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PREFACE 

T h e  Patiala Technical Education Trus t  h a d  insti tuted 
Lala Karam Chand Thapar  Memorial Lecture in memory  
of its founder  a n d  f i r s t  Chairman w h i c h  is delivered perio- 
dically by  eminent  persons.  

Lala Karam Chand Thapar  w a s  o n e  of t h o s e  ra re  
individuals blessed w i t h  natural ability f o r  leadership,  
w h o  pioneered in a s ingle  life-time o n e  o f  t h e  largest  
bus iness  g r o u p s  in lndia - t h e  T h a p a r  Group of Industries.  

In pursuance  of his vision t h a t  only t h r o u g h  develop- 
m e n t  of human resources  t h a t  o t h e r  resources  c a n  b e  
converted to w e a l t h ,  Lala Karam Chand T h a p a r  founded  
in 1 9 5 6  t h e  Patiala Technical Education Trus t  f o r  t h e  
es tab l i shment  of Thapar  lns t i tu te  o f  Engineering & Techno- 
logy at Patiala.  The  lnst i tu te  w a s  recognised by t h e  
Government of lndia a s  a Deemed University in 1 9 8 5 .  

T h e  las t  Memoria) Lecture w a s  delivered by Prof. 
C.N.R. Rao, Director, Indian lnst i tu te  of Science,  ang gal ore; 
in November 'I 984. This  year  t h e  Memorial Lecture is 
being delivered by Prof. S a t i s h  Dhawan,  Member ,  S p a c e  
Commission. Prof. D h a w a n  is a n  eminen t  academician a n d  
a n  ou ts tand ing  engineer. He had  been Chairman,  S p a c e  
Commission a n d  Chairman,  Indian S p a c e  Research 
Organisat ion bes ides  Secre ta ry  to Government of India, 
Department  of S p a c e ,  b e t w e e n  1 9 7 2  a n d  1984. He was 
earlier Prof. a n d  Head, D e ~ a r t m e n t  of Aero  Engineering 
a n d  subsequent ly  Director of t h e  Indian lnst i tu te  of 
Science. Bangalore. 

T h e  M e r n ~ r i a l  Lecture is being published f o r  w i d e r  
circulation and  f o r t h ;  benefit  of t h o s e  w h o  m a y  w i s h  t o  
have  a copy  of Prof. Dhawan's  Lecture f o r  reference a n d  
record. 
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Honorary Secretary 
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Prospects for a Spaee Industry in India 

1. Introduct ion a n d  Background 

Thirty years a g o  a startled world w a s  ushered into t h e  
Space  Age by Sputnik I - t h e  world's f i rs t  artificial satellite. 
Since then there  h a s  been a phenomenal growth  of s p a c e  
activities. Over 3000 satellites of varying s ize  and comp- 
lexity have been launched into orbit  since October 1957. 

The  early years  were  monopolized by t h e  USSR and 
USA and t h e  driving forces  of scientific exploration and 
discovery w e r e  mingled wi th  international rivalry and 
military competition. With t h e  pas sage  of t ime  t h e  
emphas is  h a s  shifted t o w a r d s  t h e  exploitation of outer  

. space. Several n e w  members  have joined t h e  exclusive 
Space  Club. 

The World's Space  activities have grown many fold 
in magnitude and  diversity. The n e w  frontier continues 
t o  beckon t h e  romantics wi th  vision of Space  Colonies and 
Interplanetary travel, and  t h e  scient is ts  w i th  n e w  discov- 
eries abou t  t h e  universe. However, economic and o ther  
considerations have increasingly forced a more pragmatic  
utilization of Space. This utilization h a s  retained t w o  
dominant  elements. The f i rs t  is economic benefit and  
commercializption and  t h e  second military u se  of Space.  
The  Commercial drive h a s  evolved f rom civilian and  scien- 
tific urges t o  profitably u se  Space  fo r  practical applica- 
tion. These urges a r e  often mingled wi th  perceptions of 
national prestige. Inevitably t h i s  trend - spearheaded by 
satellite communications - h a s  drawn in many civilian users  
of Space  services a n d  products  f rom industry and  many 
o ther  walks of civilian life. With a multi-billion dollar 
global turnover t h e  world market fo r  Space~technology and  
its applications h a s  n o w  emerged a's a reality. 



T h e  s e c o n d  element  i.e. military u s e  h a s  a l s o  been  
ac t ive  f r o m  t h e  ou t se t .  T h e  military a n d  intelligence 
services  of t h e  t w o  major  S p a c e  P o w e r s  have  been deeply 
involved in t h e  exploitation of S 2 a c e .  Militarization o f -  
S p a c e  began  early, leading t o  a n  extensive r a n g e  of military 
communica t ions ,  navigation, r econna i ssance  a n d  surveil- 
lance satell i tes.  T h e s e  h a v e  m s d e  t h e  U.S.A., a n d  t o  a 
lesser  d e g r e e  t h e  USSR, increasingly d e p e n d e n t  on  S p a c e  
p la t fo rms  f o r  the c o n d u c t  a n d  s u p p o r t  of mili tary opera -  
t i o n s  o n  ea r th .  T h e  military S p a c e  b u d g e t s  of  t h e s e  
coun t r i es  n o w  f a r  exceed t h e  civil expenditure.  This  t r end ,  
coupled w i t h  t h e  development  in large n u m b e r s  of nuclear 
w e a p o n  t i p p e d  inter-continental  a n d  o t h e r  ballistic mis-  
siles w h i c h  a r e  s e c o n d  c o u s i n s  of  S p a c e  launchers ,  
is threatening to d e g e n e r a t e  into t h e  weaponiza t ion  of 
S p a c e  a n d  S t a r  Wars .  This  extremely d a n g e r o u s  a n d  eco-  
?omically ru inous  t r end  if n o t  hal ted a n d  reversed s o o n  m a y  
n o t  only th rea ten  civilian sa te l l i tes  of all na t ions  b u t  a l s o  
des t roy  all life o n  ear th .  

T h i s  ta lk  is b a s e d  o n  t h e  op t imis t i c  p remise  t h a t  t h e  
people o f  t h e  wor ld  will n o t  a l low man's  ven tu re  in to  
S p a c e t o  b e  subver ted  t o w a r d s  w o r l d  d i sas te r .  T h e  pers- 
pec t ive the re fore  exclusively f o c u s e s  o n  civilian peaceful 
u s e s  of S p a c e  w i t h  t h e  centra l  t h e m e  being t h e  opportuni-  
ties f o r  lndia a n d  lndian Industry. 

T h e  Indian S p a c e  P r o g r a m m s  w a s  o rgan i sed  in 1 9 6 2 .  
T h e  goa!s w e r e  to achieve,  as  rapidly as pract icable ,  t h e  
application of  S p a c e  t echno logy  to assist nat ional  e f fo r t s  
in t e l ecommunica t ions  a n d  m a s s  educa t ion  a n d  in t h e  
t imely survey a n d  managemet?t  of o u r  natural  resources .  
Beginning w i t h  t h e  development  o f  sc ient i f ic  payloads  
a n d  sounding  rockets  t w e n t y  f ive  y e a r s  late; lndia h a s  in 
s p a c e  lNSAT-l a National Satellite S y s t e m .  S i n c e  go ing  
into  opera t ion  in  1 9 8 3 ,  INSAT h a s  dramat ical ly  c h a n g e d  
t h e  coun t rywide  t s l e s ~ n n i l n i s a t i o n s ,  television, r a d i o  
a n d  meteorological se rv ices  - t h e  m a s s  educa t ion  potential  
h a s ,  however ,  y e t  t o  b e  realized. 

T h e f i r s t  satellite launch f r o m  lndian soil t o o k  place 
f r o m  thehSrihar ikota  launching r a n g e  in J u l y  1 9 8 0  'wh;?n 
SLV-3 placed Rohini in a dear-ear th  oibi t .  Currently a n  



ac t ive  p r o g r a m m e  is o n  to operat ional ize  a nat ional  S p a c e  
se rv ice  f o r  survey a n d  moni tor ing of natural  resources .  
This  service  will b e  b a s e d  o n  a n  lndian built s p a c e c r a f t  
IRS-IA d u e  f o r  launch in t h e  f i r s t  q u a r t e r  of 1 9 8 8 .  Repla- 
c e m e n t  of t h e  INSAT-I S p a c e  s e g m e n t  by lndian satellites 
of  advanced  des ign ,  currently under  deve lopment ,  will 
t a k e  place in t h e  early 1 9 9 0 ' s .  

Parallel developments  of  t h e  lSRO launchers  PSLV €t ,, 
GSLV, s e e k  t o  provide full lndian launch capabi l i ty  f o r  
Polar  orbi t ing (IRS) a s  well as geo-synchronous (INSAT) 
operat ional  s p a c e c r a f t  in t h e  1 9 9 0 - 1  9 9 5  t i m e  f rame .  By 
Then t h e  na t ion-wide  se rv ices  provided by t h e  lNSAT a n d  
i R S  s y s t e m s  w o u l d  b e  fully s tabi l ized a n d  integrated into  
t h e  lndian e c o n o m y  a n d  national life. S u b s e q u e n t  impro- 
v e m e n t s  a n d  ex tens ions  w o u l d  need t o  b e  sys temat ica l ly  
introduced t h r o u g h  rep lacement  a n d  renewal  of t h e  life- 
expired S p a c e  s e g m e n t  e l e m e n t s  every 2 to 5 y e a r s  w i t h  
corresponding expansion of t h e  g r o u n d  s e g m e n t s  f o r  
u t i l~zat ion.  

During t h e  last-  d e c a d e  ISRO/DOS act ivi t ies  have  
s e e n  a s teadi iy  increasing involvement w i t h  a n d  g rowing  
dependence  on  lndian Industry. T h e  annual  f l o w  o f  f u n d s  
t o  lndian Industry h a s  increased nine fold  t o  a b o u t  Rs. 
1 2 0  Crores  in 1 9 8 7 .  From t h e  supply of relatively s t r a i g h t  
f o r w a r d  mater ia ls  a n d  h a r d w a r e  f o r  t h e  S p a c e  Cen t res  
Indian industrial  e s tab l i shments  a r e  n o w  u n d e ~ t a k i n g  m o r e  
c o m p l e x a s s i g n m e n t s  f o r  h a r d w a r e ,  m a c h i n e s  a n d  s y s t e m  
e l e m e n t s  f o r  g round  test a n d  deve lopment  equ ipment  a n d  
in s o m e  cases f l ight  ha rdware -  Through c o r p o r a t e  level 
a r r a n g e m e n t s  t h e  a i rcraf t ,  e lect ronics ,  chemical  a n d  
mechanical  industr ies  a r e  beginning t o  m a k e  longer t e r m  
c o m m i t m e n t s  t o  t h e  S p a c e  Programme.  

T h e  International S p a c e  s c e n e  h a s  a l s o  rapidly 
t ransformed.  !n s p i t e  of t h e  ea r ly  a n d  cont inuing domi-  
nat ion of t h e s c e n e  by  t h e  U S S R  a n d  t h e  USA, t h r o u g h  
concer ted e f fo r t s  - in w h i c h  national governments  a n d  t h e  
a e r o  S p a c e  industr ies  have  played a crucial  role - Europe, 
J a p a n ,  C a n a d a ,  China a n d  lndia have  also es tab l i shed  
visible beach  h e a d s  in Space .  Australia,  Brazil a n d  several  
o t h e r  na t ions  have  a n  increasing t e m p o  of  S p a c e  related 



activities. About  a hundred a n d  fo r ty  n a t i o n s  - a m o n g  
t h e m  nearly 50 developing o n e s  - regularly u s e  S p a c e  
services .  The  wor ld  w i d e  s u c c e s s  of Sate l l i te  Communi- 
c a t i o n s  a n d  w e a t h e r  se rv ices  a n d  t h e  ripening maritens f o r  
satell i te i m a g s r i e s  f o r  a w i d e  r a n g e  of u s e s  f o r  r esource  
su rvey  a n d  m a n a g e m e n t  h a s  c rea ted  increased a w a r e n e s s  
a m o n g  t h e  ac t ive  t echno iog i s t s  a n d  industr ies  of t h e  
expand ing  market  f o r  S p a c e  b a s e d  a n d  related services.  
T h e  parallel revolution in information technologies  c a u s e d  
b y  t h e  m a r r i a g e  of  digital  communicai; ions a n d  c o m p u t e r  
s y s t e m s  h a s  a l s o  been s t rongly fuelled a n d  influenced by 
t h e  g r o w t h  a n d  u s e  of  advanced  S p a c e  sys tems .  

2. Features of the Civiiian Space Enterprise 

S p a c e  s y s t e m s ,  w h e n  opera t iona l  in orbi t ,  have  a 
global reach.  T r a n s m i s s i o n s  f r o m  a geos ta t ionary  satellite 
cover  approximately  o n e  thi rd  of  t h e  globe. A polar  
satell i te c a n  su rvey  t h e  en t i re  s u r f a c e  of  t h e  e a r t h  in a b o u t  
20 days .  Coupled w i t h  t h i s  inherent  a n d  un ique  f e a t u r e  of  
l a rge  s c a l e  a r e a  coverage.  a s ingle  S p a c e  platform c a n  
carry  a combina t ion  of  pay loads  a n d  provide multiple 
sevikes  to large n u m b e r s  of g round  users .  T h u s  t h e  
n u m b e r  of  s p a c e c r a f t  a n d  t h e  launch se rv ices  n x e s s a r y  to 
p lace  t h e m  in t h e  desi red o r b i t  f o r  a set of widely  
dis t r ibuted se rv ices  o n  e a r t h  t e n d  t o  b e  concen t ra ted  a n d  
relatively smal l  in number .  T h e  industrial  opera t ions  f o r  
construct ion a n d  m a n u f a c t u r e  of S p a c e  s y s t e m s  d o  n o t  
fully lend themse lves  t o  b e  o rgan i sed  o n  t h e  normal  m a s s  
product ion l ines of  a u t o m o b i l e s  o r  civil aircraft .  On t h e  
o t h e r  h a n d  in S p a s e  projects ,  t h e  extra-ordinary pooling of 
scientific/technical/system mana'gement knowledge  f r o m  
a la rge  a r r a y  of disc ipl ines  lends  itself to wide-spread  
appl icat ion a n d  diffusion into  o t h e r  commercia l  a reas .  

T h e  m a n u f a c t u r e  of  h a r d w a r e  f o r  rocket  launchers  
a n d  satellites a n d  of t h e  s t a t i o n s  w h i c h  launch a n d  control 
t h e m ,  t e n d s  t o  b e  highly capi ta l  intensive w i t h  high labour  
costs. An impor tan t  economic  f e a t u r e  of  civilian S p a c e  
projects  i s  t h a t  t h e  e a r n i n g s  t o  b e  m a d e  f r o m  t h e  provision 
of  g round  se rv ices  derived f r o m  S p a c e  s y s t e m s  of ten 
great ly  exceed t h e  re tu rns  f r o m  t h e  manufac tu re  of S p a c e  
h a r d w a r e  w h i l e  requiring a m u c h  smal ler  capi ta l  base .  



T h u s  S p a c e  industr ies  e n g a g e d  in t h e  m a n u f a c t u r e  of  
S p a c e  h a r d w a r e  have  to recogn ise  specia l  e c o n o m i c  
imperat ives  f o r  applying a n d  diffusing complex  technolo-  
g i e s  gained in t h e  p r o c e s s  t o  a r e a s  o t h e r  t h a n  Space .  I t  
is equally impor tan t  t h a t  government  S p a c e  policy shou ld  
b e  c o g n i s a n t  of t h e  f a c t  t h a t  in v i e w  of t h e  na tu re  a n d  
d e g r e e  of  complexity, t h e  capi ta l  investment  involved a n d  
t h e  relatively restricted s c o p e  of  t h e  market ,  lndian 
industry c a n n o t  b e  expected b y  irself to m a k e  t h e  pr imary 
i n v e s t m e n t s  f o r  S p a c e  projects.  

T h e  main e lements  recognised b y  t h e  industrial  e s t a b -  
l i shments  of t h e  industrialized coun t r i es  - especially t h e  
a i rc ra f t  a n d  e lect ronics  people - a n d  s u p p o r t e d  by  the i r  
governments ,  was t h e  vital p r o c e s s  of t echno log ica l  
innovation coupled w i t h  n e w  c o n c e p t s  of s y s t e m s  
engineering, reliability a n d  quality control,  project  manage-  
m e m  a n d  organisat ionai  s t r u c t u r e s  w h i c h  S p a c e  projects  
b rought  t o  t h e  industrial  enterpr ise .  Many of t h e  impor tan t  
e lernents  of advanced  industriai  activity s u c h  as entering 
n e w  markets ,  diversification, c o s t  reduct ion a n d  inc reased  
reliability - w h i c h  a r e  t h e  b a s i s  of t h e  compet i t ive  e d g e  in 
t h e  market-are  concen t ra ted  a r o u n d  t h e  innovation 
p r o c e s s  whidh ,  in t h e  modern  world ,  relies heavily o n  n e w  
scientific knowledge a n d  in t h e  abil i ty t h r o u g h  informat ion 
a n d  man-machine management, to systemat ical ly  a n d  
successfully t r a n s l a t e  t h i s  in to  p roduc t  d e s i g n  a n d  
product ion technologies .  

Th i s  f e a t u r e  w h i c h  is abso lu te ly  cri t ical  f o r  S p a c e  
p ro jec t s  is of c o u r s e  generally t r u e  to a g r e a t e r  o r  l e s se r  
d e g r e e  of m a n y  o t h e r  modern  industrial  enterpr ises .  T h e  
ques t ion  is w h e t h e r  lndian Industry - public a n d  private - 
h a s  been ab le  to ser iously  a d d r e s s  a n d  unders tand  t h e  
na rure  of t h i s  complex e lement  a n d  p rac t i ce  t h e  imper- 
a t ives  w h i c h  f l o w  f r o m  it. W i t h  a f e w  except ions ,  lndian 
Industry by a n d  large in t h e  p a s r  has fol lowed t h e  pa th -  
w a y  of I ,cence a g r e e m e n t s ,  impor t  of  machinery a n d  
t e c h n ~ i o g y  f r o m  f i r m s  a b r o a d  w h o  h a v e  a l ready  m a s t e r e d  
a s p e c r s  of t h e  innovation p rocess .  While  i t  c a n n o t  b e  s a i d  
t h a t  nothing .worthwhile  h a s  resulted a n d  n o  l essons  
learnt,  t h e  lndian industrial s c e n e  d o e s  n o t  p resen t  a pic ture  



of technology innovators.  On t h e  contrary t h o s e  w h o  
imported technology s o m e  l O , 1 5  o r  20  y e a r s  a g o  have 
found  themse lves  a g a i n  a n d  aga in  in t h e  s a m e  predica- 
m e n t  - s u c h  h a s  been t h e  na ture  a n d  p a c e  of scientific 
a d v a n c e  a n d  g r o w t h  of n e w  technologies  a n d  t h e  
m i s m a t c h  w i t h  t h e  absorp t ive  capac i t i es  o f  Indian 
Industry. 

A quick overview of t h e  a i rcraf t ,  e lectronics  a n d  
mater ia ls  industries would  s h o w  t h a t  in India t h e y  have  
n o t  s h o w n  t h e  dynamism a n d  mas te ry  of t h e  p rocesses  of 
technological innovation w h i c h  charac te r izes  t h e m  else- ' 

where .  A m e a s u r e  of t h e  lacunae is provided by t h e  
m e a g r e  investments  m a d e  by t h e  corpora te  m a n a g e m e n t s  
of t h e s e  industr ies  in research,  design a n d  development.  
Company repor t s  now-a-days d o  s h p w  a n  R €t D heading 
b u t  fail  t o  s u b s t a n t i a t e  t h e  n a t u r e  a n d  m o r e  importantly 
t h e  o u t p u t  f r o m  t h a t  investment .  

S p a c e  technology d e p e n d s  very heavily o n  a combi-  
nat ion o f  advanced technologies  a n d  only t h o s e  organis-  , 
a t i o n s  w h o  have  invested s o m e  effor t  a n d  f u n d s  in 
unders tanding t h i s  c a n  t rans la te  t h e s e  into  t h e  industrial  
s t reng th  t h a t t h e  technologies  represent.  The  engineering 
s c i e n c e s  of a e r o  a n d  thermo-dynamics ,  propulsion 
engineering, light w e i g h t  a n d  high s t r e n g t h  s t ruc tures ,  
micro-packaged avionics  a n d  inertial navigation s y s t e m s  
combined w i t h  advanced  control s y s t e m s  theory,  orbital  
mechanics  a n d  t h e  physics  of S p a c e  - all play a crucial 
role in t h e  des ign  of S p a c e  s y s t e m s  a n d  t h e  h a r d w a r e  
involved. T h e  ai rcraf t  industry  typically represen t s  a n  
example  of s u c h  disciplines combining t o  produce a 
commercially viable fl ight s y s t e m  w i t h  extraoidinary 
s t a n d a r d s  of s a f e t y  a n d  operat ional  efficiency. S p a c e  
s y s t e m s  in s o m e  r e s p e c t s  a r e  natural  extensions of 
aeronaut ical  technology. T h u s  - excep t  in India - it is 
natural to find t h e  aeronaut ical  industr ies  taking t h e  lead 
in developing ac t ive  a n d  s t r o n g  links w i t h  S p a c e  activity. 

T h e  spin-offs  f r o m  S p a c e  activity extend into  many  
a s p e c t s  o f  t h e  manufactur ing industry as  a w h o l e  a n d  t h e  
technologies  c r e a t e d  in designing a n d  achieving S p a c e  
s y s t e m s  s h o w  g r e a t  capabi l i t ies  o f  inter-sectoral t r ans fe r  



in to  manufactur ing processes .  c o m p u t e r  a n d  s e n s o r  
s y s t e m s  a n d  environmental control devices  as well  as  
increased potential  of value a d d e d  services.  A s  ment ioned 
earlier t h i s  diffusion is a n  economic  imperat ive  f o r  
manufac tu re r s  of S p a c e  ha rdware .  

I t  is useful to recall t h e  t i m e  s c a l e s  involved in t h e  
execution a n d  s u s t e n a n c e  of  S p a c e  miss ions .  A major  
S p a c e  b a s e d  service  - e.g. f o r  t e l ecom o r  r e m o t e  sensing-  
t a k e s  3 t o  5 y e a r s  t o  b e  conceptulized a n d  evolved in 
detail .  After  service a s s e s s m e n t  a n d  definit ion t h e  des ign  
a n d  development  of  t h e  S p a c e  s e g m e n t  m a y  t a k e  4 to 6 
years .  Development of n e w  launchers  t a k e s  a d e c a d e  o r  
more ,  w h i l e  s t a g e  a n d  propuls ion m o d u l e  modif icat ion 
a n d  qualification need 2 t o  5 y e a r s  to b e  accomplished.  
T h u s  t h e  des igners  a n d  manufac tu re r s  of s p a c e c r a f t  
a n d  launching s y s t e m s  a n d  the i r  s u p p o r t  equ ipment  
a n d  t h e  industrial  suppl iers  of t h e  h a r d w a r e  a n d  value 
a d d e d  services  have  to begin t h e i r  d ia logues  a n d  
a s s e s s m e n t s  a n d  r e s p o n s e s  t o  par t ic ipat ion opportuni t ies  
m a n y  y e a r s  be fore  t h e  a c t u a l  f i rm o r d e r s  mater ia l ize .  
S u c h  preliminary a c t i o n s  invariably c o s t  s o m e  e f fo r t  
a n d  investment  of funds .  Failure t o  recogn ise  t h i s  usually 
m e a n s  miss ing t h e  bus .  Th i s  lesson of longer t e r m  
planning a n d  flexible profess ional  r e s p o n s e  h a s  y e t  20 
b e  firmly roo ted  in Indian Industry. 

T h e  pr ime ro le  of  government  in S p a c e  everywhere  
h a s  been t o  lay d o w n  t h e  S p a c e  industry's  f o u n d a t i o n s  
a n d  de te rmine  t h e  overall direction of t h e  S p a c e  effor t .  
Public a n d  pr ivate  industry  in India ac t ive  in t h e  a i rcraf t ,  
te lecommunicat ions ,  e lect ronics ,  c o m p u t e r s ,  chemicals ,  
scientific ins t ruments ,  mater ia ls  a n d  fabr icat ion a r e a s  c a n  
see in t h e  g r o w t h  of t h e  Indian S p a c e  p r o g r a m m e  t h a t  in 
s p i t e  of different historical  condi t ions  f r o m  t h e  advanced  
countr ies ,  a n  equivalent s i tua t ion  is n o w  emerging.  
Industry m u s t  n o w  consciously  m a k e  dec i s ions  o n  t h e  
manner  a n d  extent  of participation in t h e  S p a c e  efforl: 
a n d  g e a r  itself u p  t o  m e e t  t h e  challenge. A s u s t a i n e d  
government  policy of providing t h e  requis i te  incentives to 
industry  would  b e  in t h e  national interest. 



To summarise,  t h e  key features  a r e  : 

0 Technological 
-Space sys tem a re  highly complex 
-They require mastery over a wide  range of 

disciplines 
-There is extraordinary potential for  t ransfer  t o  

many civilian areas.  

Economic . 
-High cos t s  to enter  Space  
-High cos t  of R & D and technology development 
-Market risks high and  technology diffusion 

a must .  

@ Policy 
-Government control over access  t o  Space  inherent 
-Long te rm Space  Policy essential 
-Harmony of Government and  Industry endeavours 

crucial fo r  both. 

3. The Nature of Space Hardware, Services and 
Industrial Facilities 

Typically S p a c e  products,  hardware  and  services 
require four  basic  activities :- 

I .  The design, development, manufacture and test ing of 
satellites which  tend  t o  differ according t o  their  
functions. These may  be  : Television and radio relay and  
networking, telecommunications, ear th  observation 
and  remote sensing, weather  services and  scientific 
missions, etc.  

2. The design, manufacture and  launching of launch 
vehicles t o  place satellites in t h e  desired orbits.  The 
launchers may  u s e  solid and/or  liquid propulsion 
modules and need inertial guidance, telemetry 
sys t ems  and launching ranges. 

3. The  construction of ground s ta t ions  t o  control and  
communicate  w i th  satellites and/or  receive informa- 
t ion from them. 



4. Value a d d e d  services  s u c h  as communicat ion a n d  
c o m p u t e r  networks ,  d a t a  a n d  informat ion ana lys i s  
a n d  i m a g e  p rocess ing  faci l i t ies  a n d  s o f t w a r e  to 
s u p p o r t  t h e  communi 'cation a n d  television services ,  
d a t a  d i sp lay  a n d  p rocessed  informat ion f o r  w e a t h e r  
f o r e c a s t s  a n d  resource  m a n a g e r s .  

Industrial product ion p rocesses  f o r  e a c h  of  t h e  a b o v e  
involve manufac tu re  a n d  t es t ing  of  sub-sys tem a s s e m -  
blies, c o m p o n e n t s  a n d  o f ten  m a j o r  s y s t e m s .  S y s t e m s  
engineering, reliability a n d  qual i ty  a s s u r a n c e  a long  w i t h  
c o s t  control  procedures  a r e  integral p a r t  of  t h e  process .  

Building a S p a c e  s e g m e n t  - o n e  o r  m o r e  satellites - 
involves complex te lecommunicat ion modules ,  t r a n s m i t  
a n d  receive cha ins ,  multiplexing a n d  mic rowave  equip-  
ment ,  on-board control s y s t e m s ,  specia l  p o w e r  supp ly  
s y s t e m s  c o m p o s e d  of silicon so la r  panels  as well as  
chemical ba t t e r i es  - all packaged f o r  very l o w  w e i g h t  a n d  
q u a l i f ~ e d  t o  w i t h s t a n d  t h e  ex t reme  the rmal ,  hard vacuum 
a n d  radia t ion condi t ions  of Space .  All s u c h  funct ional  
c o m p o n e n t s  a n d  s y s t e m s  a r e  a s s e m b l e d  a n d  integrated 
into a platform-usually a light alloy metall ic s t ructure ,  
a long  w i t h  t h e  on-board fuel containers ,  apogee lper igee  
a n d  a l t i tude  control propulsion m o t o r s  a n d  t h e  pass ive  o r  
ac t ive  the rmal  conditioning equipment .  T h e  s t r u c t u r e  
itself u s e s  advanced  honeycomb a n d  c o m p o s i t e  t echno-  
logy a n d  s o m e  c o m p o n e n t s  m a y  need spec ia l  ma te r ia l s  
s u c h  as t i t an ium a n d  beryllium. 

T h e  des ign  a n d  development  of S p a c e  s y s t e m s  under- 
g o e s  a s e r i e s  of p h a s e s  in e a c h  of  w h i c h  a "model" o r  
c o n c e p t  of t h e  final s y s t e m  is progressively "tested" a n d  
moved t o w a r d s  realization. T h e s e  include analytical  
s t u d i e s  of s y s t e m s  a n d  s u b - s y s t e m s  derived f r o m  t h e  
'miss ion 'and progress ing t o  t h e  des ign  a n d  development  
of h a r d w a r e  a n d  s o f t w a r e .  In o r d e r  to check theoret ical  
calcula t ions  a n d  des ign  a n d  quant i ta t ively  assess t h e  
performance,  several  i teration loops  m a y  t a k e  place  in t h e  
"breadboard" o r  "mock up" p h a s e s  be fore  a design is 
debugged ,  f rozen a n d  p ro to type  deve lopment  undertaken. 
This  in tu rn  is subjected to machanical ,  electrical, thermal ,  
vacuum a n d  o t h e r  environment  tests in specia l  facil i t ies to 



es tab l i sh  s a t i s f a c t o r y  pe r fo rmance  in fl ight o r  in orbit .  
The final S p a c e  f l ight  s y s t e m  t h e n  e m e r g e s  t h r o u g h  a 

8 detai led integration a n d  qualification s e q u e n c e  bo th  a t  
t h e  s u b - s y s t e m  a s  well a s  t h e  fully in tegrated levels. 
Many a s p e c t s  of  t h i s  p rocess%ave  been a b s o r b e d  in t h e  
avia t ion a n d  profess ional  electronic industr ies  w h i c h  a r e  
n o w  reasonably famil iar  w i t h  t h e  t y p e  certif ication, de-  
mons t ra t ion ,  validation a n d  qualification procedures  of 
profess ional  h igh pe r fo rmance  equipment .  In t h e  S p a c e  
environment  t h e  ex t reme  requ i rements  of reliability, per- 
f o r m a n c e  wi th in  closely specif ied l imits  a n d  g u a r a n t e e  of 
l ifetime m a k e s  t h e s e  m u c h  m o r e  severe.  Actualiy t h e  
w h o l e  p r o c e s s  is n o t  s o  fo rmidab le  as i t  m a y  a p p e a r .  
Given a b a s i c  unders tand ing  of a n d  respec t  f o r  t h e  unfor- 
giving n a t u r e  of  S p a c e  opera t ions ,  skilled personnel  a n d  
t h e  requis i te  t o o l s  t h e  p r o c e s s  converges  relatively f a s t  to 
t h e  desi red goals .  Nevertheless inherent  p rob lems  includ- 
ing fa i lu res  a s s o c i a t e d  w i t h  s u c h  complex  s y s t e m s  have 
to b e  con tended  wi th .  

T h e  e a r t h  s t a t i o n s  a n d  t h e  g round  utilization ne twork  
h a s  m u c h  potent ia l  f o r  industrial  work.  S ince  t h e  d a y s  of  
t h e  f i r s t  INTELSAT Satellite Ear th  S t a t i o n  w h i c h  was 
establ ished in 1967 near ,  Poona ,  m a n y  e a r t h  s t a t i o n s  
ranging f r o m  t h e  fully s t e e r a b l e  l a rge  a n t e n n a e  control- 
ling t h e  lNSAT satellites t o  t h e  smal l  d i s h e s  f o r  c o m m u -  
nity TV sets as well as t r a n s p o r t a b l e  t e rmina l s  have  been 
designed,  engineered a n d ~ l b u i l t  in t h e  country.  W h a t  is 
required n o w  is a n  Industrial S t ruc tu re  f o r  undertaking 
turnkey jobs. 

Building a rocket  launcher  capab le  of orbit ing a 
satell i te requires  t h e  developmsnt ,  t e s t ing ,  integration a n d  
a s s e m b l y  of rocket  m o t o r s  (solid a n d  liquid) w i t h  the i r  
metallic cas ings ,  fuel s t o r a g e  s y s t e m s ,  nozzles ,  c o m b u s -  
t i o n  c h a m b e r s ,  p u m p s  a n d  compressors ,  etc., in to  rocket 
s t a g e s .  T h e  construct ion a n d  a s s e m b l y  of t h e  inertial 
control  a n d  g u i d a n c e  p a c k a g e s  a long  w i t h  t h e  vehicle 
t e l emet ry  a n d  s t r u c t u r e  a n d  ~ r o t e c t i i l e  n o s e  c o n e  w h i c h  
sh ie lds  t h e  s p a c e c r a f t  f r o m  t h e  f r ic t ion hea t ing  dur ing t h e  
rapid f l ight  t h r o u g h  t h e  a t , n o s p h e r e  f o r m  a n  integral  p a r t  
of  t h e  m a n u f a c t u r e  of launchers .  Formulat ion a n d  manu-  
f a c t u r e o f t h e  s p z i a l  propellants - solid a n d  liquid, consti-  
t u t e s  a n o t h e r  a r e a  of  industrial  activity. Here a g a i n  ISRO 



h a s  built u p  wi th in  t h e  coun t ry  virtually all t h e  b a s i c  
launcher technologies  a n d  s t e p  by s t e p  s o u g h t  to a s s o -  
c i a t e  Indian Industry  t,o produce  a n d  supp ly  as m u c h  as 
possible. During t h e  SLV-3 Project  s o m e  57 industr ies  
w e r e  involved. S o m e  of t h e  industrial  infras t ruture  built 
a n d  experience gained is currently being fu r the r  enhanced  
f o r  t h e  larger launchers  n o w  under  development .  An a r e a  
w h i c h  n e e d s  a t t en t ion  is too l  des ign ,  engineering a n d  
metrology f o r  t h e  c lose  to le rance  m a n u f a c t u r e  of rocket 
ha rdware .  

Apar t  f r o m  t h e  launcher  h a r d w a r e  t h e r e  is a g r e a t  
deal  of advanced  industrial  activity involved in t h e  g round  
tests a n d  propellent handlind s t a t ions .  Typical examples  a r e  
t h e  rocket test s t a n d s ,  t h e  very specia l  ground handling 
a n d  mobi le  t r a n s p o r t  equ ipment  f o r  rocket  s t a g e s ,  t h e  
c a s t  a n d  c u r e  o v e n s  f o r  large solid propellent g ra ins ,  t h e  
radiography a n d  o t h e r  test installations,  e t c .  In t h e  c a s e  
of  spec ia l  high energy liquid propellents it was possible  
f o r  ISRO to induce t h e  Indian Chemical Industry t h r o u g h  
f i rm long t e r m  buy  back a r r a n g e m e n t s  to actual ly  e s t a b -  
lish bulk m a n u f a c t u r e  a n d  supp ly  of t h e  fuel a n d  oxidiser  
to lSRO specif icat ions .  

T h e  S p a c e  s e c t o r  a l s o  includes m a n y  ancillary se rv ices  
required f o r  technological  appl icat ions .  T h e s e  include 
t h e  launching s t a t i o n s  f o r  rockets  w h i c h  include specially 
engineered a n d  e rec ted  launch p a d s ,  mobile service  
t o w e r s ,  radar ,  te lemetry ,  t racking a n d  d a t a  recept ion net-  
w o r k s  a n d  range  s a f e t y  communica t ions  a n d  d a t a  display 
equipment .  Primarily under  control  of  t h e  S p a c e  agency,  
he re  a g a i n  t h e r e  is increasing s c o p e  f o r  industry.  For  
example  t h e  launch pad  installations at  Sr ihar ikota  w i t h  
the i r  specialized launch t o w e r s ,  f ! ame  def lectors ,  auxiliary 
p o w e r  a n d  service  supp l ies  a n d  mater ia l  handling equip-  
ment ,  all have  been executed by  Indian s t ructural  a n d  
o t h e r  engineering industr ies  t h r o u g h  lSRO subcon t rac t s .  
T h e  possibil i t ies a r e  n o w  emerg ing  t h a t  e x c e p t  f o r  t h e  
c o n d u c t  of  t h e  ac tua l  vehicle in tegrat ion a n d  launch 
opera t ions  much  of t h e  servicing, main tenance  a n d  opera -  
t ion of  auxiliary g round  equ ipment  at  t h e  launching r a n g e  
could b e  under taken  by engineering se rv ice  con t rac to r s .  



S u c h  experience, if succeseful,  c a n  spillover to o ther  
operat ions .  

A n  o v e r v i e h  o f  t h e  major  facil i t ies f o r  industrial  
S p a c e  activity c a n  b e  obtained by a vis i t  t o  s o m e  of t h e  
facil i t ies built-up by ISRO at its Centres  a t  Trivandrum, 
Bangalore ,  A h m e d a b a d ,  Sriharikota a n d  t h e  National 
Remote Sensing Agency a t  Hyderabad. T h e s e  a r e  n o w  
generally familiar t o  m a n y  lndian industrial organisat ions  
a n d  assoc ia t ions  of lndian engineering industry.  

Highly qualified sc ien t i s t s  a n d  engineers  backed by 
experienced a n d  skilled technicians  f o r m  t h e  core  of S p a c e  
related design,  development,  fabr icat ion a n d  qualification 
activity. Compared to o t h e r  industrial opera t ions  t h e  ratio 
of scientific a n d  technical s taff  t o  administration/auxiliary 
m a n p o w e r  t e n d s  t o  b e  high. T h e  proport ions  would vary 
depending upon  t h e  degree a n d  na ture  of repetit ive w o r k  
con ten t  a n d  t h e  e lement  of development  undertaken. T h e  
proportion of engineering s ta f f  in s y s t e m  a n d  sub-sys tem 
development ,  qualification a n d  delivery t e n d s  to b e  rela- 
tively higher.  A sensible  w a y  f o r  Industries undertaking 
S p a c e  activit ies is t o  a s s e m b l e  a c o r e  of qualified s ta f f  
covering t h e  key e lements  a n d  disciplines f o r  t h e  selected 
a r e a  a n d  depend  upon consul tancy a n d  o t h e r  a r range-  
m e n t s  t o  utilize t h e  services  of spec ia l i s t s  f r o m  o u t s i d e  as 
required. Th is  is a very effect ive w a y  to maintain a t r im 
high quality t e a m  w h i c h  keeps  c lose  professional c o n t a c t s  
w ' t h  research personnel En government  labs,  academia  as 
well a s  o t h e r  industrial e s tab l i shments .  

T h e  management ,  monitoring a n d  providing ca reer  
development f o r  s u c h  t e a m s  needs  unusual unders tanding 
a n d  handling by  corpora te  management .  Indian S p a c e  
Industry would  need to pay  special  a t tent ion to t h i s  a s p e c t .  
S u c h  t e a m s  o n c e  a s s e m b l e d  w o r k  b e s t  in a n  a t m o s p h e r e  
o f  challenge a n d  innovation. T h e s e  a r e  difficult  to s u s t a i n  
w i t h o u t  f o r w a r d  planning a n d  ins igh t s  into emerging 
a r e a s .  Project  Directors w i t h  professional leadership 
qualit ies,  technical g r a s p  a n d  c o m m i t m e n t  t o  maintain 
quality, schedule  a n d  c o s t  a r e  n o t  e a s y  to f ind a n d  retain. 
I t  is n o t p s u a l  t o  find t h e  emergence  of n e w  ideas  a n d  
n e w  w a y  of doing t h i n g s  during t h e  c o u r s e  of accompli- 



sh ing  a specif ied job. M a n a g e m e n t s  have  t o  b e  a le r t  t o  
s p o t  t h e  innovators  a n d  w i t h o u t  diverting t h e  concentra-  
t ion required t o  comple te  t h e  job o n  hand,  f ind appropr ia te  
m e c h a n i s m s  t o  encourage  deve lopment  of  b r igh t  n e w  
i d e a s  w h i c h  m a y  resul t  in n e w  follow-on activity o r  in 
improving t h e  performance of w n a t e v e r  is o n  hand.  T h e  
impor tance  of es tabl ishing technical  documenta t ion  a n d  a 
well identified r igorous  review s y s t e m  laid d o w n  before  
a n y  job is under taken c a n n o t  b e  over  e m p h a s i e d .  T h e s e  
a r e  impor tan t  n o t  only to mainta in  quality b u t  a l s o  to avoid 
purely subject ive  judgements  o n  pe r fo rmance  a n d  ass ign-  
m e n t  of responsibil i ty a n d  credi t  a m o n g  t h e  m e m b e r s  of  
t h e  project  t e a m .  A s y s t e m a t i c  rev iew s y s t e m ,  b a s e d  o n  
documenta t ion  a n d  conduc ted  in t h e  o p e n ,  w i t h  t h e  parti- 
c ipat ion of t h e  reviewers  a n d  t h e  project  t e a m  is a pow-er- 
ful an t ido te  t o  s l ipshod work.  I t  a l s o  he lps  in ass ign ing  
t h e  d u e  d e g r e e  of c red i t  to e a c h  m e m b e r  of  t h e  t e a m  
aya ins r  h i s  job a s s i g n m e n t  a n d  performance.  

T o  recap i tu la te  : For  Industry to successful ly  parti-  
c ipa te  in S p a c e  act ivi ty  s o m e  b a s i c  requ i rements  a r e  : 

(1 )  Infras t ructure  a n d  exper ience in handling e lements  
of  high technology - typically t h i s  w o u l d  b e  related 
f o r  example  t o  a i rcraf t ,  e lect ronics  a n d  precision 
machining a r e a s  a n d / o r  advanced  chemica l s  a n d  
mater ia ls .  

(2) T h e  ex i s tence  within  rh3 c o m p a n y  of  a "critical mass"  
of highly qualified s c i e n t i s t s  a n d - e n g i n e e r s  w h o  a r e  
o r  c a n  remain  a b r e a s t  w i t h  t h e  t h e o r y  a n d  p rac t i ce  
of conceptuai iz ing engineering d e s i g n s  f r o m  s t a t e d  
specif icat ions ,  a n d  then  realizing t h e  ac tua l  complex 
s y s t e m s  a n d  s u b s y s t e m s  w i t h  t h e i r  pe r fo rmance  a n d  
quality a s s u r a n c e  a s p e c t s  fully unders tood.  

(3) A m a n a g e m e n t  a n d  financial  s t r u c t u r e  w h i c h  is [able 
t o  s u p p o r t  t h e  des ign  a n d  product ion of  relatively 
small  n u m b e r s  of very high value a d d e d  p r o d u c t s  a n d  
cogn isan t  of t h e  essent ia l  role of R & D in Space '  
related ha rd  a n d  s o f t w a r e  in .which personnel deve- 
lopment  plays a key role. 

(4) Willingness t o  c o o p e r a t e  w i t h  Government  in promo- 
r t i n g  joint ven tu res  in a n  o rgan i sed  manner .  



Clearly t h e s e  e lements  d o  n o t  e x h a u s t  t h e  a t t r ibu tes  
of a success fu l  h ightech industry  b u t  a r e  only indicative 
o f  f e a t u r e s  w i t h o u t  w h i c h  success fu l  par t ic ipat ion in 
S p a c e  projects  would  hardly b e  viable. Wi th  s o m e  modi- 
f i ca t ions  t h e s e  e lements  a r e  equally applicable t o  smal l ,  
medium o r  large Industry. 

All in all whi le  o n e  c a n n o t  s a y  t h a t  India h a s ,  as  yet ,  
a cleerly identifiable a n d  vigorous  S p a c e  Industry, t h e  
S p a c e  e f fo r t  of  t h e  last two d e c a d e s  a n d  ISRO's cons i s t en t  
policy t o  develop technology a n d  utilize Indian industry  to 
t h e  maximum h a s  energised over  2 5 0  major ,  medium a n d  
smal l  industrial  f i rms.  T h e  back  b o n e  of t h i s  p rocess  h a s  
been t h e  placing of  f i rm procurement  o r d e r s  o n  Indian 
Industry w h i c h  h a v e  ranged  in value f r o m  45 to 6 0  per  c e n t  
of t h e  annua l  S p a c e  budge t s .  T h e  p r o c e s s  h a s  received a 
specia l  b o o s t  s i n c e  1 9 7 7  by ISRO's o rgan i sed  s c h e m e  of 
technology t rans fe r  to a n d  utilization of industrial capaci-  
ties. ISRO consu l tancy  services  have  proved m o s t  useful 
f o r  realizing t h e s e  g o a l s  a n d  in f a c t  in creat ing engineering 
entrepreneurs .  T h e  industrial  b a s e  n e e d s  fu r the r  expansion 
a n d  consolidation. This  w o u l d  require synerget ic  e f fo r t s  
b e t w e e n  Government  a n d  Industry. 

4. Scale and Scope of the  Space Market 

During t h e  last d e c a d e  approximately  a I 0 0  to 1 4 0  
S p a c e  l aunches  h a v e t a k e n  place  every year  t h r o u g h o u t  
t h e  world.  Of t h e s e  nearly 70% w e r e  launched by  t h e  
USSR, a b o u t  20% by t h e  USA a n d  t h e  remainder  b y t h e  
r e s t  o f  t h e  world .  Communica t ions  satellites currently 
provide te lephone,  te legraph,  facsimile,  d a t a  a n d  TV relay 
t o  m o r e  t h a n  1 4 0  countr ies  a n d  g e n e r a t e  a n  annual  busi- 
n e s s  exceeding $ 1 billion. Table-I s u m m a r i s e s  t h e  level 
of  civilian S p a c e  expenditure* being incurred during t h e  
mid 1 9 8 0 ' s  by t h e  world 's  ma jor  S p a c e  p rogrammes .  

L. 

+Thefiguresare approximate and given only as an indication of 
the relative magnitudes. Data for China was not  available. European 
estimates place Chinese Space expenditures t o  be of the same order 
as Japan or France. 



TAB LE-1 

Civilian Space Expenditures* 

Annual S p a c e  
Civ~l ian  A, - G N P  Expenditure 
S p a c e  per- Per 

Expendi- c e n t a g e  Captta 

RSyeees o f  GNP 
Rupees Per Percent- 
in 1000 C a p ~ t a  a g e  o f  

in Crores ~n World 

Turnover 
of S p a c e  
Industry 

a s  percen- 
t a g e  of  
S p a c e  
Budaet 

Y 
- 

Rupees  Total 

USA 7875 0. 2 180 312 42.20 39 
0. 3 

USSR 7760 to 63 262 41.60 - 
0. 5 

EUROPE 1925 0.05 125 62 10.32 8 9 

JAPAN 672 0.03 126 56 3.60 80 

CANADA 169 0.05 154 7 2  0.90 137 

INDIA 126 0.07 3 1.75 0.68 55 

'OTHERS 125 - - - 0.67 - 

Total Rs. 18,652 CR ($ 15 billion) 

Of t h e  approximately  Rs. 19,000 Crores  ($15 billion) 
annua l  w o r l d  expendi ture  o n  S p a c e ,  t h e  US a n d  USSR 
expendi tures  a c c o u n t  f o r  over  83%. Europe a c c o u n t s  f o r  
a b o u t  10% a n d  J a p a n  jus t  under  4%. France l eads  a m o n g  
t h e  European countries,  spend ing  a b o u t  0.1 1 % of its G N P  
o n  S p a c e  w h i c h  a m o u n t s  t o  a b o u t  3.6% of t h e  wor ld  to ta l .  
India's expendi ture  c a n  b e  s e e n  to b e  relatively m o d e s t  
b u t  a p p e a r s  subs tan t i a l  in t e r m s  of its GNP a n d  t h e  pe r  
c a p i t a  income. A s  t h e  t a b l e  s h o w s ,  t h e  expendi tures  o f  
t h e  S p a c e  agenc ies  provide a s izeab le  turn-over f o r  
industry even in t h e  case of India. I t  is interes t ing t o  n o t e  
t h a t  industrial  turn-over f o r  UK, Italy a n d  C a n a d a  exceed 
t h e  S p a c e  b u d g e t s  indicating a n  efficient e c o n o m i c  spin-  
off a n d  b o o s t  to industrial activity n o t  only f o r  S p a c e  b u t  
also o t h e r  sec to r s .  

While i t  is inherently difficult to accurate ly  f o r e c a s t  
t h e  d e m a n d  f o r  S p a c e  services  a n d  p roduc t s  in t h e  f u t u r e  
i t  shou ld  b e  recognised t h a t  a p a r t  f r o m  t h e  coun t r i es  

"See footnote on Page 74 



wi th  organized Space programmes some 140 countries - 
virtually the entire world routinely utilize satellites services 
fo r  their communications and weather information needs. 
An increasing number are also actively using satellite 
remote sensing data. This implies a degree o f  stability 
and continuation of  a t  least the existing level o f  activity 
and expenditure in support o f  it. Considering trends o f  
the last decade, the current Space activities and plans o f  
various Space agencies, reasonable projections can be 
made for  the next ten years or so. A word o f  caution is 
in order here As noted earlier Space business is risky, 
highly capital intensive and directly depends on Govern- 

ment poiicy. 

The projections for future Space activity are also 
subject t o  major unforeseen upsets caclsed by technologi- 
cal, economic and political events. The Challenger disaster 
and other recent failures o f  rocket launchers underscore 
the inherent element o f  risk and uncertainty in Space 
ventures and the need for long range planning which 
include plans for such' -contingencies. The presently 
booming area o f  satellite communications has already 
led t o  an over supply of  transponders and is liltely t o  be 
af4ected and influenced by the rapid growth o f  f ibre 
optics. Similarly the rapidly developing area of  satel!ite 
remote sensing is subject t o  political issues of  national 
sovereignty over natural resources and dissemination o f  
information relating t o  national security. Notwith- 
standing these sobering concerns there remains no doubt 
of the enhancing scope o f  Space activities world wide. 

Apart from the USSR and USA - countries which can 
be expected t o  continue t o  dominate the Space scene 
not  only through expanded projects for  planetary explo- 
ration, c~rnmunicat'ion and earth observation services but 
also becaussof geo polltical reasons - t he  enlarging scope 
o f  peaceful civilian uses o f  Space of  special interest t o  
the deve!oping countries and India, may be seen f rom 
the plans o f  Europe, Japan and the, countries of Asia, 

Africa and Latin America. The estimated number o f  
satellites t o  be launched by countries other than the USA 
Ef USSR for  Satellite ~ommunications, Weather Services 
and Earth Observations is expected t o  exceed 100 



during t h e  period 1 .985-95 .  Inclusive of re la ted l a u n c h  
services,  t h i s  implies a n  expenditure of a b o u t  3 1 5  t o  
2 0  billion over t h e  period. Considering t h e  expanding 
wor ld  w i d e  interes t  in business ,  air ,  s e a  and  land mobile 
communica t ions  and  t h e  growing d e m a n d  f o r  value added  
produc ts  f o r  i m a g e  a n d  resourcs  ana lys i s  a fu r ther  
investment  of $ 2 0  t o  2 5  billion can  b e  expected on t h e  
ground utilization facili t ies a n d  services.  Even o n  a 
conservat ive e s t i m a t e  t h e  implied annual  turn-over f o r  
industry  could b e  of t h e  order  of 8 4 to 5 billion. 

Of special  in teres t  t o  lndian industry would  b e  t h e  
expected domes t ic  Indian inves tments  in S p a c e  w h i c h  
determine t h e  s c o p e  f o r  them.  Here we c a n  make esti- 
m a t e s  based  o n  t h e  ongoing a n d  known programmes  of 
ISRO a n d  t h e  Department  of Space .  A s  noted earlier t h e  
lone INSAT-I6 satell i te will s o o n  b e  joined by IC in mid 
1 9 8 8  a n d  t o w a r d s  t h e  end of its seven year  life b e  
replaced by  ID i,n 1 9 8 9 .  T h e  lndian Remote  Sensing 
Satell i te IRS-IA is expected to b e  in o rb i t  in t h e  f i r s t  half 
of 1 9 8 8 .  This  will usher  in t h e  National Natural Resource 
Management  Service w i t h  organised a n d  regular u s e  of 
satell i te d a t a  by nearly t w e n t y  depar tments  a n d  agencies  
of t h e  Central Government a n d  practically all t h e  S t a t e s  
of India. Preparat ions  f o r  using t h e  d a t a  have been o n  
f o r  t h e  l as t  seven years  o r  more. !RS-IA will b e  followed 
by I6 8 IC a t  approximately t w o  years  intervals. The scale  
o f  t h e s e  t w o  S p a c e  based  national services  a n d  
, the  investments  t h a t  have  g o n e  in to  operat ing t h e m  u p  to 
1 9 9 0  c a n  b e  s e e n  f rom Table-2. The table ,  incidentally, 
s h o w s  t h a t  f o r  every rupee s p e n t  in S p a c e  it! needs  
t w o  o r  t h r e e  o n  t h e  grounc! t o  make  u s e  of t h e  satellite. 

The revenue f rom t h e  Telecom and  TV components  
a lone of t h e  INSAT-! s y s t e m  s ince  its operationalization in 
1 9 8 3  will by 1 9 9 0  a m o u n t  t o  approximately Rs. 1 0 0 0  
crores.  T h e  benefit lcost ra t io  f o r  t h e  IRS-I based  NNRMS 
s y s t e m  is expected to be even be t te r  as t h e  remot& senqing 
survey c o s t s  per hec ta re  of a r e a  a r e  es t imated  to b e  a b o u t  
one-third of t h e  conventional m e t h o d s  a n d  a r e  accomplish- 
e d  o n  a n  o rder  of magni tude  f a s t e r  in t ime.  T h u s  t h e  S p a c e  
services,  in t ime,  c a n  be expected t o  pay  f o r  themselves .  



TAB LE-2 
- 

Outlay in Rs. Crores  u p t o  1 9 9 0  
SERVICES , -------- -------- 

SPACE GROUND 
SEGMENT SEGMENT 

Telecom, TV/Radio : 
INSAT W e a t h e r  Observat ion : 370 760 
SYSTEMD_isaster Warning : 

Survey Inventory : 
a Monitoring of ' 

I RS Resources  
SYSTEM *Agriculture Et Forest  : 

*Water  Management,  : 95 345 
*Geology & Minerals : 
"Environment 
*Marine resources  : 

Total Rs. 1 570 Crores 
(1 1 . 2  billion) 

Conservative e s t i m a t e s  b a s e d  o n  t h e  current  S p a c e  
services  a n d  t h e  increasing d e m a n d s  o n  t h e m  indicate  n o t  
only their  cont inuat ion b u t  s ignif icant  expansion.  T h e  
INSAI-I S p a c e  s e g m e n t  will g e t  refurbished by t h e  larger 
INSAT-I1 satellites w h i c h  a r e  currently ynder  development.  
In t h e  la t ter  half of t h e  9 0 ' s  t h i s  will c o n s i s t  of  two co- 
located INSAT-11 sate l l i tes  plus a thi rd  ac t ive  in-orbit s p a r e .  
S ince  t h e  meteological services  m a y  n o t  need m o r e  t h a n  
t w o  met .  pay loads  f o r  redundancy,  it is q u i t e  likely t h a t  
t h e  3 r d  INSJT-il a n d  s u b s e q u e n t  s p a c e c r a f t  w o u l d  ca r ry  
additional communica t ions  o r  meteorological services.  
O n e  c a n  also s u r m i s e  t h a t  a f t e r  a b o u t  a d e c a d e  of opera -  
t ion  t h e  multi  - service  INSAT s y s t e m  would  undergo a 
t r a n s f o r m a t i o n ,  p e r h a p s  calling f o r  separa t ion  of existing 
services  o r  a n e w  combina t ion  of S p a c e  se rv ices  o n  t h e  
S p a c e  segment .  O n e  m a y  a l so  expec t  t h e  IRS-I b a s e d  re- 
s o u r c e  survey s y s t e m  to rapidly g r o w  - especially t h r o u g h  
significantly increased ground investments  b y  t h e  utiliz- 
atian, sec to r .  Indian Industry * h a s  specia l  oppor tun i t i e s  
open ing  u p  in t h i s  area .  T h e  d e m a n d  f o r  improved resolution, 



f r o m  3 5 m  to 'I 0 o r  5 m ,  w o u l d  call f o r  improved s e n s o r s  o n  

, t h e  IRS-C a n d  s u b s e q u e n t  spacecra f t .  Equal o r  even g r e a t e r  
p r e s s u r e f o r  d a y  a n d  n igh t  capabi l i ty  a n d  t h e  ability t o  
acqu i re  d a t a  t h r o u g h  cloud-cover - very impor tan t  f o r  Indian 
agr icul ture  dur ing t h e  monsoon  - will require  t h e  develop- 
m e n t  of ac t ive  mic rowave  s e n s o r  s y s t e m s  in later s p a c e -  
c r a f t  of t h e  IRS ser ies .  Taking into  a c c o u n t  t h e  required 
launch services  f o r  t h e  INSAT a n d  IRS s y s t e m s  by indian 
launchers,  o n e  c a n  a l s o  f o r e s e e  specia i  inves tments  in to  
cryogenic  propuls ion s y s t e m s  w h i c h  wou!d r a i s e  t h e  PSLV 
launcher  (capabili t ies t o  place  INSAT c l a s s  satellites into  
geo-s ta t ionary o rb i t  a n d  t h e  heavier ac t ive  r a d a r  equipped 
IRS satellites into  polar  orlbits. T h e  cryogenic industry 
dealing w i t h  t h e  product ion,  supply,  s t o r a g e  a n d  t rans -  
porat ion of  liquid Hydrogen, Oxygen a n d  Helium is just  
beginning in India a n d  h a s  much  l eeway  to makeup.  

Obviously t h e  developments  ment ioned a b o v e  w o u l d  
a l s o  call f o r  t h e  necessa ry  R & D inves tments  by  ISRO. 
Taking all t h e s e  f e a t u r e s  in to  a c c o u n t  o n e  c a n  assess t h e  
expected S p a c e  expendi ture  dur ing t h e  8 t h  a n d  9 t h  
plans .  

A s  a g a i n s t  t h e  planned expendi ture  of a b o u t  Rs. 
3 , 0 0 0  Cr. dur ing t h e  1 0  y e a r  period covering t h e  6 t h  a n d  

+ 7 t h  plans ,  national S p a c e  inves tments  of  approximately  
800 to 1200 Cr. annual ly  w o u l d  p robab ly  b e  required 
to sus ta in  a n d  develop t h e  S p a c e  services.  T h u s  over  a 
t e n  y e a r  period a t o t a l  expendi ture  of a b o u t  Rs. 1 0 , 0 0 0  Cr. 
($7 billions) c a n  b e  foreseen.  Even a t  t h e  current  level of 
involvement t h e  industrial turnover  c a n  b e  expected t o  b e  
at  least Rs. 5 , 0 0 0  Cr. bu t  t h e r e  is n o  reason  w h y  t h i s  c a n  - 
n o t  b e  doubled - provided of c o u r s e  industry  g e a r s  itself u p  
in t i m e  a n d  receives d u e  s u p p o r t  f r o m  Government.  

S o m e  remarks  m a y  b e  in o r d e r  o n  h o w  t h e s e  require- 
m e n t s  a r e  likely t o  b e  met .  Considering t h e  governmant  
inves tments  in t h e  ISRO S p a c e  Centres  over  t h e  l a s t  2 0  
y e a r s  o r  s o ,  t h e  pr imary definit ion a n d  development  of t h e  
S p a c e  S y s t e m  w o u l d  logically remain w i t h  ISRO. However  
considering t h e  desirabil i ty of g rowing  t h e  in terface  w i t h  
Indian industry - especially t h e  ae ronau t ics ,  electronics/  
computers/comrnunications, chemicals ,  mechanical  a n d  



s t ructural  engineering industries,  t h e r e  is enhanced  s c o p e '  
f o r  lndian Industry, w h i c h  services  t h e s e  s e c t o r s ,  to profi- 
t ab ly  increase  participation, a n d  m a k e  a significantly 
enhanced  contribution n o t  only t o  S p a c e  b u t  a l s o  to t h e  
nat ional  technology. base .  

,' 
Industrial g r o u ~ i n g s ,  inter-linked especially f o r  S p a c e  

a n d  leading t o  t h e  organisat ion of S p a c e  divisions wi th in  
industry  w h i c h  f o c u s  on  t h i s  activity would  a p p e a r  
logical. t 

Since  t h e  pr imary experience and  exper t ise  in s p a c e -  
c ra f t  a n d  S p a c e  borne  s u b s y s t e m  des ign ,  development  a n d  
t e s t i n g  wi th in  t h e  country  s t i l l  r e s ides  by  a n d  l a rge  in t h e  
ISRO Centres t h e  proport ion of  c o n t r a c t  w o r k  t o  be  per- 
fo rmed  by Indian Industry in t h i s  a r e a  m a y  at  f i r s t  s i g h t  
a p p e a r  t o  b e  relatively small .  There  a r e  however  excellent 
opportuni t ies  f o r  industry  t o  es tab l i sh  a closer  par tnership  
w i t h  ISRO in performing s o m e  of t h e  engineering a n d  
service  t a s k s  even dur ing t h e  conzeptual  p h a s e s  of projects  
and  rapidly g r a d u a t e  t o  performing s o m e  of  t h e  primary 
t a s k s  in t h e  future .  An example  would  b e  in t h e  running 
a n d  expansion of t h e  major  S p a c e  test facilities. T h e s e  
include thermo-vacuum c h a m b e r s ,  v ibrat icn a n d  acous t i c  
tests, e lect romagnet ic  compat ibi l i ty  s y s t e m ,  preparat ion 
a n d  conduc t  of rocket m o t o r  t e s t s ,  opera t ion  of chemical  
plants,  etc. 

A s  d i scussed  earlier t h e  deve lopment  of a S p a c e  
s y s t e m  involves t h e  development  of a se r i es  of models  a n d  
mock-ups  - mechanical ,  electrical ,  e t c .  - e a c h  of  w h i c h  
represen t s  a partial  real izat ion of t h e  final full sys tem,  in 
w h i c h  detailed theoret ical  predic t ions  a r e  closely c o m -  
pared w i t h  a n  ac tua l  physical s y s t e m .  ISRO's oncoming 
t a s k s  in suppor t ing  t w o  o r  t h r e e  opera t iona l  S p a c e  s e g -  
m e n t s  w i t h  nat ion w i d e  services  would  need several  
qualified S p a c e  systems--satellites as  well as launchers  
t o  be  manufactured a n d  d e l ~ v e r e d  o n  t i m e  w i t h  p e r h a p s  a n  
equal n u m b e r  of advanced  s y s t e m s  in t h e  research a n d  
development  phase .  This  c a n  b e  visualized t o  b e  a virtual 
production line of s p a c e c r a f t  a n d  l aunchers  w i t h  thei r  s u b  
s y s t e m s  a n d  i t  is obviously of considerable  mutua l  
advan tage  t h a t  s t andard ized  t a s k s  a r e  t aken  over  in a 



p h a s e d  m a n n e r  by industry  w i t h  a collaborative effor t  in 
t h e  related R & D a r e a s  X 

Industry in India h a s  s e l d o m  a t t e m p t e d  s u c h  technol- 
gically advanced  a n d  demanding  t a s k s  in a sus ta ined  
manner ,  a n d  it shou ld  b e  recognised t h a t  t h e r e  is bound 
to b e  a p h a s e  of learning a n d  mutual  ad jus tments .  There  
is however  n o  reason t o  believe t h a t  t h e  t a s k s  a r e  beyond 
t h e  c o m p e t e n c e  of Indian Industry.  T h e  technological 
s t r e n g t h  ga ined  by industry  w o u l d  h a v e  f a r  reaching imp- 
a c t  o n  its abili ty t o  c o m p e t e  in o t h e r  a r e a s  a p a r t  f r o m  
providing a s t r o n g  under-pinning f o r  t h e  nat ional  S p a c e  
effor t .  

As noted  be fore  a n  a r e a  of  s o m e  s ignif icance 
w h e r e  lndian lndustry  a l ready h a s  c o m p e t e n c e  a n d  experi- 
ence ,  is in t h e  g round  s e g m e n t  of t h e  operat ional  S p a c e  
sys tems .  Wi th  t h e  oncoming  expansion of t h e  INSAT 
s y s t e m ,  especially t h e  u s e  of sa te l l i te  links f o r  n e w s  agen-  
c ies ,  bus iness  a n d  mar i t ime  communica t ions  a n d  o t h e r  
specia l  se rv ices  including s e a r c h  a n d  rescue  miss ions  a n d  
mobile communica t ions ,  t h e  Indian market  f o r  a w h o l e  
r a n g e  of e a r t h  s t a t i o n s  a n d  t e rmina l s  - f r o m  large t racking 
s y s t e m s  t o  smal l  d i rect  receive a n d  mobile o r  t r anspor tab le  
un i t s  is emerging.  O n e  c a n  expect ,  o n  conservat ive  esti- 
m a t e s ,  t h e  requirements  t o  run to several hundreds  of  
t e rmina l s  a n d  related equipment .  T h e  overall budge ta ry  
f igures  m a y  exceed Rs. 2200 Cr. over  a f ive  t o  t e n  year  
period. 

A similar,  o r  m a y  b e  even g rea te r ,  opportuni ty  is emer-  
g i n g  f o r  impor tan t  value a d d e d  se rv ices  a n d  equ ipment  
f o r  utilization o f  t h e  satell i te d a t a  f r o m  t h e  IRS system.  
Here, a p a r t  f r o m  t h e  electronics,  o p t i c s  a n d  c o m p u t e r  
s y s t e m  h a r d w a r e  a n d  s o f t w a r e  t h e r e  a r e  emerging urgent  
requirements  f o r  enhanced  a i rborne opera t ions  t o  s u p p o r t  
t h e  S p a c e  derived d a t a  a n d  imager ies .  T h e  current  civi- 
lian a i rcraf t  opera t ions  a r e  woeful ly  inadequate .  W i t h  
t h e  g rowing  d e m a n d s  f o r  d r o u g h t  a n d  wsste land manage-  
ment ,  rural a n d  urban land use ,  planning a n d  monitoring of  
agricultural  r e sources ,  a n d  t h e  emerg ing  nat ion-wide 
NNRMS s y s t e m ,  Indian industrial  e n t e r p r i s e s  should 
explore  t h e  g rowing  d o m e s t i c  marke t  f o r  aerial  r e m o t e  



sens ing  operat ions .  There  is n o  reason w h y  t h e  a i rcraf t ,  
a n d  virtually all t h e  survey ins t rumentat ion as well the i r  
opera t ion  c a n n o t  b e  undertaken by  lndian lndustry  o rgan-  
ised as a professional,  c o s t  effective,  efficient a n d  s a f e  
service. W h a t  is required is a l ight a i rc ra f t  of all-up- 
w e i g h t  below 500 kg a n d  w i t h  a b o u t  4 h o u r s  endurance  
a n d  l o w  fuel consumpt ion .  T h e  National Aeronautical  
Laboratory a l ready  h a s  s u c h  a fully c o m p o s i t e s t r u c t u r e  
a i rc ra f t  flying a n d  ISROiNRSA c a n  provide all t h e  t echno-  
logy t o  Industry f o r  t h e  r e m o t e  sens ing  ins t ruments .  S o m e  
of t h e  civilian flying c lubs  could b e  m o s t  usefully re-orien- 
t e d  t o  provide fl ight training f o r  t h e  civilian f l ight  personnel 
required. T h e  r e m o t e  sens ing  a i rc ra f t  would  have  several  
o t h e r  civilian service  app l ica t ions  making t h e  product ion 
runs  economical  a n d  es tabl ishing t h e  beginnings  of a civil 
a i rcraf t  lndustry  o u t s i d e  t h e  d e f e n c e  ambi t .  

I t  m u s t  b e  no ted  t h a t  overseas  manufac tu re r s  f r o m  
Europe, U S A  a n d  J a p a n  have  n o t  been idle a n d  have  a 
significant presence in lndia in t h e s e  a reas .  lndian u s e r s  
a n d  lndustry  unfor tunate ly  have  n o t  capitalized o n  pas! x 
experience a n d  t h e  emerging oppor tun i t i e s  b u t  have  e i ther  
been pass ive  o r  s h o w n  inclination t o  act as import  chan-  
nels. In f a c t  a f t e r  t h e  concer ted e f fo r t s  in t h e  late seven- 
ties a n d  ear ly  80's t h e r e  is a g a i n  a  t endency  f o r  use r s  of  
S p a c e  services  t o  revert  t o  import ing e a r t h  s t a t ion  equip-  
m e n t  cit ing non-availability, schedu le  a n d  per fo rmance  
l acunae  in t h e  lndian lndustriesk p roduc t s  - a familiar t u n e  ! 
public a n d  Private lndustry  in lndia s e e m s  t o  avoid t h e  
consor t ium a p p r o a c h  in w h i c h  a g r o u p  of Industries g e t  
t o g e t h e r  w i t h  a n  a g r e e d  shar ing  of  t h e  engineering a n d  
supply t a sks ,  w i t h  o n e  of t h e m  ac t ing  as t h e  p r ime  cont-  
ractor.  S u c h  cooperat ive  a p p r o a c h e s  - in w h i c h  t h e  bulk 
of t h e  engineering s y s t e m s  a n d  h a r d w a r e  w o r k  is perfor- 
m e d  wi th in  India, w i t h  very se lect ive  c o m p o n e n t  acquisi-  
t ion f r o m  a b r o a d ,  w o u l d  ~ltilize t h e  exper t ise  a n d  s t r e n g t h  
of e a c h  member  of  t h e  consor t ium a n d  avoid unheal thy 
competit ion. For t h e  c u s t o m e r  i t  wou ld  provide a c o s t  
effective supply s y s t e m  w i t h  a service  back-up. Regret- 
tably  if e a c h  lndustry  c o m p e t e s  w i t h  t h e  o t h e r  o n  t h e  
b a s i s  of t ie-ups  w i t h  foreign manufac tu re r s ,  a n d  t h e  
u s e r s  of S p a c e  services  encourage  t h i s ,  t h e  g rowing  lndian 
S p a c e  s y s t e i n s  a n d  se rv ices  ins tead of s t rengthening t h e  

22 



Industrial b a s e  would  end  u p  in channeling s c a r c e  lndian 

r e s o u r c e s  to lndustry  abroad .  This  would  indeed be a 
g r e a t  pity. 

I t  is w o r t h  not ing t h a t  e a r t h  s t a t i o n s  a n d  ground 
s ta t ion  equ ipment  a r e  needed n o t  only f o r  S p a c e  sys tems .  
T h e  major  s u  b - sys tems  - an tennae ,  sensi t ive  receivers, 
h igh-power  a n d  l o w  no i se  pa ramet r i c  amplifiers,  t r anmi t -  
receive c h a i n s ,  multiplex s y s t e m s ,  te iecommunicat ion 
a n d  d a t a  t r ansmiss ion  a n d  i m a g e  process ing a n d  ana lys i s  
equ ipment  a r e  a l so  required in large a r e a s  of t h e  d o m e s t i c  
profess ional  t echno logy  market  w h i c h  includes educat ion 
a n d  scientific r esea rch  ins t iu t ions ,  R EP D Laboratories,  
n e w s  agenc ies  a n d  facs imile  t r ansmiss ion  use r s ,  a u d i o  
a n d  video e q u i p m e n t  a n d  t h e  hosp i t a l s  a n d  hea l th  services  
aswell as defence.  I t  is obv ious  t h a t  w e r e  t h e  lndian 
lndustry  t o  ser iously  g e a r  itself u p  f o r  t h e  oncoming 
d o m e s t i c  S p a c e  requirements ,  w i t h  s o m e  enlightened a n d  
sus ta ined  help f r o m  government ,  i t  could a l s o  h o p e  t o  
pa r t i c ipa te  in a n  expanded  d o m e s t i c  as well as t h e  inter-  
national market  - especially relating t o  p r o g r a m m e s  of t h e  
neighbouring developing countries.  While lndian lndustry  
s e e m s  to have  remained s o m e w h a t  pass ive ,  Europe is 
very ac t ive  in t h e  3 r d  wor ld  countr ies  promoting s t u d i e s  
o f  t h e  u s e  of S p a c e  s y s t e m s  w i t h  t h e  expecta t ion o f  la ter  
sales. 

T h e  s izeab le  requ i rements  of  sa te l l i te  communica t ions  
a n d  u s e  of remotely  s e n s e d  d a t a  f o r  t h e  Middle Eas t ,  t h e  
Continent of Africa, S o u t h  Eas t  Asia  a n d  Australia provide 
addi t ional  s c o p e  a n d  oppor tun i t i e s  f o r  lndian lndustry a n d  
potential  a v e n u e s  f o r  mutually a d v a n t a g e o u s  Sou th-South  
cooperat ion.  

T h e  A r a b s a t  s y s t e m  is a l ready  in place  w i t h  virtually 
all e lements  of t h e  S p a c e  a n d  g round  s e g m e n t s  procured 
f r o m  Europe a n d  USA. For  a var ie ty  of r e a s o n s  its full u s e  
h a s  y e t  to materialize.  Large a r e a s  of Africa remain very 
poorly linked a n d  se rved  by  modern  communicat ions .  
Es t imates  f o r  a n  AFSAT s y s t e m  w i t h  t w o  sate l l i tes  
carrying 20 t o  30 ac t ive  t r a n s p o n d e r s  f o r  te lecommuni-  
c a t i o n s  a n d  TV distribution a n d  covering t h e  w h o l e  of 
Africa indicate  expendi tures  of t h e  o rder  of  qT 800 million, 
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of which nearly 75% would be for the ground segment. 
Africa already rsceives the US Landsat and the French 
Spot spacecrait imageries and data but  the users are as 

yet nowhere near using this technoiogy on an operational 
basis. Here is another potential market for  the Indian 
Space Industry. lndian industrial organisations- which 
actively serve the domestic Space market and also have 
earlier collaboration agreempnts w i t h  advanced industries 
=broad should w i t h  ISRO's assistance be able t o  trade the 
supply o f  their own  Space products t o  European, Japanese 
and US prime contractors through sub-system sub- 

contracts against payment or transfer o f  new know-how. 
They would, o f  course, have t o  be competitive in cost and 
performance. 

6, issues of Policy and Industrial Action 

The surmise o f  the preceeding pzragraphs is that  the 
scaie o f  on c o r n i ~ g  national investments t o  sustain indian 

x Space Services over the next decade c a n ~ o t  only provide 9 
a significant and profitable domestic market for  lndian 

Industry, but  also help it t o  acquire technological muscle 
t o  enlarge i ts capability for  increasing the value added 
component in other areas and so eventuaily capture a part 
o f  the growing international market In high technology 
applications - especially in the deveioping countries which 
are likely t o  be a target for  Space applications. 

The achievement of  this object has some'imperatives. 
First of all the nature, t ime scale and sharply tuned 
objeczives o f  Space p ro je~ ts ,  necessitaie advance actions 
or, the part of  industrial establishments - otherwise they 
w i l l  miss the opportunity. This advance action implies an 
understand~ng o f  and familiarity w i t h  the broad oncornlng 
areas where Space services would be expanding into. Part 
of the general informarion base is availabie on the basis 
of the existing Space services and an awareness o f  the 
technicai and technological trends elsewhere in the world. 
This however, is  not enough and efforts f rom industry as 
weil as Government are required. When deveiopment o f  
existing services or new ones are being pianned by public 
agencles it is wise and important for  government as a 
measure of  considered policy in public interestto inform 



lndian lndustry eariy e n c v g h .  F c r t h i s  purlcose general,  
vagueiy w o r d e d  public p ronouncements  at  inaugural a n d  
o t h e r  ceremonial o c c a s i o n s  a r e  of little value. T h e s e  lack 
t h e  definition a n d  concre teness  f o r  professional s y s t e m  
engineering a s s e s s m e n t s  f r o m  w h i c h  only c a n  industry  
der ive  a clear  m e a s u r e  of w h a t  m a y  be involved a n d  
w h e t h e r  a professionally reward ing  a n d  profitable 
involvement is called for.  

T h e  essent ia l  mechan i sm f o r  t h i s  is a n  information 
- s y s t e m  f o r  lndian lndustry  dur ing t h e  s t u d y  o r  conceptual  

p h a s e  of projected S p a c e  activities. 10 b'e effective t h e s e  
s t u d y  o r  c o n c e p t  p h a s e  activit ies in industry have  t o  b e  
r igorous  a n d  industry m u s t  b e  prepared t o  invest in them.  
W h a t  usua!ly h a p p e n s  in m a n y  c a s e s  is t h a t  t h e  public 
agenc ies ,  charged  w i t h ' t h e  responsibil i ty of pianning a n d  
introducing a n e w  s y s t e m  o r  developing o r  modernis ing 
a n  existing one ,  proceed to "informaliy" ob ta in  information 
f r o m  interested "part;es". In case of  advanced  technologi- 
cal s y s t e m s  t h e r e  being f e w  Indian industrial  concerns  w h o  
c a n  meaningfully respond,  recourse  is taken t o  f i r m s  a b r o a d  
a n d  the i r  ever  p r e s e n t  representat ives  in India. Once  t h i s  
s t a r t s  t h e  famil iar  p rocess  of requ i remsnts  get t ing m o r e  
o r  less-tailored t o  w h a t  lndustry  f r o m  a b r o a d  c a n  o f fe r  
t a k e s  place. Indian lndustry  se ldom exer t s  o r  exercises  
a n y  real profess ional  engineer ing s y s t e m  analysis,  o r  
design a s s e s s m e n t  b u t  usually h o p e s  to e i the r  b e c o m e  t h e  
junior par tner  w i t h  licence product ion at b e s t  o r  at w o r s t  
a c t  as  a procurement  channel.  T h e  t i m e  f a c t o r  inevitably 
w o r k s  a g a i n s t  t h e  n e w  c o m e r  industry  especia l ly  in high- 
risk and expensive a r e a s  s u c h  as Space .  A major  d e p a r t u r e  
f r o m  t h i s  self-defeating a n d  re t rograde  p rocess  c a n  occur  
only if government  a n d  lndian industry  begin a bus iness  
like, s e r i o u s  p r o c e s s  of d iscuss ion a n d  professionally clear 
a r r a n g e m e n t s  at  t h e  concep t  o r  s t u d y  p h a s e  itself, w i t h  
t h e  c lea r  knowledge  o n  all s i d e s  t h a r  t h e  s t u d i e s  would  
involve s o m e  expendi ture  a n d  m a y  o r  m a y  n o t  lead t o  a 
full development  o r  procurement  contract .  

T h e  p r o c e s s  is famil iar  in virtually all international 
industrial  c o n t r a c t s  f o r  n o t  only S p a c e  b u t  a l s o  f o r  m a n y  
o t h e r  advanced  projects .  I t  is a l s o  not  complete ly  unknown 



in India. W h a t  a p p e a r s  t o  b e  lacking is a clearly under- 
s t o o d  procedure  right f r o m  t b e  c c n c e p t  t o  t h e  finat phase ,  
openly a n d  fairly conduc ted  in a prcfess ional  manner  w i t h  
compet ing  o r g a n i s a t i c n s  undertaking clearly defined 
engineering a n d  technical  worlc in e a c h  p h a s e  f o r  w h i c h  
t h e y  make  s o m e  investment  a n d  c a n  h o p e  t o  receive 
reasonab le  compensa t ions .  

Another  i s s u e  of p r ime  i m p o r t a n c e  re la tes  t o  c o s t s .  
A s  noted earlier, c o m p a r e d  to m o s t  o t h e r  industrial  
products .  S p a c e  h a r d w a r e  d o  n o t  eas i ly  lend themse lves  to 
quan t i ty  production. Nevertheless consider ing t h e  high 
investments  in research a n d  deve lopment  a n d  in creat ing 
t h e ,  infras t ructure  specia l  e f fo r t s  a r e  called f o r t o  -Fully 
capitalize o n  proven d e s i g n s  a i ready developed. In t h e  
p a s t  t h e r e  h a s  been a s t r o n g  t endency  o n  t h e  p a r t  of  S p a c e  
scient is ts ,  eng ineers  a n d  des igners  to innovate  n e w  
technologies  f o r  virtually every n e w  project. T h e  t rend 
was probabiy set by  NASA, t h e  U S  lead S p a c e  a g e n c y  
pushing the-s ta te-of- the-ar t  o n  every occasion.  For a 
c o s t  effective a n d  a f fo rdab le  S p a c e  p r o g r a m m e  India will 
have  to learn t o  m a k e  t h e  b e s t  u s e  of  its inves tments  b y .  
leng.thening t h e  product ion r u n s  of  its sate l l i tes  a n d  
consciously find w a y s  of us ing e lements  of t h e  s u b -  
s y s t e m s  a n d  technologies  in o t h e r  a r e a s .  Government  
policy in t h i s  regard a l s o  n e e d s  t o  evolve s ince ,  if nothing 
else,  r e source  c o n s t r a i n t s  will d i c t a t e  severe  l imita t ions  
a n d  if s top-and-go  dec i s ions  a r e  t o  b e  avoided in t h e  
public interest .  T h e  i s s u e  is complex a n d  will d e m a n d  
se r ious  Ion3 r a n g e  planning a n d  dia logue b e t w e e n  
Government  a n d  Indusrry. 

Among  t h e  poss ib le  . approaches  t o  s u c h  i s s u e s  
Indian Industry shou ld  b e  encouraged  t o  m a k e  full u s e  of 
t h e  facil i t ies a n d  t ra ined m a n p o w e r  set u p  f o r  earlier 
S p a c e  projects.  S u c h  a c t i o n s  by industry would  b e  helped 
if long term a s s e s s m e n t s  a r e  conver ted into reasonably f i rm 
indications a n d  o r d e r s  f o r  Industry. Typically in m a j o r  
S p a c e  h a r d w a r e  s u c h  as sate l l i tes  a n d  launchers  pro- 
duct ion o f  t h e w h o l e ,  o r  in s u b  assembl ies ,  in quan t i ty  
rapidly l o w e r s  t h e  c o s t  a n d  s u s t a i n s  reliability. Ariane 
S p a c e  t h e  French organisat ion providing t h e  European 
launch services  h a s  a s s e s s e d  t h a t  by plasing o r d e r s  f o r  



50 l a s ~ n c h e r s  t h e  c o s t  per launch would b e  lowered b y  25% 
a m a t t e r  of  s o m e  $ 10 million per iauncher .This  philosophy 
a n d  its var iants ,  is imperat ive  f o r  t h e  FSLV Et GSLV 
launchers  leeding n o t  only t o  sav ings  f o r  t h e  national ex-  
chequer  b u t  a l so  eventually making t h e  lndian launchers  
m o r e  compet i t ive  internationally. One  c a n  a l s o  learn s o m e  
useful l e s s o n s  f r o m  t h e  conduc t  of t h e  USSR S p a c e  
p r o g r a m m e  in t h i s  regard.  While n o t  ignoring t h e  
technology imperat ives  world  w i d e  f o r  improved s y s t e m s  
a n d  n o t  shying a w a y  f r o m  t h e  related R & D investments  
thde Soviet  Government  h a s  nor  a l iowed t h e s e  t o  d ~ s p l a c e  
t h e  prolonged u s e  of well-tried s y s t e m s  on  t h e  ground of 
being o u t m o d e d .  T h e  Soviet  l aunchers  in operat ional  u s e  
t o d a y  w e r e  engineered in t h e  la te  sixties-once proven 
t h e y  have  been p roduced  in large n u m b e r s  f o r  t h e  USSR 
p r o g r a m m e  a n d  a r e  n o w  emerging in t h e  interhationsi 
s c e n e  a t  pr ices  w h i c h  n o  o n e  c a n  b e a t  - excep t  politically ! 

T h e  emerging S p a c e  industry  o n  its p a r t  m u s t  
recognise  t h e  complexity,  h igh c o s t  a n d  r isks  in t h e  S p a c e  
marke t s  a n d  o rgan i se  itself. One  impor tan t  s t e p  would  b e  
t h e  fo rmat ion  of  a n  lndian S p a c e  Industr ies  Associa t ion 
(ISIA). While s o m e  preliminary thinking a?d  a c t i o n s  have  
a l ready taken place during t h e  ISRO-Industry dia logues  
m u c h  m o r e  n e e d s  to b e  done.  lSlA could cons t i tu te  a 
professional f o r u m  f o r  cooperat ion w i t h  Governmenr in 
S p a c e  a n d  help  minimize f o r  its m e m b e r s  t h e  imped iments  
a n d  risks inherent in S p a c e  activit ies.  It could a l s o  help 
t o  evolve accep tab le  insti tutional m e c h a n i s m s  f o r  servicing 
a n d  u s e  o f  t h e  nat ional  S p a c e  assets built-up t h r o u g h  
public investment .  

6.  Conclusion 

Developments in t h e  matur ing  lndian S p a c e  pro- 
g r a m m e  a n d  t h e  w o r l d  w i d e  expansion of S p a c e  act ivi t ies  
indicate  a g o o d  opportuni ty  f o r  lndian Industry f o r  
g rea te r  professional investment  a n d  involvement in S p a c e  
bus iness .  If effectively pursued t h i s  w o u l d  s t reng then  
t h e  national technology b a s e  as well as  contr ibute  t o  a 
m o r e  efficient execution of t h e  expanding nat ionai  S p a c e  
services.  While  t h e  central  role of govern'ment, a f e a t u r e  
o f  all S p a c e e f f o r t s  t h e  w o r l d  over, is likely t o  remain,  



Indian Industry must now receive the re~u is i te  incentives 
for an expanded role in the domestic Space market, 
thereby lowering costs for domestic Space activities 
and also qualifying it for competing in the growing inter- 
national market for civilian Space and other products. . 
Indian experience in tailoring Space hardwareto'clearly 
defined service objectives in Space communications, 
meteorology and application of remote sensing technology 
t o  resource assessment and management can prove a 
valuable asset for cooperation w i th  other developing 
countries in the Asian and African regions in  their effort 
t o  utilize Space technology. 
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Research Organisation between 1 9 7 2  and  1 9 8 4 .  During 

1 9 8 4 - 8 5  h e  w a s  Senior Adviser, Department of Space  

and  since 1 9 8 5  he is a Member, Space  Commission. Prof. 

Dhawan was earlier Prof. and Head of Department of 

Aero Engineering (1 955-62)  and Director (1 963-1 981)  of 

t h e  !ndian lnstitute of Science, Bangalore. He was visi- 

t ing Professor of Aeronautics, California lnstitute of 

Technology, during 1 9 7 1  -72. 
i 

Prof. Dhawan had been President of lndian Academy 

of Sciences a s  well as President and  Honorary Fellow 

of Aeronautical Society of India. He is a Fellow of lndian 

Academy of Sciences, lndian National Science Academy 

and  Royal Aeronautical Society, U.K. 



Prof. G h a w a n  has been assoc ia ted  w i t h  var icus  

important  national commit tees .  He h a d  been Member,  

Scientific Advisory Commit tee  to t h e  Union Cabinet; 

Member ,  National Commit tee  o n  Science a n d  ~ e c h n o l o g y  

and Member,  Science Advisory Commit tee  t o  t h e  Union ' 

Cabinet.  - 
* .  



LALA KARAM CHAND THAPAR 

Late Lala Karam Chand Thapar, the founder of 
Karam Chand Thapar & Bros. Ltd., was born in 1895 in a 
modest Punjabi family at Ludhiana. He was one of those 
rare individuals who, by their own energy and acumen, built. 
up from the smallest beginnings, a large industrial organis- 
ation in their own life time. 

After receiving his education at Punjab University, he 
w started his career as a businessman at Ludhiana (Punjab) in 

1 91 7, moved over t o  Calcutta in 1 920 an'd continued the 
expanded business in the firm named Karam Chand Thapar 
& Bros. 

O 
In 1929 it was incorporated in the name and style it 

bears today. which formed the nucleus around which the 
present structure has been steadily growing up. Initially, the 
f i rm confined itself mainly t o  buying and selling coal. Soon, 
afterwards it expanded into coal raising contracts, lease and 
ownership of collieries. The years that followed witnessed the 
widening up of business horizon pertaining to  coal, paper, 
textiles, sugar, spirit, starch, radios and engineering goods, 
forming a large iridustrial complex in the country. 
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Lala Karam Chand Thapar w a s  able t o  foresee 
industrial potentialities of t h e  country necessary t o  sustain a 
developing economy. He, applied-himself wi th  zea!. and energy 
t o  t h e  t a sk  of set t ing u p  industrial uni ts  wi th  professional ~ 

management  s t ructure evolved on t h e  pattern of contemporary 
British f i rms in India. All th i s  symbolised by t h e  dynamic 
character of his personality. His pioneering work, in d u e  
course, led t o  t h e  foundation of t h e  Organisation which 
brought i t  no t  only t o  t h e  rank of sixth biggest industrial 

* 

house in t h e  country but  also has  pb t  itself on  t h e  w a y  ta 
expansion and development wi th  intensive activities ou ts ide  
India in paper  manufacturing, pulp making, g lass  industry, 
textiie manufacturing, edible oil manufacturing, hoteliering, * 

etc.  
Substantial as t h e  achievements of Cala Karam 

Chand, in t h e  industrial world, were,  his contribution to 
guidance of industry a s  a whole was no  less. In f ac t  t he re  
w a s  no sphere of activity in which  he did not  take  part  and  
which  did not  bear t h e  imprint of his  varied and  mature 
experience and bold outspoken personality. Among t h e  various 
responsible offices held, h e  w a s  one  of t h e  founders  of t h e  
lndian Sugar  Syndicate and  its Chairman from 1 9 3 7  t o  1 9 4 2 .  
He w a s  t h e  President of t h e  lndian Sugar  Mills Association, 
All India Organisation of Industrial Employers, lndian Chamber 
of Commerce, Calcutta, a Committee Member of t h e  
Commerce, Calcutt+ a Co-mmittee Member of t h e  1,rrdian 
Mining Association, Member, Central Advisory Council of 
Industries, Iron €t Steel Advisory Council, Standing Committee 
for  Scientific Research and  Industry, Direct Taxes Central 
Advisory Committee & Export Promotion Committee. He w a s  
one  of t h e  oldest  committee members  of t h e  Federation of 
lndian Chambers of Commerce a n d  lndustry and  its President 
in 1961. 

Lala Kararn Chand Thapar  was one  of t h e  m o s t  
respected industrialists of t h e  country besides being a philan- 
thropist ,  educationist and  humanitarian. In mid-fifties, jointly 
wi th  t h e  then PEPS,U Government, he  created Patialas 
Technical Education Trust,  which established t h e  Thapar 
lnstitute of, Engineering a n d  Technology a t  Patiala. a foremost  
Engineering lnstitute w i th  Post-graduate, Under-graduate 
and Diploma level.te.chnical educational tacjlities in Northern 
In@ja today. 

%cause, of h i s  w ide  knowJedge, and experience in 
business Lala Karam Chand's advise was ,  often sought  o n  
uizal policy a spec t s  confronbing the, lndustry, qoal, sugar ,  
Paper in particuJat. As t h e  CAPITAL Wrote, a$ t h e  t ime o f ,h i s  
dea th  in 19,62 : 

"The influence of h i s  thinking will cont inue to  s h a p e  the 
policies of the.lndian Industry for, many yews to-come." 
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