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This goper surveys the trends ip incdustrial R & T in
India over the last tvo decades., It shovs thet there has
been & rapid rise in R & D expenditure 2nd a shift in its
composition towvards in-house corporate = & D and away from
R & D in government leboratories,; which is explained by the
laboratories' lack of murket oriertation .nd minuftcturing
experience. fccording to cross section studies of corporate
R & D, larger companies 2im towards larger technological
advances and take & longer view, hut :he overall composition
of corporiste R & D shows no discerpible chunge. This apparent
inconsistency is explained by the development of the t.chnology
market, Much E & D was trigpgered off ©y “he need for import
replacement arising from import contrcis till 1965 and later
by the need for product diversification in the recession.
But construction of new plants and mechanizotion for speeding
up operations, activities vhere sustained ¥ & D ean yield
large firms a steady flow of innovations, wevre unimportant
or infrequent, and the demand for technology they gave rise

to wes largely met by imports.



THE CxIGIN AND DIRECTION OF INDUSTRIAL
LESEARCH AND DEVELOPMENT IN INDIA

Ashok V Desai

Intervie*s ccnducted in the course of tvo studies
of transfer of technology to India undertaien in 1967 and
1949 /[ 1; 2 7 suggested that companies that did their own
R & D got a beitter return on itheir techirology imports in
2 number ofi 'yss:; they unpackaged their technology rejuire-
ments and impoxrted only those components thust they counld
not generate economiczlly or fast enough, they informed
themselves bhetier abov1 the btechnology mariet before entering
it as buyers anc they got & greater »enefit from t.chnology
imports in terms of their own product wnd process develop-
rient. The experience of ithe firms doing «~ & D stood out so
clearly thzt & more comprehensive &nd detailed study of
industrial & & D vas indicated. The rapid expznsion of a &
D and the application lags inveolved suggested that the study
should extend over a reasonably long period. Hence the
sub-sample of 14 firms with significent . 3 D activity that
emerged from .the 1962-69 surveys was expanded and 3« firms
vere studied irn detail in 1972 173; 4; 27. & number of them
vere again folloved up in 1978, The present paper summarises
the results of the studies stretching over slmost ten years

supplemented with published information from other sources,

The plan of the paper is as follows. Section I



summarizes the available information on the volume of
industrial ot & D expenditure in and ouwtside the corporate
sector. Seciion II gives a classification of % & D on the
basis of its time horizon nev knowledge recuired &and
pro:ability orf success. Bection I1I discusses the maior
factors affecting £ & D in Indian firms. Section IV deals
with the problems thai beset non-corpcrete X & D. The

conclusions of fthe paper are sumnarized in Section V.

I. “&AfaNT C

by

PR, )

£

:hilst nationsl estimates of .. % U expenditure have
been prhlished from time to time, the isolution of industrial
E & D from them presenis some problems. Cur estimates are
summaerized in Table 1. QOf the considerable expenditure that
the government includes in its ovn & & I, we have inciuded
only the expenditure of the Department of Electronics and
the railvays. The expenditure of the Defence W & U Organi-
zation and the Tepartment of Space Xesearch also probably
contains.industrial elements, but they éannot be identified

and have been excluded.

The expenditvre of 211 industrial laboratories of the
CSIx is inciuded; it is an overestimate in so far us they do
significant non-industrial work. The eviimates for government
departments end {31k laboratories irclude »dministrative ex-
penditure and arc not strictly comparaile vwith those for

private «pnd government companies.



Another possible source of understatement in corporate
R & D expenditure is non-reporting companies. & committee
which made & comprehensive investigation of R & D in private
companies 157 discovered & number of companies that reported
B & D activity but did not claim income tix rebate for & & D
expenditure:l/ or could not specify how much they had spent
on R & D3 further, the committee's list of respondents excludes
a number of companies which have long becn known to be engaged
in R & D, Indien companies, especially large ones, receive
a large number of questionnaires from various government
comnittees and do not necessarily resyond to all of them.
Hence it is possible that the i & D expenditure of private

companies is significantly understa- :d,

I'inally, the point made in the next section about the
confusion in Indian firms between i & D on the one hand and
trouble—shooting or technical services should be borne in
mind, Statistics of corporate # & U pro*ably include a

borderline element o0i vhat is not & & D on a rigorous definition.

The oustencing [eeiure of R & D expenditure is its
rapid growth throughout the period since 1958. This impression
will withstand any correction for inadeluate coverdage in the
early years. 'The next most striking feature is the fall in
the share of the CSIR and the industrial associations. In
1958, virtually all the industrial research vas being done
in CSIK lahoratories. Ly 1965 the share of CSIE and indus-

trial associations had fallen to 70 per cent. By 1974 their

l/Under the income-tax law, one-third more than the actual R &
D expenditure can be charged in the computation of taxable
profits., providing the tax officer is satisfied about the
nature of the expenditure.



Table I

Industrizal R & D expenditure, 1958—19743/

(%. million)

: b ‘

11958 ?965_w1968‘;_19701z;mh_1213.

Central ministries { 160,

iCentral government (i - 17 22 38 :

enterprises ] i 145i

Council of Scicnti- i

fic a#nd Industrial :
Research®’ 25 77 102 1 117 194

| .*

Industrisl associa- E

tions | - 6 9 1 : 28]

Frivaetely owned l E i
companies L2 18 + 90 131 ; 367
' 30 {118 | 223 ' 300 834

g/Financiul vears running from April +to Mearch; for
instance, 1958 refers to the year from aApril 19538
to March 1959,

b/For enterprises vhose expenditure wis not avail:ble, the
previous year's figurc was repeated,

g/For 1628 znd subseyvent years, the Zctual total expendi-
ture of laoratories doing industri:l vork. ¥or earlier
years it is assumed th t the ratio of industrial labora-—
tories!' expenditure to total CSIx erpendiiure was the
same &s in 1963.

Sources: Council of Scientific and Industrinl Hesearch,
Annu.l derort 1979 {(New Delhi), ippendix &,
Conmittee on Science and Technology, HReport on
Science and Technology 1972-7/2 (Nev belhi),
Tables I, I] and V-R.

Department of Secience und Teciinelogy, :andbook
of ..csearch and Development St iistics, 1974-75
(Nev Delhi, 1977).




share was less than a quarter. The corresponding rise was

in the share of private and public companies.

Apart from this shift fron independent to in-house
research, there wvas e rapid vrise in the number and expen-—
diture of consultancy firms which are nct included in
Table 1 /7 /. Its R & D element is not definable, but
that it is substantial is clear from the fact that the
R & D divisions of a number of compenies, especially in the
Public sector, have been hived off into separate consultancy
firms - for instance in metallurgy, fertilizers and railways.
Thus R & D organizations that are directly responsive to the
demand of manufacturing companies, vhethcr they are in-house
establishments or independent ones, have gained as against
those whose income is fully or largely independent of the
work done. The czuses of this shift are examined im section

IV belowv.

The industrial distribution of corporate n & D is
shown in Tabie 2, which covers 300 privete and 34 government
companies. The distribution shows similarity tc cempareble
estimates for the USA and the UK 1_8, np 34—36:7; as in those
countries, chemicals, instruments; electronics, electricals,
machinery and transport equipment are thc relatively research
intensive industries in India. The industrial breakdown of
all nation2l R & D cannot be vorked out accurately, but 2

rough comparison with OECD estimates for 1963-64 /9 7



suggests a lover proportion being spent in India on aero-
nautic¢s (about 9 per cent against 17-38 per cent in report-
ing OECD countries) and & higher proportion on other trans-
port eguipment (about 19 per cent against 6-9 per cent in
major UBCD countries) in 1974. The differences reflect

the relative importence of the indus£ries rather than

differences in their research-intensity.

An important feature of corporcte R & D in OECD
countries is the high proportion of it financed by the
government, This is virtually absent in India. The
National Research Development Corporation, which sells
technology generated by CSIR and other government laboraz-
tories, sometimes gives loans or equity capital to enter~
prises that buy the technology, but the amounts involwed
ere small. By and large, government funds are spent in
government laboratories, and not even in those 'of public
enterprises. This is onc rezson why & lorge proportion of

publicly generated technology never reaches the shop floor.

t'inally in Table 3 we prescnv some data on the
relationship between the size of & & D activity and the
research~intensity of firms. The sample refers only to
privately owned companies and is toec small in most industries
to furnish reliable rcsults. but one conclusion is clear
for industries wherce figures for & suiiiciently large number

of observitions are available, thit the greater the R & D



Industrial distribution of R & D expencaiture in

Table 2

reporting

a
companies 1974 —

/

( \ B & Sales jnetio of i Share of Central |
' ‘ vxpen- & D to Govt. enterprises
t diture _sales R &D Sales |
8. million Percent:;
) ! |
Chemicals: 205.6 |14658.5 1.40 | 21.5 | 24.1
]
() Inorganic 12.4 905.9 1.37 - ’ -
(b) Heavy organic 38,2 3059.1 1.25 86.6 | 91.1
(c) Synthetic fibres . |[.23.7 | 2496.7 C.95 - ! -
(d) Dyestuffs 17.4 | 1142.8 1.52 1 - | -
(e) Synthetiic resins 1
and plastics 20.9 1800.3 1.16 - i -
(f) Drugs and pharme- : :
ceuticals 82.5 3623.6 2.28 } 11.6 14,7
' (g) Other 10.5 | 1630.1 0.64 ' 15.3 | 13.4
! ] H
;Instruments 7.7 182.8 4.21 o 57.3 56.3
!Electronics & Eleciricals. 123.2 110777.3 1.14 47.5 38.1
'Machinery 39.1 3322.4 1.18 26.3 38.2
{ i
| Transport equipments 62.1 | 3209.0 | 1.94 75.4 | 45.2
Office end domestic i
equipment 33.5 5978.2 0.56 - 1 -
{Mctals 30.2 [16586.7 | 0.18  41.7 . 71.3 |
| ceramics and glass 1.6 | 144.5 | 1.11 | 0.2 5.3 E
! i . i
%Cement 7.5 | 1598.3 0.47 - -
| Paper 1.5 | 6361.8 | 0.02 0.7 i 0.2 !
; : ! i :
512.C ;62819.5 0.22 ) 28.3 ; 35.8 |

2/ Financisl year.

R/ Excludes reilvays which ar: 2 departmentzl undertaking
their 2 & D expenditure

Source: Depcrtment of Science and Technology, Handbook of

was Rs.44.6 million.

R & D Statistics 1974-75 (New Delhi 1977), pp 63, 64.




Table 3

ReSearch-inteﬁsity and size of R & D expenditure in privately

ovned companies, 1969-71

—
E No. of - Companies with R & D expenditure All

‘reporting , (8 million) compa~-

Ecomp&nles Over 1-5 0.5-1 0.5 and pies

| ! 5 . below

Ai, i Ratio of ~OD cxgpenditurs to snles (per cent)

, _ , _
Metals | e | o.58 - 0.10 | 0.17 , 0.53
Machinery 16 0.54 1.79 i 0.23 0.14  0.71
Transport equipment i1 1.21 § 0.28 . 0.34 0.10 : 0.90
Electricals 1 4 o= 2.04 | 0.28 0.53 : 0.63
Electronics 4 | 2.39 - | 4.4 | 6.15 | 2.43
Instruments l 6 - - ©3.85 1.70 1 2.00

, ; :
Chemicals | 20 1.94 12 | = | 0.9 | o125
Dyestuffs L s 3.07 0.65 | - | - . 1.09
Drugs | 10 3.41 2.05 | 1.33 | 0.35 | 2.9
i 1 |
Cement 4 - 0.40 | ©.30 | 0.06 @ 0.33
Ceramics and glass 5 - 1.82 ! 1.07 1.06 ~ 1.43
[Paper 4 |- 0.3 ', 0.28 | 1.46 | 0.43
. t | !

Textiles 4 P 0.71 0.33 : 0.57 - . 0.60
Food 3 i 0.54 - P01 0.13 |+ 1.95
Other 3 | 0.20 - 0.26 - o.21

%1053/ "1 1 0.9 0.32 | 0.3z 0.94

i H

a/ A consultancy firm in the origir.l group is excluded.

Sourcc: Célculated from Ministry of Industrial Development,
Science and Technology, _leport of the Committee on
Peformence and Commercialisction of d & D in private
sector industry {(New Deihi 1974)




expenditure of a firm, the greater its proportion of H & D
to;lales.l/ Similar results are obtained if firms are
classified ty sales instead of by R & D expenditure.
Despite some contrary results, there is a clear correlation
between size and research-intensity, unlike in E;rope and
the USA where Freeman fcund no significantwrelationship
1—8, r 20@;7. Obviously, the absolute size of Indian firms
is small enough for economices of sale in research to obtain

even in the largest existing firms.

1/ The conclusion of the Committee / 6, p12 / that research-
- intensity is the highest in firms under ?oreign ownership,
next highest in independent firms znd lowest in firms
attached to large business groups is vitiated by aggrega-

tion acress dissimilar industries.
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It is customary to classify R & D by its time
horizon. ZFor instance, CECD studies distinguish between
basic research which is exploratory 2ond long-term, applied
research which focuses more sharply on ecunomic objectives
and experimental development vhich has 2 more immediate
perspective / 10 /. R & D in Indian Tirms tends to have
& shorter horizon than in industrial countries, and some of
vhat Indian firms term K & D is perhaps more in the nature
of trouble-shooting and technical services. R & D emerged
in most firms from quality control, technical services,
maéterial adaptation and plant construction; as the volume
of required technical inputs rose, as scientists and techni-
cians recruited for start-up operations had to be re-employed,
or as the recurrence of similar technicel problems muade =z
systematic approach to them possible, &d hoc technical acti-
vities developed into R & D programmes4/ R & D departments
continue to deal with at least some of the problems earlier
handled by stray technicians. Since it 1s impossible to
sepatate these peripheral zctivities, ve have put them into
an additiopal class of their own. Our classification is thus:
exploratory reseurch, development 4nd operational investigations.
On & rough estimite, reseurch scarcelsr absorbs 2-3 per ceant of
corporate & & D, though presumebly more of the CSIE laboratories!
i & D. eveluoyment prob:ibly absorbs 32C-4C per cent of the

l/For a fuvller zccount of the origin of 2 & D activities in Indien
companies, see 173.7.
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expenditure; the rest is devoted to operational investi-

gations.

There is some evidence from the early sixties,
summiérized in Table 4, which suggests thet the time pers-
pective of R & D lengthens with the size of firms. Most
of the R & D of small firms wvas concentrated on adaptation
of rew materials and on process improvement; large firms,
on the other hand, spent about 40 per cent of their R & D
budget on equipment construction and product improvement.

These results are confirmed by another survey done in

1970 [11, p 12_/.

Table 4

Composition of R & D expenditure in 60 companieSE

Annual Expenditure on _7

sales | Equip-; Raw i Product |
(B.mi1110m) | ment | matcrials | 10CSS (Product i, iiyipa_ |

.million W 1 % % | % l tion (%)
under 10 - 60 30 i 0 - !
10 - 20 5 50 30 | 100 s '
20 - 50 10 3 12525 | 10|
50 - 100 20 25 25 1 20 | 10
Over 100 L 20 25 30 20 s

E/Muinly in engineering and chemicals, surveyed in 1963-64,

Source: Economic and Scientific Research Foundation,
Technology and Industry (New Delhi 1965)

Research,
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(2) Operational investigetions

Operational investigations relzte to current problems
being thrown up by manufacturing operations - problems of
rav-materials supply, manufacturing protlems and customers'
problems. There is a premium on solving them quickly; and
speed dictates the solution of the problems on the basis
of existing and easily cvailable knowledge. For imstance,
2,000 motor starters were once held up on the production
line in Larsen “nd Tovkro for lack of silver salt. The
R & D department procecded to find out vhat vas being used
in place of silver salt by competitors, vhit was earlier
used in starters, which patents in the relcvent group used
silver salt; how other patentecs had tried %o get around
those petents, and so on. Ultimately, it came uyp with a
compound which ¥2s5 superseded by silver salt in starter
menufrcture ip other countrics but scemed the most economical

substitute in Indi:n.
(b) Development

Development may be broadly defined as work dirccted
to translite proposals knowe to bLe possible into manufacturing
operations. It is clesely related to the erection or operation
of equipment, 2nd its time horizon is longer than of operational
investig:tions - often 25 leng as the time required by new

investment projects, and some times longer. Idets worked on in
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development may come from the market, the techmnical staff,
literature, patent descriptions, or purchased know-how,

In a recent develonment of a diesel engine, for instance,
Tata Tngineering and Locomotive Company started with a

field study of the performance of the engines it was fitting
into its existing range of trucks. The study furnished
information about the required improvements in engines,
which pointed toverds the necessary modificetions. The
modifications led tc the development of new markets for the
engines; the latest into which the compary has entered is
marine engines, Similarly, Jyoti Limited developed & series
of low capacity water turbines following retlization thaE-
there was a market for small hydro-electric generating plants
in hilly areas that was not met by the equipment in the

market_Z—IZ, pp 65 f£f 7

In 2 case wvhere development was taken up for its
technical interest, Excel Industries was manufacturing phos-
phoric acid from the commonly used red phosphorus. It was
possible Lo mahe it cuiy of winite phosphorus, but wis known
to be more hazardous. The use of white phosphorus wis cheaper
if equipment costs znd risks could be kept doun. The firm
vorked out a2 singlo-stage process te m2 e phospheric acid from
white phosphorus vsiny = stairless s*eel rewctor and a colad
purification process 7or arsenic removhl,; and finally monu-

factured a2 high-quality product with lower cagpitcl costs than
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a conventional plent. From rhosphoric acid it went on to

develop processes to manufacture various orgéno-phesphoric

pesticides / 13, pp 70-74_7,

(c) Exploratory research

Bazsic resewrch starts with a small stock of accumu-
lated knowledpe, and tries to make % substantizl addition
to it. It may be theoretical or =2pplied. Theoretical
rescarch may be defined s research dirscted towards este-
blishing nev theoreticzl structures to explain scientific
phenomena, or te work out limits to the application of
known theories. hilst theoretical research is financed
on &2 small secaile by big firms abroad, it is more or less
unknown in the R & D activity in India. Unichem gives 2
prize of 0(5.10,000 for theoreticrl research in Indis, but

finds the response discouraging.

&pplied research may be termed as research directed
to find products or processes of economic velue where little
is knovn. & firm is interestad in research in a new field
if it con thereby establish &4 lead over other firms that would
yield superprofits Tor i few years. A common typce of applied
research that is done in India is molecular manipulation by
chemic&l wnd pharmiceutical firms. The nurber of chemical
compounds thot can ke mede under laberatory conditions is
almost unlimited, =nd chemical and phzrmaceutical firms often

construct nev compourds and try them out for their possible
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velue as drugs, dyes, etc.

In this type of research, building up of new compounds
is just the first step, generally an inexpensive one. In the
next stage, called screening, its general chemical and biolo-
gical propertics are investigated. If *he exploration shows
promise, the possible uses of the compound are more thoroughly
investigated. This process is most elaboraite in the case of
drugs. A product that has shown-promise on screening under-
goes pharmacological testing on animals; various dosages and
combinations are tried out for their therapeutic and toxic
effects., If found useful and non-toxic on animels, the drug
might be tried out on human patients - in other }prds, tested
clinically. If it passes clinical tests, it will be packed
in various forms designed for maximum effectiveness and

stability in storage and put on the market.

0f these stages screening is a relatively inexpensive
and small sctrle process, and many Indien firms do it. Some
foreign firms are understcod to get compounds screened in
Indiz, “na pass on the promis.ng ones to their central labora~
tories. Pharmacological testing is & e22ivz]l intensive large-~
scale process Tor 1t regwires large nunoers of animels of
stendardised brecd kept in comfort and isoloted os far as
possible from outside sources of infection. Some Indian firms
avail themsclves of pharmacological testing services provided

by the Central Drug Research Laboratory; hordly any do their

own. Formulation, the last sgtiage of the process, is required in

operationel investigations also, @nd 211 firms that do any R &

do formulatiopn research.

D
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II1TI. MAJOR FACTOAS AFFECTING COAZrORATE R & D

Qur survey of corporate R & D practices threw up
four major features vorth discussion: (2) the make-or-buy
deccision, (h) priorities, (c) personnel policy, and (4d)

petent law,

(2) The make—or-buy decision

A great deal of technology is bouvght within the country
by Indian firms in 2 package with domestically produced plant.
The employment of technologists 21so is a common form of pur-
chase of technology. But the sale or purchese of technology
by itself is extremely rare, as shown by the fewness of the
cases unearthed by the Committee or Private Sector R & D l_§;7
or patent assignments reported to the Prtents O0ffice 1—1{:7.
Hence the only alternative to R & I is norm=ily import of
technology, whiéh requires government permission and which

h.s been subjected to progressively detailed restrictions.

The decision whether to make = technolcgy or to
impo:t it depends or» the current resources of & company, and
principrlly con its plant (especizlly in the capital-intensive
chemicel industry) and on the number and the specialization
of its technologists 1?3_7. If & technology involved the
building of 2 new plant or wis entirely outside the experience
of technologists, 2 company wovld be inclined to buy it. If

& technology vas within the basic line of the company but



1‘;‘

would require a substantial increase in i & D manpower or
would t~ke long to generate internally, the company would
be inclined to buy it. The general tendency was to con-

centrate R & D resources on projects with a short pay-off

and modest capital requirements,
(b) Priorities

In all companies immediate problems tend to have
priority over long-term projects. Most began R & D in the
late fifties or eerly sixties when industries were being
built up to coter to the domestic market under a regime
of stringent import controls 1—15; 16_7. The first-genera-
tion industrialization threw up a host of production problems
which either could not be solved by foreign technology supp-
liers or were cheaper to solve with on-the-spot R & D.
Further, forced import substitution deprived firms of mate-
rials commonly used abroad, and local substitutes had either
to be developed or to be =zdepted to imperted production
processes, Often imported processes milfunctioned in Indian
conditions 2nd reyuired adaptive R & D. Thus R & D wvas

initielly concentrated on short-term production problems.

In contrast to the policy on import of goods, policy
on technology imports was liberal +ill 1966 1—1; 2_7. Hence
R & D wvas focussed on import replacement in goods, and avoided
import replacement in technology. Companies had to reckon

with the possibility that by being the first to import a



technology & corpetitor might capture a market
or steal 2 march. Hence there was much combetitive
import of technology, and the accent was on R & D with &

short pay-off,

After 1965, however, industrial growth slackened,
and the technology inmnport policy was tightened up soon
after. Competition in product mirke’s become keener while
simultaneously the competitive pressure to import technology
was reduced. The technology import agreements of the late
fifties with a duration of ten years began to end in the
l2zte sixties, and government approval of their extension was
most difficult to get. Hence alter 1965 companies rapidly
stepped up their R & D outlays. But they did not eaim at
major advances in technology; instead, they concentr2ted on
cost reduction, product improvement and diversification.
There was no change in the short horizon of R é D policies,
but +hilst R & D in the early years concentrited on material
and production problems, it became more market—-oriented in

recent years.

(c) Personnel Folicy

Most companies have no personnel policy 2s suchj; the
idea of recruiting scientists with certein qualities and
building up their capability over time - of investwment in
human resourc.s - is virtually absent. When gquestioned,

most companies weve of the view that fturnover in their
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R & D departments was too high to permit long-~term personnel

development.

An extremely high proportion of present-day R & D
managers vere trained abrnad., Some entered the corporate
world directly, generally when companics were building
plants with foreign knowhow; a2 few were initially recruited
by technology suppliers. But most did not come directly.

The largest source - or conduit ~ of corporate R & D persounnel
at 2all levels has been the government lzboratories. In
fipencial year 1974 CSIf laboratories swent %.21000 per
scientist against %.37000 in the privote sector; their

ratio of capital to current expenditure was 24 per cent
against 45 per cent in the private sector 1—1247 - difference
that hzve persisted over the last two dectdes a2t least. Thus
private companies offer scientists better salaries as well

as more R & D resources. Thev cannot oifer comparable non-
material satisfaction in the form of academic papers and
conferences at home and abroad; but this<has apparehtly not
proved o hindrance in drawing off scientists from government
laboratories. It is, however, remarkable that few corporate
R & D workers came straight from universities, and then

generally at junior levels.

‘In spite of the high turnover, few scientists and
technicians who enter the corporate world leave it. lhere is

2 steady trickle =zbroad, which was more substantiasl in the



slump of lete sixtices; there was a selective exodus of
steel technolgists in the early seventies, and of o0il techno-
logists =«fter the 0il boom. Some technologists have started
their own business. But most move within the corporete

sector.

The turnover is distinctly less among K & D managers.
This partly reflects their greatcr age, higher salory and
hence lower mobility. But it is also due¢ to greater work
sgtisfaction. It is noticeable that technical staff turn-
over is less in companies with o consistent rccord of success-—
ful R & D. Their salaries are definitely not higher than in
other companies; = congeninl vork environment probably explains
the stability of their stuff better. They ore 2150 generally
companies with a managing director or ot least a strong director
with 2 technological background. In this respect our conclu-

sion is similar to that of Proiect SAFPHU L—TQ;7,
(d@) Patent 1luw

A hondful of chemical znd pharmiceutical firms wvhich
tried to develop lleir ovn technology ran into trouble with
: .- _— 1/
foreign patents in the sixties. In a case thot became fomous,—

Unichem Latoratories produced tolbutamide on licence from

Heftkire Institute of Bombay which had aptentcd the process.

l/Farbwerke boechst vs Unichem Laoborztories =nd others. Bombay
High Court suit Ho.132 of 1962. Judgment of 11 July 1968.
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Table 5

Firm's reactions to proposed changes in patent

law,

Indian firms Joint ventures and
P reign firms
i
' \ #
| > 5 5 ‘ = —
. o < g = e | et L]
. P = v O = o | IS +
i w -~ 5 s I , g o
. O o | (o] 1=
R j 1 (4]
i {Number of firm \
'sbolition of patents ’ ;
[
Chemicals and drugs I 2 i 3 7 ! P - !5
Machinery and electricals! 1 2 - 20 | 23 | 02 1,03
Other - 3 - 5 8 ! 4 1 ! 5
Total 2 | 7 1 | 28 | 38 | 1 2 113
Abolition of patents in
:food, chemicals and drugs _
gChemicals and drugs 1 i - 3 7 1 . 4 - 5
‘Machinery and electricals| 3 3 - 17 23 T 01 1 3
l0ther 113 - 5 8 i - I 4 1 5
Total 5 7 - 27 38 9 2 3
%Qompulsqu licensing at !
149 royalty
(Chemicals and drugs 2 - 1 | 4 7T 14 - | s
|Machinery z2nd electricals; 3 3 - 17 23 1 i 1 1 3
|Other 1 ]2 - 5 | 8 | - ! 4 1 5
Total 6 |5 | 1 |ze |38 l 9 2 113
Compnlsory licensing on ' ‘ ,
terms “ixed by a Court ; : %
Chemicals and drugs ! 1 1 - 5 ! 7 b3 1 5
Machinery ard electricals| 1 5 - |17 ;23 P2 1 3
lOther - 3 - 5 ' 8 i3 I 2 5
iTotal 2 9 - 27 | 38 8 1 4 3 |
iteduction of term from ! % !
116 to 10 vyears | E i
! l | Pl
{Chemicals and drugs 1 - 1 5 | 7T - é 3i 2 - 5
IMachinery and electricals| 3 |1 ! 1 15123 1 =t 1 3
'Other 2 11 - 5 08 1 3] - 1 5
fTotal 6 | 2 2 23 38 2 16 3 2 3

Source: Author's survey.
¥y
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The major differcnce between the patents was that the
Hoechst patent specified at a certain point thet sulphur
was to be eliminated from a thiouria "in & conventional
manner", and ot rnother poini thii the eliminntion was to
be done Ly "2 heavy metal oxide or a salt cherecof". The
Haffkine Institute patent specified eliminztion by hydrogen
peroxide. The judsae disallowed the defendants! plea thaot
the Hoechst patent wss so general as to cover millions of
products of which only 220 had been synihesized hy Hoechst
and still fever phzrmacologically tested, and.ruled that
the two prtents referred to the same invention and that

Unichem had infringed Hoechst's patent.

In another instance aluminium phosphite, & concen-
trated fumigant, was patented and imported by ¢« foreign
firm. In the payments cfisis in 1966 the Dircctorazte-General
of Teéhnic;l Development askcd the firm to zreoduce it, but
the firm said the process vns too difficult to be tricd in
India. Thereupon Ixcel Industries produced the fumigant
in 2¥2 monihs 2nd marketed it 2t half the cest of imports.
The foreign firm tF v sent Excel 2 noticc to cease infringe-

ment of its'p&tegt;

Suech friction on pztents betveen incuien and foreign
firms led to a build-up of pressure in the latc sixtices for
2 new pntent lawv. In anticipation of the chzage we questioned

firms in .1969 on certein major proposcls. The answvers from
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53 responding firms are summarized in Toble 5. They show
thet vhile foreign firms were by nnd large sgeinst any
liberalization of patent luw ( and some ‘ere a for greater
protccetion than the law than current gave }, Indian firms
were by no mezns 2geinst patents: they vere essentially

in fnvour of greater acceses to potented snow-how, and
against foreign firms neither using their patents nor allow-
ing them to be used., Further, the conflict of vievs was
sharp only in chemiczl ind pharmaceutical industries. 1In
other industries Indian firms were divided or indifferent.
Thus patents led to a conflict of interest only in the
limit-d area of chemicals and phormaceuticals where patents
were being used to prevent firms from entering entire areas

of technology.

After the Unichoer “udgment the Fatents Office began
to reject n larger proportiorn of applications on the grounds
of vagueness or incompleteness. The provortion of examined
applications sc releccted went up from £ ser cent in 1968 to

11 »nd 1¢ per cent in the next two years 1_14, P 1Q;7.

A new Patents ict was passed in 1970, To prevent =
recurrence of cases like the Unichem one the new fct limited
patents in food; drugs ond chemicals to a specifie product
made by o specific process. Since virtuwally sny chemical or
drug con be mide by o variety of processces the scope of poatent

protection wis greatly reduced. Compulsory licences could
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be given for food, chemicz2zls 2nd substznces, and the
royalty had to be below 4 per cent. The duration was
reduced to 7 years, and zn unrestricted zight of utiliza-
tion wias given to the government, which has two drug com-
panies of 1its own. Fox othor inventions 7 compulsory

licence was given the patent could be revoked.

Soon after the 1970 Act wis passed consideration
of patent applications in food drugs and chemicals was
deferred until rules under the Act were framed. By the
time the rules were framed two years later, 7402 applica-
tions for medicines had accumulzted 1714;7. In the next
two years 530 patents in these fields were granted. By
legislative as well as administrative 2ction, therefore,
patent protection to medicines was largely sbolished. As
a result foreign patent applications, which approached
5000 » year in the exrly sixties and 4000 in the late
sixties, came down te 2300 in the early scventies. The new
Adct took away ihe monopely pover of tramsnationcl drug
compinics on thelr »atents Lut in so Imr ~s i aimed at
improving the access ol Indisn menufructuarers to foreign

drug technology it failed.

In res;;onscs to our survey foreign companivs staeted
that 2bolition or reduztion of patent protection would wesken

the incentive to innevate. The evidence on the growth of
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R&D expenaiture 1_6; 13; 17; 1Q;7, sparse as it is; shows
no slachkening for the industry or for foreign firms after
the passing of the 1970 patents Act. Thus the aftermath

of the Patents Act gives no support to the proposition

thet petent protection in itself has o significant effect

on the search for innovation., Nor does it support the
notion that the government can influence the terms of
transfer of multinationals' technology by pstent legislation.
Chemical and drug companies' control of their technology
rests principally in their mstery of the .rocesses, 2nd is

reinforced only marginally by patent protection.
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Iv. E & D CUTSIDE FIZNMS

In Section I we noted the f21ll in the share of
industrinl research associ tions and CSIR lcoboratories in
tot-l R & I cxpenditure: now we shxll turn Lo the reasons

for this fall.

»n obvious reason lies in the ownership of the
results; companieg ovn the results of their own R & D and
the wvork done by consultants for them, but not the results
of public ;r cooperctive laboratorices. Hence companices
like to do or commissicn {or themselves rescarch thot would
give them » competitive adviontage, .ind they tend to opposc
industrial zssoci.tion's entry into ficlds of research that
they consider prrticularly promising or likely to benefit
competitors. Industrinl nssocinations hove the best chance
of success if they councentrate on problems of common interest
to the industry. Some of the most wvidely cpuplied work of
South Indizan T-xtile Rescorch Association, for instance,
was dene in the t nding o otton and roeduction ot waste
1:20_7. 90 mills used the resuvlits and s ved 5.7 million 2
yecr by wastc reducvion; B.7.% million by better use of
waste and .15 million by substituticn of Indian for imported
long-stacle cotton. On the other hond, the work of Cement
Research Institute on min:-cement plants was not populnr

with its big cerporite members.
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Another difficulty lies in the more tenuous links
with the market and the plant. For success, the results
of R & D must be accepted by the market and embodied in
the production process; R & U must be controlled by market
feedbuck, and production must be responsive to R & D. Even
‘in house R & D faces serious problems o7 adjustment with
marketing and production, but they are somehow resolved
through the commend structure of the company. Such an
adjustment mechanism is absent in the case of independent
research. A striking case is offered by the Ahmedabad
Textile Industry's Research Association, which decided in
the early sixties that foreign technigues of making easy-
care fabrics were unsuited to India. Fabrics made abroad
had high crease recovery wvwhen dry, lowv moisture regéin and
a harsh grainy feel, while in India's hot hunmid climate
consumers should prefer a soft fabric with high moisture
regain and high crease recovery vhen wet. A process giving
these features was developed and leased out t¢ mills. But
the fabric failed. Consumers ussyciated & grainy feel with
an apti-crease property; ianey would test the property by
crumpling the fabric in the fist, and the fabric with low
dry crease recovery did not perform too well in the test Z—2Q47.
Similarly, & 20 hp tractor vas designced in 1971 by Cemtrel
Mechanical Engineering Research Institute, based on the
Planning Commission's opinion that Indian farmers would

prefer a smaller and cheaper tractor than the 25-35 hp models



being imported or produced from imported designs. when

the tractor was finally put on the market in 1974 by

Punjab Tractors, they found that there was a large and
established market for a 37 hp tractor «nd that the selling
of the 20 hp tractor requirzd a much greater price differen-
tial than the difference in costs. So they designed a 35

hp model, and by 19-7 were selling 420C 35 hy: tractors

against 800 of the 20 hp model / 21; 22 7.

The industrial resenrch 2ssociztions re at leas?
located amcns the centres of their respective
industries and giided by boards on vhicli the industries
are represented., CSIR laboratories hove largely official
boards, they are not zlloved to sell {their innovations
directly to industry, income frow the sale of technology
forms a small proportion of their budget, and many of them
are far avay from industrial centres. The result is an
even lower level of rapport with industry.

A significant proportion of firms studied by us
had contucts with CUIh labor.tories; some consulted their
scientists, others used their equipment, a few gave them
research projects or bought knoyv-hov from them. The firms
that had contict with national laboratories tended to have
multiple conticts. lost o the con..cts were with & labo-
ratory in the same ftown o1 region: the Frequency of contact

varied inversely vith distance and difficulty of access.



Some laboratories had more interaction with firms, some

very little, depending on their area of specizlization and

distance from an industrial region. Bui on the whole, the

number of contacts, at least with firms interested in techno-
logy, Aid not show the laboratories to be divorced from
industry; and firms are quire aware of the laboratories as

Tepositories of talent as well as sophisticated equipment.l

However, ibe contuacts do not imply that the labora-
tories are successful sellers of knov-how to firms; in fact,
their income from sale of knov-how is extremely low. Against
the expenditure of CSIR's industrial laboratories of .194
million the income of the National Hesearch Development
Corporation {(the sole selling agency of technology generated
by CSIK and other government laboratories) from the sale of
know-how and technical services in financial year 1974 was
Bs.4.3 million. The low level of income vas partly due to the
fact that less than half of the know-how that the laboratories
considered utilizible was actually being used: of the 1726
processes reported to NrDC Ffor exploitation, only 729 were
licensed. But the rest, even if exploited, would not have
raised CSIR's income proportionately, for 122 of them were
released free of charge, 320 were dropped, and the rest would

include some commercielly unprofitable ones Zf17, T 72;7. Thus

l/ Indradev 1_23_7 reaches similar conclusions in his study of
electronics R & D.
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even if 211 the know-hov generated had been utilized, the

income would not have been substantially higher.

The only NiDC licences that yielded a cumulative
royalty over .1 million by March 1977 were television sets
and tractors - hoth distinguished by large markets, and not
by earth-shaking advences in technology Z§£7. Yet by and
large the value of output produced by an NiLC process was
small - B:.200,000 on the average - and the total output of
8,400 million was much below 1 per cent of the country's

industrial output.

The reason for this limited impuct is that little
merket information goes inte the choice of research projects,
and that much of the developed technology has no promise of
an economic return. Striking instances of ignorance about
the market are to be found in the history of tio products
of the National Chemical Laberatory: nicotine sulphate, an
insecticide, and cnshewnut shell resin Zﬁ12;7. Wwork on both
was begun in 197G; botn were scaled up, licensed and produced.
But both were adged out h» coesper substitules by the late
sixties - nicotine sulphate by mercury cumpounds and by organo-

phosphates, CNSL resin by high-capacity synthetic ion exchanges,

Ignorance of the murket goes with 2 lack of urgency in
developing innovotions. The impetus in the case of all inno-
vations in Excel Industries studied by Ltthreya /25 7 came

from the mi:rket. The average lig between conception and first



31

sale was 7 months, and on a total develoument cost of

E5.1.55 million the company built up annual new product

sales of k.14 million / 26 /. 4Atthreys -nd Ved Prakash
contrast Excel's speed vith an average gestation lag of

7 years on six innovations of CSIR laboratories. The com~
parison is perhaps not between likes; but the point is wvalid

and supported by other evidence 1_12;7.

To command a large market CSIn inndvations would
either have to be clearly superior to current technology
or to be applicable to products with large markets. In both
direetions CSIR laboratories face difficulties. Most of their
innovetions are derivative and maie small advances on current
technology. This is not in itself undesirable. ©Small advances
are eesier to make and research into them is subject to less
risk. But markets for them are also limited. Products with
large markets, on the other hand, are produced in large plants.
Much of the technologiczl pregress in their production is a
byproduct either of the running of plants or of the construc-
tion of new ones. Laboratory research }Solated from production
as done by CSIR is less useful than innovation by manufacturing
firms themselves; consequently Indiamn firms prefer to import

technology from a producer abroad.

Occassionally, manufacturers backed by CSIL knowhow could
not compete with those vho imported techpnology. To eliminate

such competition, a CSIk representative s put on the Foreign
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Investment Board, which approves technology imports, in
the late sixties; the CSIi vas thus given a virtual veto
on technology imports. But the proportion of projects
vhere the CSIZ can claim technology supply capability has
been low. In 1975 for imstance, CSIL took interest in 35
out of 400 technology import proposals Zf27_7; it would
eventually demonstrate capalt:ility only in the case of a
handful of those. Meanwhile, some firms in our survey
complained that the CSIE was a major cause of delay in

technology imports.

In supplying technology to small firms, which are
CS5IE's main customers, the laboratories face a dirferent
set of problems. 4 small manufacturer with limited capital
cannot afford tc take risks: he wants a proven technology.
The NHEDC is at best prepared to finance pilot plants; it
sometimes shares in equity., But it does not undertake
manufacturing. So it cannot sell technology on a turnkey
basis, nor ci.n it give 2 performence guarantee. Small firms
also need other assistance -hen they tale up new products
or processes, for instance market information or finance,

which the NiiDC is not well equipped tc sujyly 1728;7.

Thus +he¢ divorce of government luhoretories from
manufacturing ~nd marvketing places them 2t & creal disadvantage
in generating and selling technology, which is reflected in the

steady shift away from them and towards in-hovse R & D.
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V. CONCLUSION

Finally we revert to two observations repeatedly
made by cross-section R & D studies done from the early,
sixties onwards: (a?ﬁtg;arkhble lack of technolagy flows
from central government laboratories to large industry
despite the technological resources of the former and the
demand for technology from the latter; and (b) the relation-
ship between the size of firms on the one hand and their
reseéarch intensity, level of ambition ard foresight of

their R & D on the other. How dc these relationships - or

coincidences - look in a dynamic centext?

(a) Industry and government rescarch

As discussed in Section IV, the inability of govern-
ment laborztories to generate kmnowhow for large-scale industry
is due to their deliberate, molicy-sased lack of manufa2cturing
experience. Essentially for this single reason the labora-
tories cannot compete with either imported technology or know-
how ginerated by in-house R ¢ D. To be viahle sellers of
technology they have either to go into manufacture or to find
& market among firms that can neither ecsily import technology

nor do their own kK & D - namely, small firms.

Flectronics present an instance of the first kind. Here
the Department of Electronics being allied to defence, had a

freer hand in choice of activity and possibly a freer access
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to imported equipment. It set up a company, Electrenics
Corporation, whose main preduvet wes +felevision sets. The
technology of blaci~and-vhile <elevision, being &t least
three decacdes o0ld abroad,; was well-yrnovn and did not have

to be purchased. The government set uz TV stations in one
metropolitan city after another, and oy banning imports of
television sets and preventing Philips, the only multinational
TV manufacturer operating in India, from making them, handed

a captive macket to #ELCC. Initially LilO's TV operation was

a triumphant success. But soon local competitors sprang up
vith the technical assistance of a U571 laboratory. As the
grovth of the market slowed in the last three years ELCG was
bogged down with & poor reputation for aflter-sales service.
The story is not yet over; nor does it have thelmoral that
direct entry into manufacture is the best use of puvblicly
produced technology, for ELCC's competitors ohtiined CSIE
tuchnology, throvgh the NULC spd today provide it with a
qQuarter of 1i%s revenue. ‘the wmoral, if any, is that R & D
based manufacture is risy «nu should not be based on a single

product.

The second way, namely tc sell echnology to small
firms, is the one that the HiDC h=s wiily-nilly taken on
behalf of government laboratories. bBut it does not obviate
the need for manufacturing eXperience, ior as indicated earlier,

small firms want proven technology. The NLDC has progressively
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moved towvards assuming the risks of commercialization by
sharing development costs or participating in the

capital of some licensees. This adaptation to the techno-
logy market has not, however, been rapid enough to prevent
an erosion of the government lazbtoratcries' share in indust-
rial R & D. A more effective solution would be to build
full-scale plants embodying the fechnology developed, to
sell them off at a profit once their success is proved, and
thereby to create a large market for the technology from

‘potential competitors of the first buyer.

(b) Size, research—-intensity and composition of R & D

Cross-section studies show that larger firms have a
higher research-intensity, aim at larger innovative advances
and looY further ahead than smaller firms, If this influence
of size operated over time, industrial research-intensity
should rise, and the rate of technological advance should

nccelerate.

n

Corporate K & D has risen so fast (7able 1) as to
leuve no cuult wbout % risv in reseurch-intensity. But there
1s considerable deubt whether R & I has been directed towards
more significant innocvations or longer-term objectives. Succes-
sive studies show a shift in emphasis in K & U from import
substitution in materials in the ¢orly phase of industrializa-
tion to the extepsion of product range during the post 1963

industrinzl recession. Eut plant extension or building of new



plants with & firm's own technology was occasional, and

ma jor product or process innovations vere extremely rare,
That the technology of a number of industries including
those doing R & U such as heavy machinery, power plants

and fertilizer plants set vp in the {ifties and sixties has
.become obsolete also suggests a failure tc keep up with

world developments in technology.

The combination of rising research-intensity and
a modest level of innovative schievement must lie in the
size distribution of firms doing R & D. Given a threshold
level of & Z D expenditure, the number of firms crossing
the threshold must growv as the output of ¢n industry uses.
But the overzll composition of R & D will vary with the
size distribution of firms doing i & D. although this
canpot ke demonstrated in the absence of size distribution
statistics available over a number of years, K we wonld
postulate thzt the influx of new small Zirms with modest
and short-term K & L3 opjectives has outveighed the influence
exercised v grovth on the composition of larger firms'
R & B, so that overali incustricl 2 % D *.is rem2ined dirccted

towvards small short-term advances.

Our earlier studies / 1;4 / sugrested thot large firms
have a comparative advaniage in boith technoloeogy imports and
in K & U - in imports becicuse they can offer technology suppliers

-~ ™
H

& larger market 2and in & & I because they can utilize o vider
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variety of results in a larger market. bFut whether they
can translate this advantage into more rapid growth depends
on the rate of growth and the composition of the demand

for technology in the country.

firms need technology to cope with externzl change,

vhich may arise in a number of ways:

() Labour costs may rise and call forth +the innovation of
labour-saving machinery. This type of change is virtually
continuous in incdustrial countries, but not so important in

India.

(b) An increase in demand may reGuire output levels that old
techniques cannot cope with, and fasier machines may be needed.
This type of change is not uncommon in India, especially in
transpert =nd mining, but changes in techniques are not fre-

guent enough to justify H & D and most technolopy is imported.

(¢) 4 change in the structure of demend may require new pro-
ducts. For instance, military demand {or superior arms and
equipment in worla War I1 tricgered off ionovations in a
number of new industries - electronics, aeronautics, nucleer
science, drugs, This type of demand for product improvement
generally comes from industry and government, and is not
significznt in India. However, fproduct innovation became

importint in the rost 1965 recession.



(d) Finally, changes in the relative scarcity of materials
may lead to adaptotion of substitute materials. The adapt-
ation of imported technology to India's resource endowment
czlled for R & D in the first place, and has been the most
importunt arez of R & D, Bu! the cost of imported techno-
‘logy itself h2s beer kept down by goevernment control on
royalty; so there¢fore hzs the return oz % & D to replace

technology imports been.

The reasons for the lack of impzct of R & D must
therefore be sought in the way the Indicn techmology
market has developed. At 1he rate of industrial growth
achieved, major bottlenecks have been infrequent, and the
demand for innovations to remove them has been too spusmodic

to justify sustained R & D.
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