti.me ar.d :io 
short CUt.3 .ire taken. Tr.:s r>a.rt of the absorpticn of technolcg:: r.a;; gent:r.'.i.i.::.:-· 
been neglected and most projects are set ap and left to :ie\·elop their own 
svst..oms . . :U.l. too cf ten. the s:-·ste:ns do net get deve.i.cpe.i due to :he :;.ow 
priority ,gi \.·en to them and over a ;:ieriod of time ic:portant parts of the 
i~ported technology are ~orgotten. The result is a jet.oriorat:ion in the 
performance of the project •ith time ~hether in terms of quality or wastages. 
rather than an impro\·ement. 

it should be noted that. the systems used by the collaboratcrs have been 
refined o\·er .:i period of time and would form the best base to start with in 
the indian project. 

Systems therefore. should be considered an essential tool in the 
management of technology. 

6. Change 

In the last eight: years, we have seen many t:echnological changes taking 
place in the engine bearings indus:ry. 

A number of new engines cf current designs have been introduced into the 
country which demand new bearing materials and manufacturing methods. 

Exports in very large volumes to the rupee payment countries have begun, 
opening up the possibility of investing in high volume automated equipment. 

The exposure to world standards and specificat:ions is a good opportunity 
to upgrade our ability to handle technology. Again. ir is people who are the 
key resoucce in managing technological change. Tliere is nob doubt: that we have 
the talent. ~e aiust now create an environment of awareness. co-operation and 
the will to respond to change. 
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GHAPTE.k X 

CASE STUDY OF ONGG 

S.P.Wahi. 
Oil and Natural Gas ~ssion 

Debra Dun 

The corporate environment has undergone dynamic changes over the years 
in response to internal and external factors. There are no sure-fire 
strategies or models to copy for definite results. The straight line strategy 
has become a casuality in this fast-changing corporate environment. There is 
increasing pressure on an organisation to adapt itself to new environment. 

Management of Change 

The management: of change has emerged today as a crucial factor for 
ensuring corporate growth. The enterprises which do not grow will gradually 
stagnate and perish. Therefore, the success of an enterprise largely depends 
upon its capability to manage change and reorient its strategies to the 
internal and external factors for continuous growth with stability and 
continuous improvement in productivity. 

Management of change has been influenced by changing times. The 
organisations which have failed to adapt themselves have gradually perished. 
Today, world economy is growing at a sluggish pace with increasing elements of 
protectionism, with the rise of Japan as a major economic power, with the 
emergence of newly industrialised natio~s and with international trade being 
fiercely competitive. Technological breakthrough has led to decrease in costs 
and increase in competition. Advanced technologies have ushered in a new 
society with increasing sophistication, diversification and differentiation of 
products and services and a better quality of life. 

Public Sector 

Today the public sector in India has about 226 enterprises with a total 
investment of Rs.6160.3 million. Despite the increasing importance of public 
enterprises and their expanding :i.:ole in the social and economic development of 
developing countries, there is growing concern about their performance levels. 
~ith government facing increasing resource constraints, it is all the more an 
urgent necessity for the public sector to improve its profitability. 
Technology is one such factor, for any public sector to adapt to being 
competitive and increase its performance. 

Industrial production during 1980-87 increased at a compound rate of 
7.6 percent per annum compared with 4.2 percent between 1971-80. Industrial 
production grew by 9.1 percent in 1986-87 while exports grew by 10.4 percent 
in US dollar terms. In the current decade, India has adopted an outward 
oriented approach, a welcome departure from industrial controls and 
bureaucratic approach of the past along side efficient import substitution 
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policies. A broadening and deepening of initiatives both in trade and industry 
is in orogress. There is all-round keenn~ss to absorb industrial technologies 
and given its lo~ wage rates. India should be self reliant in core sector and 
export more goods competitively. 

Modernization 

Technology assumes critical importance not only for competitiveness but 
also for industrial progress. Tcday. India cannot afford to produce steel at 
Rs.8000 per tonne, coal at Rs.240 a tonne. alJ111inium at Rs.24.000 a tonne and 
a unit of electricity generated at Rs.7.00 for any socio-economic 
justification. ~odernization is the key to efficiency. 

It is prudent for the professional management of any enterprise. be it in 
public or private. to cope with the change and adapt to changing ervironment 
through technological change, process-technology upgradation and modernisation. 

Management Focus 

To sy mind. there are three basic elements involved in managing an 
enterprise: (a) the scientific part of the management; (b) the human relations 
part of management (leadership); and (c) managing the environment-pressure 
groups, politicians, bureaucracy. 

The scientific part of management deals with infrastructural support 
systems, procedures, long term plans, technology support and upgradation, 
research & development process and the human relationship aspect deals with 
man-management, motivation and morale, innovation and creating right 
environment conducive for generating ideas. This is one of the 1110st crucial 
elements in getting the results. The leadership and top management in an 
enterprise is crucial in this process. Lastly, managing the environment-the 
corporate image through effective communication strategy assumes importance. 

1 would like to draw attention to the success of the oil industry in the 
Indian context and the role of technology in the process. 

Petroleum Industry 

Oil is perhaps the most important energy source in terms of its 
contribution to economic growth in the industrial era. Despite appreciable 
variations in the price of crude oil, all energy forecasts indicate that by 
the year 2000, oil will meet one third and hydrocarbon will meet more than 
half of the world's energy demand. Future reserves will largely be found in 
traps that are increasingly difficult to map and logistically difficult, due 
to terrain. ~orldwide upstream ventures have ne~essitated the deveiopment of 
new technologies for the lowest possible cost options both for addition to 
reserves and development activities of this vital sector. 
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Technolcgical de~elopu,~ 

The accumulation of hydrocarbons is the outcome ~f a sequence of 
physical. chemical and biological processes that have acted on the crust of 
the earth through geologi~al history. Comprehensive data analysis forms the 
basis of all seismic resolution techniques. In data acquisition the trend has 
been to sample the seisimic signal at ever increasing density to improve 
resolution and the signal to noise ratio. ONGC has introduced 3-D seismic 
surveys with more channels for the recording of each shot. Information on 
subsurface geometry and lithology through data processing has been more 
refined by using state of the art computers for seismic data processing. 
Today, ONGC is equipped with possibly the most sophisticated seismic data 
processing facilities in South Asia region. 3-D velocity determination by 
travel time inversion. 3-D migration and 3-D modelling are being developed to 
understand the subsurfa~e and its history. Vertical seismic profiling, a 
technique used for more detailed subsurface mapping ahead of the drill bit and 
around the bore hole is being attempted. Mith interactive work stations 
introduced in ONGC, analysis of subsurface has become more refined with 
seismic, petrophysical and geological data bases. Reservoir simulation and 
llOdelling has paved way for planning and optimising of all phases of appraisal 
and development of oil and gas fields. 

Prices of oil being volatile, improved oil recovery from existing 
reservoirs is being pursued all over the world with Enhanced Oil Recovery 
(EOR) techniques. Today, ONGC has initiated nine EOR projects of which four 
pilot projects has been successfully commissioned. Improved EOR technology is 
expected to make significant amounts of oil available at prices in the $25 to 
$40 a barrel range when oil markets are expected to tighten in the f orseeable 
future. 

In drilling operations, new conce~~s such as horizontal drilling have 
been successfully applied in two wells by ONGC out of 17 such wells drilled 
worldwide. Horizontal drilling offers considerable scope for cutting drilling 
c~sLs and increased production rates specially from thin oil columns and 
b.is~ment oil. ONGC is in the forefront of this technology which promises 
improved offshore production in India. 

During 1971-85, the world has witnessed major developments in fixed 
platform structures. The floating production system, a phenomenon of the SO's, 
has succeeded in creating new economic opportunities. ONGC has planned for 
four floating production systems in the Bombay off shore for taking advantage 
of this contemporary technology. Another area where large - cost savings is 
being attempted is through reduction in weight of top side structure which has 
resulted in substantial savings in North Sea operations. Sub-sea completion 
and development involving rational use of existing structures and equipment is 
being implemented by ONGC which offers considerable scope for cost savings. 

Initiatives 

Having discussed the technological developments in the oil sector, I 
would like to highlight the initiatives at our organisational level for 
keeping abreast with contemporary technology which has not only helped ONGC to 
be self reliant but also become a net exporter of technology to industrialised 
nations. 
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Technological dev~lopments invol~e improvement in existing concepts. 
development and application of new concepts which otfers considerable 
potential for hydrocarbon exploration and development with reduction in cost 
of operations. 

The enterprises should develop long-term plans for technology development 
based on •state-of-Art• reports. This has helped ONGC in identifying 
technological challenges and thrust areas for our institutes. 

RM> Units 

Research and Development is a cornerstone for success in any growing 
concern on a sustained basis. In line with this, ONGC has set up five research 
and development centres covering exploration, reservoir studies, drilling 
technology. ocean engineering and technology and p~oduction technology. Also 
centres for environment and safety and geo technic research have been planned 
to cater t~ the needs of the South Asian region. 

Profit centre concept 

Today, ONGC has identified R&D institutes as profit centres. This is a 
novel concept which has led to considerable improve~nt in the functioning 
with elements of time, cost and resource framework defined and generating 
profits. 

Industry-university interaction 

A dialogue has been initiated with leading institutes/universities ~or 
joint collaborative projects in the field of oil operations. Also basic 
research has been farmed out to these institutes with application of concepts 
being developed by the industry. 

Farming out low technology 

ONGC has identified through a careful planning process, key thrust areas 
for technological development with farming out low technology areas to the 
small cooperative sector and development of ancillary units. This has resulted 
in the management time being devoted to the business of oil exploration. We 
have been able to experiment this with success with several fold increase in 
productivity. 

Historically the public sector has brought under its control a va=ie~y of 
technologies ranging from the lowest to the high~st. This had an adverse 
effect on growth opportunities for the enterprise. 

Human Resource Development 

The approach to human resource development is based on an explicit 
recognition that every individual can make a positive contribution to the 
organization. The best of equipment and faciliti~s. including technical 
libraries for scientists and engine~rs, are provided. But more important than 
the phys~cal facilittes is the work environment and work culcure in which 
chere is a constant striving for excellence. There are two significant 
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features of this environment and culture: firstly, there is the 'freedom to 
operate' which provides the opportunity for the exercise of skills and 
judgement and, secondly. outstanding performance is recognized by giving 
awards and by publishing the work of the 'pace setters'. 

Strategies 

A multipronged strategy has been adopted for technology development in 
all areas of operations for cost reduction and application of new concepts in 
oil operations. 

Technology scanning is being done on a continuous basis through desk 
research and also by attending conferences worldwide to keep abreast with 
developments in entire chain of oil operatiou.s. 'State of-the-art' reports are 
published for identifying technology challenges and accordingly the R6rD 
pro,ranae is firmed up. 

Technology upgradation 

A deliberate policy for technology upgradation is being pursued through 
joint ventures and foreign collaboration in all areas of oil field equipment, 
material and services to ensure adequate flow of technology with firm 
coaaitaent of transfer of technology. 

Joint working groups 

ONGC has formed J01nt working groups with the confederation of 
Engineering Industry and CHEMEXIL for promotion and development of technology 
in the oil sector with an objective of self reliance in technology through a 
phased indigenisation programme. 

Conclusion 

In conclusion, it Bay be added that keeping pace with technology is the 
only way to stay competitive and achieve productivity iJllProveaent for 
sustained growth which is extremely vital for the very survival of the 
organization. Organizations both in private and public sector have to keep 
abreast of the technological developments and suitably adapt them to the 
Indian conditions. 
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Cll~PTER XI 

CASE STUDY OF A CEME.'lT PL.\..~T 

A_ Ghosbal 
Scientist Emeritus. Council of Scientific 

& Industrial Research. Rev Delhi 
and B. IL Alu ja 

Cement Corporation of India. llev Delhi 

In any industry it is necessary to adapt ~ process in keeping with 
changes in the quality of rav materials. In a study on a cement plant. 
presented here. the kiln was designed by a foreign multinational (FLS Smidth 
with their Indian tie-up with M/s Larsen & Toubri) on the premise that the 
heat value of coal used/charged in ii: would be 5.500 to 6,000 kilo calories 
per kg. Unfortunately. on colllli.ssion, it was observed tilat the heat value of 
available coal actually charged vas in the range 4000 - 4500 K-cal/kg. The 
quality of limestone. on taking to consideration the source of .!>'.ipply also 
appeared uncertain. Technological innovation was ~n imperative in order to 
tackle the situation. 

The paper incorporates a study done jointly by the Society of 
Management Science and Applied Cybernetics and the Cement Corporation of India 
(the latter are the owners of the Cement factory at Rajbans) in 1981, after 
the factory was commissioned. 

The paper presents a systems approach in studying a complex system like 
a cement factory. An important problem in most of the production un:.cs is the 
necessity to apply adaptive technology to cope with changes in qualities of 
the raw materials. For the setting up of units on the basic industries, it 
is necessary to keep in view certain constraints of the Indian situation, 
viz .. existence of high ash in coal, high ferrous content in iron ores. 
certain features of limestones, etc. 

Energy economy in the kiln 

The Cement industry is energy-intensive by nature: not only does it 
require considerable amount of fuel (mostly coal in India) to burn the raw 
meal in the kiln but it also requires substantial amount of power for grinding 
purposes at various mills in a cement plant viz. raw mill. kiln, cement mill 
etc. For most of the plants in India the triumvirate - coal, power and 
transport - plays a significant role. In the case of Rajban Cement Factory 
there is no major problem in transport either in transporting raw materials 
to the plant or in despatching the finished products from the plant. 
Accordingiy coal and power form important inputs in the production process. 
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a} Po~er ~ons\..Jllption 

The relationship bet•een the awount of power consumption and prcductiou 
oi clinker at the kiln was studied. It clearly points out the fact that the 
two are positively correlated - increase in production in ciinker is always 
accompanied by increase in total power consumption and vice-versa. There is. 
however. an indication that when production of clinkEr at ~he kiln increases, 
there is lowering in the power consumption rate (KT-11) per tonne of clinker). 
This correlation similarly holds good for other equipment like crusher. Raw 
Mill. Cement ~ill, etc. 

b) Coal consumotion 

the pattern of coal consumption in the kiln ha.s been studied. the 
present requirement of coal is of the order of 0.21 tonnes per every tonne of 
clinker produced. The kiln has been designed for a quality of coal ~f heat 
value in the range 5500 to 6000 K.Cal/Kg. of coal. Unfortunately. sample 
studies indicate that heat value of coal obtained is of the order of 4,500 
K. Cal/Kg of useful heat value. The heat value of coal can be predicted vi th 
precision from the knowledge ;f ash and moisture from the following formula: 

H 8900 - 138 •:\+M) -------

of HEAT VALUE - 8900 - 138 (ASH+HOISTURE) 

where A is the ash content and M is the Moisture and H is the heat value in 
terms of K.Cal/Kg. From th• above formulae, therefore, the maximum value of 
A+M, in order to get be4t value of 5500 Kc/Kg., (as per Kiln design) should be 
24% Kcl/Kg. It should be 32% with inherent coal moisture around 5%. 

c) Variation in Qua1ity of Coal and 8enefication 

A detailed study of variation of ash and moisture in non-coking coals was 
undertaken. In this context, it ha.s been observed from studies of samples at 
various collieries in India - tha.t the quality of coal from Raniganj 
Coal-Field may vary anywhere between 14 and 40% in terms of ash and 1 and 9% 
in term of moisture in spite of the fact that the nominal grade allotted tc a 
group of collieries is grade A (e.g . .c\AAA+M ranges between 19 to 24). Similar 
variations are noted aaong coals of South Karanpura, North Karanpura, C.I.C. 
Coalfield, Pench Valley etc. Such variation is due to the fact that the 
standard deviation of A+M is exceedingly high due to the occurre~~e of shales 
in different parts of the same seam. 

Consistent quality can be ensured by two ways: 

a) By employing by expert hand-pickers at the loading and by the 
colliery: 

bJ By resorting to the washing to non-coking coals: 
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~hile !:tand-pi.ddn~ can ~ eas1.1.:; done b\" .>mplo·.-t.ng Labour in the ·:roment 
plants for the (•.:i at t:he .:oal ganc:--.. th.: '9ast-.ing oi coal can be done onlv 
it washerie$ are established either at the site oi the collieries or near 
pro1ucers. Howe~er. the setting up of washeries for non-coking coal can be 
done only by a centrally operated autonomous body which would decide on ~he 
optimal location of washeries and would supply washed coal to major consumers 
like ther.aal power station. cement industry etc. An advantage of washing of 
non-~oKing coal is that the standard deviation of gloat at a specified 
specific gravity would be ·rery low sc; that co-u;istencv of quality would be 
ensured. From a long term perspective. washing provides the most reliable 
remedv. 

d) Energy economv 

Practices followed in several countries like the USA. Japan. and 
•est-Germany were studied for suggesting energy economy measures. Apart from 
implementLng measures which wc;uld ensure adequate supply of coal and power. 
inconsistency in quality of coal and the problem of the use of low grade coals 
will have to be tackled. there are certain latest techniques by which heat 
requirament in the kiln itself is reduced. 

i) Use of salt additives 

the US Patent ~o.4.115. 138 (September 19. 1978) provided a method by 
which calcination of the raw meal can be done at a substantially lower 
temperature. This is provided by addition of calcium chloride in the raw meal 
in proportion between 6 to 100% by weight, so that calcination is formed at a 
temperature of 1000 C. in the conventional kilns. The clinker thus produced 
is ground with an additive of gypsum dihyarate (3% by weight of clinker) to 
produce cement of sufficient strength. US Patent Nos.4,130.441 (December 18, 
1978) 4179,302 (December 118, 1978) etc. give further modifications of the 
process. 

ii) Developaent of Precalcining Processes 

In Japan, Germany and the USA development of precalcining is being done 
at a fast rate. ~ith the complete disappearance of wet kilns in the USA it 
has been decided that almost all the new kilns started since 1977 will be 
precalcined. In Japan, the market and transportation structure created the 
need for very large production units which are only practicable with 
precalciner technology. The interest in burning low grade fuels led to the 
first industrial precalciner operation in 1968 in Germany. These and other 
advantage which were derived from these developments are listed below: 

i) improved brick life 
ii) reduced alkali and sulphate build-up (ring formation) 
iii) i~proved control and kiln stability 
iv) ability to burn low grade fuels 
·r) possibility of very large production uits 
vi) reduction in NoX emissions 
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Prec3icine~ syste•s have ~ne ~~aaon basis - the rlegre~ of decarbonaticn 
oi the ra• ~i~ entering th~ rota::· kiln is increased by burning a portion of 
the total fuel ~equirement in a precalciner vessel which is part of the 
preheater and the raw mi~ enters the kiln 20 t~ 301 decarbor.ted. since the 
rate of heat transfer is vastly superior in the precalciner than in the rotary 
kiln. The volume of the precalciner is very saall in proportion to the rotary 
kiln volume ~t replaces. In all configurations the raw mix is fed at 
approximately iOO C to the precalciner vessel from cyclone. 

The precalciner process offers the possibility of using low grade fuels 
(e.g. coal) which are high in ash content for effici£nt rotar;.· kiln firing. 
Besides. precalciners are less susceptible to ring formation than in 
conventional preheater syste!IS. 

Technological details about precalciner systems and experience in the 
USA, Japan .ar.d Germany can be obtained fro• the existing literature. (Cooke, 
1979). 

It is imperative that from a long-term perspective there is a case for 
introducing precalcining system in cement plants in India; however. the case 
of each plant has to be looked at both from technical and economic points of 
view by doing an exercis~ in cost benefit analysis. Nevertheless, since the 
future cement plants will have larger capacities and since the existing plants 
like Rajbans will have to increase their capacity, introduction of precalciner 
process may help in forward planning because it permits the use of inferior 
grade co&l and also reduces the ir.cidence of ring formation. Besides, 
precalcination technology improves brick life in the kiln. (Brick lining is a 
major cause of stoppage of the kiln for •maintenance and repair•). 

However. some technological changes are necessary for introducing 
pre-calcination. These will also have to be taken into consideration. 

Problems of ~intenance in the Kiln 

The kiln comprises the following components: 

i) Kiln shell 
ii) Supporting Rollers 
iii) Preheater Cyclones 
iv) Cooler tubes 
v) ~in and Auxiliary Drive 

A detailed 3tudy of stoppage times is required ~o aaake an assessment of 
reliability of each component of the kiln. 

It appears from the experience of most cement plants. including Rajbans. 
that the most important factors contributing to r.he stoppage of che kiln are: 

a) !1aintenance and Relining ~ork 
b) Ring Formation 

Occasionally. cyclone jamming also take place: stoppage due to power 
shortage at Rajbans has not been significant. 
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Pre,,,·ent:i ve maint:enar.c~ ( P:t' can be charac::erised 
carri~d out prior to actual r~pairs IJeing ~equired. 
aim at:: 

i) Short-term reliabilitv 

as maintenance work 
A P~ programme should 

ii) Long-term ~eliability. meaning no rradual reduction in efficiency. 
iii) lor~ life time of the equipment vith special emphasis in wear and 

co~rosion. 

Foe the kiln. a ?~ programme should be applied to all the equipment. 
However. a PM programme has also to take into account the nature of raw 
materials used in the caanufacturing process. Accordingly. reliability of the 
prototype of a kiln design for using coal of heat value 6000 K Cal/Kg would be 
different from the one specified when coal of significantly less heat value is 
applied. The same applies to variations in chemical constituents of the raw 
meal. 

It has '>een observed from the experience of large plants in west Germany. 
Japan, etc. that use of precalcination tectmology distinctly reduces the 
problems of frequent maintenance. 

Qua.lity of Limestone 

An important factor of uncertainty, lies in the fact that the quality of 
limestone at present charged in the plant does not represent the quality of 
the limestone of the hill-top quarry. While chemical analysis data of 
limestone as charged at present are available, detailed analysis of hill-top 
quarry data are not available. Nevertheless a confidence range has been 
estimated from the data of limestone and they are given below in tabl~ l. 

Table 1 

Confidence Interval of quality constituents of (~eekly data) 

Quality Constituent Mean Confidence Interval 95% 

LOI (Loss on 
Ignition) 35.86 35 .76 25.96 
Si02 12. "to 12. 76 12.76 
.:\l.203 3.26 3.18 3.32 
Cao 44.87 44.77 44.97 
~go .79 0. 76 0.83 



It appears at present that the quality charged is greatlv consistent in 
the matter .:ii \·arious constituent~. in the absence oi det3i.ied data for the 
drilling at the hilltop quarry we :ray not be unjustified in assuming that the 
same will hold true for the hili t..:>p quarry also. However. it is imperatb;e 
that a quality monitoring device will have to be installed in the plant as 
soon as possible. This would consist in installing an automatic sampling 
device as well as an automatic chemicals 3nalysis device. This would ensure 
advance information regarding the quality of new material mined to the raw 
mill personnel who can monitor the quality of raw meal accordingly. However. 
an off line X-Ray analyser has been installed in the laboratory. 

Concluding Remarks 

Though the studv was done for a particular cement plant. a few remarks, 
as given below. may be relevant in the context of industrial decision-making 
in developing countries: 

i) ~bile designing a plant in a developing country. the quality 
and nature of the raw materials should be considered. 

ii) For the future policy regarding new cement factories. there is a case for 
introducing pre-calcination technology. Introduction of pre-calcination 
in existing plants may not always be cost-effective. 

iii) Since cement factories are energy-intensive, it is necessary to apply 
energy-saving devices. 

iv) It is necessary to introduce preventive maintenance schemes, be~ause P~ 
helps in increasing the life-time of equipment and reducing stoppage time. 

v) The quality of Indian coals (e.g. high ash and high moisture) makes 
pre-calcination all the more necessary. 
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CHAPTER XII 

CASE STirDY OF THE DRUGS A..."lD PH..\R.'1ACEUT!CAL Im>USTRY 

Usha Dar 

Introduction 

Technological change in the drugs and pharmaceutical industry is taking 
place at an ever increasing pace. making available new drugs or new routes to 
production. The management of technology in the pharmaceutical industry falls 
into distinct stages - (1) Research a~d Development; (2) establishment of 
proprietary rights over the technology; and (3) co11111ercialisaton of technology 
which has two aspects, namely; (a) commercial production of the basic drugs or 
pharmaceuticals; and (b) international transfer of technologv. 

Management of R & D* 

In order to provide an analytical structure for che management of R.&D 
we view it in terms of clearly defined sequential stages. The first phase of 
R&D is the chemical phase in which new substances are identified and 
isolated. Either the new substances are extracted from a natural substance or 
synthesized artificially. Innumerable molecular variations may then be 
produced for further testing. 

The chemical phase is followed by the biological phase. In this phase 
the samples of the substances which are available are subjected to a number of 
screening tescs to find out whether the substance has the expected 
pharmaceutical action or possibly some other action which may turn out to be 
useful. It is important to emphasize the fact that very small molecular 
differences in a substance can lead to tremendous differences in its effects. 
For instance, the original Penicillin G, which was a combination of 
Penicillin notatum culture and phenydacetic acid, had to be injected because 
the stomach acids iuactivated it. When phenoxyacetic acid was used it 
resulted in Penicillin which had a different side chain and t·as also able to 
resist gastric juices and, therefore, could be administered orally. 

This case study is based on a larger study by the author on t:b~ "International 
Competitiveness of the Drugs and Pharmaceutical Industry" sponsored by the 
Indian Council for Research on International economic Relat:ions, New Delhi. 

*This section on the phases of R.&D has greatly benefitted by discussions with 
the Pharmaceut:ical Manufacturers Association, Washington, the Association of 
the British Phzrmaceutical Industry, London and the laboratory of the 
Government Chemist, London. 
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~hen ~he s:.ibsta.nces .... re found to be potentiail:.- useful then t'te:.- ha·•e :o 
go through a series or pharmacol~gical. toxicci~gi=al. ~ic-~h~mical and 
microbioivgical testing. :he objective of the phar:nacological t~sts i.s to 
find out the effects of the substance on the dii£e~ent systems of the body in 
different animal species. The toxicological tests are carr:ed out on the 
cells of different animal species and reproductive toxicology investigations 
of animals. ~"hen a substance passes these rigorous tests. which generally 
take about t"•o years. then tests are carried out on human beings. 

In the clinical phase of research. the new drug is tested on a small 
group of volunteers. This test is to determine ...-hether che drug is well 
tolerated and whether in fact it does have the expected results. If it fails 
to meet either of these requirements then ·:he drug is rejected. In case some 
unexpected results are observed then it is returned for further pre-clinical 
biological testing. ~"hen a drug passes all thP requirements then it is tested 
on a large group of patients who volunt~~r to have the tests carried out on 
them. However, it is necessary to F~plain to them in as much detail as 
possible the k:lown direct effects and side effects . 

.:\fter the substance has passed the biolcgical research phase it moves 
into the galenic phase. In this phase it is tested for composition. purity. 
stability over time and in different environmental conditions. These tests 
provide the basis for setting production specifications and standards for 
quality control. After the final specifications have been developed, work can 
begin on the setting up of a pilot production plant. 

This brief description of the various phases of research shows that a 
high level of risk is associated with each phase and. therefore. the 
management: of risk is crucial in the 112nagement of technology. 

Table I shows tt~ pharmaceutical R&D expenditures by count-:y and Table II 
shows the number of new substance developed oy inventor countries. 

TABLE I 
PHARMACEUTICAL R&D EXPE..'iDITURES BY COUNTRY 

COUNTRY 1964 'NORLD 1973 WORLD 1978 WORLD 
LEVEL SHARES LEVEL SHARE LEVEL SHARE 
($ (Per- ($ (Per- ($ (Per-
Million) cent:age) Million) centage) Million) centage) 

United States 282 60 640 34 1159 28 
Germany 40 8 310 16 750 18 
Switzerland 38 3 244 13 700 17 
Japan 27 6 236 13 .J41 15 
France 28 6 166 9 328 8 
United Kingdom 29 6 105 6 332 8 
Italy 15 3 82 4 147 4 
Sweden 9 2 33 2 72 1 
Netherlands 9 2 26 1 72 1 

Source: OECD Directorate for Science. Technology and Industry ''Impact of 
:iultinational Enterprises on National Scientific and Technical 
Capabilities". 11imeograph. Paris, 1977 quoted in ".:\ Competitive 
Assessment of the U.S. Pharmaceutical Industry" 
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:Sl:~EH. Of :SE·.; St:BS!ANCES BY I~"\"E.."TOR CQl~TRIES 

Country 1961-1983 1981-1983 

l. linited States 377 (29.6:) 24 ( 21.0%) 

2. France 284 (22.4%) 13 (ll.8%) 

3. west: Germany 217 (17.0X) 16 (14. 5%) 

4. Japan 196 ( 9.0%) 41 (37.3%) 

5. Swit:zerlanj 115 ( 6.6%) 6 5.5%) 

6. United Kingdom 84 6.6%) 10 ( 9.1%) 

Source: Office of the Technology Assessment, 
Commercial Biotechnology, An International Analysis, ~ashington, DC. 
1984. Quoted in •A Competitive Assessment of the U.S .• :larmaceutical 
Indust:ry• 

United States ranks first both in terms of R&D expenditures and the 
number of new substances developed, but the percentage share of U.S. has 
declined from 60% in 1964 to 28% in 1978. The R&D expenditures. relative to 
world R&D expenditures, have also declined for France, Unlted Kingdom, Italy, 
Sweden and Netherlands. The R&D expenditures have increased for Germany, 
Switzerland and Japan. 
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Tabl.: I I I sho•·s -=~e ·•orld' s leading companies i:? the development ·Jt :te_. 
drugs. 

TABLE III 
LE.~DI~G CO.:tPA.'iIES !~ THE DEVELOP~L.'iT OF ~E"..; DRt;GS St:BSTASCES 

FROM 1961-1980 

Comoan ... · Country ~umbe::- of Substances* 

l. Hoechst-Roussel ';;est Germany 50(2) 
' S.anofi France 44 4-. 

3. Sandoz Switzerland 38(2) 
4. Rhone-Poulenc France 4Cll) 
5. Johnson & Johnson t:. s. 37 
6. Boehringer Ingelheim #est Germany 36(2) 
I. Baver ·.;est Germany 35(4} 
8. Ciba Geigy Switzerland 33( 3) 
9. Rec he U.S. 29(2) 
10.Pfizer t;. s. 26(4) 
11.t:pjohn U.S. 25 
12.Lilly U.S. 23(2) 
13.Aarr.er Lambert U.S. 22 
14.Schering west Germany 22(3) 
15.~erck Sharp & Oohme U.S. 21 
16.L"Oreal France 21 
17.~ontedison Italy 21(1) 
18.Glaxo Great: Brit:ain 20(1) 
19.Do'* U.S. 20(1) 
20. I.C. L. Great Britain 17 
21.Bristol tJ. s. 16(1) 
22.Pechiney l!gine 

Kahl man France 1 ' _o 

23 .!ierck 'Jest Germany 16 
24.Squibb U.S. 15( 1) 
25.Degussa Pharma #est Germany 15( 2) 

26.Svntex C'. s. 15 
27.Servier France l -... :i 

*Figures in parentheses indicate subst:ances developmed simultaneously in two 
countries. 

Source: :-t.'i&.'i - 1983: Quoted in "A Competitive Assessment of t:he t:.S. 
Pharmaceutical Industry" ;iashington 1984. 

:-tany of t:he new "drugs of the future will be products of the new 
knowledge obtained from recombinant DNA research". 
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It is \·isualised that •Biotechnology will give rise to a vast array of 
new inventions. the inventions may be placid into Llio general categories, 
products and processes. Products will include organisms. such as gene~ically 
modified micro-organisms. cell lines. hybridomas. plants. and possibly even 
animals. Products also include parts of organisms and related material such 
as high expression plasmids, viral vectors. synthetic genes. probes, and 
restriction enzymes. Fi:ial.ly. there will be products of organisms. such as 
drugs. chemicals, biologics, and monoclonal antibodies (MABs). Processes will 
include various ways to make new organisms or parts thereof or to use an 
organism to make some product such as insulin. Other examples of processes 
include various bioprocessing techniques. regeneration of plan~ tissue 
culture, breeding techniques. and methods of treating the human body•. 

According to the Bristol-Myers Report, in applied use the development of 
genetically engineered vaccines is seen as the most promising area of 
research. Genetically engineered vaccines will also have the highest impact 
on medical treatment and much or some of the improvement in the prevention or 
treatment of AIDS by the year 2000 are seen as a result of the products of 
biotechnology. The greatest improvement is expected in the treatment of 
hepatitis and malaria. Some improvement through biotechnology is also likely 
to take place in the treatment or prevention of cancer and leukemia. 

•The era of successful commer~ial application of products developed by 
new biotechnological techniques is in its infancy. Major breakthroughs in 
genetic engineering techniques have only occured within the past decade. The 
first biotechnology products have just entered the market or are undergoing 
clinical trials. In the United States, only one product of human consumption, 
Genetech and Eli Lilly's rDNA-derived human insuln, has been approved for 
marketing, and several others (including an analogue human growth hormone, 
three interferons, proinsulin, tissue-type plasainogen activator, 
interleukin-2. and bovine (GH) have been approved for clinical trial. 
Diagnostics for human diseases, based on moloclonal antibodies and DNA probes, 
are being marketed. Ganex has introduced an enzymatic drain cleaner and is 
selling the phenylalanine component of aspartame. A broad spectrum of 
products are in the development stage, and the design and construction of 
manufacturing plants for large-scale production has begun• (see reference No. 
4 at end of chapter). 

"There are two levels of problems in producing genetically engineered 
substances; at the basic research level and at the production level. With 
regard to problems at the basic research level, there are many unknown 
concerning the structure, org~"is~tion and expression of genes. chromosomes, 
proteins and other substances. For example, the genes of many industrially 
useful micro-organisms have yet to be identified. A major barrier exists with 
respect to a lack of knowledge and understanding of the mechanisms and 
regulation of multi-chromosone expression and of germplasm deli·:ery systems 
for plants and animals. 
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Technical barriers to be overcome during the scale-up process include 
optimising micro-organism growth conditions and optimizing equipment and 
prcduction techniques. These problems are usually attacked in the 
intermediate-stage pilot plant. working with culture volumes of a few hundred 
liters. Pilot pl~nt studies add ewo or more years to the development process 
-- often at the cJst of a few hundred thousand dollars -- but they are 
essential before several to tens of millions of dollars are invested in a 
full-scale facilitya (see reference No. 5). 

At present USA is the leader in biotechnology and there are a number of 
collaboration agreements berween US firms and firms of other ~ountries such as 
Japan. West Germany, the Republic of Korea. Sweden, Belgium, France, Italy and 
i)enaark. According to the studies. made by the ~S Department of Co11111erce 
which has surveyed the bioteclmology developments in a number of countries. 
Japan is a very strong competitor to USA . The biotechnology drive is 
spearheaded by establishment firms such as Takeda and Shionogi. By 1984 at 
least 25 pharmaceutical firms were engaged in research in biotechnology. 

U.S. FIRM 

Abbot Laboratories 

Advanced Genetic 
Sciences (AGC} 

Ap~lied Molecular 
Genetics (AMGEN) 

TABLE IV 

Joint Ventures for Research & Development in 
Biotechnology for Pharmaceuticals 

FOREIGN FIRM 

Dainippon Pharmaceu­
tical (Japan} 

Hilleshog AB (Sweden) 
Tienen Sugar Refinery, 
Radar N.V. (Belgium) 

Kirin Brewery (Japan) 

AGREEMENT 

Joint Venture firm set 
up in Japan to carry out 
research in monoclonal 
antibodies. 

Joint Venture set up in 
Belgium called Plant 
Genetic ~ystems to ~arry out 
research and development in 
plants and micro-organisms 
for European agricultural 
applications. 

AMGEM and Kirin have set 
up a 50/50 joint venture. 
Kirin-AMGEN. for the 
worldwide production and 
marketing of RDNA-derived 
human erythoropoetin (EPO). 
Kirin will invest $12 
million; AMGEN will provide 
additional swas and the 
technology for producing the 
EPO. 



Biosearch 

Biotech Research 

Biotech Research 

Cal gene 

Centennial Corp. 

Cetus 

Chiron 

Collaborative 
Research 

DuPont 
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Toyo Me~ (Japan) 

Ajinomoto (Japan) 

Shanghai Cancer 
Institute (PRC) 

Rhone-Poulenc (France) 

Nippon Reizo (Japan) 

Roussei-Uclaf (France) 

Nordisk (Denmark) 

Sandoz (West Germany) 

Sanyo Co. (Japan) 

Toyo ~enka will act as agent 
to import and sell Biosearch 
biotechnology process 
equipment. 

B~ot:ech has an agreement 
with Fujirebio to develop 
viral diagnostic kits. 
Fujirebio will handle the 
marketing in Japan. 

Biotech has an agreement to 
develop monoclonal 
antibodies for the diagnosis 
and treatment of cancer. 

Calgene has a research 
contract to develop new 
herbicide resistant 
varieties of sun-flower for 
Rhone-Poulenc Agrocheaie. 

Centennial and Nippon Reizo 
have agreed to a joint 
v~nture in Tokyo which will 
import Centennial's calf 
serum. used in cell fusion 
operations, for resale in 
the Japanese market. 

Cetus is doing research on a 
vitamin Bl2 producing 
micro-organism. 

Chiron has a research 
contract: to develop an 
rDNA-derived Factor VIII 
antihemophilia product. A 
second research contract 
covers a process for 
producing rDNA-derived human 
insulin. 

Sandoz will market Collabora­
tive Research's kidney 
plasminogen activator (KPA). 

DuPont and Sankyo are 
carrying out joint research 
through their joint venture, 
DuPont-Sankyo Pharmaceutical 
K.K., set up in Tokyo in 
1983. 



Enzo Biochem 

Gene tech 

Genentech 

Genentech 

Genentech 

Genetic Systems 

Genetic Systems 

Genex 
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:ieiji Seika (Japan) 

Boehringer Ingelheim 
<•est Germany) 

KabiGen AB (Sweden 

Kyova-Hakko Kogyo 
(Japan) 

Mitsubishi Chemical 
(Japan) 

Daiichi Sesiyaku Co. 
(Japan) 

Institut Pasteur 

Pharmacia (Sweden) 

:ieiji Seilr.a has worldwide 
!llarketing rights for reagents 
developed with Enzo's monoclonal 
.antibodies. 

Agreement provides BI with 
exclusive marketing rights 
outside the U.S. for Genetech's 
tissue-type plasminogen 
activator. Genetech receives 
contract/revenues and bulk 
sales/royalty revenues. SI has 
European marketing rights to 
Genetech•s gamma interferon. 

Agreement provides Kabi with 
worldwide rights to produce and 
market human growth hormone 
currently undergoing clinical 
testing. Genentech has right to 
supply a percentage of Kabi's 
needs, and retains right to 
market produce in U.S. and Canada. 

Agreement to produce and 
market tissue plasminogen 
activator (TPA) thrombus 
dissolving agents in Japan. 

Joint venture established in 
Japan to produce serum albwain 
using rDNA techniques developed 
by Genentech and Mitsubishi's 
manufacturing capability. 

Joint venture to market 
Genetic System's monoclonal 
antibodies in Japan. 

Joint venture to develop and 
market a diagnostic to detect the 
•1irus that causes AIDS. 

Research agreement to develop a 
bacteria capable of producing a 
protein with potential 
therapeutic applications. 



~enex 

Genex 

Genex 

Genex 

Genex 

Genex 
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Green Cross (Japan) and 
Kabi \"itrwa (Sweden) 

Mitsui Toatsu (Japan) 

Pierrel S.P.A. (Italy) 

Schering AG 
('Jest Germany) 

Yamanouchi Pharma­
ceutical Co. (Japan) 

Yoshitomi Pharmaceu­
tical (Japan) 

Research agreements for the 
production of human serum albumin 
using Genex's rDNA technology. 

Genex has contract to develop 
human urokir.ase using rDNA 
technology. 

Joint research project to develop 
a process for L-Phenylalanine 
(used in the manufacture of 
aspartame) through an enzymatic 
route. Pierrel will have 
exclusive production and 
marketing rights for the product, 
using the process under 
development, in Europe and the 
Middle East. 

Genex has 2 research agree-
ments with Schering. The first 
calls for the development of an 
rDNA product to treat heart 
disease. Under the second, Genex 
is to improve an r~NA strain for 
amino acid production, and 
develop process technology for 
scale-up purposes. Both 
agreements involve exclusive and 
non-exclusive licensing 
arrangements. 

Joint venture calls for 
collaboration in development of 
fibrinolysis agents through rDNA 
techniques: marketing agreement 
will allow Yamanouch:' to produce 
and sell the product in the U.S., 
France, west Germany, U.K .• and 
Japan for 15 years and pay ~enex 
licensing fees. 

Genex has research contract 
to develop an rDNA strain to 
produce human interleukin-2. 
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HYbritech Teijin Ltd (Japan; 

Hybritech Toyo Soda (Japan) 

Integrated Genetics Serono (Italy) 

Molecular Genetics Roxane. Inc. 
Subsidiary of 
Boehringer Ingelheim) 
(~est Germany) 

E.R. Squibb Novo Industri 
(Denmark) 

Teijin will provide $7.S million 
over a three year pericd to 
develop human monoclonal 
antibodies. Teijin gets 
marketing rights in the Far 
East. Hybritech gets marketing 
rights for North America; both 
will share joint rights for the 
rest of the world. Hvbritech 
gets access to Teijin's 
proprietary immunochemistry 
methods. 

Agreement to jointly develop and 
produce diagnostic test kits 
based on monoclonal antibodies. 
Hybritech will receive $2 million 
in contract revenues over a 
three-year period and retains 
marketing rights for ~orth 
.-\111erica; Toyo Soda has rights for 
the Far East; the two firllS share 
joint marketing rights in the 
re11aining countries. 

Integrated Genetics has a US$ 3 
million contract to carry ou 
research in unspecified areas. 

Molecular Genetics has agreement 
to produce unspecified rDNA 
products. 

Squibb & Novo formed a joint 
venture which will market Novo's 
insulin in the U.S. 

Based on information in High Technology Industries: Profiles and Outlooks -
BIOTECHNOLOGY. U.S. Department of Commerce, International Trade 
Adminstration, Washington DC. July 1984. 

Given the collaboration in R&D by pharmaceutical firms and the very 
strong felt need of these firms to secure property rights in the inventions, 
some management problems may arise due to differences in the perceptions of 
the home countries of the firms collaborating in joint ventures in R&D as well 
as the actual patent protection given. The issue is. would the emerging 
system of patent protection be on the lines of the European Patent Convention 
(EPC) which went into force on October 7, 1977? In other words, would the 
same substantive law patents emerge for the countries collaborating in 
pharmaceutical research? 
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The significance of joint ventures in technology at the stage of R&D is 
that the collaborating firms are seeking technological leadership with the 
objective of gaining competitive advantage. The advantages of technological 
leadership are sought to be further strengthened and sustained by building in 
marketing agreements in R&D agreements. There is thus a clear move in the 
direction of linking technology strategy with marketing strategy. and in time 
different forms of linkages are likely to evolve. 

Yet another way to maintain the technological and competitive edge would 
be to effectively manage the transfer of technology. A possible approach to 
management would be to have a close group of firms which would share the 
technology. In the first place, therefore. technology may be transferred to 
firms participating in the R&D joint venture and later the technology may be 
transferred to their subsidiaries and affiliates. Thus the technological edge 
of the pharmaceutical 111.11.tinationals and the resulting competitive advantage 
in national and international markets will further strengthen the power of the 
lllll.tinationals in an industry which they already dominate. 

The tendency towards increased technological and market doai.nance of 
pharmaceutical multinationals may evoke different policy responses from 
countries desirous of importing the pharmaceutical products and technologies, 
but there is a possibility that a set of policies specific to pharmaceutical 
lllUltinationals, as distinct from other llllltinationals may eventually emerge. 
The consideration of these policies, however. is outside the scope of the 
present paper. 



------ -------------------------------------

- 1)0 -

Reference 

l. :\ competitive Assessment of the U.S. Pharmaceutical Industry - U.S. 
Department of Co11111erce International Trade :\c:iainistration. ~ashington u.C .. 
December 198~. p.67. 

l. Comaercial Biotechnology - An International .:\nalysis. Congress of the 
united States - Office of Technology :\ssessaent - Washington D.C .. 1984. 

3. •The Bristol - ~yres Report: ~edicine in the next Century•. Louis 
Harris and Associates Inc., ~ew York. 10 111. 1987. 

4. High Technology Industries : Profiles and Outlooks, BIOTECHNOLOGY U.S. 
Department of Co..erce, International Trade :\dmi.nistration. July 1984, p.79. 

S. op. cit. p.80. 



- 131 -

CHAPTER XIII 

~'1..~AGING INTERNATIONAL TRANSFER OF TECHNOLOGY 
A CASE STUDY OF IDPL 

B. Joshi 

International transfer of technology is one very effective way of 
ushering in technological change within an enterprise. Yet it is seldoia 
realised that the process of international transfer of technology is a very 
ca11plex one and its management requires high skills, team work across 
borders. clear understanding of the entire process and strategic management. 
This paper presents a case study of a technologically successful though 
financially non-viable firm. from the view point of management of change, 
naaely. Indian Drugs and Pharmaceuticals Limited (IDPL), a public sec~or 
enterprise. that has accumulated over years of losses far exceeding its 
initial capital invesc.ent, and, with success out of sight after 25 year.; of 
existence. 

Before one describes tha managerial problems in transplanting the drugs 
and pharmaceuticals technology, it is necessary to bitefly sketch the main 
characteristic of this enterprise and the background against which it vas 
escablished. 

Soon after Independence, the Indian planners of the health sector 
visualised that, to fight the then prevalent diseases in epidemic forms. :>n a 
var footing, req~ired, among other things. supply of essential life saving 
drugs in large quantities. It vas. therefore, decided to establish large 
plants in the public sector to fulfil this need, and manufacture from the 
basic stage vital antibiotics drugs like Penicillin, Streptomycin, 
Tetracycline, Vitamin B. folic Acid, Analgin, Phi.nobarbitone and a wide range 
of sulfa drugs on a gigantic scale, namely 300 tons of antibiotics and another 
290 tons of sulfas. Thus in all, IDPL was the largest drugs plant in Asia 
with Rs.92 crores of investment that was one third of the entire Indian drug 
industry. 

The selection of the supplier of technology, it may be mentioned, was 
ll&de more on economic considerations than on technological. Not only the 
Soviet Union was willing to supply the complete technology and also provide a 
cheap loan at 2.5 per cent interest rate (in contrast to 10 per cent with 
royalty as in the case of Western drug firms) but also there was a general 
reluctance on the part of Western firms to transfer the drugs know-how in the 
fifties when they were busy making profits on th~ir innovations. It was hoped 
that with the establishment of IDPL in 1962, the era of self sufficiency in 
drugs would come in a decade. It has not come. Should management alone be 
blamed? 

The comple:>t.ity in the management of international transfer of 
technology arises from the co-relation of a nU11ber of variables such as, the 
technology in question, its scale of transfer, the partners in transfer, the 
technical agreements, transfer environment. and other different factors. The 
specific transfer of technology characteristics cast their own influence and 
the expected shape of things could well have been anticipated by the process 
(transfer of technology) engineering design group only if it existed. 
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Technology adaptation is the first step in the management of transfer of 
~ecilnology. It :ncludcs adjustments alterations/- modifications arising out 
of technical and/or economic considerations. In an international transfer of 
technology these are inevitable. for, technology is system specific; the 
conditions of production operations are bound to differ in the supplier and 
recipient country. The technology has to be adopted to the local conditions. 
In the case of pharmaceutical industry. particularly. the antibiotics that are 
products of complex activity of micro organisD.S and hence very sensitive to 
many things. such as the culture media on which antibiotic is grown. the 
vessel containers where possible contamination could come in the diemulsifying 
agents added, etc. That is why. despite the fact that high antibiotic yields 
had been obtained in the suppliers' country. the joint technology management 
team of experts of the two countries had to struggle long enough to get 
similar level of yields. A series of technical changes had to be made on 
economic conderations. such as whale oil being substituted by ground nut oil 
or Lactose by sugar cane in the preparation of antibiotic culture broth. 
Likewise, in the case of Vitamin Bl, the entire Bromide Hydrobromide process 
was replaced by Chloride Hydrochloride process and by undertaking other 
simplifying steps. Antibiotics being high technology products with a fast 
rate of obsolescence, almost every two years improvements in the antibiotic 
strains were made by the collaborator and were passed on. This required 
continuous readjustments of technical parameters by the technical !IMlnagement 
teams. 

The design and size of the equipment must match the antibiotic process at 
each of its steps in fermentation, recovery and purification. Thus, it was 
found that the size of Butanol recovery equipment was inadequate and would 
affect Penicillin production by SO per cent. Likewise the carbon treatment 
plant was also under-designed, and drying capacity of Rotary driers was 
below the requirement. In process technologies, one also has to often 
substitute one set of chemical inputs by another, and this was done. All 
these need proper planning, for, the technical adaptation process does go on 
indefinitely. 

The second step in the management of technology transfer is that of 
managing and stabilising the production operations. The main problem in the 
IDPL case was in establishing the performance norms, for the one supplied by 
the collaborator were not valid under the changed conditions. This required 
monitoring the production operation for very long periods before realistic 
norms could be set. The other usual problem of plant operations of procuring 
raw materials. spare parts, inventory control, quality control etc. were also 
present but only in a much magnified manner. Attracting skilled manpower was 
also a problem as expected, not many were familiar with pharmaceutical 
production at the basic stage. 

The technological innovation is complete only after the product has been 
successfully marketed. IDPL faced several problems at this stage of technology 
utilisation. The Indian pharmacopical standards that were close to the 
British and American were higher than the Soviet standards. Thus. drugs could 
not be marketed till their standards were brought at par. 
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The de~ision to enter into drug formulations for financial viability led 

IDPL enter the major war between brand names and generic names. rhe drugs in 
the market were better known by their brand name like Novalgin of Hoechest and 
.:\nalgin of IDPL would not sell although the same bulk drug sold to Hoechest 
would get marketed under the brand name. 

Yet another kind of marketing problem arose from the inability to vary 
the drug prices that were fixed by the Government. The firms in the private 
sector. particularly the MNC's. could manage a higher profit margin because of 
their lower costs. 

Then, certain drugs that were transferred under the agreement such as 
Chlorotetracycline. Phimdopyrine. Piprazine. Phenacetin, Sulphadizine, were 
either not in use or replaced by drugs of higher efficacy. IDPL had to make 
considerable product mix alterations to the produce that bad a market and 
which cc-uld utilise the existing plant equipment. Strategic management was 
essential, keeping the surprise moves of the MNC in mind while fighting the 
technological management battle IDPL did emerge as successful in a limited 
sense. However, the ti.me taken along with a host of factors comaon to all 
public sector enterprises, brought IDPL into financial difficulties. In 
reality. although one of the three plants of IDPL did break even and make net 
profits, the total scene owing to lllOunting depreciation an-J interest dues was 
always bleak and the company only crossed break-even point once or twice. 
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CHAPTER XIV 

MANAGEME..'iT OF TECHNOLOGICAL CHANGE 
:\N OVERV!E'.i 

Usha Dar 

The relationship between technological change and economic and social 
change is complex. and because of continuous interaction among them. it is not 
easy to distinguish between cause and effect. While the pressures fer 
technological change are set by international competition, it is the domestic 
environment of a country. determined by various economic policies which 
re-inforces or dampens the need felt by firms for technological change. Hence 
the management of technological change involves a continuous, perceptive and 
sensitive response to environment and change both by firms and government 
policies. 

We shall now consider the various issues ~n the management of 
technological change. While for analytical purposes these issues have to be 
separated, it must be emphasi~ed that management has to be considered as a 
total process. 

Management of Risk 

Risk extends right from Lhe stage of R&D to the marketing of the 
product, and is crucial for the management of technological change. Dar, in 
her case study, identifies the different phases of research in the drugs and 
the pharmaceutical industry and shows how risk is associated with each phase. 
In general, she endorses the view that, given competing claims on corporate 
funds, the comaitment of fiJilds to R&D will be influenced by whether the 
results of R&D are uncertain, risky within a range of probability, or fairly 
predictable. Nath and Misra, in their paper on •case Studies on Indigenous 
Industrial R&D Utilization• also emphasize the existence of risk but 'risk is 
not a concept which excites the research worker' and can become a source of 
conflict between the researchers and management. 

Col.Wahi points out, in his caae study of the Oil and Natural Gas 
Commission, that their approach to resolving this conflict was to make R&D as 
a profit centre. This concept of profit centre generated considerable interest 
among the participants. An important issue which was raised related to the 
orientation of P(J). Was it to achieve problem-solving results or money 
resal.ts? It was _larified that the focus of R&D in ONGC was certainly on the 
technological answers to problems, but there was management audit of 
materials. The profit and loss account was notional in as much as it was not 
maintained in accordance with the requirem~nts of Company Law, but it did 
bring about considerable psychological pressure and it made the people 
conscious of the financial implications of R&D. 
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The various c:ise studies ga\"E: empirical support to the view that 
i:mo\·ation is the chief :nechanism !:>y •hich a firm can disti.nguish itself :rom 
its ri .... als and gain a competitive edge. lnnovation is a riowerful i.:eapon which 
on the one hand ~emolishes established barriers to entr:~. and on the other 
hand ~reates barriers to entry. But a distinction has to be made here between 
a fir~ which is first or among the early innovators and hence aaaong the early 
entrants to the product !Barket and a firm which innovates when other firms 
have firmly established ~hemselves in a par~icular product market. 

The case study on Rifampicin by ~ath and ~isra shows that the technolog:· 
for Rifampicin was developed by !hemis Chemicals. a mediwa sized firm. but t~e 
firm could not market Rifampicin because the import prices were substantially 
lower than the prices at which !hemis could sell. Thus technical success. 
instead of leading to co111111ercial success, was associated with commercial 
failure. 

Transfer of Technology 

~'hen technology is imported, quite often it may be alien to the 
environment of the developing country. and therefore. it is important not 
only to absorb the imported technology but also to adapt it to local 
conditions. :iathur's case study of "Engine Bea~ings" clearly brings out the 
need to adapt technology to the local environment. He points out that there 
are major differences between the American. Japanese and European environments 
from where the bulk of the technology is imported to India. The maj~r 
differences are high ambient temperatures; dusty atmosphere; uneven roads or 
no roads; over-loading of vehicles; and improper maintenance practices . 
.!fathur's observation that the imported designs which have been v.J.ue 
engineered for the collaborator's requirements 'llaY not work in I::tdia, is 
highly significant. Since the knowledge and experience of the technical 
marketing teams is generally low in the beginning. it may be a major factor in 
an untimely demise of the project, unless almost immediate corrective action 
is tak~n. It may be possible force the collaborator to share his experience 
provided he has some in similar environments, but ultimately the answer needs 
to be provided locally. 

Another local problem which called for adaptation. arose from the fact 
that the fitment practices which were followed in India by the replacement 
1112.rket did not in many cases conform to the specifications laid down by the 
original equipment manufacturers. The two most important reasons, among 
others. for this situation were the inade~uate training of mechanics and a 
lack of awareness among users. The vehicles in India are also operated for 
!DUch longer periods than in developed countries. Parts are repeatedly 
re-conditioned whereas they should normally be replaced. Thus. in adapting 
the imported technologies to the Indian condit:ons the major requirement was 
sturdiness, which in turn required the Indian compor.ent manufacturers to 
incorporate design features in the product, which would assist in 
re-conditioning to the maximum possible extent. 
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The need for adapting imported technologies to local consumer 
requirements is also clearly underlined by Laroia in his case study of s~araj 
Tractors. Production of tractors in India started in 1963-64 by two firms. 
namely Tractor and Farm Equipment (TAFE). which had a collaboration with 
Massey-Ferguson, U.K.; and Eicher, which had a collaboration with Eicher of 
the Federal Republic of Germany. However, given the relatively small size of 
farm holdings in India, an important question for consideration was the kind 
of tr4ctor which was most likely to suit the budget and needs of the small and 
the medium farmers. 

A team of engineers of C.MER.I ma.de an in-depth study of the relative 
merits of the available designs of agricultural tractors, keeping in view the 
local manufacturing facilities, skills, raw materials, and agro-climatic 
conditions. and developed a tractor, component by component. While research 
started with a very careful study of imported technologies. CMERI engineers 
successfully developed an original design for a single lever automatic 
depth-cum-control system, and patents for this were accepted in India, U.K., 
Japan. West Germany, U.S.A., France, Poland and Yugoslavia. 

The !~rst prototype tractor was assembled in 1967 and was put through 
extensive endurance tests, on specially designed test rigs, which silllUlated 
field conditions. These tests resulted in a number of modifications which were 
incorporated in the cooling system. Further tests showed that the performance 
was better than most of the imported tractors in the 20 - 25 H.P. rang~. 

A new design, Swaraj 735 (35HP), was developed and introduced. For this 
model the additional cost was only Rs.2,000/- per tractor, but the price 
advantage was of the order of Rs.4,000/- per tractor. The psychology of the 
farmers played an important part in the acceptance ~f this model. The farmers 
were used to the Massey-Ferguson tractor of 35HP and, possibly they regarded a 
higher priced product as a superior product. The process of adaptation of 
technology to local conditions, had as a result of dedicated and sustained 
effort led not just to modifications but to the development of new designs and 
models in accordance with consumer preferences. 

The two basic factors for successfully adapting techr.ology to suit local 
conditions, namely, familiarity with the markets and dedication to research, 
are also very clearly brought out in the case study of PMT Machine Tools 
Automatics Ltd. by Kapur Mehta and Mehta. PMT MTA was a marketing 
organization that served as agents for foreign manufacturers of sophisticated 
machine tools. It began the manufacture of machine tools in 1963, and this 
decision to commence manufacturing was based on its market experience of which 
pro~uct sold well. Gocd relations with foreign manufacturers facilitated the 
tie-ups, and this is reflected in the current product-mix of the firm. PMT has 
been selling Traub machines since the fifties, and Voumard machines for more 
than 25 vears, but the technical collaboration with Voumard was signed only in 
1983. . 
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Gi¥en PMT's experience in marketing. PMT !ffA took the opportunity 
provided by the expansion of the two-wheeler industry in the early 80's. to 
identify the machine tools which the expanding industry would require and 
diversified its product range into inter~al grind~rs. required for grinding 
bores in critical components. such as connecting rods. crankshafts and gears 
and manufacturing began in 1984. 

The competitive advantage of PMT MTA was derived from three factors (a) 
They were the first to develop the product and they rapidly indigenised it. 
(b) The indigenisation helped the firm to partly counter-act the price 
disadvantage on imported components when the value of the rupee fell against 
European currencies, and (c) their use of the Voumard brand-name, which was 
already known, helped in the marketing. 

The key factors which contributed to PMT MTA's dominance in the market 
for internal grinders was an effective technology strategy coupled with a 
strong marketing strategy. 

~e have seen the competitive advantages of early entry into a market, but 
the case study of CNC lathes shows how the disadvantage of a late entry can be 
turned into a competitive advantage. PMT MTA was a late comer in the field of 
CNC lathes and faced competition from Hermann Traub Maschinenfabrik (HTM) and 
Mysore Kirloskar. 

The two questions facing the firm were : what should be their strategy 
for competition; and who would be the right collaborator to help implement 
this strategy. The main focus of PMT MTA was on differentiating their products 
from that of the other Indian manufacturers by offering a single source for 
machines as well as systems. They collaborated with HTM for the manufacture of 
CNC lathes and tum-mill centres. HTK had developed their own software for 
their CNC system, and they purchased the components for this from Mitsubishi, 
tailored to the specific requirements of their lathes. HTM had acquired 
considerable expertise in the field of turning, as a result of long years of 
advising users on how to 'program' the manufacture of parts on their automatic 
lathes. HTM had developed its own system, based on Mitsubishi hardware, and 
were therefore able to meet special customer requirements in the software. The 
advantage which PMT MTA had in collaborating with HTM was that it was able to 
get both the machine tools and the CNC technology from one source. 

The case study of a cement plant by Ghosal and Ahuja stresses the need 
for adjusting and adapting the imported technologies to the kind of inputs 
available in the host country. Qualitative differences in inputs make it 
virtually impossible to achieve the technical norms of the transfer of 
technology, for example, the quality of limestone and coal are crucial 
considerations. 

Born's paper on "The Role of Import of Technical Know-how in the 
Management of Technological Change" is based on a survey of about 180 
lndo-German joint ventures. He observes that in the management of 
technological change it is the attitude of the firms to technological change 
which is important. This attitude, in turnm, is conditioned by the environment 
created by government policies. If the environment is such that it is possible 
to continue with dated technologies, and not only be able to market the 
product, but also make profits, then there is hardly any motivation to adopt 
technological change, or in other words. take the risks associated with change. 
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The survev showed that 631 of the Indo-German joint ventures were for 
diversifying ~ntu pruducts which required sophisticated technolog;-. and there 
was hardly any relationship between what a company was actually manufacturing 
before the joint venture and the product manufactured with joint venture. Sorn 
finds this to be an indicator of the fact that it was not felt necessary to 
update technology of the existing product. 

The German partners not only brought in the technology but also set-up 
R&D centres in the joint ventures. About 701 of the Indo-German joint 
ventures had R&D departments and of these 581 were set-up to improve the 
existing products and over 401 were engaged in developing new products. 

The case study by Dar on the Drugs and the Pharmaceutical industry shows 
that the whole approach to technological collaborations was tending to change 
in high-tech industries, such as bio-technology. Joint ventures began at the 
R&D stage and the significance of joint ventures at this stage is that the 
collaborating firms are seeking technological leadership with the objective of 
gaining competitive advantage. The advantages of technological leadership are 
sought to be further strengthened and sustained by building in marketing 
agreements in R&D agreements. There is thus a clear move in the direction of 
linking technology strategy with marketing strategy, and in time different 
forms of linkages are likely to evolve. 

Yet another way to maintain the technological and competitive edge would 
be to effectively manage the transfer of technology. A possible approach to 
management would be to have a close group of firms which would share the 
technology. In the first place, therefore, technology may be transferred to 
firms participating in the R&D joint venture and later on, the technology may 
be transferred to their subsidiaries and affiliates. Thus the technological 
edge of the pharmaceutical multinationals and the resulting competitive 
advantage in national and international markets will further strengthen the 
power of the mtiltinationals in an industry which they already dominate. 

The discussions on these case studies brought out a number of factors, 
which were crucial to the management of technological change. We shall 
briefly focus on them. 

Factors in the Management of Technological Change 

1. Excellence in technology and its application is of vital importance for 
the competitive strength of firms. Technology opens up opportunities, but 
these opportunities are not without their threats. To perceive the 
opportunities. to take the risk as well as responsibility of facing the 
threats is a function of leadership. The motivations, attitudes. morale, 
and values of the leader permeate right through the firm. 

2. One of the less~ns which came out loud and clear from the case studies 
was that technology and innovation were too important to be left to the 
scientists and engineers. On the one hand scientists and engineers need 
to understand that they have to work with the functional managers in the 
enterprise. At the same time, general managers and non-technical people 
should ask hard questions that relate to technological decisions. 
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3. ~ev technologies mean nev skills and this can lead to resistance to 
change from those persons who do not have these skills. or vho think that 
it is not possible for them to acquire the requisite skills. Thus. the 
knowledge and experien~e of the existing personnel. or in other words the 
human capital within firms. may act as a barrier to technological change. 

~- No two fi~ms are the same in terms of attitudes. search for sources of 
technology. adoption of technology and innovations. The inter-firm 
differences can be related to the different capacities of inai~iduals to 
manage technology and to the effects of the organizational structure. 

S. All firms have to make strategic decisions relating to the allocation of 
funds between R&D and other activities, but there is a distinct 
relationship between efficiency. market shares. the resources to improve 
efficiency, and the org~~.i.zational structure of the firms. 

6. The ability to innovate is not by itself sufficient for comaercial or 
competitive success. The timing of the innovation when a fira is not 
aaong the early innovators, the inter-firm differences in the trade-offs 
between the costs of innovation and the timing of the product development 
are crucial to the link between innovation and competition. 

7. The technology obtained from the collaborator makes demands for various 
inputs. It is essential to have the same quality of inputs as specified 
by the collaborator. 

8. The changing technological and economic environment shapes the pattern of 
demand for technology. Different environments are likely to be associated 
with different patt~rns of demand for technology and different patterns 
of adapting to local requirements. Hence an appropriate environaent is a 
pre-condition to the successful adoption, adap~ion, and development of 
technology. 

9. The management of public sector firms faced more constraints than the 
management of private sector firms. These constraints arose from the fact 
that the time perspective for corporate plans usually gets limited to 
five years, and this made it difficult to formulate a long-term corporate 
strategy. Yet another management problem of public sector firms arose 
from the need to $eek government approval for major financial decisions, 
and delays in according government approval, adversely affected the 
correct timing of corporate decisions, which was crucial for the 
management of technological change. These constraints dampened 
motivations and cramped management styles. 

10. The financial institu~ions evaluated projects from the point of view of 
the magnitude of investments and the cash flows. which these investments 
were likely to generate. The underlying assumption was that technology 
was reflected in the cash flows. The approach to project evaluation by 
the financial institutions should be broadened to include assessm~nt of 
technology. 
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11. The universities and the institutes for technology are the source of 
supply of manpower for the management of technological change. but the 
curricula and syllabi had not kept pace with the requirements of 
management of technological change. It was necessary to appropriately 
revise the curricula and syllabi as well as the teaching material, and 
also upgrade the laboratory equipment. 

12. !he change in the curricula with emphasis on tecl:mology should actually 
begin at the school level. !he speed with which these changes could be 
brought about at the school level would depend on the availability of 
teachers with the necessary teaching skills and also the avail~bility of 
teaching materials. 

13. !he relationship between tectmological change and industrial structures 
clearly brought out the need for an integrated approach to the industrial 
and technology policy. 

Approach to ~geaent of Technological Chaoie 

Mel Horvitch in his paper on •Accessing Innovative Capabilities: The 
Strategic Importance of Technology in Post-Modern Strategy• observes that the 
post-modern strategy represents a significant change in top-level decision 
making, and blends certain features of general management, with concepts of 
his own. The source of change in the approach to management was the 
transformation of competition in the llOdern worlds where competition becomes a 
strategic variable and the greatest challenge for top managers was to 
incorporate technology into corporate strategy. 

In the strategic management of firms, a very important part of technology 
strategy involves the ability to manage the traditional business ar.td at the 
same time discover in other parts of the corporation high value innovative 
niches. Because innovation is important and firms cannot remain limited by 
their ~vn internal capabilities, the need arises, therefore, to go out and buy 
innovative capability; this is the externalization of technology strategy. 

The technology decisions by firms are normally made along three 
dimensions: first, competition versus cooperation - this is in effect the 
competitive strategy; secondly, external versus internal, that is the 'buy or 
make decisions'; and thirdly, the traditional large corporation R&D versus 
organizational net-works. The main task of technology str~t~gy is to achieve 
an appropriate set of llUl.tiple trade-offs. 

An essential rLquirement of technology strategy is that top managers 
should balance concurrently disaggregration in order to capture the benefits 
of flat organizations and complex re-integration. Thus the implementation of 
technology strategy enables the blending and co-existence of seemingly 
opposite kinds of behaviour and strategies. This crucial quality of technology 
strategy is 'simultaneity'. 

A significant observation by Horwitch that the pattern of strategic 
decision-making is not specific to any technology intensive industry and 
technology strategy has acquired a global character. It has been observed that 
inter-organizational relations cut across international boundries and some of 
the linkages forged are really global in character. 
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there is a remarkable similarity in the patterns of strategic alliances 
in different indu~tries. and this could hardly be a matter of confidence. as a 
matter of fact they indicate a kind of convergence in the practice of 
technology strategy by firms. 

!he linkages which are being formed by firms. Horwitch explained. could 
possibly be of two kinds. Some relation could be strong and durable and 
difficult to break. because they may be legally bound for a definite period or 
until some goal is achieved. The other kind of relationships may be easy to 
break. One of the ways in which it could be done was for the large corporation 
to sell stock or withdraw funds arbitrarilv. 

the focus of the discussion on Horvitch's paper was on broadly oro 
issues. In the description of technological innovation and development one is 
looking at the future. but in this context one has also to look at the 
experience of other countries in the management of technological change and. 
to the extent possible. learn from them. the Japanese experience had shown 
the method of taking a technology from elsewhere, and then producing a product 
cheaply, efficiently and free of defects. A major challenge was to take a look 
at what was being done, and then do it in a vay which makes the firm 
competitive in terms of cost and quality. 

Three related questions were raised on the issue of breaking of linkages: 
(1) under vhat conditions would a firm want to break a link; (2) if a company 
sells out the stock, Lhen froa its point of view it had made a break, but what 
were the implications for the fira from which it had made a break, 
particularly if it was a small firm? It might possibly be shaken to such an 
extent that it may have to go into liquidation; and (3) should this happen, 
what would be the likely effects for the future pattern of linkages? 

Responding to these questions, Horvitch observed that it was enough to be 
just good at buying technology, at being adaptive; at least one had to be a 
partner in being creative. 

As regards the question of linkages, they were being forged between the 
large and small companies because of the experience of small high-tech 
companies. the small company has indeed to be very careful of the large 
corporation. The small companies ar.e, however, getting increasingly 
professionally managed and they are also likely to consider various aspects 
before establishing links with large companies. However, Horwitch had looked 
at the problem from the angle of the large companies and had not considered 
the problem of linkages from the point of view of the small companies. 

The papers and the discussions on Management of Technological Change 
brought out clearly the broad directions in which action should be taken by 
firms and by the Government. Since official policies create the environment to 
which the firms respond, we shall first consider action required to be taken 
by Government. 

t 



' 

Recomaendations 

A. Action bv Government 

1. The industrial and technological policies should be carefully reviewed 
and an integrated policy formulated; 

l. The collaboration policy for industry needs to be reviewed and revised in 
the light of the technological changes in the developed world and the 
emerging forms of joint ventures; 

3. Government should examine how industrial f iras can be encouraged to 
strengthen their R&D capabilities: 

4. Technological change has a number of implications for the organization of 
education and training at schools, universities and technical institutes; 
Government would assess the short and long term changes ~hich can be 
introduced at different levels of education and formulate an appropriate 
education policy; 

5. The relationship between government and public sector management should 
be reviewed and changed in order to enable the management of public 
sector concerns to take timely decisions relating to technological change 
and make such organizational changes as may be considered necessary. 

6. Circulars may be issued to financial institutions asking them to indicate 
how best they can integrate technological and financial considerations in 
appraising projects for funding, and after meetings and discussions, a 
uniform approach to project appraisal, with a focus on technological 
change, should be adopted by all financial institutions. 

B. Action bv Firms 

l. Firms should assess the market potential for a product before seeking 
technology from international sources; 

2. firms should strengthen their negotiating capabilities in the field of 
technological collaboration; 

3. Firms should make appropriate arrangements for the training and 
re-training of workers, engineers. and managers; 

4. A minimum in-house R&D capability should be established; 

5. The suitability of the existing organizational structure of the firm, for 
the management of technological change should be examined and relevant 
changes introduced. 
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Acronyms 

A F M S 

AG VS 

A I S 

A L D E P 

AMT 

ARD C 

AT&T 

B E C 

B E L 

BG ML 

B H E L 

CAD 

C A D E 

C A E 

CAM 

CAT 

C C I 

C E 0 

C I M 

C K D 

C M D 

C M E R I 

C N C 

C R A F T 

C R P 
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GLOSSARY OF ACROlmlS 

Name 

Advanced Flexible Manufacturing Systems 

Automated Guided Vehicles 

Automatic Identification System 

Automated Layout Design Programae 

Advanced Manufacturing Tectmology 

Agricultural Refinance & Development 

Corporation 

American Telephone & Telegraph 

Boeing Electronics Co•pany 

Bharat Electricals Lillited 

Bharat Gympswa Mines Li.aited 

Bharat Heavy Electricals Limited 

Computer Aided/Assisted Design 

Computer Aided Design Engineering/ 

Control and Design Engineering 

Computer Assisted Engineering 

Computer Aided Manufacturing 

Computer Aided T~s~ing 

Cement Corporation of India 

Chief Executive Officer 

Computer Integrated Manufacturing 

Completely Knocked Down 

Cordinate Measuring Devices 

Central Mechanical Engineering Research 

Institute 

Computer ~umerical Control 

Computerised Relative Allocation of Facili­

ties Techniques 

Capacity Requirement Planning/Computerised 

Resource Planning 



C S I R 

0 E G 

D F ~ S 

D G t D 

D N C 

D S S 

E I L 

FAS 

FMC 

F M L S 

F M S 

F S 

HAL 

HM T 

I C 

I C R I E R 

I D S I 

I D P L 

I D S 

I M S 

I 0 C 

I p c L 

I S F 

I T D C 

I T I 

J I T 

LC v 
L D c 
MA M c 

M I T 

M I T T 

Council of Scientific and Industrial 

Research 

German Finance Company for Joint Ventures 

in Developing Countries 

Dedicated Flexible Manufacturing Svstea 

Directorate General of technical 

Development 

Direct/Digital Numerical Contr~l 

Decision Support System 

Engineers (India) Limited 

Flexible Assembly System 

Flexible Manufacturing Cells 

Flexible Manufacturing Line System 

Flexible ~acturing System 

Financial System 

Hindustan Aircraft Lim.iced 

Hindustan Machine tools 

Integrated Circuit 

Indian Council for Research on Inter­

national Economic Relations 

Industrial Development Sank of India 

Indian Drugs & Pharmaceuticals Ltd. 

Industrial Development s~~-vices (Private) 

Ltd. 

International Business ~chines 

Indian Oil Corporation 

Indian Petrochemicals Corp. Ltd. 

Inventory Status File 

India Tourism Development Corporation 

Indian Telephone Industries 

Just in Time 

Light Commercial Vehicle 

Least Developed Countries 

Mining & Allied ~chinery Corporation 

~nuf achusetts of Technology 

Ministry of International Trade and 

Industry 

• 

• 



~ 0 l: 

~ p s 

~ R I 

~ c 
N E C 

S I D C 

0 ~ G C 

P B I T 

P B T 

PLC 

PM T 

P M t M T :\ 

P S E 

P S I D C 

P T L 

P T 0 

R & D 

R E C 

R I T E S 

s 
S A I L 

S K D 
s p c 
T A F E 

T C S C 

T N P L 

r R C(s) 

T T T S 

U N C T A D 

U N I D 0 

u p 
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Memorandum of ~nderstanding 

Master Production Schedulesfi{aster Process 

Sheets 

M.achine?:Y Research Institute 

Numerical Control 

Nippon Electric Company 

National Industrial Development 

Cor;>oration 

Oil & Natural Gas Comaission 

Gross Profit Before Income Tax 

ProfitjLoss Before Tax 

Programme Logic Controller 

Perfect Machine Tools 

PMT Machine Tool·Automatics (Pvt) Ltd. 

Post Second ~orld War Enterprises 

Punjab State Industrial Development 

Corporation 

Punjab Tractors Limited 

Power Take Off 

Research & Development 

Rural Electrification Corporation 

Rail-India Technical and Economic Services 

Technology 'S' Curves 

Steel Authority of India 

Semi Knocked Down 

Statistical Process Control 

Tractor & Farm Equipment 

Technical Consultancy Service Centre 

Tamil Nadu Newsprint & Papers Ltd 

Technologica: Research Centres 

Tractor training & Testing Station 

United Nations Centre for Trade and 

Development 

United Nations Industrial Development 

Organization 

Uttar Pradesh 




