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PREFACE 

T h i s  C o l l a b o r a t i v e  P a p e r  i s  a r e v i s e d  v e r s i o n  o f  a c o n t r i b u t i o n  
made by George F. Ray t o  a  Task F o r c e  Meet ing  on " I n n o v a t i o n  
and I n d u s t r i a l  S t r a t e g y " .  The a u t h o r  g i v e s  a h i s t o r i c a l  o v e r -  
v i ew  of  t h e  impac t  o f  i n n o v a t i o n s  on economic g rowth ,  p o i n t i n g  
o u t  t h e  development  c h a i n s  a r i s i n g  f rom b r e a k t h r o u g h s  i n  c e r t a i n  
a r e a s .  H i s  p h i l o s o p h y  c a n  be  i l l u s t r a t e d  by h i s  s t a t e m e n t :  
"The s i n g l e  p i s t o l  s h o t  a t  S a r a j e v o  w a s  n o t  t h e  un ique  r e a s o n  
f o r  t h e  o u t b r e a k  o f  t h e  Great War i n  1914,  n o r  w a s  W a f t ' s  p e r -  
f e c t i o n  of  t h e  p r i m i t i v e  steam e n g i n e  t h e  u n i q u e  c a u s e  o f  an  
economic upswing."  The economic mechanism of  l o n g  waves c a n n o t  
be d e s c r i b e d  i n  a one-d imens iona l  way i ndeed .  Georege F. Ray 
p r e s e n t s  also a n  h y p o t h e s i s  on t h e  c o n t e n t  o f  a f u t u r e  upswing 
o f  w o r l d  economy, i n c l u d i n g  i n  it e n e r g y ,  f o o d ,  env i ronmen t  and 
socia l  i n s t i t u t i o n s .  I n  h i s  o p i n i o n  t h e  m i c r o p r o c e s s o r  i s  o n l y  
a n  i m p o r t a n t  too l  fo r  t e c h n o l o g i c a l  changes  i n  v a r i o u s  f i e l d s .  
I t  i s  l i k e  a chamaleon,  it t a k e s  on t h e  c h a r a c t e r  o f  wha teve r  
program h a s  been f e d  t o  i t .  

He inz -D ie te r  H a u s t e i n  
I n n o v a t i o n  Task Group 
Management and Technology 
November, 1  980 
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INNOVATION AND LONG-TERM ECONOMIC GROWTH 

G F Ray 

National I n s t i t u t e  of Economic & Social  Research 

My personal preference f o r  a t i t l e  would be 'Once again: Innovation 

and t h e  long cycles'  - s ince I have recent ly  expressed elsewhere ( 1  )(2) 

cer ta in  views on t h e  par t  played by innovations i n  t h e  constant ly  debated 

long cycles;  it i s  not 'icy in tent ion t o  repeat here what has been sa id  i n  

considerably more d e t a i l  there .  Let me jus t  mention b r i e f l y  one o r  two 

points t h a t  seem t o  me re levant  t o  t h e  new mater ia l  t h a t  fol lows. 

THE LONG CYCLES 

This is  not t he  place t o  ge t  involved i n  t h e  argment  o f  whether long 

cycles i n  economic a c t i v i t y  do indeed ex i s t  o r  not .  The controversy s t a r t e d  

immediately following t h e  publ icat ion of  Kondratiev's study i n  t h e  1920s, has 

been going on ever s ince,  and w i l l  probably continue. More recent ly ,  however, 

as one outcome of the  gloomy s t a t e  of  t h e  world economy - including here East 

and West a s  wel l  a s  t he  Third World, with t h e  so le  exclusion of  some o i l  

producers - t h e  study of long cycles has again come t o  t h e  f o re  and has l e d  

t o  t h e  publ icat ion of some valuable views with t heo re t i ca l  and empir ical 

statements by both new converts and o ld  d isc ip les ,  among them such wel l  

known names a s  Rostow and Forres ter .  (3)  

hfy i n t e res t  invar iably l i e s  not d i r e c t l y  i n  t h e  theory - o r  t h e  r e a l i t y  - 
of t h e  Kondratiev cycle but  i n  i ts  relevance t o  innovation (o r  v i ce  versa)  

and i n  t h e  manner innovative a c t i v i t y  can inf luence, indeed give a push, t o  

t h e  whole economic system. 

The th ree  long cycles i den t i f i ed  by Kondratiev and accepted by Schumpeter 

i n  h i s  t h e s i s  were a l l i e d ,  i n  t h e  most s impl i f ied form, t o  t h e  dissemination 

of steam power, t o  t he  railway boom, and t o  t h e  jo in t  e f f ec t s  of t h e  motor car 

and e l e c t r i c i t y .  These a r e  obviously crude genera l isa t ions,  s ince t h e  'steam 

power' per iod cannot be divorced from t h e  development of t h e  coa l  and cot ton 

indus t r ies ;  t h e  railway boom could not have happened without an i ron  and s t e e l  



i n d u s t q  of new dimensions; and t he  t h i r d  upswing included - apar t  from t h e  

somewhat loose a t t r i bu t i on  t o  t h e  motor car  and e l e c t r i c i t y  - t h e  b i r t h  of 

t he  modern chemical industry,  among other  th ings.  It i s  never a simple 

matter t o  f ind  a unique cause of h i s t o r i c a l  developments i n  t h e  economic 

arena;  the  s ing le  p i s t o l  shot at Serajevo was not t h e  unique reason f o r  t h e  

outbreak of t h e  Great War i n  1914, nor w a s  Watt's perfect ion of  t h e  

pr imi t ive steam engine t h e  unique cause of  an economic upswing. 

EXCURSION INTO HISTORY 

If we s t a r t  searching f o r  reasons f o r  upswings, and espec ia l l y  i f  

we bel ieve t h a t  innovation is,  general ly  speaking, a 'Good Thing' which o f f e r s  

t h e  innovator advantages over laggards, then we can f i nd  p lenty o f  evidence 

point ing t o  i t s  importance and t o  t h e  r o l e  played by various i n n ~ ~ a t i o n s  i n  

t he  fortunes o f  t h e  countr ies implementing them. The leading r o l e  a f  

Br i ta in  i n  t h e  19th century was i n  no s m a l l  measure due t o  t h e  rap id  

int roduct ion of s t e m ,  t o  t h e  se r i es  of major innovations i n  t h e  var ious 

phases of t h e  cot ton industry,  as wel l  as t o  t h e  development of coalmining 

i n  t h a t  country. It continued with t h e  growth of t h e  coal-based i r on  and 

s t e e l  indust-ry which made the  railway boom possib le.  B r i ta in  was later 

overtaken by o thers ,  espec ia l ly  Germany - again 'due t o  t h e  g rea t  German 

innovations i n  s t e e l  and chemicals. And f i n a l l y ,  by tak ing up both 

e l e c t r i c i t y  and t h e  motor ca r  before t h e  o thers ,  t h e  United S ta tes  not only 

a r r i ved  on t h e  scene, but overtook everybody e l se .  

The i ndus t r i a l  revolut ion i n  Br i ta in  - and t h e  various innovations 

leading t o  it and a r i s i ng  from it - are too  wel l  known from economic h is to ry ;  

t o  an extent ,  almost t h e  same i s  t r u e  of  t h e  ascendence of t h e  United S ta tes .  

Somewhat l e s s  i s  general ly  known - espec ia l ly  outs ide Germany - of t h e  German 

developments. The German s t e e l  industry was indeed th r i v ing  on t h e  then new 

Thomas process: from 1880 t o  1900 i t s  output rose tenfo ld ,  leaving B r i t a i n  far 

behind. The cost  of  steelmaking i n  Germany dropped t o  one t e n t h  of t h e  l e v e l  

of the 1860s a s  t h e  com5ined r e s u l t  of technological  progress and sca le  

economies. A s  ear ly  a s  1900 Germany suppl ied 90 per cent of  t h e  world 

production of dyes. The e lec t r i ca l  industry owed much t o  t h e  systematic 

concentrat ion (espec ia l l y  of siemens) on invention and t o  t h e  ear l y  large-scale 

adoption of Edison' s patents . 



Kondratiev paid g rea t  a t t en t i on  t o  t he  French economy when he 

constructed h i s  s t a t i s t i c a l  s e r i e s  supporting h i s  long waves. However, 

France - cer ta in l y  t he  leading country i n  18th century Europe, with t h e  

l a rges t  population - was not among t h e  l a t e r  i ndus t r i a l  pioneers. For a 

whi le, i n  t h e  t imes of t h e  revolut ion and t h e  Napoleonic wars, it w a s  cut  

o f f  from t h e  world outs ide and l o s t  contact with techn ica l  progress t he re ;  

t h e  i ndus t r i a l  advance t h a t  s t a r t e d  i n  t h e  second ha l f  of t h e  18th century,  

helped by new techniques imported from England, was ha l ted.  France remained 

fo r  a long t ime, ce r t a i n l y  u n t i l  t h e  middle o f  t h e  19th century, a l a r g e l y  

ag r i cu l t u ra l  country. The contr ibut ion of a few major i n d u s t r i a l  innovat ions 

was nevertheless important t o  French (and general )  i n d u s t r i a l  progress - such 

a s  Jacquard's loom, Thimonnier's sewing machine, Ber tho l le t ' s  chlor ine-bleacher 

o r  Girard's f l a x  spinner.  The l a t e r  spread of i ndus t r i a l i sa t i on  coincided i n  

France wi th Kondratiev's second cycle character ised by t h e  ra i lway boom. 

Among t he  major European powers of the  t ime,  Austria-Hungary was lagging 

f a r  behind t h e  above West-European t r i o .  The Austr ian indust ry  was very  slow 

i n  t h e  int roduct ion of steam power and t h e  major i ty  o f  p ig  i r on  production was 

exclus ively charcoal-smelted u n t i l  about 1870. We cannot even speak o f  I t a l y  

proper before i ts  un i f i ca t ion  i n  1860; by about t h e  middle o f  t h e  19th century 

the  leading industry i n  Piedmant and Lombardy w a s  silk-throwing; most o f  t hese  

m i l l s  worked by water power. Up t o  1860 a l together  1800 lan of  rai lways were 

b u i l t ;  lack  of coa l  character ised t h e  i ndus t r i a l  scene: here  t o o  ironmaking 

was based on charcoal.  Although rai lway bui ld ing was speeded up, i n d u s t r i a l  

progress was slow t o  1880 and the r e a l  spur t  followed i n . t h e  per iod 1899-1913, 

i n  t hc  t h i r d  Kondrat:'.ev c y d e  only, i n i - i a t ed  by two new products o f  innovat ion: 

automobiles and typewr i ters.  

The h i s t o r y  of t h e  economies of smal ler  i n d u s t r i a l  countr ies a l s o  

provides support t o  t he  outstanding importance of innovations. The Swiss 

economy not only survived B r i t i s h  competit ion, which at one t ime jeoparaised 

t h e  existence o f  t h e  once f lour ish ing Swiss cot ton industry,  but  by means of 

innovat ions - mong them, some i n te res t i ng  organ isat iona l  changes - recovered 

t o  become a ser ious competitor t o  t h e  Br i t i sh ,  i n  cot ton manufactures and 

t e x t i l e  machinery a l i ke .  From t e x t i l e s  t o  machinery znd then onwards t o  

dyes - t h i s  was t h e  sel f -susta ined way of advance o f  Swiss indust ry  based on 

i ndus t r i a l  and organ isat iona l  innovet ions, great  f l e x i b i l i t y ,  and t h a t  s p e c i a l  

a g i l i t y  and managerial t a l e c t  t h a t  seems t o  be a cha rac te r i s t i c  of t h e  i ndus t r i es  

o f  some smaller count r ies ,  of which Switzerland i s  one t y p i c a l  example and 

Belgium another. 



The l oca l  a v a i l a b i l i t y  of coal  and i ron  ore,  plus motive power by 

water,  were t k e  'cases o f  ea r l y  indv.st r ia l isat ion o f  t h e  region t h a t  by 

1830 had come t o  be ca l led  Belgium. The adoption of steam power was slow 

but  i n  1807 Huart-Chapel invented a reverbatory furnace f o r  melt ing down 

scrap i ron and introduced severa l  major changes - such as  puddling furnaces 

t o  convert p ig i ron  i n t o  wrought i ron (1821) - and b u i l t  t h e  f i r s t  coke 

b l a s t  furnace i n  t h e  Charleroi  area.  New type r o l l i n g  m i l l s  were a l s o  added 

a t  about t he  same time. Coming over from England, Cocker i l l  s t a r t e d  making 

spinning machines i n  Verviers as ea r l y  as 1799; a number o f  outstanding 

innovators helped t h e  Ghent t e x t i l e  indust ry  t o  prominence, as w e l l  as t h e  

metal i ndus t r ies  i n  Char lero i  and elsewhere. By 1840 t h e  country w a s  high ly  

indus t r ia l i sed ,  comparable only t o  Br i ta in ,  and had r e l a t i v e l y  t h e  densest 

r a i l  network i n  Europe. 

In con t ras t ,  Holland d id  not have any noteworthy indus t r ies ;  t h e  r i se  of  

Dutch metal i ndus t r ies  pa ra l l e l l ed  t h a t  of t h e  g rea t  maritime innovat ion: t h e  

steamship, t h e  f i r s t  of which appeared i n  Rotterdam i n  1823. 

Switzerland and Belgiua have been taken a s  examples of small coun t r ies  

which indus t r ia l i sed  ear l y .  The s i t ua t i on  w a s  very d i f f e ren t  f o r  Sweden. 

During t h e f i r s t  ha l f  of t he  l a s t  century Sweden was one of t h e  poorest  

countr ies i n  Europe. The l a t e  s t a r t  of i ndus t r i a l i sa t i on  was, however, 

followed by rap id  advance. The f i r s t  Kondratiev cycle d id  not touch Sweden 

a t  al l .  Towards t h e  end of the  second - t h e  rai lway boom - Sweden's indus t ry  

was t he  f a s t e s t  growing i n  t h e  whole of Europe and i n  t h e  t h i r d  cyc le  Sweden 

w a s  already i n  t h e  fo re f ron t ,  espec ia l l y  i n  t h e  area of e l e c t r i c i t y ,  w i th  

hydropower and pa r t i cu l a r l y  t h e  pioneering work i n  power transmission. One 

of t h e  bases of t h e  expansion of Swedish engineering indust r ies  w a s  an e a r l y  

invent ion, t h e  milk separator  ( 1870 ) which g rea t l y  contr ibuted t o  t h e  c rea t i on  

of an export ing da i ry  industry i n  t h e  Nordic count r ies  - apar t  from i ts 

important r o l e  i n  helping engineering t o  become estab l ished.  It was fol lowed 

l a t e r  by o ther  Swedish innovations i n  such var ied areas as t u rb ines ,  e l e c t r i c a l  

machinery, gas accumulators and b a l l  bearings. 

The country t h a t  perhaps benef i ted most from the  Swedish milk separa to r  

was Denmark: t h e  new equipment provided a changed techn ica l  bas i s  f o r  d a i r y  

farming, an important pa r t  of t h e  Dmish economy, and contr ibuted t o  a 

considerable extent  t o  t h e  development of t h e  cooperat ive movement i n  Denmark. 

The l a t t e r  w a s  instrumental i n  transforming the  export of p igs i n t o  t h e  s a l e  

of packed pork, another icnovat ion t h a t  required techn ica l  and o rgan isa t iona l  

change resu l t i ng  i n  t h e  s ign i f i can t  growth o f  another pa r t  of Danish 

agr icu l tu re .  



As i n  all Nordic count r ies ,  i ndus t r ia l i sa t ion  s t a r t e d  l a t e  i n  Norway, 

with the  development of hydroe lec t r ic i ty  around t h e  t u rn  of t h e  century. 

In  the f i ve  years 1900 t o  1905 Norwegian hydroelectr ic  power production rose 

e ight fo ld .  I ts benef ic ia l  e f f ec t s  can best  be i l l u s t r a t e d  by t h e  growth o f  

the  chemical industry: t he  growing production of  f e r t i l i s e r s ,  calcium n i t r a t e  

(based on German and American inventions but fur ther  developed by Norwegian 

innovators, Eyde and Birkeland) a s  wel l  a s  carbide (by 1910 Norwegian outpxt 

amounted t o  20 per cent of world product ion).  

Single major innovations can of ten be seen t o  have created t h e  bas i s  of  

whole nat iona l  indust r ies .  For example, t h e  Bessemer s teehak ing  process 

of fered t he  opportunity fo r  t he  large-scale use of Spanish i ron ores and 

f o r  t h e  development of t h e  s t e e l  industry i n  Spain. 

Another smaller country whose h is to ry  is worth studying from t h i s  angle 

i s  Hungarx. Because of h i s t o r i c a l  condit ions, i ndus t r ia l i sa t i3n  i n  Hungary 

s t a r t e d  even l a t e r  than i n  Sweden. For a long time t h e  country remained 

bas ica l l y  a g r i c u l t ~ r a l  and i ts  industry pr imar i ly  served agr icu l ture .  It 

was only recent ly ,  a f t e r  t he  Second War t h a t  industry became t h e  l a rges t  

sec to r .  This background makes t he  s ~ e c t a c u l a r  development i n  a few i so la ted  

cases even more s t r i k i ng .  Among these achievements, probably t he  most marked 

were those of two par t i cu la r  e l e c t r i c a l  engineering f irms which acquired 

in te rna t iona l  reputat ions ( ~ a n z  a d  'Tungsram' ) and developed very rap id ly  

indeed, thanks t o  t he  s ign i f i can t  innovations of a few highly g i f t ed  and 

successful  s c i e n t i s t s  and engineers i n  various areas of t h e  then fast-growing 

e l e c t r i c a l  industry. This example i s  of some s ign i f icance:  it underl ines t h e  

impcrtence of Cnno~rations even i n  a situa:ior, where t h ?  whole economic cl imate 

is not pa r t i cu la r l y  favourable, external  economies hardly e x i s t ,  and t h e  

domestic market does not provide a ~ y  great  stimulus t o  innovatory ac t i v i t y .  

SOME POINTS ARISING 

Thus, with t h e  benef i t  of h indsight ,  it i s  qu i te  possib le t o  f i nd  

h i s t o r i c z l  evidence f o r  t h e  importance of  major inno-i rations a s  generators 

of general  o r  regional  economic upswings. It i s  much more d i f f i c u l t  - and 

perhaps impossible - t o  acswer ce r ta in  questions which emerge. I w i l l  t r y  

t o  sketch them. 

-- Who was the  'bas ic '  inventor? Whoever he was, a long chain of previous 

inventions helped hin.  Take Faraday, whose demonstration t o  t h e  Royal Society 

i n  London, anno 1831, i s  o f ten taken as  t he  bi r thday of t h e  much l a t e r  developed 

e l e c t r i c i t y  industry. Be could not have presented h i s  theor ies  without t h e  

out standing achievements of s c i e n t i s t s  l i k e  Benjamin Frankl in ( 1749), Galvani 

( 179 1 ) , Volta ( 1800) , Anpsre ( 1822 ) and others.  It was a long way - before 

Faraday and a f t e r  him - t o  t h e  large-scale e l e c t r i c i t y  industry t h a t  



' c reated new soc ia l  bene f i t s ,  new markets and new jobs' ( t o  use tile 

de f in i t i on  of a major bas ic  innovation, coined by Mensch ( 4 )  1. 

- - Faraday was a s c i e n t i f i c  genius; so were some other  great  inventors. 

But Watt's simple aim was a b e t t e r  engine and Daimler's was a new veh ic le  

he could s e l l .  None of them was th inking,  presumably, of h i s  achievement as 

t he  s t a r t  of a new era ;  nor were t h e i r  immediate contemporaries th ink ing it. 

The great  new opening was usual ly  recognised somewhat l a t e r  by o thers  - such 

as  by Henry Ford i n  t h e  case of t h e  automobile. With t h e  benef i t  o f  h indsight  

it may be possib le t o  assess t h e  fundamental importance o f  some major 

innovation, but  it is  d i f f i c u l t  - o r  perhaps even impossible - t o  c l a s s i f y  

any r e l a t i v e l y  new development i n  t h i s  super-class without t h e  h i s t o r i c a l  

perspect ive. 

-- Fina l ly ,  wh i ls t  t he  s?gnif icance of a major bas ic  innovatior, i s  obvious, 

from the  point of view of i t s  impact on t h e  econoloy it is not t h e  innovation 

i t s e l f  but i ts di f fus ion,  across t h e  economy, ~ n d  t he  speed of t h i s  d i f fus ion,  

t h a t  matters most. 

The statements i n  the  above paragraph may seem t o  many t o  oppose t he  views 

of Mensch - who argued ( 4 )  t h a t  one of t h e  main reasons f o r  t he  decl ine of t h e  

world economy i s  the  dearth of major bas ic  innovations i n  recent decades. 

However, I t r u s t  t h a t  my views do not contradict  Mensch's theory a t  al l :  they 

supplement it. There a re  many innovations ' i n  t he  p ipe l ine ' ;  some of them may 

prove t o  be of major importance but only t ime w i l l  show which one( s ) - i f any. 
A t  present we cannot know - we can ' t  see t he  f o res t  f o r  t h e  t r ees .  

The quest ion is  nevertheless j us t i f i ed :  what i s  l i k e l y  t o  happen? 

Leaving a l l  o ther  important aspects  as ide ,  i s  t he re  anything on t h e  horizon - 
i n  t h e  area of innovations - t h a t  may make a marked impzct on economic a c t i v i t y  

o r  s i gn i f i can t l y  reshape the  way of l i f e ?  Nothing l e s s  than t h e  d iv ine 

insp i ra t ion  of a prophet is required t o  answer questions of t h i s  kind, and 

I can off'er no more than personal guesses. 



GUESSIIiG THZ FUTURE 

Let us f i r s t  have t he  'microprocessor revo lu t ion '  out of t h e  way. There 

a re  many who be l ieve t h a t  t h i s  g rea t  innovation w i l l  be t h e  redeemer o f  t h e  

s i ck l y  world economy, fol lowing i n  s ign i f i cance the  motors of e a r l i e r  

upswings. The importance of micro-electronics can be seen i n  many areas 

a l ready.  The microprocessor is  l i k e  a chameleon: it takes on t h e  character  

of whatever program has been fed i n t o  it. It can d i r ec t  a guided m iss i l e ,  

opera te  a f ue l  i n j ec to r  o r  a cof fee dispenser, o r  con t ro l  an i ndus t r i a l  

process. I t  can be used almost anywhere, i n  metal machining and i n  medical 

diagnosis. It is  conceivable t h a t  it could be a candidate t o  l ead  a 

technological upheaval, g iv ing t h e  necessary push f o r  a swing out o f  

Mensch's technolcgical  stale21late - i f  we r e a l l y  a re  i n  t h i s  pos i t ion .  

It is not b e l i t t l i n g  the  s ign i f i cance o f t h e  n icroprocessor when I 

express the  view t h a t  I consider it t o  be t h e  necessary instrument f o r  achieving 

a r e a l l y  marked change 'out I expect t h i s  change i t s e l f  t o  come elsewhere. 

My candidates f o r  t h i s  change a re  the  following a reas ,  i n  t h i s  order :  

energy 

food 

environment 

soc ia l  i n s t i t u t i o n s .  

Some may miss i n  t h i s  shor t  l i s t  those na tu ra l  resources t h a t  are ne i the r  

food nor energy; t h e i r  oniss ion is  i n ten t iona l .  I be l ieve  t h a t  w i th in  t h e  

foreseeable fu tu re  none of these w i l l  be i n  fundamentally scarce supply, but  

i f ,  contrary t o  my expectat ion,  shortages do occur, mankind w i l l  f i n d  a way 

t o  l i v e  without t he  scarce mater ia l  o r  f i nd  out how t o  rep lace it. S c i e n t i f i c  

and technological  advance w i l l  provide t he  answer i n  t h e  case of such an 

emergency - a s  it so o f ten  has i n  t h e  pas t .  (8) 

The above four  a reas  represent  various f ac to r s  of production (o r  ' resources ' ) , 
of which th ree  a re  l i k e l y  t o  be i n  a t i g h t  o r  disturbed pos i t i on  and one i n  

uncomfortable abundance. Energy may become s c z c e  ; food supp l ies  inadequate 

and land f o r  expanding food prodaction d i f f i c u l t  t o  f ind ;  and t h e  environment 

may be d isturbed by po l lu t ion  of var ious kinds. The four th  a rea ,  s o c i a l  

i n s t i t u t i o n s ,  concerns t he  f a c t o r  i n  p l e n t i f u l  oversupply: people. 

ENERGY 

With only a very s l i g h t  s t r e t ch  of t he  imagination it can be s a i d  t h a t  

t he  motors of e a r l i e r  Koridratiev upswings, a s  i den t i f i ed  by Schumpeterian 

ana lys is ,  were c lose ly  connected with energy developments. The first upswing 

had water power and t he  beginning of the  coa l  e ra .  The second was c l e a r l y  

based on coa l ;  t h e  t h i r e  on coa l ,  e l e c t r i c i t y  and t h e  ea r l y  development of o i l .  



The l a s t  upswing ( t he  postwar golden age t o  1973) was based oil o i l  and gas,  

with t he  bir thpangs of nuclear energy. 

The energy s i t ua t i on  does not require any g rea t  ana lys is  here. It w i l l  

su f f i ce  t o  say t h a t  t he  present  key, t h e  o i l  s i tua t ion ,  has a l ready become 

t i g h t .  The p r i ce  of o i l  a t  t h e  producers i s  now some 15 times t h a t  of i t s  

1972 l e v e l  i n  money terms, and increased over t h i s  period something l i k e  

s i x  o r  seven-fold i n  r e a l  terms. The world's main source of o i l  i n  i n t e rna t i ona l  

t r ade  is t h e  Middle das t ,  whose producers, a l l i e d  t o  exporters i n  o ther  a reas ,  

a re  assoc ia ted wi th in OPEC; they a r e  - a t  present - i n  a pos i t ion  t o  keep t h e  

market t i g h t  and s e t  t h e  p r i ce .  

The t i g h t  supply pos i t ion  and ever-increasing p r i ce  have, however, a 

number of impl icat ions. On t h e  negative s ide  (which at present - bu t ,  

hopeful ly,  probably only temporar i ly  - f a r  outweighs any bene f i t s  t h a t  might 

cone from t h e  pos i t i ve  s i d e  as de ta i led  below) are t h e  we l l  knowrl in f luences 

f ue l l i ng  i n f l a t i on ,  reducing domestic output and r e a l  income of t h e  o i l  

consumers, and resu l t i ng  i n  an imbalance i n  t h e  in te rna t iona l  f i nanc ia l  pos i t i on  

t o  an extent  t h a t  from t ime t o  t ime it may seem unmanageable. These a r e  a l l  

immediate e f f ec t s .  There i s  a l s o  a pos i t i ve  s i de  t o  t h e  present cons te l l a t i on  - 
but with e f f e c t s  which can only work i n  t h e  uncerta in f u tu re  (and some would 

? 

no doubt add: i f  a t  a l l ) .  Scarc i ty  and t h e  high p r i ce  a re  a g rea t  s-$mulus t 
t o  R & D e f f o r t s  i n  t h ree  d i rec t ions ;  these  a re :  conserving energy, t h a t  is 

ra i s ing  t h e  ef f ic iency of usage; searching f o r  new sources of conventional 

fue ls ;  end seeking sources of new types o f  energy. 

Mankind w i l l  be pressed t o  progress and it i s  my be l i e f  t h a t  so lu t ions 

w i l l  be found; indezd, t he re  Jre  a l r e a ? ~ .  s igns point in^ i n  al: thrcte d i rec t io .1~.  

Let me s t a r t  w i th  t he  f i r s t :  conservat ion. 

There a re  many s tud ies  r e l a t e d  t o  t h e  est imation of t he  p r i ce  

e l a s t i c i t y  of energy use. They d i f f e r  i n  t h e i r  est imates but agree, without 

except ion, on one point :  t h a t  wh i l s t  t h e  short-term p r i ce  e l a s t i c i t y  may be  

low, t h e  long-term react ion  of demand and usage t o  p r i ce  changes is high. 

The long-term may be longer than we would l i k e  t o  see;  i n  t h e  present  

condit ions of very slow growth and reduced investment a c t i v i t y  it may indeed 

be very long. 



The th ree  po in ts  t h a t  have t o  be borne i n  mind a re  these.  ' F i r s t ,  aper t  

from t h e  re l a t i ve l y  easy measures t h a t  can be taken i n  t h e  framework o f  

b e t t e r  householding - t h a t  i s ,  improved organisat  ion and more care fu l  con t ro l  

of energy use - any more important change t h a t  would y i e l d  higher energy 

e f f ic iency requ i res  new investment. That takes t ime, espec ia l ly  i n  a per iod 

o f  high i n f l a t i on  and slow growth, s ince t he re  a r e  many o ther  ob jec t i ves  

ca l l i ng  f o r  i nves tme~ t  and energy p ro jec ts  compete with o thers  f o r  t h e  l im i t ed  

cap i t a l  ava i lab le .  Secondly, and t h i s  i s  more important, apar t  from t h e  

once-and-for-all e f fec t  of t h e  dramatic r i s e  i n  o i l  p r i ces  i n  1973/74, u n t i l  

recent ly  t h e  f i nanc ia l  incent ive t o  invest  i n  energy saving has no t  been t o o  

great .  Whilst t h e  macroeconomic burden on our economies has increased 

subs tan t ia l l y  with t h e  manifold r i s e  i n  OPEC pr i ces ,  t h e  cos t  t o  t h e  f i n a l  

consumer has r i s e n  much l e s s .  Up t o  t h e  c los ing months o f  1979 t h i s  rise 

i n  r e a l  t e r n s  was i n  many cases no more than 30-40 per  cent  i n  +.he var ious 

count r ies ,  and i n  t h e  case of motor s p i r i t  even l e s s .  We cannot expect t o o  

much react ion  t o  slich a r e l a t i v e l y  minor r e a l  p r i ce  change, remembering t h a t  

energy cos ts  s t i l l  do not account f o r  a very l a r g e  share i n  t o t a l  product ion 

costs  (apar t  from some very heavy use rs ) .  In  t h i s  respect  I expect a 

s ign i f i can t  change es from about now, when t h e  second p r i ce  explosion i s  

l i k e l y  t o  reach t h e  consmer .  Thirdly,  it i s  .questionable t o  what ex tent  

e l a s t i c i t y  est imates,  which a r e  invar iably based on h i s t o r i c a l  experience 

going back t o  t h e  per iod of cheap energy supp l ies ,  a r e  re levant  t o  t h e  

fu ture  o f  a g rea t l y  changed energy s i tua t ion .  This i s  one o f  t h e  reasons I 

a m  avoiding t h e  use of any quant i f ied est imates.  Apart from t h e  p r i ce ,  t h e  

r e c o g n i t i x ~  of poss ib le  ? c a r c i t i e s  zay z l so  work i n  t h e  same d i r ec t i on  - 
t h a t  i s ,  t o  devote much more a t t en t i on  and a l l o c a t e  more resources t o  energy 

conservation. 

The second e f f ec t  o f  t he  present  s i t ua t i on  i s  t h e  search f o r  new sources 

of conventional fue ls .  Here we have p lenty  o f  evidence p r a c t i c a l l y  a l l  over  

t h e  world, but  l e t  me r e s t r i c t  myself t o  t h e  North Sea. The second wave of 

o i l  p r i ce  r i s e s  i n  1979 has a l ready induced operators t o  s t a r t  bu i ld ing  t h e  

equipment f o r  t h e  exp lo i ta t ion  of smal ler  o i l f i e l d s  discovered e a r l i e r  t h a t  

would not have been touched a t  a lower p r i ce  l eve l .  Explorat ion has a l s o  

received a f i l l i p  from t h e  p r i ce  b ike and only recent ly ,  i n  May 1980, both  

She l l  and BP announced independently t h e  f ind ing o f  major new gas f i e l ds  i n  

t h e  North Sea. Given the  f a c t  t h a t  so  far only a pa r t  o f  t h a t  maritime a rea  

has been explored, it i s  i10t wishfu l  th ink ing t o  be l ieve t h a t  even more w i l l  

be forthcoming; and t h e  s i t ua t i on  i s  probably s im i la r  i n  o the r  areas too .  



Fina l ly ,  t h e  search f o r  new sources of energy i s  a lso  seen i n  a 

d i f fe ren t  l i g h t  now. In  the  s c i e n t i f i c  sense, these sources a r e  not new. 

It is  t h e  engineering t h a t  causes problems and t h e  d i f f i c u l t i e s  of producing 

usable energy from these sources i n  la rge ,  commercial quan t i t i es .  Whichever 

of t he  new sources we take  - so la r ,  biomass, sugarcane-based gasohol, o i l  

sha les ,  t a r  sands, e t c .  - none of them w i l l  supply energy cheaply. But 

whi ls t  so f a r  t h e  d i f ference between the  cost  of  t he  novel type of energy 

and t h a t  of  conventional o i l  has been very la rge ,  with t h e  pr ice-ra is ing race 

t h a t  can be witnessed among OPEC producers t h e  p r i ce  of  o i l  i s  coming nearer  

and nearer  t o  t h e  higher l e v e l  of t h e  new fue ls ,  helping t h e  l a t t e r  t o  reach 

economic v i a b i l i t y  wi th in t h e  foreseeable fu ture .  

EARLIER ENERGY EXPERIENCE 

There a re ,  however, sone o ther  important points t o  be remembered. Let 

m e  go back i n  h is to ry  i n  order t o  survey b r i e f l y  what happened i n  t h e  pas t  on 

t h e  energy f r on t ,  tak ing jus t  two examples. I w i l l  deal  with t h e  f i rst only  

b r i e f l y  s ince it has been described i n  some d e t a i l  elsewhere ( 5 )  - what form 

d id  those developments take t h a t  helped t o  overcone e a r l i e r ,  s im i la r l y  

ser ious energy shortages? The present  one is  not t h e  f irst i n  mankind's 

h is to ry .  England was facing ser ious f u e l  scarc i t y  i n  t h e  ea r l y  18th century, 

having burnt up her formerly ample f o res t s ;  a number of  major technological  

breakthroughs and t he  following stepwise innovatory developments helped t o  

overcome the  problem by convert ing her  economy t o  t h e  use of t h e  newcomer at 

t h a t  t ime: coa l ,  of which t he re  was plenty. 

My second example requ i res  a l i t t l e  more elaborat ion.  It concerns t h e  

United S ta tes ,  the  country where (among t h e  nore advanced economies) fuelwood 

remained t h e  energy base f o r  t h e  longest t i ne .  As l a t e  as 1870, about t h r e e  

quarters of a l l  t h e  energy used i n  t h e  US came f ron fuelwood. By then,  t h e  

t r a n s i t i o n  t o  coal  was al ready underway and towards t h e  end of t h e  last 

c e n t h  it becme the  dominant source. The important point i n  t h i s  t r a n s i t i o n  

was t h e  change from a severely l im i ted  f ue l  resource t o  another, ava i lab le  i n  

apparent ly endless quan t i t i es .  Abundance paved t h e  way f o r  t h e  unimpeded 

growth of i ron and s t e e l  production which, i n  tu rn ,  made it poss ib le  t o  b u i l d  

a ra i l r oad  network covering t h e  whole enormous continent and t o  produce t h e  

machinery required f o r  t h e  rap id ly  expanding manufacturing indust r ies .  The 

wr i t ings of Rosenberg (6 )  and Schurr (7 )  describe how,once t h e  f ue l  cons t ra in t  

was broken, one developnent l e d  t o  another i n  t h e  various branches of indust ry  

and serv ices (and a l so  i n  agr i cu l tu re )  i n  a dynamic sequence. 



Later  on, t h e  US was i n  the fore f ront  of developing a large-scale 

e l e c t r i c i t y  generat ion and supply industry;  t h i s  removed t h e  l im i ta t ions  

imposed on fac tory  processes by t he  e a r l i e r  mechanical energy system t h a t  

used sha f t s  and be l t i ng  t o  transmit power from t h e  in-house prime mover, 

and led  t o  l a rge  product iv i ty  increases.  The o i l  period, apar t  from 

general ly  increasing mobi l i ty ,  l e d  t o  enormous increases i n  crop y ie lds  

with t h e  help of t r a c t o r s  and energy-based a r t i f i c i a l  f e r t i l i z e r s ,  again 

removing f u r t he r  cons t ra in ts :  those of t h e  a v a i l a b i l i t y  of na tu ra l  

f e r t i l i z e r s  and animal drawing parer .  Geographic const ra in ts  were a l s o  

removed: t h e  rai lways overcame t h e  l i m i t s  formerly imposed on i ndus t r i a l  

locat ions by waterways required f o r  t ranspor ta t ion  and watzr wheels f o r  

power. In  l a t e r  years ,  l i q u i d  f ue l s  and t h e  ease o f  t ranspor ta t ion  by 

trucks and cars  made t h e  l im i ta t ions  imposed by rai lways and coa l  disappear. 

And f i n a l l y ,  a i r  condit ioning and a i r  t ranspor t  removed o ther  l im i ta t ions ,  

those o f  c l imate and distances.  

Of course, an endless number of adaptat ions wi th in t h e  economic system 

were needed along t h i s  long road t o  changed condi t ions but  technological  

advance suppl ied t h e  answers t o  t h e  emerging problems. These fhdamental 

changes were a l l -pervasive;  they were caused by t h e  t r ans i t i on  from t h e  

r e l a t i v e  sca rc i t y  o f  one form of energy t o  t h e  abundance of another,  then 

the  emergence of ye t  newer fue ls ;  it was a long haul  from shortage t o  

abundance and d ive rs i f i ca t ion .  There is  reason t o  be l ieve t h a t  on t he  

d i f fe ren t  way t h a t  l i e s  ahead s im i la r  developnents w i l l  occur across t h e  

board. This Fay is  more d i f f i c u l t  because it goes from r e l a t i v e  abundance 

t o  a t i g h t e r  s i t ua t i on .  Yhe i ns t i nc t  f o r  su rv i va l ,  t h e  'animal s p i r i t ' ,  is 

strong however, and s ince t he  energy s i t ua t i on  w i l l  leave i ts  mark on 

p rac t i ca l l y  every aspect  o f  present-day l i f e ,  it is not t o o  naive o r  too  

opt imis t ic  t o  expect a s im i la r  cascading o f  technological  changes t o  br ing 

answers t o  many fu tu re  problems. We nay have some vague ideas as  t o  what 

these changes might be but we cannot know exact ly .  Nor d id  t h e  Americans 

of 1870. 

This i s  why I bel ieve t h a t  major developments w i l l  emerge i n  t h e  a rea  

of energy and w i l l  r ad ia te  and cascade from there .  I f  we th ink  of t he  very  

la rge  c a p i t a l  requ i red f o r  a s ing le  nuclear power s t a t i o n  o r  one new coalmine, 

not t o  mention the  m i l l i a rds  invested i n  t h e  North Sea, and i f  we a l so  remember 

t h a t  new forms and sources o f  energy w i l l  probably require r e l a t i v e l y  even 

l a rge r  pa r t i c ipa t ion  from many indus t r ies  and serv ices-  then it must become 

c lea r  t h a t  t h e  impact o f  these  developments w i l l  a l so  be fundamental and 

very g rea t .  



FOOD 

I w i l l  only dwell b r i e f l y  on t h e  other th ree  areas i n  which - i n  my 

persorial viek - major developments can be expected. 

A l l  th ree a re  i n  some way - t o  a greater  o r  l esse r  degree - connected 

with energy, It does not requ i re  too much j us t i f i ca t i on  t o  s t a t e  t h a t  food 

production w i l l  have t o  be increased considerably i n  order t o  feed t h e  

r i s i n g  population of  t he  world and t o  secure i t s  b e t t e r  nu t r i t i on .  Clear ly  

t h i s  is t he  d i f f i c u l t  t ask  of agr icu l ture .  The considerable d i r e c t  and 

ind i rec t  requirements of  ag r i cu l tu re  ( including f e r t i l i s e r s  and many o ther  

inputs i n to  ag r i cu l t u ra l  production) provide t he  l i n k  t o  energy suppl ies.  

It seems ce r ta i n  t h a t  these  requirements a re  going t o  incrsase i n  fu ture ,  

i n  view of t h e  r i s i ng  ag r i cu l t u ra l  production. 

There a re ,  however, o ther  aspects t o  be considered as wel l .  Energy 

mater ia ls  supply the  base t o  make many of t h e  synthet ic ,  man-made mater ia ls  

t he  world's industry needs. This base mater ia l  w i l l  be i n  shor t  supply - 
hence there  w i l l  be excess demand fo r  t h e  na tu ra l  va r i e t i es .  To l i m i t  

myself t o  t e x t i l e  f i b r e s  and rubber only: i f  t h e  present  quan t i t i es  of 

man-made f i b res  and synthet ic  rubber were t o  be replaced by na tu ra l  products, 

t h e  a rea  no7 serving t he  production of cot ton,  wool and rubber ought t o  be 

a t  l e a s t  doubled and possib ly t reb led.  Because of c l imat ic  condi t ions t h e  

p o s s i b i l i t i e s  of cu l t i va t ion  a r e  l imi ted t o  a la rge  extent t o  those countr ies 

and geographic areas where every square meter of  good s o i l  is  badly needed 

fo r  the  production of bas ic  foods. Thus - apar t  from some marginal lands - 
i ndus t r i a l  mater ia ls  nay be competing with food fo r  t h e  l im i ted  a rea  of 

land. Given t h e  dual ob jec t ive ,  considerable developments w i l l  be needed i n  

the  techn ica l  and t he  organ isat iona l  sense t o  achieve both goals.  

ENVIRONMENT 

b Q  t h i r d  point was t h e  enviroment.  This i s  a vexed subject  nowadays, 

and is  fu r the r  complicated by i t s  assoc ia t ion with energy. The production, 

t-ansformation and consumption of energy a re  a c t i v i t i e s  which probably cause 

most of t he  po l lu t ion i n  t h e  environment. Insofar  as one can judge, some new 

sources and forms of energy may be re l a t i ve l y  less pol lu t ing (e.g. s o l a r )  bu t  

others - such as  sha le  o i l  - may add markedly t o  environmental problems i n  t h e  

future.  For t h e  present ,  we have been witnessing t h e  emergence of publ ic  

opinion against  t he  dangers t h a t  nuclear parer  s ta t i ons  may present  t o  t h e  

environment, resu l t i ng  i n  demonstration campaigns, which have l e d  i n  some 

cases t o  very powerful in tervent ion.  



Without going i n t o  great  d e t a i l ,  I am expecting s ign i f i can t  advances 

t o  f i gh t  t h e  po l lu t ion  of a i r  and water ,  s ince otherwise t h e  emergence o f  

unforeseeable dangers i s  l i k e l y ,  or  a t  l e a s t  possib le.  However, t h e  chances 

t h a t  these developments w i l l  become generators o f  add i t iona l  economic 

a c t i v i t y  a r e  much l e s s  than i n  t h e  case o f  t h e  two previous sec to rs ,  energy 

and food. 

PEOPLE 

My four th  candidate, changes i n  t h e  s o c i a l  f i e l d ,  d i r ec t l y  concerns 

people. It is  mentioned not s o  much as  a possib le source of growth, r a t h e r  

as a necess i ty .  Unemployment i s  a general  problem, ind ica ted both by t h e  

high l e v e l  of reg is te red  unemployed, a f i gu re  t h a t  has refused t o  r e tu rn  t o  

more normal l eve l s  ever s ince t he  g rea t  recession of 1975, and a l s o  by t h e  

recent  low growth of product iv i ty  point ing t o  overmming  and ullemployment 

wi th in t he  fac tory  ga tes .  Energy sca rc i t y  w i l l  hardly help;  i n  a l l  

p robab i l i t y  it w i l l  make t h e  s i t ua t i on  more d i f f i c u l t  by re ta rd ing  f u r t he r  

economic growth. 

Coupled with t h i s  i s  t h e  a l i ena t ion  general ly  experienced by t h e  worker 

from h i s  work i n  an assem3ly l i n e  or  o ther  organ isat iona l  form of  modern 

industry.  Technological advance has helped t o  reduce labour requirements o f  

production and o ther  a c t i v i t i e s  but  it has not helped t o  solve t h e  ensuing 

problems of t h e  soc ie ty  and those of t h e  indiv idual .  With our  present  

i n s t i t u t i o n s  t h e  l i ke l ihood is o f  r i s i n g  d i f f i c u l t i e s  i n  keeping t h e  increas ing 

number of people i n  employment t h a t  is  usefu l  and a l so  s a t i s f i e s  them. Soc ia l  

innovators have so f a r  been much l e s s  praduct ivs and successful- than s c i e n t i s t s  

and techno log is ts .  

It i s  a bas ic  t r u t h  t h a t  man does not l i v e  by bread alone. Whether our  

present soc ia l  set-up - both t h e  Western and Eastern types - w i l l  be ab le  t o  

provide 'bread' f o r  t he  future populat ion now seems doubtful ;  but  it is  almost 

ce r ta in  t h a t  t h e  major i ty  of mankind w i l l  not f i n d  non-bread, non-material 

sa t i s f ac t i on ,  l e t  alone happiness. This i s  not t h e  r i gh t  p lace t o  go any 

fu r the r  i n  t h i s  matter ,  which i s  i n  any case more i n  t h e  l i n e  of d i sc i p l i nes  

o ther  than economics; whether we need a shor ter  working week, e a r l i e r  re t i rement ,  

some c lever  reorganisat ion of i n d u s t r i a l  and o ther  types of work, t h e  r e t u r n  

of t h e  craftsman o r  something e l s e  t h a t  cannot even be guessed a t  - all t h i s  

would exceed t h e  scope o f  t h i s  paper. But t h e  need f o r  some bas ic  s o c i a l  

change w i l l  soon be genera l ly  f e l t .  



COKCLUDING THOUGHTS 

The na tu ra l l y  emerging question i s  one t h a t  asks t h i s :  i f  - a s  it 

appears - a 'next round' i s  due t o  begin soon, where i s  it l i k e l y  t o  s t a r t ?  

A question obviously impossible t o  answer; some speculat ion may, however, not  

be out of p lace.  

Kindleberger ( 9 )  has put forward t he  e legant ly  formulated view of t h e  

'ageing economy' - cont ras t ing  t h e  'young count r ies '  with t h e  B r i t i s h  

c l imacter ic ,  a condit ion which may be diagnosed a s  a kind o f  general  

a r t e r i osc l e ros i s  a t tack ing t he  whole system i n  an advanced per iod of 

maturi ty.  This makes t h e  ageing economy l ose  out ' i n  a f i e l d  fu l l  of  

innovat ions' .  It is an a t t r a c t i v e  theory, one o f  i t s  a t t r a c t i o n s  being t h a t  

(as  the  author admits with some hes i t a t i on )  although t h e  past  is not e a s i l y  

discarded, 'bygones a r e  bygones' and a new start could be made a t  any time. 

Economic h i s t o r y  suppl ies many examples of t he  rejuvenation 3f 

economies which, a t  var ious po in ts  i n  t ime, could leg i t ima te ly  have been 

considered 'ageing' .  France has emerged dynamically from her  long inter-.war 

stagnat ion;  so  d id  Germany from war dest ruc t ion ;  Belgium and Holland have 

successfu l ly  recovered f ron t h e  l o s s  of t h e i r  co lon ia l  empires, as d id  

Austr ia a f t e r  he r  l e s s  ha2py experience i n  t h e  decades fol lowing t h e  e x i t  

of t he  Habsburgs; and t h e  United S ta tes  gave evidence o f  t h e i r  vigour by 

t he  l i v e l y  recovery i n  1976-78 from t h e  deepest recession s ince  t h e  war. 

I ndus t r i a l i sa t i on ,  and developments i n  many sectors  outs ide industry,  have 

reached a s tage t h a t  is  highly developed as compared wi th t h e  pas t  in t h e  

USSR and i n  t he  a rea  t h a t  has come t o  be ca l l ed  Eastern Europe. And some 

of the  l e s s  developed coul l t r ies have al ready progressed rapidly- enough t o  

be ca l led  'newly i ndus t r i a l i sed '  ones. 

One noteworthy experiment i n  t h e  sociology of i ndus t r i a l  work has been 

undertaken i n  one of the  smaller i ndus t r i a l  count r ies ,  Sweden ( i n  t h e  Volvo 

works). A successfu l  new so lu t ion  f o r  easing energy problems comes from 

Braz i l  ( i n  t h e  form of  t he  sugarcane-based 'gasohol' ) . Thus, s i z e  o r  

pos i t i on  on t h e  development ladder  does not seem t o  be an abso lu te  requirement 

f o r  discovering and developing new avenues of departure. 

The na tu ra l  and human endowments o f  var ious count r ies  a r e  d i f f e ren t ;  

it remains t r u e  - t o  some extent  - t o  say t h a t  wh i ls t  t h e i r  chances are about 

equal,  they a re  more equal f o r  some than f o r  o thers .  The d i f fe rences,  

however, a r e  r e l a t i v e l y  much smaller than they used t o  be i n  t h e  past .  It 

i s  not a 'handicap' race  par excel lence any more - it seems t o  be f a i r l y  open. 
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