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Ashok V Desai 

This p c l e r  surveys +,he trends in industrial it 8: li in 

India over the  last t w o  decades. It s h o ~  s t h k t  there has 

been a rapid r i s e  in R & D expenditure and s sh i f t  in its 

composition ' to -Ards  in-house corporaf e -< F D .%nd away from 

R & D in government l a b o r a t o r i e s ,  ~ r h i c 3  is expl~ined by tho  

l s b o r a t o r i e s  ' lack of market o r i e c t a t i o n  .nd rr:znufzcturing 

experience. According to cross  section s t c d i e s  of corporate 

3 h D, Larger com~nnies  a i m  tov7u:ds larger  tecbnalogicel 

advances nnd t&-e a longer riet ; Eiut :.be ore-ill com2osition 

o f  corpornte B d D shovs no d i s e e r ~ i h l c  c?.cnge. This appo.rent 

incansis-bency is explained by the dovelclpment or" t h e  technology 

market. Much R & D was triggered o f f  by -'he need for import 

replzcement a r i s i n g  from import eonfrcla till 1965 and la ter  

by t h e  need for ~ r o d u c t  d i v e r s i f i c s t i o n  in t h e  recess ion.  

But cons -i;ruc ti on of new p l a n k  and mechanization f o r  speeding 

u_t operations,  z c t i v i t i e s  where sustained 2 2 D can y i e l d  

large firms a steady f l o w  of innovatic-s, w e r e  unimportant 

or infrequent ,  ant? t h e  demand f o r  technology they gave r i se  

t o  was largely met by imyorts. 
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fntervie?,s ccnducted i.n the  course of t a o  s t u d i e s  

of trsnsfer of technology -to India, undertnken in' 1962 and 

19f.9 - /11; 2 - 7 guggested that companies %fiat did thelr ~ T T I  

R 1P D g o t  a be,i;ter return on t h e i r  techlzology impor-ts in 

a number of. ,-ysa: %hey unpacka~ed the i r  technology require- 

ments and i m p u t e d  only those companen-:~ tbst they cou ld  

n o t  generate econamicslly or fast enough, they informed 

+hems e l v e s  Set+er abo? t +he teehnof ogy rnzr:-;ct be fore  en te r ing  

it ss Suyers an2 Lhey got L grekt sr h n e f  it from t -.chnology 

imports in terms of t h e i r  oun product %ad procsas develap-  

r:~ent. The experience of -i;he firms doins :* &.' D stood out s o  

c l e a r l y  t h t t  s more comprehensive and &eLailed study of 

industr ia l  i L D ?..as indicated.  The rapid expansion of a t 

D end the ap~lication lags involved suggested t ha t  t h e  study 

should extend over a reasonably long period. Senee the 

sub-sample of 115 firms -.>iJ;h significant i;; 2 D a c t i v i t y  that 

emerged from . t h e  1969-69 surveyd was expnded and 3.t firms 

were s t u d i e d  in d e t a i l  in 1972 - r 3 ;  4; 27. A. number of them 

vere s e n i n  f olio-~d up in 1378, The present p p e r  su~marisea 

the  ~ e s u l t s  of the studies  s tre tch ing  over alrnos t t e n  years 

supplemented v i t h  gubliahed information from other sources. 

The plan of the paper is as follo~s. S e c t i o n  I 



surnmerizes t h e  a v a i l ~ b l e  i n f o r m a t i o n  on t h e  volume o f  

industrial 3 ?, 3 expenditure i n  and adGSide the corporate 

s e c t o r .  Sectj-on TI: g i v e s  a c l a s s i f i c ~ t i o n  of :; P I) on the  

basis o f  i t s  time h o r i z o n  nerl knolrledge r e ~ , u i r e d  and 

pro5ability o f  s c c c e s s .  S e c t i o n  1 x 1  discusses  t h e  ma: or 

f a c t o r s  a f f e c i i n g  6 ; E in Ind-ian f ims.  Seckion  IV deals 

?:i:.h the problenrs t h a t  beset  n o - i l - c o r ~ c n ~ t e  2 & 2. The 

conclusions aT the I;&per are sdrnrlarized in SeC+,ion V. 

, h i ' l s t  nc'kiona.1 estimate's @f 7; ": expenditure have 

been p~hliahod f r o m  t,irne to t i m e ,  the isolati a n  of i n d u s t r i a l  

9 $2 E ffoom them presen ts  some problems. C u r  e s t i r n ~ t e s  are 

su.mmdriaed i n  Table 1. QP the considerable  exgenditure that 

the government inclades  in i t s  or-n L ?; E, we have inc luded 

only %he expenditure of t h e  Department of Electronics and 

the  ra . i l r , : ays .  The expenditure of t h e  Def enct. 6 & D Organi- 

z a t i o n  andb Gbe Cephrtment of Space 2esezrch a l s o  probahly 

c o n t z i n s  indus t r i s .1  e lements ,  b a t  t h e y  cr ; .mot  b e  i d e n t , i f  i e d  

and have been exc luded,  

The ex;>en$i l:q.r~ of 511 indus L r i h l  l a b o r a t o r i e s  o f  t h e  

C S I X  is inciurled; i? is ;In o v e r o s t i m s t e  i n  s o  f z r  cs they  do 

s j gn i  f i c a n t  nun-indus + ~ i  a1 r:o rk. The ex t i m n t e s  f o r ~ o v e  rnmen t 

d c p r t m e ~ t s  3,nd C S I 6  l a b o r a t o r i e s  include qdminis  t r a t i v e  ex- 

penditure an< a r c  n o t  s t r i c t l y  compaz-ssle w:rth those f o r  

p r i v a t e  %nit government cornyanies . 



Another p o s s i b l e  source of understatement i n  corporate 

R & II expenditure is non-reporting companies. committee 

which w d e  a comprehensive investigation of R ilk Il in private 

companies - aiscovered a number of companies that reported 

3 & D a c t i v i t y  buz d i d  n o t  c l a i m  income t z x  reba te  for Ii & D 

1/ expenditure.- or could not spec iPy h o v  much t h e y  had spent 

on .& d D ;  further,  t h e  committee" l i s t  of' respondents excludes 

a number of companies which have long bee2  known to b e  engaged 

in 2 . Indian companies,  especially l ~ r g e  ones,  receive 

a large number o f  questionnaires f r o m  various government 

committees and do n o t  necessarily r e s y o c a  to a l l  of them. 

Hence it is p o s s i b l e  that t h e  i & D ex~enditure o f  p r i v a t e  

companies is significantly nndersta . -03. 

F i n a l l y ,  t h e  p o i n t  made in the next s e c t i o n  about  the  

confusion in InZisn f i r m s  between it rs; 3 on %he one hand and  

t r 3 u b l e - s h o o t i n g  or technical services should be borne in 

mind. S t a t i s t i c s  of corporate 2 E prg'ably i n c l u d e  a 

borderl ine element 02 +hat is n o t  3, 2 U on a rigorous d e f i n i t i o n .  

2hu  o u s i ~ n L i n ~  Tcs- ! ;~r~> o f  R & il e x p c d i t u r e  is its 

rapid growth t h roughou t  the p e r i o d  s inc e 1 958, Thi s impress i o n  

will withstand any correction for inadegnate  coversge in the 

early years. The next m o s t  striking feature is t he  f a l l  in 

the  share af t h e  C S I R  and the industrizl  associations. In 

1953 ,  virtually a l l  the indust rial research tras being done 

in CSIB l a h o r a t o r i e s .  G y  1965 the share' of CSIG and indus- 

t r i a l  a s s o c i a t i o n s  had fa l len to 70 per cent .  By 1974 t h e i r  

1 / ~ n d e r  the income-tax l a w ,  one-third more t h a n  the a c t u a l  R & - 
D expenditure can be charged in t h e  computation of taxable 
prof its, providing the tax o f f i c e r  is satisfied about the 
nature of the expenditure. 



Table I 

a /  Indus tr i~z l  B & D expenditure, ?958-3 974.- 

(3. million) i --- ----- 1 

- 
I ~ e n t r s l  ministr ies  t G O ,  

l ~ e n t r a l  government. I 

enterpri s es 145j 

Council o f  Scicnti- 
t 
t 
? 

f ic and I d u s S r i a l  
C 7 Res earck, 1 2% 77 794 

i I 

Industr ia l  ass oc ia- I j 

i t i o n s  j - 1 281 
! 

/ ~ r i v r - t  el; owned I 1 t I 

/ C  ornpanies 2 18 1 90 131 367; 
I-- 

a/~inancial gears running from A p r i l  t o  korch; for - 
instance ,  1958 ref crs  to the year f ron Apri l  f 958  
to March 1959. 

b / ~ o r  enterprises  ?:hose expenditure 1 . s ~  not available , the - 
prev ious  yearts f i g u r e  was repeated,  

c / ~ o r  19 : :I  and s u b s e q ~ ~ e n t  years,  the ~ c f , u a l  t o t a l  ex5endi- - 
ture of l a S o r a t o r i  es doing indus tr i : .>l  xmork. For  earlier 
years it is t ~ s ~ l i m e d  th. t t h e  r a t i o  of industrial lebora- 
t o r i  P S  h x g e n d i  ture to t o t a l  CS 1:; expenditure was t h e  
same as in 1 968. 

Sources: Council of S c i e n t i f i c  nnd Industrial Eesea rch ,  
Annu.:.l Xegort ! 9 ' 9  ( N c w  Uef hi). r2pendix I?., 
Committee on Science and Technology, &port on 
S c i e ~ c e  and T e c h n o l o ~ y  1972-i? (3:e.r b c  
TaS le s  I, I1 a d  V-F. 

Gopartrr~ent of S c i e n c e  bad Tcck.lr:oloqy, llandbnok 
of: I.;:se&rch and Development S t z : i s f i c s ,  19?4-75 
-1. 



share  was l e s s  than a quarter. The corresponding rise was 

in  the share of pr ivate  and public companies. 

A p a r t  from t h i s  s h i f t  fron independent to in-house 

research, there was e r a p i d  rise in the number and expen- 

diture of consultancy firms which are n ~ t  inc luded in 

Table 1 r 7 7 .  I t s  B & D element is n o t  d e f i n a b l e ,  but - - 
that it is substantial  is c l e a r  f r o m  the fec t  that the 

R & D d i v i s i o n s  af a number of c o m p n i e s ,  e spec ia l l y  in the 

p u b l i c  s e c t o r ,  have been hived off i n t o  separate consultancy 

f i r m s  - for instance in metallurgy, f e r t i l i z e r s  and railways. 

Thus B & D organisat ions  t h ~ t  are direct ly  responsive  to t h e  

demand, of manufacturing companies, whether t h e y  are in-house 

es tab lis hments or independent ones, h ~ v e  gained as against 

those  whose income is fully or l arge ly  independent, a f  t h e  

work done. The causes of t h i s  s h i f t  are ~ x a m i n e d  in s e c t i o n  

IV 'oelnv. 

The industr ia l  d i s t r i b u t i o n  of corporate 2 & D is 

shown in   able 2 ,  which covers 300 private  and 34 government 

companies. The d i s t r i b u t i o n  shovs sirnilaritg t o  comparable 

estimates f o r  the USA and the UK - r8, pp 34 -367 ;  - as in those 

countries , chemicals,  instruments, e l e c t r o n i c s ,  e lectri  ca l s  , 

machinery and transport equipment are  thc  relatively resesreh 

intensive industries in Ind ia .  The i n d u s t r i a l  breakdown of 

a l l  nat ions1  R & D c a m o t  be ~ o r k e d  o u t  nccurctely, but a 

rough c a m p r i s e n  with OEC3 estiirates f o r  1963-64 - r 9  - 7 



s u g g e s t s  s l o t e r  proportion be ing  spent in India on aero- 

nautiEs (about 9 per cent  aga ins t  17-38 per c e n t  in report- 

ing OECD countries) and a higher propor t ion  on other  trans- 

port equipment (about, 19 Fer c e n t  agcinst 6-9 per c a n t  in 

m a j o r  OZCD coun-Lries) in 1974. The 8i f ferenccs  r e f l e c t  

t h e  r a l e t i v e  importance of t h e  industries  rather than 

di f ferences  in t h e i r  research-intensity, 

An i m p o r t a n t  feature of  eorpor=te 2 & D in OECD 

countries is the h i g h  proportion of it financed by the 

governmeat. This i s  virtually sbsent  in India. The 

N a t i o n a l  Research Development Corporation, which sells 

technology generated by C S I R  and other  eovernment l e b o r a -  

t o r i e s ,  sometimes gives loans or equity cap i ta l  to enter- 

prises t h c t  buy t h e  technalogy, but the  &mount% j;apol*.ed 

Ere smal l ,  Py and large,  government funds are spent in 

goverzrrnen.t labor3toriesY and not  even in those  'of public 

enterprises. This is one resson why n Lcrge proportion o f  

publicly generated technology never reeches the shop f l o o r .  

F i n a l l y  in Tzble 3 ve present some data on +be 

r e l a t i o m h i p  between the size of R 2, D :*ctivity and the 

research-intensity of f irrns, The s a m ~ l e  ref  ere o n l y  to 

privately o~cned companies and is t o o  small in m o s t  industries 

to f u r n i s h  r e l i a b l e  rr:sults. b u t  one conclusion is clear 

far industries vherc f igures  f o r  a saZ:iciently Inrge number 

of o b s e r v . ; t i o n ~  o.re a v a i l a b l e ,  t h ~ t  the  greater t h e  R &: D 



Table 2 

j / 
R & : Z  -&ti0 of jShare of Central j 

i expen- ., C ,  D t o  Gov t .  enterpriseq 
t 

I 
d i t u r e  sales  - , R & a ,  S a l e s  j 
8;. million Percent  j 

I L I 1 

I 
a )  Inorganic I tb) Heavy organic 

( c )  Synthetic f ibres  
( d )  -Dyestuffs + 

( 0 )  Syn the i i c  r e s i n s  
a nd plastics  

'(f ) 3rugs and pharms- 
t ceuticals 
! ( 8 )  Okher 
1 
, Instruments 
1 

! ~lectronics & X l ~ c t r i c a l a . .  ' 123.2 

i 39.1 
b/ 

b Transport equipment- 
1 62.1 

O f f i c e  and domestic 
equi~ment  

j frletals 
I I Ceramics and g l+sa  I 1.6 1 144.5 1 0.2 ; 5.3 / 

I ! 1 1 I 

i 1 cement ' 7,F 1 1 5 9 8 . 3  0.47 1 - , - 1 1  

! 
] Paper 
I 

a/ Financic l  year. - 
b/ Exclud cs rcifvays which n r:. a departnenta 1 u n d e r t ~ k i n g  - 

their 3 & D expenditure  as b.44.6 m i l l i o n ,  

Source: DepLrtment of Science ~ n d  Tocheolopy, Handbook of 
i3 d: D Sl;at ist ics  1974-75 (New Delhi 19771, pp 63,  64. 



Table 3 

Besearch-intensi ty and size of R & D expendi ture  in privately 

! 
I No. of 

reporting ' 

c o m p n i e s  
I 

1 
I 

s t /  A consu l t zncy  f i r m  in the o r i g i : , ; l  group is excluded. - 

Compitnies w i t h  R & D expenditure A l l  
(b million) c ompa- 

nies  
Over 1-5 0.5-1 0.5 and 

5 - below 
h t i o  of 7 2 3  ~ x , ~ n d i t u r ~  t o  s n l c s  (per cent] 

I I 20 Chemicals 
Dyestuffs ' 5 
l ~ r u g s  1 lo 

Source: Cclculated from Minis try o f  Industrial Development, 
S c i e n c e  and Technology, I l e ~ j o r t  o f  t h e  Commi t t ee  on 
Fefar~nznce nnd C o m r n e r c i ~ l i s c t i o n  olf rZ & 3 in p r i v a t e  
sector i n d u e  t r y  (New D e l h i  1974) 

r - 
Metals i 0.10 0.17 0.53 
Machinery i 

0.23 0.14 0.71 
T r a n s p o r t  equipment 1.21 / 0.28 0.34 0.10 , 0.90 

i i i 

1 . 9 a  1.12 , 1 - j 0.49 1 1.25 
3.07 
3.41 

- - 
Oo6' 1 1-33 

I 1.09 
2.05 I 0.35 2.L9 

! 

/cement 
\ceramics and glass  
/Paper 
I 

iTex+,iles 

a I 

1 105- ' 1.11 / 0.93 ' 0.32 1 0.32 0.94 

0.40 1 0.30 0.06 : 0 . 3 3  

Food / 0.54 
Other 1 0.20 

4 
1 , ~2 1 -0-7 
0.53 : t 0 . 2 8  

I 
c.33 0.57 

- 
1.06 ; 7-43 
1.46 1 0.43 

I - i 0 .60  

5 i - 
4 - 
4 0.71 

- ' 0 .  ,I3 I 1 - 9 5  
- ! 0.26 0.21 



expenditure of a f i r m ,  t h e  greater its proportion of Z & D 

to ,males.y S i m i l a r  results a r e  obtained if f i r m s  are 

c l a s s i f i e d  by sa les  i n s f  ead of by R & D expenditure.  

Despite aome contrary results, there is a c l e s r  correlation 

between size and research-intens ity, unlike in Europe and 

the USA where Freeman fcund no significant r e l a t i o n s h i p  

r 8 ,  p 206-7. Obviously,  t he  abso lute  sine of Indian firms - 
i s  small enaugh for economies of sale in research t o  obtain 

even in t h e  largest  ex i s t ing  firms. 

- 
I /  The conclr:sion of the Committee L 6 ,  p~2-7 that  research- - 

intensity is the highest i n  f i r m s  under fore ign  ownership, 
next highest  in independent f i r m s  nxd lobies t in firms 
a t t a c h e d  t o  large bus iness  groups is v i t i a t e d  by sggrega- 
tion across  dissimilar industries , 



It is cus tornary to classify R E 3 by its t i m e  

horizon. For instance, OECU s t u d i e s  d i s t inguish  between 

basic resezrch vhich is exp~oratory snd long-term, appl i ed  

research which f o c u s e s  more sharply on economic object ives  

and experimentel development which has a nore immediate 

perspective - r 1 0  - 7. R & D in Indian firms tends to have 

a shorter horizon than in i n d u s t r i a l  countries, and some of 

vhat Ind ian  firms term Ii & D is perhags more in the  na tu r e  

of trouble-shooting and technics1 serv ices .  R 5 D emerged 

in most f i rms Prom quality c o n t r o l ,  t e c h n i c a l  serv ices ,  

material zdap ta f ion  and plant construetion; as the volume 

of requ ired  t e c h n i c a l  inputs rose ,  as s c i e n t i s t s  and t e c h n i -  

cians r e c r u i t e d  f o r  start-up operations had to be re-employed, 

or as the recurrence of similar technicc l  problems maCe n 

systematic approach to them p o s s i b l e ,  ~d hoc t e c h n i c a l  wt i -  

1 / v i t i e s  developed fnto X. & 13 programmes-r It Sc D departments 

cont inue to deal w i t h  at l east  some of the problems e a r l i e r  

hnndled by strsy technicians, S i n c e  it is impossible to 

separate these  peripheral  x t i v i t i e s ,  .rre have pt them into 

an a d d i t i o n a l  c l a s s  o r  t h e i r  own. Our classification is thus: 

exploratory research,  development &nd operational  j n v e a t i g f ~ t i o n s  . 
On :,. rough cst im:~te ,  reseurch scnrccl:; absorbs 2-3 per cent  of 

corporzte 2 2, D, thoueh presumably more of t h e  CSLR l a h o r a t o r i e s r  

r7. & D. beve10;ment probsbly absorbs 30-43 per  c e n t  of the 
1 J ~ o r  a f ~ ~ l l e r  account  or t h e  o r i g i n  of 2 E D activities in Indian - 

companies, s e e  r3 7. - - 



expenditure; t he  r e s t  is devoted to operafional investi- 

gat ions ,  

There is some ev idence  f ram the early s i x t i e s ,  

summ&rized in Table 4, which suggests that the t i m e  pers- 

pective of  2 8 Il lengthens 7,tith t h e  size o f  firms. Most 

of the  R & D of small firms was concentra+,ed on adaptation 

of rev materials  and on process improvement; large f irms,  . 

on the other hand, spent abou t  40 per cent of the  is R & D 

budget on equipment cons truct ion  and product improvement, 

These results  are conf irued by another survey done in 

1970 111, p 72-7. 

T a b l e  4 

a/ Composition of R k D expenditure in 60  cornpanies- 

I i Expenditure on 4 
I Annual 1 i I 

Rav 1 
-t 

s a l e s  i Equip- .  j Process 1 Product Product 
/Iltiliza- 1 m3nt ' matorials , 

( B . m i l l i o n )  I ;J j % p % t ion($) ,  
I 2 I 

I 1 
[under 10  I - 1 60 30 I - 1 I 

a / ~ u . i n l ~  in engineering and chemicals, surveyed i n  1943-64. - 

50 - I O U  20 2 5 t 

1 I 
Over 100 i 20 25 

Source: Economic and S c i e n t i f i c  Research Poundat ion, Research, 
Technolo~y and Industry  (New Delhi 1965)  

25 20 1 0  

30 ! 20 1 5  



{a) Operat ional  investigations 

Operational inves t i g s  t i o n s  re l s te  to current problems 

be ing  thrown up by  manufzcturing o p e r a t i o n s  - problems of 

r2-%?-materials supply, mannf ncturing problems and cus tomers  ' 
problems. There is t., premium on so lv ing  them quickly; and 

speed dic ta te s  t h e  s o l u t i o n  o f  the problems on the  basis  

of existing and e ~ s  ily ~ v a i l n b l c  knovledpc. For instance, 

2,F00 m o t o r  s t a r t e r s  w e ~ e  once held uc on t h o  production 

line in Larsen 2nd Tovbro f o r  Pack of s i l v e r  salt. The 

R & D department proceeded to f i n d  o u t  vhc t  r:as being used 

in place of silver salt by cornpctitors ,  \ 'h .G uas earlier 

used in s t ~ r t c r s ,  vhich petents in +,he relcvLnt grGup used 

s i l v e r  salt, ho~:  other patentees had tried t o  g e t  around 

t h o s e  pe tents ,  znd s o  on. Ultimately, it ceme uy %:ith a 

compo'~nc? 5 h i c h  -i-.,s superseded by silver s a l t  in s t a r t o r  

manuf s c  t u r o  i n  o-ther c o ~ n t r i  es  but  s semed t h e  m o s t  economical 

substitute in Ind i~? , .  

D e ~ e l o p m e n < ~  rn~y b e  broadly d e f  incd as rrork d i r e c t e d  

t o  t r a n s l n t e  p r o p o s s l s  k a o w ~  to p o s s i b l c  into m~nufncturing 

o p e r a t i o n s .  It is c l o s e l y  relnted t o  t h o  erection or operation 

of eqcipmenf , :%E i t s  time hor i zon  i s longer than of operntional  

investigztions - often cs lcng as the time required by nev 

investment p r o j e c t s ,  a n 5  sane times locgar. Idens a-orked on in 



development may come from the market, the t echnica l  s taf f ,  

lif erature, ga ten t  d e s c r i p t i o n s ,  or purchased know-hor, 

In a recent develo?ment of a d i e s e l  engine,  f o r  instance,  

Tata Tngineering and Locomotive Company started w i t h  a 

field study of the performance of t h e  enpines it ~tms  f i t t i n g  

i n t o  i t s  existing rcnge of trucks. The sfudy furnished 

information about the required improvements in eng ines ,  

which po in t ed  t o m r d s  t h e  necessary modi f i ca t ions .  The 

modifications l e d  t c  t h e  fkevelopment of new rnsrkcts for the  

engines;  t h e  latest  i n t o  which the company hzs entered  is 

marine engines, S i m i l ~ r l y ,  Jyoti L i m i t e d  developed F- series 

C 

o f  low capacity w a t e r  turbines f o l l o c i n g  renlizati on ths t 

there was 8 market f o r  small hydro-electric generati ng plants 

in hilly ereas that was not  m e t  by t h e  equipment in t h e  

market - /-12, pp 65 ff-7. 

In a c a s e  where development was taken up f o r  i t s  

t echnica l  i n t e r e s t ,  Excel  Industries was manufacturing phos- 

phoric acid from t h e  c o m m o n l y  used red phosphorus, It wns 

p o s s i b l e  to mahe it oui, of' wi l i t e  ;>hosphorus, but was knovn 

to be mare hazard0v.s. The use of whi te  phosphorus 3 . r : ~  cheaper 

if equisment c0st.s r-nd r i sks  could b e  kept Eor:n. The f i r m  

worked out  a singlc-s tage process t o  ~2 le phosphsric acid from 

white pI~osphorus usin!? a ~ t ~ i n l e s s  s+.ee l  reactor and 4 c o l d  

purification process for s r sen i c  renovp-1, a d  finellg renu- 

f ac twred a high-qua1 i ty product v i  th lower c i ~ g i t s l  c a s t s  than 



a conventional plent .  From rhosphoric acid it went on t o  

develop processes to manufacture vnrious orgnno-phosphoric 

p e s t i c i d e s  - r 1 3 ,  pp 70-74-7. 

( c )  Exploratory research 

Basic resezrch s+,arts p i t h  a small stock of accumu- 

l a t e d  knowledge, and t r i e s  to mke L s c b s t a n t i a l  addition 

to it, It may be t h e o r e t i c a l  or ?ppIied. Theoretic31 

research may be d e i i n e d  ?s research d i r e c t e d  towards  e s t a -  

blishin~ n e w  theoretical structures  to explain s c i e n t i f i c  

phenomena, or to !cork. out l i m i t s  to the n p p l i c n t i o n  of 

known theor ies .  Y h i l s t  t h e o r e t i c e l  reseerch is f i n a n c e d  

on e s m a l l  scale by h i p  firms abroed,  it is more or  l e ss  

uahawn in the R & 5) zctivity in I n d i a .  Unichem g ives  n 

p r i z e  o f  k.10,000 f o r  theoreticnl research in Tndic, but  

Finds t h ~  response dis c o w r e g i n g .  

Applied rssecrch may be termed as research directed 

to find products  o r  2roaesses of economic v<-.ft.e where little 

is k n o ~  n. d f i r m  is i n t e r e s t a d  in research in new field 

if it c s n  thereby (3stab3 ish EZ l e a d  over o t h e r  firms that would 

y i e l d  superprof its l o r  s f e w  yonrs .  A common t y p ~  of appl ied 

research t h a t  is done in Ind ia  is molcculnr m a n i p u l a t i o n  by 

cherniczl ~ tnd  ph3rrn~eeut ic~t l  f irms . The nucber af chemical 

compounds t h c t  c c n  h e  mcdc  under lnbcratory conditions is 

a l m o s t  u n l i m i t  cd, *&rid chemical a n d  pharmaceutical firms o f t e n  

const.ruct neu campoucds 2nd try them out for thcir p o s s i b l e  



value aa  d r u g s ,  dyes ,  etc. 

In t h i s  tyke of research, building up of new compounds 

is j u s t  the first step, generally an inexpensive one-. In the 

next s t a g e ,  c n l l e d  s c r e e n i n g ,  i t s  general cherniczl and b i o l o -  

g i c a l  properties are i n v e s t i g a t e d .  If t h e  exploration shows 

promise,  the possible uses of the compound zre more thoroughly 

investigated. This  process is most elaborefe in the c a s e  of 

drugs. A product that has shown promise  on screening under- 

goes phnrmacological testing on anim 1s ; various dosages and 

combinations a r e  t r i e d  out f o r  their t 5 e r ~ ~ g e u t i e  and tox ic  

e f f e c t s .  If found u s e f u l .  and non-toxic on animals, t h e  drug 
A 

might b e  tried out on human patients - i n  other q o r d s ,  t e s t e d  

c l i n i c a l l y .  If it passes c l i n i c a l  t e s t s ,  it w i l l  be packed 

in var ious  forms designed f o r  maximum effectiveness and 

s t a b i l i t y  in storage and ~ u t  on the market. 

Of these s t a g ~ s  screening is a r e l a t i v e l y  inexpensive 

and small s c a l e  process ,  and many Ind inn  firms d o  it. Some 

foreign firms are understaac t o  g e t  compounds screened in 

Indis, :-aa pass on the  >romisi.ng ones t o  their c e n t r a l  1zbora- 

t a r i e s .  Phnrrnaco l o p i c s l  testing is  a cn2it:l intensive large- 

s c a l e  pfacess ? o r  it rtqm;jres Isrgf! 1lur~1cr.s oil n n i m n l g  o f  

standardised breed kept  in comfort and i s o i ? , t e d  ~s far i>s 

possible f r o m  o u t s i d e  sou-ces of' i n f e c t i o n .  Some I n d i a n  firms 

avail themselves of phnrmacologiccL tkstin;;, servi css  ~ r o v i d s d  

by the Centrr,l Drug gesearch LaSora to ry ;  ,rr,rdly any do t h e i r  

own. Fo rmula t ion ,  the last F t a g a  o f  t,he proctss, is required in 

operational  investigations a l s o ,  ;tnd 31; firms t h a t  do any F & D 

do formulation research. 



111. YAJOII FACTOLE AFFECTING COL2ORATE R & D 

Our survey o f  corporate R & D gract ices  threw up 

four major f entures -?-orth d i s c u s s i o n :  (a) t h o  mske-or-buy 

d e c i s i o n ,  ( h )  p r i o r i t i e s ,  (c) personnel p o l i c y ,  and (d) 

p%tent law. 

( a  The rnr:,ke-or-tuv d e c i s i o n  

A gres t  6eal of t echno logy  is b o u g h t  within the country  

by Indian firms in n. pack:tgu w-ith domestically produced plant .  

The employment of t e c h n o l o g i s t s  also is a common f o r m  of pur- 

chase of technology, But the s a l e  ox purchase of technology 

by i t s e l f  is extremely r a re ,  as shown by the fewness of the  

c a s e s  unearthed by the Co:nrnitLee or Privzte  S e c t o r  R & D 1 6  7 - 
o r  pdtcnt s s s i g n ~ e n t s .  reported to the P- ten t s  Office - r f 4 7 ,  - 
Hence %he only a l t e r n a t i v e  t o  R & D is n o r m a i l y  import of 

techno! ogy , vhi ch requires go-~ercrnent permiss ion and which 

hrs  been subj  e c t c d  t o  progr~ss i v e  ly d c t a i  led r e s t r i c t i o n s .  

The d e c i s i o n  whether t o  make 2 technolcgy or to 

i m p o - , +  i t  . l e p ~ n d s  o r  *h ,=  c7;rr;:;t r e s o u r c e s  of i3 cornpzny, and 

p r i n c i p n l l y  on i t , s  p l a n t  ( especisllg in t he  capitnl-intensive 

chemic~;l i n d u s t r y )  and on t h e  number and t h e  s p e c i n l i e a t i o n  

o f  i t s  technologists r3 7. If 3 t echnology invo lved  the - - 
b u i l d i n g  of a n e w  p l e n t  or p c s  e n t i r e l y  outside the  experience 

o f  t e c h n o l o g i s t s ,  c, company wor-ld be i n c l i n e d  to buy it. If 

t: t~chnology :.ns within the b a s i c  l i n e  of thc company but 



would require n, substantial increase in h & D manpower or 

would take long t,o generate i n t e r n ~ l l y ,  the company would 

be incl ined t o  buy it. The general tendency was t o  con- 

centrate  R & D resources on projec t s  w i t h  a short pay-off 

and modest c a p i t a l  requirements. 

(b) P r i o r i t i e s  

In a l l  companies immediate  p r o b l e m  t en6  t o  have 

priority over long-term projects, Mas5 b a g ~ n  R & D in the  

l a t e  fifties or early s i x t i e s  when i n L 3 ~ z t r i e s  were being 

built up to ccLer t o  t h e  domestic market, rinder 3 regime 

of stringent import controls - / c 1 5  ; I 6  - 7, The f irst-genera- 

tion industrialization threw up a h o s t  o f  production problems 

which &%her could n o t  be solved by f a r a i g n  techno log:,^ ssupp- 

liers or w e r e  cheaper to solve w i t h  on-fhc-spot R & I). 

Further, farced  import substitution deprived firms o f  mate- 

rials  commonly used  tibroad, and l o c a l  substitutes had e i t h e r  

t o  be developed a r  t o  be edegted to irnpcrted production 

processes. Of ten imported processes m:;-lfunctioned in Indian 

conditions em: reqcired adaptive R I 9. "us R & D was 

i n i t d a l l y  concentrated on short-term production problems, 

In c o n t r a s t  t o  the p o l i c y  on impost of goods, policy 

on technology imports rias l i h c r a l  till 1966 rl ; 2-7. Bence - 
R & D was focussed  on import replacement in goods,  nfid avoided 

import replac enent i n  t ethnology. Companies had t o  reckon 

w i t h  the p o s s i b i l i t y  that by being t h c  f i r s t  t o  impart a 



technology a coppet i tor  might capture s market 

or s tea l  n rnsrch, Hence there  was much competitive 

import of technolagy, and the accent wzs on R & D w i t h  a 

short pay-off. 

A f t e r  1955, however, i n d u s t r i a l  g r o k t h  slackened, 

and t h e  technology impor t  p o l i c y  was tightened up soon 

a f ter .  Competition in product mzrkets became keener while 

simultaneously t h e  competitive pressure t o  import technology 

was reduced. The technology import sgreements of the l a t e  

f i f t i e s  a r i t h  a duration of t en  years  began to end in .the 

l a t e  sixties, and government approval of their uxtension was 

most difficult to get, Hence after 1965 companies rzzpidly 

s t e p p e d  up their R & D outla,ys,  But thdy d i d  not aim af 

major  advances in technology; instecd, they concentrs ted  on 

cost reduction,  product improvement end divers i f  icatien. 

There was no chnge  in the short horizon of  R 2 D p o l i c i e s ,  

but =-hilst 2 D i n  t he  early years c o n c ~ n t r a t e d  on mcferisl 

end  prodaction problems, it became more market-oriented in 

rec  cnt  years. 

( c )  Personnel P o l i c y  

Most companies have no personnel policy as such; the 

idea of recruiting s c i e n t i s t s  r r i t h  c e r t a i n  quc l i t i e s  and 

b u i l d i n g  up t h e i r  c a p b i l i t y  over t i m e  - af inves tment  in 

hurncn resoarc us - is virtually absent. Uhen ques t ioned ,  

most companies w c ~ e  of the view that turnover In the ir  



R & D departments was t o o  high to permit long-term personnel 

development. 

An extremely high proportion of present-day R Lk D 

managers were trained abroad. Some entered the corporate 

w o r l d  d i r e c t l y ,  generally when companies were building 

plants w i t h  f o r e i g n  knowhox; a few w e r e  i n i t i a l l y  recruited 

by technology suppliers. B u t  most d i d  not  come d i r e c t l y .  

The largest source - or c o n d u i t  - of corporate R & D personnel 

at a l l  levels has been the government lzboratories. In 

f inanc ia l  yser 1974 CSm laboratories  s p a t  h.21000 per 

scientist ageinst L.37000 in the priur-te sector; their 

ratio of capi ta l  t o  current expenditure was 24 per c e n t  

against 45 per c e n t  in t h e  p r i v a t e  s e c t o r  117-7 - difference 

that hsve pers i s ted  over the last two d e c ~ d e s  ~t lesst. Thus 

private companies offer scientists better srlsries as well 

as more R $ D resources. Thev cannot, o f f e r  comparable non- 

material s s t i s f a c t i o n  in the form of academic pasers cnd 

conferences at home and abroad; but t h i s  has wpprently not 

proved a hindrance in drawing o f f  s c i e n t i s t s  from government 

laboratories. It is, however, remarkable that few corporate 

R & D workers came straight from universities, and then 

generally at junior  levels, 

Tn spite a f  the high turnover,  f c w  scientists and 

technicians who enter the corporate w o r l d  leave i t .  There is 

a steady t r i c k l e  zbroad,  which wns more  substantial  in the  



slump of l n t e  sixtics; there  was a s e l e c t i v e  exodus of 

s t e e l  Gechaolgists in the e ~ r l y  sevent ies ,  an8 of oil tecbno- 

log i s t s  ~ f t e r  thc oil boom, Some technologists have s t a r t e d  

t h e i r  own business. But a o s t  move w i t h i n  the  corporate 

sector. 

The turnover is d i s t i n c t l y  less qrncng E t D managers. 

This  partly r e f l e c t s  t h e i r  greatcr age, h i g h e r  salzry and 

hence lower mobility. Eut it is a l s o  duo t o  g r e a t e r  work 

s a t i s f a c t i o n .  It is' n o t i c e a b l e  thct t echnica l  s taf f  turn- 

over is less in companies with  n c o n s i s t e n t  reccrd of success-  

fu l  R & D. Their sclariea nre d e f i n i t e l y  not hkghcr than in 

okher compnies  ; RX c ongeninl vork environment probsb ly explains 

the stability of t h e i r  s ta f f  better, They zrc n41So generally 

cornprtni~s with a mznaging director or at l c n s t  a s t r o n g  director  

v i t h  P, technological background. In this respect  our conc lu -  

sion is similar to t ha t  of Proj~et SAFPI4G - r :  3 - 7. 

( d )  P a t e n t  Inw 

A handful of chemical  2nd phfirrnaceuticnl f i r m s  which 

tried to develop t1:eir 05-n tec.hnology rzn i n t o  %rouble with  

1 / foreign pntent s  in the sixties. In c c a s e  %hat became fnmous,- 

Unichem L ~ b a r a t o r i u s  produced to lbutnmide  on !.icence from 

B a f f k i ~ e  I n s t i t u t e  of Lornbny which had f lp tec tcd  t h e  p r o c e s s .  

1 /~srbuerke hoechs t vs Unichem Lnborxtorics  z n d  othsrs. Bombay - 
High Cour t  s u i t  :lo. 132 of 1962. Judgmen-L of 1 1 July 1948. 
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The major d i f ference  between  the patents wzs t h a t  t h e  

Hoechst pa ten t  s p e c i f i e d  at a c e r t a i n  point th~t  sulphur 

was to be elimincted from a thiourj.s  " i n  2 c o n v e n t i o m l  

mannerT1, and st ? n o t h e r  p o i n t  t h ~ t  the e l i m i r m t i o n  was to 

b e  fione bg- "2, h a - q -  m m ~ t n l  o x i d e  o r  n selt Ulurct?f f t  The 

Hzffkine I n s t i t u t e  patent speciTied e l i rn inz t ion  by hydrogen 

peroxide .  The judge d i s a l l o w e d  t h e  d e f  cndnnts plea t h c t  

the Hoechst  patent w ~ s  so genercl cs  t o  cover  m i l l i o n s  of 

products  of which only 220 had been synthesized hy E o c c h s t  

and s t i l l  fever phzrrnccologicsllg t e s t e d ,  and ruled th::t 

the  t w o  -tents r e f e r r e d  t o  the s%me invention and t h z t  

Unichem had infringed Boechst I S  p a t e n t .  

In another Tnstnnce nlnminium phosphi-te, o c oncen- 

t r ~ t o d  fumigen t ,  was patented cnd i m p o r t ~ E  by s f o r e i g n  

firm. In the  p y r n e n k ~  c r i s i s  in 1966 t h o  D i r c c t o r c t c - G e n e r a l  

of Technicnl  Development a s k ~ d  the firm t o  groiuce it, but 

the firm said the process vns t o o  d i f f i c u l t  to E e  triod in 

India . Thereupon Excel I n h s  t r i e s  produc b d  t h e  fumigant 

in 2'/2 manths nnd marketed i-; at half t h u  ccs - t  of imports. 

The fare ign  firm tP n sent Excel a n o t i c c  t o  cease infr inge-  

ment of i t s  pstezt. 

Slich f r i c t i o n  o n  y ~ t t n t s  bu tveen  dntiian 2nd foreign 

firms l e d  to a build-up of pressure in  t h e  l z t c  sixties f o r  

a new pntent l a w .  I n  n n t i c i p s t l o n  of t b e  c b a g u  we pzestioned 

f i r m s  in 1969 on c a r t ~ i n  n?> o r  p roposa l s .  The qnsxiers Prom 



4 3  responding firms are sumrnPYrizec2 in T ~ b l e  5 .  They dhow 

%hat v h i l e  fo re ig f i  firms vere by :~nd 1-,rge ~ g ? ,  i n s t  any 

l i b e r a l i z a t i o n  of p a t e n t  l.:w ( and some !c:e  a f o r  greater  

p r e t e c t i o ~  thnn the l ? w  thnn current gave ) ,  Indian firms 

were by no meuns - g e i n s t  patents: they x e r e  essentinlly 

in f a v o u r  of  greatkr a c c e s s  to ~ a t e n t e d  I-now-how, nad 

against foreign firms neither using t h e i r  patcnta nor  a l l o w -  

ing them t o  be used. further,  t h e  conflict of viers  was 

sharp o n l y  in chenical  :lnd yh:~rmzceuticnl i n d ~ s t ~ r i e s .  In 

other  industr ies  Indinn f i r m s  were div ided  or indifferent. 

Thus pntents  l e d  to n c o n f l i c t  o f  interest  only in t h e  

l i m i t t d  area o f  chemicals and p h ~ r r n a c ~ u t i ~ ~ ~ l s  where p ~ t e n t s  

were being used t o  prevent  f i r m s  f r o n  enteririg e n t i r e  crens 

o f  technology. 

iafter t5e UnicbG:. ' ~ C g m e n t  the Tatents Office began 

t o  rej e c t  n lerger proportion of a p p l i c ~ . t j o n s  on the grounda 

of vagueness or incompleteness . The p r o ~ a r t i  o n  of examined 

npplicrr,tions so re  j e c t t d  .;eat up f r o m  $ ;;er c e n t  in 1968 to 

1 1  znd 1 k per cent  in the  next t w o  years rl4-* P 19-7. - 
h new P a t e n t s  act ues passed in 1970. To prevent n 

recurrence of c-.lsc?s Like the Unichem one the n e w  k c t  limited 

p t e n t s  in fond; drugs cnd chemicals t o  EL s p e c i f i c  praducf 

mnde by a s p u c i f i c  Frocess. Since  virtually tmy e h e m i c ~ l  o r  

drug c7.n Ee ru.:de by a variety of FrOCeSSES L h i  scope of p$er?t  

p r o t e c t i o n  w::s greatly reduced. Compulsory l i c e n c e s  could 



b e  given for f o o d ,  chemicals end subst2nc  es,  and the 

royalty hed to b e  b e l o w  4 per c e n t .  The d u r a t i o n  w a s  

reduc~d to 7 y e w s ,  and sn unrestricted r i g h t  of u t i l i z a -  

tion was given t o  the government, which has t w o  drug corn- 

p n n i e s  o f  its own. 331 ~l t h t r  invent ions  z compulsory 

l i c e n c e  was given the p a t e n t  could be revoked,  

Soon after the 1970 Act w2s passed consideration 

of p a t e n t  applications in food drugs and chemica l s  wae 

deferred u n t i l  ru les  under the A c t  w e r e  framed. By the 

time the  rules were framed t w o  years l a t e r ,  7402 applica- 

t i o n s  for medicines had accurnul~ted r 1 4  7. In the next - - 
t w o  years 530  patents in these  f i e l d s  were  granted, By 

legislative n s  we31 as adminisf rativo a c t i o n ,  theref o r e ,  

pctent protection to medicines vas large ly  abolished, As 

a result foreign patent applications, %.hie h epproached 

5000 e year in t.he el=rly s i x ? ;  ea 2nd 4000 in tt?c late 

sixties, came down to 2300 in %he early seventies. The new 

Act took sbay $52 mano;cly porer oP t r a n s n a t i a n ~ l  drug 

comp:ni,s on the ir  j n t c n t s  ;.ut, in so r 'nr  .=s i, nirned 7.t  

improving the  access  o f  X ~ d j  -.-n rn2 nuf :-c tnrers to foreign 

drug technology it f a i l e d .  

In rss?onses to OUT survey foreign cornpnics s t a t e d  

th-t c b o l i - t i o n  o r  r e d ? - t i o n  of p:ztent p r o t e c t i o n  would weaken 

t h e  i n c e n t i v e  to innovzt*, The eviden-e on t he  grokth o f  



2 5 

R ~c D expenhiture f ~ - 6  ; 13; 17 ; I 9-7, sparse as it is, shows 

no slnchening for the indus t ly  or for foreign firms after 

t h e  p s a i n g  of the 1970 patents A c t .  Thus the aftermath 

of the  Patents Act gives  no support to the  p r o p o s i t i o n  

that p e t e n t  p r o t e c t i o n  i n  itself has a s i g n i f i c a n t  e f f e c t  

on the search for innovat ion .  Nor does it support f h e  

notion that t he  government can fnf luence t h e  terms o f  

transfer  of m u l t i n a t i o n a l s  technology by p~,,-tent l e g i s l a t i o n .  

Cherniccl and drug companiesT contro l  of the ir  technology 

rests  principal ly  in t h e i r  ~ a t e r y  sf t h e  ,&,ocesses, ~znd  is 

re in forced  only  margim lly by patent protect ion.  



IV. E & D CUSIDEFXX4S 

In S e c t i o n  I w e  noted the f z l l  in the share of 

i n d u s t r i a l  research assac  5 ~tions n d  CS 12 I c h o r n t  ories in 

t o t  :l R & 3 cxpcl;",,t.ure: c o w  we sl;:-11 t u r n  to the  reasons 

for t h i s  fall. 

i.n obvious reLson l i e s  in the or-nership a f  the 

resu l t s ;  companies 05m the  results o f  their own R 2 D and 

the work done by c o n s u l t s n t s  for thzlm, but not  t h c  r e su l t s  

of p u b l i c  or c ~ o p e r c t ~ i v e  l a b o r a t o r i e s .  Roncc c o m p n i c s  

l i k e  to do or c o m i s s i o n  f o r  themselves rescarch t h - t  would  

givc them .L c o m p e t i t i v e  ~ d v - n t c g c ,  .tnd they tend to o p p s c  

i n d u s t r i n l  zssoci~tion's e n t q  i n t o  f i e l d s  of research that 

they consider ~ r - r  ticu l a r  ly promising or l i k e l y  to b e n e f i t  

competitors. InLustricl a s s a c i n t i o n s  hzvu the b e s t  chance 

of s u c c e s s  i f  -;hey cccncentrate on  problems of common interest  

to the i n d u s t r y .  Some aT the m o s t  : ide l .v  cppl i ed  %.ark of 

S o u t h  I n d i  >n ?. ::t.i'c Zest.,- rc3 Assoc i n t i o n ,  for instance,  

w a s  dcne i n  4 . h ~  t ndjng 0.'' : o k t o n  znd rcduc-bj  on o f  wzs t e  

r20-7. BL) mills use8 t,hc resul : . s  and s-.ved 83.7 m i l l i o n  a - 
year by v ~ s t c  redL;c;ion, k. 1, T m i l :  i o n  'sy bet.ter use of 

w c s t c  2nd ?2';,15; m i l l i c n  b y  s u b s t i t u t  i c n  0; Indir~n for imported 

long- s tr~p le  c o t t o n .  On the o t h o r  h=nd,  the x o r k  o f  Cement 

Research Tnstjtute on nini-cement p l a n t s  wns not popul*:r 

with its b i g  c o r p o r n t e  membtrs. 



Another d i f f  i c u l t g  lies in the more tenuous links 

with the  market and the  p lant .  For success, t h e  results 

of R & D must be accepted by the market m d  embodied in 

the produc t i a n  grocess; R & 3 must be c o n t r o l l e d  by market 

feedback,  and production mvst be responsive to R & D. Even 

'in house R tk D fcces serious problems o-? adjustment w i t h  

marketing and production, but they a r e  somehow resolved 

through the comms.nd structure of the com?any. Such an 

a d j  ustment mechanism is abs ent in the c s s e  of independent 

research. A striking case is offered by the  Ahmedahad 

Texti le  Industry % Research Association, which decided in 

the  early s i x t i e s  that f o r e i g n  technig-ues of making easy- 

care fabrics were unsuited to India. Fa5rics mde  abroad 

had high c,rease recovery when d r y ,  lov moisture regain and 

a harsh grainy f e e l ,  while in India 2 hat humid cl imte 

consumers should  prefer a s o f t  fabric TYith high moisture 

regain and high crease recovery when wet.  A process giving 

these  features was developed and leased out to mills. But, 

the fabric failed. Consumers associated rs grainy feel with 
I 

an anti-crease broperty;  hey would teat t h e  property by 

crumpling t h e  f a b r i c  in the f i s f ,  and the f ~ b r i c  with low 

dry crease  recovery did not  perfofm Coo well in the test f 207, 

Simi lar ly ,  a, 20 hp tractor m a  dafiigncd in I971 by Central 

Mechanical Engineering Research Ins t i tu te  , based on the 

Planning C o m m i n s i o n ! ~  opinion t h a t  Indian farmers would 

prefer a smaller and cheaper tractor  than t h e  25-35 hp models 



b e i n g  imported or  produced from imported des igns ,  men 

t h e  tractor w a s  f i n a l l y  put on t h e  market in 1974 by 

Punjab Tractors, they found that there m s  a large and 

e s t a b l i s h e d  rnerket for a 35 hp t r a c t o r  bnd t h a t  the selling 

of the 20 hp t r a c t o r  requirsd a much qreater pr ice  di f feren-  

tial than the di f ference  in c o s t s .  S o  they  des igned  a 35 

hp model, and by 1 9 :  7 w e r e  s e l l i n g  420C 35 hp tractors  

against 800 of the 2 0  hp made1 r 2 ?  ; 22 7. - - 
Ths industrisl resesrch z , s s o c i s t i o n s  are &t leasf 

l o c a t e d  amCnF t h e  centres of their r e a y e c t i v e  

industries and  g~ ided by bnardv on b:hic!: the indusLries 

are represented,  CS LR la3ornt,ories h ~ v e  Largely o f f i c i a l  

b o a r d s ,  they :ire not a.1101 ed t o  sell t h e i r  innovations 

direc t ly  to industry, income f r o m  the s a l e  of technology 

forms a s m a l l  p r o p o r t  ion of t h e i r  b u s g e t ,  and many o f  them 

are fsr avsy f r o m  i n d u s t r i a l  centres .  The r e s u l t  is an 

even lower level of rapport w i t h  i n d u s t r y .  

A significhnt proportion of f i r m s  s tud ied  by us  

h ~ d  c o n t t l c t s  h ith CS 15, I x b o r ; r ~ o r i e s  ; some consulted their 

s c i e n t i s t s ,  o thers  used t h e i r  equipment, s f e w  gave them 

research grojec-hs or t?ol.~ght k n o ~  -how from then. The f i r m s  

t h a t  had c o n - t ~ c t  wi th  na f iun i t l  1aboraLor i  es tended t o  ht~ve 

multiple contccts. Most o? t h e  c o n t - c t s  %ere r - j  th a labo- 

ratory in t h e  sane t o w n  o r  r e g i o n :  t h e  frequency o f  con tac t  

varied i n v e r s e l y  r- i  th d i s t a n c e  and cliff i c u l  ty of n c c e s s ,  



Some laboratories  had more i n t e r a c t i o n  with f irms, some 

very little, depending an their area of specidlization and 

distance from an i n d u s t r i a l  region.  But o n  the whole, the 

number sf contscts , at l eas t  with firms in teres ted  in techno- 

logy, 3 i d  n o t  show the l a h o r ~ t o r i e s  t o  be divorced  from 

industry;  and firms are quire aware of %he laboratories as 

1 / repos i tor ies  of t a l e n t  as w e l l  cs sophis t i ca ted  equipment.- 

Rowever, the contac t s  do n o t  imcly that t h e  labora- 

tories are  successful s e l l e r s  o f  kno7.r-hoc to firms; in f a c t ,  

t h e i f  income f r o m  s a l e  o f  know-how is extremely low. Agains t  

the expenditure of CS IR's industri~l l ayorator i  e s  of ;L. 19* 

million the income of the E a t i  onal  Besearch Development 

C o r p o r a t i o n  (the s o l e  s e l l i n g  agency of t e c h n o l o g y  generated 

by CSIR  end o ther  government laboratories) Prom the  sale of 

know-how ~ , n d  technical services in financial year 1974 was 

h.4.3 m i l l i o n .  The l a w  l o ~ e k  of income ? a s  partly due t o  the 

fact that less than half of the  know-hbw that the laboratories  

cons idered  u t i l i z ~ ~ b l c  was act.ually being used: of the  1726 

processes reported to NAGC exploitation, o n l y  729 were 

l i censed .  But the  ros t ,  even if e x p l o i t e d ,  would not have 

raised CSIR's income prcportionately, f o r  122 of them were 

released free of c h ~ ~ r g e ,  320 were dropped, and t h e  r e s t  would 

include some commercially unprofitable ones r l 7 ,  p 72-7. Thus - 
1 / I n d r ~ d e v  r 2 3  7 renches s imilar conclusions in h i s  study ef - 

electrtlni;~ R-& D, 



even if a l l  the know-how generated b d  been u t i l i z e d ,  the 

income would not have been s u b s t a n t i a l l y  higher. 

The only N d C  l i c ences  t h a t  yie lded  a cumulative 

royalty over &.I  m i l l i o n  by March 1977 were television sets 

and tractors - both d i s t i n g u i s h e d  by large markets, and not  

by earth-shaking advences in toecbnolok:y - -  /247. Y e t  by and 

lnrge t h e  value o f  autput produced by an NLCC process was 

s ~ a l l  - h.200,000 on t h e  average - and t5e total output, of 

3.400 m i l l i o n  was mueh b e l a v  1 per cent o f  the country's 

indus tr ia l  output. 

The r eason  for this l i m i t e d  i m p - e t  is that l i t t l e  

musket i n fo rma t ion  goes i n t o  the  c h o i c e  of research projec ts ,  

and t h a t  mueh of the developed technology hxs no promise of 

an economic return. Strikiw instances oP ignorance about 

the mnrket are 50 be found in the history of t r ~ o  products 

of t h e  H a t i o n a l  Chemi c ~ l  Lab6 mtory:  n i c o t i n e  sulyha te, an 

i n s e c t i c i d e ,  a n 2  czshevnut  s h e l l  res in  - r12-7.  work o n  both 

was begun in 1950; botn were sca led  u;l, l i c e n s e d  m a  produced. 

But k o t  h ~ d g e d  nut, Fy c:lec.per substi-Lu:es by the late 

sixties - n i c o t i n e  s u l ~ h r ~ t e  3y mercury c~mpounds and by organo- 

phosphates, C G  L res ia by high-capac ify synthet ic  i o n  exchanges. 

Ignorance of Ghe rnarke* goes v i t h  8 l ~ c k  of urgency in 

developing innovzt io -ns .  The impetus in tihe case of all inno- 

v a t i o n s  in Excel Industries s t u d i e d  by i tthreyn f 25 7 came - - 
f ~ o n  the  m:rket, The average l a g  between concept ion  znd f irs t  



sale was 7 months, and on a total develo2rnent c o s t  of 

h.1-55 million the company b u i l t  up annual new product 

sa le s  of Rs. 14 m i l l i o n  - r 2 6  - 7. ktthreya :-nd Ved Prakash 

c o n t r a s t  Excel's speed P - i t h  an average g e s t a t i o n  lag of  

7 years c,n s i x  innov~tions of CSIZ laboratories .  The cam- 

parison is perhaps n o t  between  l i k e s ;  but the p a i n t  is v a l i d  

and supported by o t h e r  evidence [I 2-7. 

To command a l a rge  market CS I L ~  innovations would 

either have t o  b e  c lear ly  superior to current technology 

or t o  be a p p l i c a b l e  t o  products w i t h  large markets. In both 

d i r e c t i o n s  C S I R  l aborator ies  face d i f f i c u l t i e s ,  Most of their 

innovations are d e r i v a t i v e  and make small advances on current 

technology. This is n o t  in itself undesirable. S m a l l  advances 

are  easier to make nnd research into them is subject to less 

r i s k .  3ut rn~rke t s  for them are also l i m i t e d .  Products  with 

large markets, on the ather hand, a r e  produced in large p lants ,  

Much of t h e  technological progress in t h e i r  production is a 

byproduct e i ther  of the running of plants or of the  construc- 
I 

t i o n  of new ones. L a b o r a t o r y  research i s o l a t e d  f r o m  production 

as done by C S I Z  is l e ss  useful than innovation by manufacturing 

firms themselves;  consequently Indian f i r m s  prefer  to import 

technolagy f ram a producer abroad. 

Occass ional ly ,  manufacturers  baclred by CSI6 knclwhow could 

n o t  compete with those  who imported technolngy. To eliminate 

such competition, a CSI3, representative r-2s put on the  E'oreign 



Investment B o a r d ,  which approves technology imports, in 

the late sixties; t h e  CSIG r-as thus g i v e n  a v i r t u a l  veto 

on technology imyorta. But t h e  proportion o f  p r o j e c t s  

where the C S I R  can claim t,echnology supsly c a p b i l i t y  has 

b e o n  l o w .  I n  1975 f o r  instance,  CSIE took i n t e r e s t  in 35 

o u t  of 400 technoloqy impor t  proposals 127-7; it would 

eventual ly  demonstrate c a p a b i l i t y  only in the c a s e  of a 

handful a f  those .  Meanwhile, some firms in our survey 

compla ined  that. t h e  C S I R  was a m a j a r  csuse of delay in 

technology imports.  

In s u p ~ l y i n g  technology to small  f i r m s ,  vbich are 

C S I B t s  main customers, the  laboratories f a c e  a d i f f e r e n t  

s e t  o f  prableas. A s m a l l  mnufacturer with l i m i t e d  c a p i t a l  

cannot a f f b r d  to take risks; he wants 8 proven technology. 

The NHDC is at b e s t  prepared t o  f inahce g i l o t  p l a n t s ;  it 

s o m e t i m e s  shares in equity.  But it &oes n o t  undertake 

manufacturing. So it c a n n o t  sell technology on a turnkey 

b a s i s ,  nor c i r ,  it give o performance guarsntee. S m a l l  firms , 

a l s o  need otber  a s s i s t a n c e  .:hen they t ake  up new products 

or processes ,  f o r  instance  market in: o r m a t i o n  o r  f i n a n c e ,  

which t h e  NZDC is n o t  well equipycd kc  suiiply 1 2 8 - 7 .  

Thus t h e  a i v o r c ~  o c  government  l a h o r z t o r i e a  f rnin 

mnnuf a c t u r i n g  -.nd rnsrket ing  p laces  them a t ;2 ?reat disndvantage 

in generating a n 2  s e l l i n g  tgchnology, which  is ref  kected in t h e  

steady s h i f t  sway from then and touards in-ho:.se R bl: D. 



Finally we revert to t w o  observat Fons repeatedly 

made by cross - sec t ion  9 Lk D s t u d i e s  done f r o m  the early, 
t h e  

s i x t i e s  onwards: (a)/ remarLble l ack  of t e c h n o l o g y  flows - 
from centra l  government laboratories to Large industry 

despite the technological resonrces  of the former and t h e  

demand for technology from +#he l a t t e r ;  and (b) t h e  r e l a t i o n -  

s h i p  between the s i z e  of firms on the one hand s n d  their 

researeh in tens i ty ,  level of e m b i t i o n  and foresight of 

t h e i r  R & D on the o t h e r .  2ow dc t h e s e  relat ionships  - or  

co inc idences  - l o o k  in a dynamic context? 

(a) Industry and government research 

As discussed  in S e c t i o n  I V ,  %he inability of goyern- 

ment lsborztories to generate knowhov for  large-scale indus try  

is due to their deliberate, ~ o l i c y - b a s e d  lack of manufect~.~ring 

experience. Essentially for t h i s  s ingle reason the labora- 

tor ies  caneo t  cornpetre with either imported technology or know- 

bow generated by in-house R R D. To be viable se l l ers  of 

technology they have e i t h e r  t o  g o  i n t o  mnnufncture or to find 

a market among rirms t h a t  can  neither ecs i ly  import technology 

nor do their o w n  Fi 5 D - namely, small f irrns, 

Electronics present  an ins tance of the  first k ind.  Here 

the D e ~ a r ~ m a n t  of Electronics b e i n g  a l l i e d  fo defence, had a 

freer hand in choice of activity and passibly a f r e e r  a c c e s s  



t o  imported equipment. It s e t  up a company, E l e c t r o n i c s  

Carporetion, whose main p r o d u c t  wes f e l e v i s i o n  sets. The 

technology of black-and-+ hi te , f e l e v i s i o n ,  being at l e a s t  

t h r e e  d e c a l e s  o l d  a b r o a d ,  was  %ell-::town and did not have 

t o  be purchased. The governnient s e t  u> !W s t a t i o n s  i n  one 

metropolitsn city after another, and by banning imports of 

television sets and preventing Philips, the only multinati~nal 

>TV manufacturer operat ing  in I n d i a ,  f r o m  making them, handed 

a c a p t i v e  market to 6LCO. I n i t i a l l y  ZTuilOf s TV operation w a s  

a triumphant s u c c e s s .  But soon l o c a l  competitors sprang up 

w i t h  the t e c h i c a l  assistance of a CS3E l a b o r e t o r y ,  AS the 

g r o t ~ t h  of +he market s lowed in t h e  L ~ s t  three years ELCG was 

togged doxn w i t h  a poor  r e p u t a t i o n  f o r  a f t e r - s a l e s  service. 

The s t o r y  is n o t  y e t  over; nor does it have the moral thzt  

d i r e c t  entry i n t o  manufzetilre is the b e s t  u s e  of p v b l i c l y  

produced -teclmoloyy, for ELCC ' s c o m p e t i t o r s  o h t i ~ i n e d .  CS Ik 

t f : chno logy ,  througll the IadbC find today ; lrovide it w i t h  a 

qu%rter c f  i t s  r e v e n w .  The n o r a l ,  iZ any, is that R & D 

based ; . ! .zn~~r"ac t~re  j s r i s  -g should no+  be based  on a single 

~ r o d u c  t . 

The second way, namely t c  sell 'echnology t o  small 

firms, is the one that the  X23C hrs  ui'ly-nilly taken on 

behalf  of government l c b o r a t o r i e s  . but it does n o t  o b v i a t e  

the need f o r  nanufscturing experience,  f o r  a s  i n d i c a t e d  earlier, 

small firms want proven technology. The ULDC has progressively 



moved towards assuming t h e  r i s k s  of comrnerc i a l i z a t i a n  by 

sharing devel  opment c o s t s  or parti cipating in the 

c a p i t a l  of some l i c e n s e e s .  This adaptax ion  to the  %echno- 

l o g y  market h ~ s  not, however, been r a p i d  enough to prevent 

an erosion 01 t h e  government Iskorstcr ies t  share  in indusf- 

rial R 8 D. A more e f f e c t i v e  s o l u t i o n  would be to b u i l d  

full-scale plants  em? odying the  t echnology deve loped,  to 

s e l l  them o f f  at a prof it once t h e i r  success is ?roved,  and 

thereby t o  c r e a t e  a large market for t h e  technology from 

potent ia l  competitors o f  the  first buyer, 

(b) Size, research-intensity and cornposit ion of 2 & D 

Cross-s e c t i o n  s t u d i  es shovr that larger f irrna have a 

higher  research-int ens ity, a i m  st larger innovative advances 

Lnd loo'!-- further ahead than s m l l e r  firms. If  t h i s  influence 

af s i z e  operated over time, industr ia l  research-intens i t y  

s h o u l d  r i s e ,  a n d  the rate o f  t e e h n o l o g i c c l  advance should  

acce lerate  . 

Corpcrzt.e I:, & J3 has risen s o  fast  able 1 ) as to 

l e u y e  no  LULL% :-buut L r ~ s o  iit research-inxensity. But there 

is conside~able doubt whether 2 & D has heen d i r e c t e d  towards 

more  s ign i f i cant  innovations or longer-term o b j e c t i v e s .  Sucees-  

s i v e  studies show a s h i f t  in emphasis in E C% 3 f r o m  impart 

s u b s t i t u t  ion in materia 1s in the er,rly phese o f  industrializa- 

tion to t h e  exaensian o f  p r o d u c t  range during the p o s t  1963 

i n d u s t r i a l  r e c e s s i o n .  Eut p l a n t  ex tens ion  dr  b u i l d i n g  of new 



plants  with a firm's own technology was occas iona l ,  and 

m a  j or product or proc es s innovations cere extremely rare. 

That t h e  technology o f  a number of industries including 

t h o s e  doing R & 5 such as heavy machinery, power plants  

and f e r t i l i z e r  plants s e t  u p  in the  f i f t i e s  and s i x t i e s  has 

become obso le te  a l s o  suggests a fa i lure  t c  keep 31: with 

world  developments in technology. 

The combinat i o n  of  r i s i n g  research-intens ity and 

a modest l e v e l  o f  innovat ive  schievement must l i e  in thc 

size d i ~ t r i b c t i o n  of firms doing  2 2 3. Given a threshold 

l e v e l  of k B D expenditure, the number o f  f i r m s  cross ing  

t h e  -threshold must grow as the o u t p u t  o f  induskry uses.  

B u t  +,he overell composition of R 8 3 % r i l l  vary v i t h  t h e  

s i z e  d i s t r i b u t i o n  of firms doing 2 2 ID.  i i lthough t h i s  

canno t  h e  demonstrated in t h e  abs ence o f  s i z e  distribution 

s t a t i s t i c s  available o v e r  a ntimber oi' SeE rs , w e  w o ~ . l d  

pos tu la te  t h s t  t h e  i n f l u x  o f  nex snull r i m s  v i t h  modes t  

ar,d short-term 1-i B I! o a j  e c t i v e s  has outr ,cigbed t h e  influence 

exercised % gr97-+5 on t h e  composition of larger firmst 

R & G ,  s o  t h h t  o v e r a l l  inLustri~1 2 2 D \ A S  remained d i r c c  Led 

t ovards  small  s h o r t - t e r n  ~ d v a n c e s  . 
Our ear l i er  s tuaies  - r 1 ; 4  - 7 s u g ~ e s t e d  large f irms 

have a, corngarative advanthge in bo th  technology impr t s  an? 

in B & D - in imports because they can o f f e r  technology sup2liers 

a larger market and in 5: a 3 because %Ley can utilize a r i d e r  



variety of results in a larger msrkel, E u t  whether they 

can trans la te  this advantzge i n t o  more rapid growth depends 

on the  rate of growth and  t h e  composition of the demand 

for technology in the country. 

. .> - rlrms need technology to c o p e  w i t h  external  change, 

which may arise  in a number of w ~ y s :  

( a )  Labaar costs may rise  and c a l l  f o r t h  the innovation of 

labour-skving machinery. This  type of change is virtually 

cantinueus in ineustrisl countries, but n o t  s o  important in 

India, 

( b )  An increase  in demand may require  output levels that o l d  

techniques cannot cope ui th, and faster machines may be needed. 

This type o f  change is n o t  uncommon in India, espec ia l ly  in 

trcnsport cnd mining, but changes in tzchniques are not fre- 

q ~ e n t  enough t o  j u s t i f y  F; & D dnd m o s t  technology is imported. 

( c )  B chsnge in t h e  structure of demnd may require new pro -  

ducts .  F o r  ins tance ,  mi l i tary  demanc I"ar superior arms and 

e q u i r m e n t  i n _ ' G o r l ~  k7ar I1 trit.:gered off innova%Cons in a 

n u m h ~ r  of neTr intius-tries . electrodes, seronaut ic s ,  nuclear 

science, &rugs. This type of dern~nd for  p r o d ~ c t  improvement 

generally comes f rom industry and government ,  and is not  

s i g n i f i c s n f  in India. Sowever, groduct  innovation became 

importsnt in t h e  ~ o s t  1965 r e c e s s i o n .  



I d )  Finally, ch~nges in the r e l a t i v s  scarcity o f  m a t e r i ~ l s  

may laad t o  aCaptcfion of s u b s t i t u t e  malerisls.  The adapt- 

a t i o n  o f  imported technology to India's resource endowment 

c a l l e d  f o r  3 .& D in the f irs t  place, and has been the most 

impor tan t  area of R & D, Puf t h e  c o s t  of imported techno- 

l o g y  itself h?s beec  kept, dawn by government control on 

royalty; so theref o r e  hss t h e  return o r  1;? B D to r e ~ l a c e  

technology imports  bcen. 

The reasons f o r  the l a c k  of impact of B & D must 

theref  ore be s o n g h t  in the way t h e  I n d i ~ n  technology 

mhrket has developed.  A t  t h e  rcte of i d u s t r i a l  g r o w t h  

ach ieved ,  major  bot t l enecks  have been infrequent, and the 

demand f o r  i n n o v a t i o n s  to remove them has been too  spzsnodic 

t o  justify sustained R & D. 
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