
toOlTI NGHAM POLYTECHNIC! 
r.| I ETON CAMPUS 
CLIFTON LAME 
NOTTINGHAM N u l l  CMS

NOTTINGHAM POLYTECHNIC 
CLIFTON CAMPUS 
CLIFTON LAME 
NOTTINGHAM NG11 8NS

No t t in g h a m  p o l y t e c h n ic 1
CLfFlON CAMPUS 
nUFTOf! LANE 
f-TTli'JGHAM f,'G ll 8NS



ProQuest Number: 10183124

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest
ProQuest 10183124

Published by ProQuest LLC(2017). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106- 1346



A CASE STUDY IN THE MANAGEMENT OF TECHNICAL INNOVATION -  NEW FERMENTED

FOODS IN WESTERN EUROPE

John Howells BSc (Hons), MSc 

September 1989

Thesis subm itted in  p a r t ia l  f u l f i lm e n t  o f  the  requirem ents fo r  the  award 

o f  Doctor o f Ph ilosophy degree, CNAA.

Sponsoring es tab lishm en t: T ren t P o ly te ch n ic , Nottingham.



NOTTINGHAM POLYTECHNIC LIBRARY
L S .p W li ^ 0



ACKNOWLEDGEMENTS

I  would l ik e  to  thank a l l  the  in te rv iew ees who made th is  work p o s s ib le . 

W ithout t h e i r  tim e , courtesy  and coopera tion  th e re  would have been no 

th e s is .  The ass is tance  o f  my sup e rv iso rs , Mr C h ris tophe r Farrands and 

P ro f Tony Watson and co lleagues is  a lso  acknowledged and g re a t ly  

apprec ia ted .



ABSTRACT

The th e s is  is  a case study o f innova tio n  w ith in  the  f irm  and is  based 

on novel food fe rm e n ta tio n  in n o va tio n . Novel food fe rm en ta tion  

innova tions  were based on techno log ies  th a t fermented m icroorganisms to  

p rov ide  a new source o f p ro te in  fo r  animal and human consumption and 

th is  p ro te in  is  sometimes re fe rre d  to  as s in g le  c e l l  p ro te in . The 

research uses a q u a l i ta t iv e  method to  in v e s tig a te  p ro je c t managers’ 

pe rcep tions o f  the  process o f  innova tion  in  a group o f  Western European 

f irm s . 32 se m i-s tru c tu re d  in te rv ie w s  w ith  se lec ted  managers were 

tra n s c rib e d  and then analysed using grounded theo ry  (S trauss , 1987) to  

develop a se t o f  ca te g o rie s  which represent p a tte rn s  in  the responses 

o f the managers. These ca tego ries  inc lude  the  m arket, the  f irm  

environm ent, f irm  c u ltu re  and s tra te g y , com pe tition  and coopera tion  

between f irm s , product champions and te c h n ic a l d e c is io n  making. Concepts 

are developed from the  m a te ria l in  each ca tegory, such as the  idea o f 

a "re fe ren ce  m a rke t," (see chap ter 4) which show how technology is  

s o c ia l ly  s tru c tu re d  w ith in  the  f irm .  In  the  conclus ions a l l  the  

ca tego ries  are used to  suggest a model o f  the process o f innova tion  

d e c is io n  making.
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INTRODUCTION

This  th e s is  arose out o f the  researcher’ s in te re s t  in  te c h n ic a l 

in nova tio n  and i t s  re la t io n s h ip  to  long term economic change. Research 

in to  te c h n ic a l in n ova tio n  has tended to  concentra te  on i t s  macroeconomic 

fe a tu re s  and i t  was f e l t  th a t  more case s tu d ie s  o f in nova tio n  w ith in  the  

f irm  were needed. These should be as recent as p o ss ib le  and a n a ly t ic a l 

in  na ture  ra th e r than d is ta n t ly  h is to r ic a l and over cond itioned  by pre­

e x is t in g  ideas.

A case study o f  in n o va tio n  based on the  se m i-s tru c tu re d  in te rv ie w in g  o f 

managers would f u l f i l  these c r i t e r ia .  The case study chosen was th a t  

o f  novel food fe rm e n ta tio n  in nova tio n  because i t  was a recen t, ra d ic a l 

in n o va tio n  and the  c o n s tra in t  o f  secrecy would not in h ib i t  managers 

from being in te rv ie w ed  s ince  many o f  the  p ro je c ts  had fa i le d  

com m erc ia lly . A la rg e  number o f f irm s  had developed p ro je c ts  in  th is  

technology and the  case study th e re fo re  o ffe re d  the  chance to  compare 

the  approaches o f the  companies to  what appeared to  be the  same 

techno logy. T h is  techno logy is  described in  chap te r 3.

A network o f  managers in  the  in nova tin g  companies was b u i l t  up through 

personal con tac ts  which reached across f irm s  and to  an e x te n t across 

c o u n tr ie s , w ith  p o te n t ia l in te rv iew ees loca ted  and approached by 

te lephone to  assess th e i r  s u i t a b i l i t y  fo r  in te rv ie w . T h ir ty  two 

managers were in te rv ie w e d  in  France, Belgium, Denmark, Norway, 

S w itze rla n d , I t a ly  and West Germany, w ith  a l l  the  in te rv ie w s  being tape 

recorded then tra n s c r ib e d . The se m i-s tru c tu re d  in te rv ie w  (see chap ter 

2 f o r  e xp la n a tio n ) was chosen as the  method o f  in te rv ie w in g  managers 

because i t  a llow ed the  managers to  re fe r  to  a v a r ie ty  o f  in flu e n ce s  on



2
in n o va tio n . T ra n s c r ip ts  were analysed in  d e ta i l and pa tte rn s  o f manager 

responses were id e n t i f ie d  in  accordance w ith  the  method o f  grounded 

th e o ry . These p a tte rn s  o r ca tego ries  o f response then became the  

chap ter t i t l e s  under which the  t ra n s c r ip t  m a te ria l was organ ised. These 

ca te g o rie s  represent the  p r in c ip a l o r ig in s  o f the managers’ pe rcep tions 

o f  in flu e n ce s  on the  fe rm e n ta tio n  in nova tio ns . Such in flu e n ce s  range f
ii

from those e x te rn a l to  the  f irm ,  such as the re g u la to ry  environment and |
I

the  m arket, to  those in te rn a l to  the  f irm  which inc lude  f irm  c u ltu re , tfii
„if

s tra te g y  and product champions. %

I  
I

Chapter 4 exp lo res  v a rio u s  conceptions o f the  market used by managers 

to  guide the  development o f  t h e i r  techno logy. The idea o f a ’'re fe re n ce " |§

market is  developed to  model the  re c ip ro c a l in flu e n c e  o f markets and 

techno logy. 'ti

Chapter 5 looks a t examples o f  in te r - f i r m  coopera tion  and co m pe titio n  

w ith in  novel food in n o va tio n s  as a group o f  p ro je c ts .  I t  suggests th a t
■ '%

managers had to  judge when to  cooperate and when to  compete w ith  o th e r 

f irm s  because a range o f  in flu e n ce s  a ffe c te d  the  p ro je c ts .

Managers perce ived c e r ta in  a t t r ib u te s  o f f irm s  to  have a ffe c te d  f irm  

behaviour. Many o f  them id e n t i f ie d  the same c h a ra c te r is t ic s  in  the  same 

f irm s  and to  t h is  p a tte rn  the  research g ives the  name o f  f irm  c u ltu re ,
1

which is  the  t i t l e  o f chap te r 6. -f

1

In  chap ter 7 the  research examines how se n io r management, and p o s s ib ly  

f irm  s tra te g y  may have a ffe c te d  the  p ro je c ts . In  some cases, but 

w ith o u t a c le a r  p a tte rn  between the  f irm s  s tu d ie d , se n io r management d id

1

•II
'It



have a ro le  to  p la y . Th is  is  developed in  chap ter 9 where the ro le  o f 

key in d iv id u a ls  o r product champions is  discussed.

Chapter 8 looks a t how te c h n ic a l dec is ions  were taken which were 

c r i t i c a l  to  the d iffe re n c e s  between the p ro je c ts  and f in d s  th a t  even 

here non -techn ica l co n s id e ra tio n s  a ffe c te d  the  choice o f  techno logy.

The conc lus ions use the  idea th a t technology is  s o c ia l ly  cons truc ted  to  

suggest a model o f in n o va tio n  w ith in  the f irm  th a t  is  c o n s is te n t w ith  

the  ideas developed in  the  th e s is  and a lso  w ith  some o f the  fe a tu re s  o f 

the  long wave models o f  te c h n ic a l and economic change.
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CHAPTER 1 TECHNICAL INNOVATION AND THE ECONOMY

In tro d u c tio n

Th is  chap ter w i l l  examine models o f  the economy which take te c h n ic a l 

change as the  m ajor source o f long term economic development and w i l l  

suggest th a t case s tu d ie s  o f  te c h n ic a l in nova tio n  w ith in  the  f irm  can 

c o n tr ib u te  to  an improved understanding o f how te c h n ic a l change 

occurs in  the  economy. There is  then a s e le c t iv e  review o f in nova tio n  

case s tu d ie s  and some conc lus ions are drawn about how these m ight be 

improved upon. The chap ter ends by p repa ring  a loose and 

p ro v is io n a l "conceptual fram ew ork," which 1s a c o l le c t io n  o f  po ss ib le  

in n o va tio n  in flu e n c e s  th a t  w i l l  be used to  guide the  i n i t i a l  in te rv ie w s .

1.1 The Existence o f  Long Waves in  the  World Economy

World economic development has not been a smooth and continuous process, 

but ra th e r  periods o f  economic growth have a lte rn a te d  w ith  periods 

o f slower growth. P rice s  and employment have shown a v a r ia t io n  in  the  

long term , w ith  an apparent cyc le  o f  app rox im ate ly  50 years between 

peaks in  the  in d ic e s . These v a r ia t io n s  are o fte n  re fe rre d  to  as 

"K ondra tiev  waves", a lthough the  Russian economist K ondratiev was not 

the  f i r s t  to  pay them a t te n t io n ,  (see D u ijn  van (1983) o r Freeman 

(1984) f o r  more on long waves.) These waves have prompted a search fo r  

an e xp lana tion  o f  t h e i r  ex is ten ce  and some p o s s ib i l i t ie s  are reviewed 

by Delbeke (1984). The exp lana tions  have in  common th a t  the  

"cause" o f  the  long waves must vary on the  tim e sca le  o f  near 50 

years. P oss ib le  cand ida tes are the  changing s tru c tu re  o f  c a p ita l 

investm ent and long term  s h i f t s  in  demand, but those th a t  are o f  the
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g re a te s t in te re s t  here use te c h n ic a l change as the source o f long wave 

v a r ia t io n s  and can be termed “ s t r u c tu r a l is t "  exp lana tions  o r models.

Almost a l l  the s t r u c tu r a l is t  models re fe r  to  Schumpeter (1942) as the  

f i r s t  w r i te r  to  l in k  these waves to  te c h n ic a l and s t ru c tu ra l change. 

One o f Schumpeter’ s most f re q u e n tly  quoted passages suggests th a t  he 

made th is  l in k  because o f  h is  obse rva tion  o f the  dynamics o f  f irm  

com pe tition  in  h is  contemporary economy. The most pow erfu l type o f 

f irm  com pe titio n  was,

"th e  k ind o f  co m pe titio n  from the new commodity, the  new 

techno logy, the  new source o f  supp ly, the  new type o f 

o rg a n is a t io n .. .  co m pe titio n  which commands a d e c is iv e  cos t o r 

q u a li ty  advantage and which s t r ik e s  not a t the  margins o f  the  

p r o f i t s  and the  ou tpu ts  o f e x is t in g  f irm s  but a t t h e ir  

founda tions  and very l iv e s . "  (Schumpeter, 1942 p84).

Schumpeter con tras te d  t h is  powerfu l form o f  te c h n ic a l and 

o rg a n is a tio n a l co m p e titio n  w ith  the  in te re s ts  o f  mainstream economists 

who were in te re s te d  in  e s s e n t ia l ly  s t a t ic  forms o f co m p e titio n , o r as 

Schumpeter puts i t ,

"co m p e titio n  w ith in  a r ig id  p a tte rn  o f  in v a r ia n t  c o n d it io n s , 

methods o f  p rodu c tion  and forms o f  in d u s t r ia l 

o rg a n is a t io n . . . th a t  p r a c t ic a l ly  monopolises a t te n t io n . "

Schumpeter (1942).

Schumpeter (1942) suggested a model where the  c a p i ta l is t  en trep reneu r 

was respons ib le  f o r  the  in nova tio ns  associa ted  w ith  each long wave.
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The s tru c tu re  o f  the  economy changes as the  group o r ‘’ c lu s te r "  o f

p a tte rn s  in  OECD c o u n tr ie s  s ince  the  w a r.)

An example o f  a “ c lu s te r "  o f  innova tions  which Freeman (1982) takes as 

p a rt o f  the  4 th  K ondra tiev are those associa ted w ith  the  p roduc tion  o f  

s y n th e tic  o il-b a s e d  m a te r ia ls . One p a rt o f  the  c lu s te r  was bas ic  

polymer chem istry  which was developed in  the  1920s and was a use fu l to o l

1

More recent developments o f the  s t r u c tu r a l is t  model have moved away 

from Schumpeter’ s fo rm u la tio n s , (see Freeman and Perez, 1988) but i t  

is  neve rthe less in s t r u c t iv e  to  consider how each wave has been 

associa ted w ith  p a r t ic u la r  in nova tions  and has had i t s  own 

c h a ra c te r is t ic s .

1.2 C h a ra c te r is t ic s  o f  Long Waves

•1
The long wave l i t e r a tu r e  c ite d  above u s u a lly  re fe rs  to  fo u r  d is t in c t  J

• VI

long waves th a t  have occured s ince  the  in d u s t r ia l re v o lu tio n . Each d

o f these has been based on a se t o f  core te c h n ic a l and o rg a n is a tio n a l t f

in n o va tio n s . A s im p l if ie d  l i s t  is  shown in  ta b le  1 .1 , but see Freeman |

and Perez (1988) fo r  a more d e ta ile d  d e s c r ip tio n  o f  the  c h a ra c te r is t ic s  

o f  each wave.

in nova tio ns  lin k e d  to  a wave d if fu s e  through a m ajor p a r t o f  the
i

economy. For example, the  e a r ly  and la te  phases o f each wave w i l l  be |

assoc ia ted  w ith  a d i f f e r e n t  employment and investm ent s itu a t io n .  (See
;,iFreeman, C la rk  e t a l (1982), and Rothwell and Zegveld, (1979) f o r  a r|
$

“ neo-Schumpeterian" e xp la n a tio n  o f observed changes in  employment I

I'=•5 •; 
1

i
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in  the development o f  the  p la s t ic s  and s y n th e tic s  f ib re s  in d u s try 1. 

However, the  in d u s try  in  i t s  modern form was on ly  poss ib le  once 

c e r ta in  h igh pressure chemical eng ineering  in nova tions  (m a te r ia ls  

and techn iques) were developed. These were e s s e n tia l to  enable the  

c o n s tru c tio n  o f experim enta l and la te r  f u l l  sca le  s y n th e tic s  m a te r ia ls  

p la n t.  Commercial s y n th e tic s  were on ly  poss ib le  once a range o f 

te c h n ic a l and s c ie n t i f i c  innova tions  were e s ta b lish e d  and brought 

to g e th e r.

D if fe re n t  models have emphasised the  d i f fe r e n t  s o c ia l o r ig in s  

fo r  the  in n o va tio n s . Freeman (1982) describes how in  the  1920s 

Schumpeter be lie ved  the  en trep reneu r was the  d r iv in g  fo rc e  who 

pioneered and then e x p lo ite d  te c h n ic a l in n o va tio n 4. By the  1940s

Schumpeter recognised th a t  an in c re a s in g  p ro p o rtio n  o f  innova tio ns  were 

conceived and developed in  the  co rpo ra te  R&D departm ent. Freeman re fe rs  

to  the  R&D department as one o f  the  m ajor in d u s t r ia l 

o rg a n is a tio n  in nova tio ns  o f  the  3rd K ondra tiev , w ith  increased 

d if fu s io n  o f  t h is  o rg a n is a tio n a l form o c c u rr in g  du ring  the  4 th

K ondra tiev . The growth in  the  ro le  o f the  R&D la b o ra to ry  has been

accompanied by the  increased ro le  o f science as an in p u t in to

in n o va tio n .

There are many fe a tu re s  o f  the  te c h n ic a l change-economy re la t io n s h ip  

th a t  have been w e ll researched, the re  is  no complete "th e o ry " which 

adequate ly represents  t h is  complex in te ra c t io n ,  bu t th e re  are a

A lth o u g h  polymer science was developed a f te r  the  d iscove ry  o f the  
e a r ly  s y n th e tic s , ie  t h is  is  another case where the  science came a f te r  
the  techno logy, ( P a v i t t ,  1986)

2See chap ter 9 conc lus ions fo r  a d iscuss ion  o f  t h is  idea in  
r e la t io n  to  the  f in d in g s  o f  the  research.
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KONDRATIEV TYPICAL INNOVATIONS

E arly  M echanisatior 
Kondratiev

From 1770s to  
1830s 1

Steam Power 
and Railways 
Kondratiev

From 1830s 
to  1880s

E le c t r ic a l and 
Heavy Engineering 
K ondratiev

From 1880s to  
1930s 3

F o rd is t Mass
P roduction
Kondratiev

From 1930s to  
1980s 4r

In fo rm a tio n  and
Communication
K ondratiev

From 1980s
to  ? 5

T e x t ile s
T e x t i le  Chemicals 
T e x t i le  Machinery 
Water Power 
P o tte r ie s

Steam Engines 
Steamships 
Machine Tools 
Iro n
Railway Equipment 
RaiIways

E le c t r ic a l machinery, 
Heavy Engineering 
S tee l Ships 
Heavy Chemicals 
S y n th e tic  D yes tu ffs  
E le c t r ic i t y  Supply and 
D is t r ib u t io n

Autom obiles 
T rucks 
Armaments 
Ai r c r a f t
Consumer Durables 
Process P lan t 
S y n th e tic  M a te ria ls  
P e tro-chem ica ls  
Highways

Computers
E le c tro n ic  C a p ita l Goods 
Software
Telecommunications 
O p tic a l F ib res 
Robotics 
FMS
Ceramics
D ig ita l Telecommunications 
S a te !1ite s

LEADING
COUNTRY

UK

France
Belgium

UK

France
Belgium
Germany
USA

GERMANY
USA

UK
France
Belgium

USA
GERMANY

Other EEC 
Japan

JAPAN
USA
Germany 
Sweden 
Other EEC

1

4

I
Table 1.1 Kondratiev Waves and Associated Technica l Innova tion



number o f models o f  the  general in te ra c t io n  o f te c h n ic a l change and 

the economy in  the  long term . These use metaphors and analogy to  

emphasise p a r t ic u la r  fe a tu re s  o f the innovation-econom y re la t io n s h ip  

over o the rs  and th re e  o f the  more recent models w i l l  be b r ie f ly  

discussed.

1.3 Some Models o f  S tru c tu ra l Change in  the  Economy

Nelson and W in ter (1982) suggest the  idea o f  "n a tu ra l t r a je c to r ie s "  

to  represent te c h n o lo g ic a l change, where a t r a je c to r y  represents an 

in h e re n t lo g ic  and d ire c t io n  fo r  te c h n ic a l change. They use the 

Boeing 707 as an example o f such a t r a je c to r y  in  the  aerospace 

in d u s try . As the  in d u s try  developed some core fe a tu re s  o f modern 

des ign , e xe m p lifie d  in  the  Boeing 707, came to  dominate. W ith t h is  

"co re " e s ta b lis h e d , te c h n ic a l in nova tio n  became d ire c te d  towards 

m a rg in a lly  im proving the  core fe a tu re s  ra th e r than p ro v id in g  ra d ic a l 

a lte rn a t iv e s  to  them. Nelson and W inter suggest the  p roduc tion  and 

d is t r ib u t io n  o f  e le c t r ic i t y ,  p la s t ic s  and e le c tro n ic s  as th re e  

o th e r examples o f  t r a je c to r ie s .  Nelson and W in te r ’ s metaphor o f  a 

t ra je c to r y  c a r r ie s  a suggestion th a t  the t r a je c to r y  is  an op tim a l path 

o f development and th a t  th e re  is  a sense in  which the  eventua l 

te c h n ic a l form is  predeterm ined.

Dosi (1982) takes the  idea o f  a te c h n o lo g ic a l t r a je c to r y  and 

in te g ra te s  i t  in to  a more w ide -rang ing  model. He suggests th a t the  

Kondratievs should be seen as corresponding to  the  development o f  

" te c h n o lo g ic a l paradigm s", a f te r  the  s c ie n t i f i c  paradigms o f  Thomas 

Kuhn (1981). The paradigm idea helps to  "b u i ld  in "  to  h is  model the  

idea o f  u n c e rta in ty  and the  p o s s ib i l i t y  o f  te c h n ic a l cho ice . A
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te c h n o lo g ica l paradigm is  a "p a tte rn "  o f s o lu tio n  o f c e r ta in  te c h n ic a l 

problems. The s o lu tio n  o f  a p a r t ic u la r  problem , such as the design 

o f the Boeing 707 is  based on "se le c te d " p r in c ip le s  derived from the  

n a tu ra l sciences and m a te ria l te chno log ies . These s e le c tio n  ru le s  are 

chosen and learned by te c h n ic a l people over a period  o f tim e and 

are market re la te d . These ru le s  guide te c h n ic a l development fo r  a 

tim e but the re  are p e r io d ic  changes in  the  "s e t"  o f  ru le s , as a new 

te c h n ic a l form becomes taken as standard in  an in d u s try . Th is  model, 

u n lik e  the  Nelson and W in ter model, does focus a t te n t io n  on a process 

o f  d e c is io n  making by te c h n ic a l and commercial personnel. The model 

suggests fo llo w -u p  research on who s e le c ts  these ru le s  and how they  do 

so.

Freeman and Perez (1988) b u ild  on D os i’ s ideas when they add a 

taxonomy o f in n o va tio n  to  the  paradigm idea and when they s tre s s  the  

in te ra c t io n  o f te c h n ic a l and non -techn ica l in nova tio ns  as the  base 

o f  each pe riod  o f  economic re s tru c tu r in g ,  hence t h e ir  

d e s c r ip t io n  o f  the  paradigm as "techno-econom ic". They a lso  

in tro d u ce  a "taxonomy" o f  in n o v a tio n , s ince  in nova tio n  v a r ie s  

enormously in  i t s  te c h n ic a l and economic impact and t h is  is  summarised 

below.

INCREMENTAL These are innova tions  which m odify a p a r t o f  a 

p roduc tion  process. They are common in  a l l  branches o f 

mechanical eng inee ring  and o fte n  re s u lt  from in d iv id u a ls  working 

on the  p roduc tion  process. They are l im ite d  in  t h e i r  economic 

impact a lthough t h e i r  cum ula tive  impact may be la rg e  in
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some in d u s tr ie s ,  such as those based on chemical and re f in in g  

p la n t.

RADICAL These in n o va tio n s  may be new products o r p roduction  

processes, examples being the  in ve n tio n  o f nylon o r o th e r 

s y n th e tic  f ib r e s .  They re q u ire  s u b s ta n tia l investm ent to  b r in g  

the  in nova tio n  to  market and th e ir  economic impact may be 

cons ide rab le  but is  lo c a lis e d . An example would be ny lon , which 

ra d ic a l ly  a lte re d  the  market f o r  n a tu ra l f ib r e s  fo r  se lec ted  

p roducts , but d id  not e n te r in to  a s u b s ta n tia l p ro p o rtio n  

o f  the  to ta l  o f manufactured goods. A s im ila r  example 

would be ammonia.

CHANGE IN TECHNICAL SYSTEM These in nova tio ns  can in c lud e  

o rg a n is a tio n a l o r management in nova tio n  and change the  te c h n ic a l 

bas is  f o r  p roduc tion  in  an in d u s try  o r fo r  a s ig n if ic a n t  range 

o f  p roducts , but f a l l  s h o rt o f changing the  e n t ir e  economic 

s tru c tu re .  An example would be the  c o l le c t io n  o f  s y n th e tic  f ib r e  

in n o va tio n s .

CHANGE IN TECHNO-ECONOMIC PARADIGM These innova tio ns  have the  

p o te n t ia l to  change the  bas is  f o r  p roduc tion  throughout the  

economy. They may re q u ire  vas t investm ent in  a new 

in f ra s t ru c tu re  to  support the  new economic base. E le c t r ic i t y  

is  one example.

Dosi (1982) describes the  idea o f  a te c h n o lo g ic a l paradigm as a

■‘metaphor’’ f o r  the  process o f  in c o rp o ra tio n  o f  knowledge and technology

11



in to  in d u s t r ia l growth. Th is  is  an e q u a lly  v a l id  d e s c r ip tio n  o f a l l  

these models. They a l l  use metaphor to  l in k  observed p a tte rn s  in  

in d u s t r ia l development, the  Kondra tievs, to  more fa m i l ia r  p a tte rn s  

o f change. In  doing th is  they attem pt to  make the com plex ity  o f 

the  re la t io n s h ip s  between in nova tio n  and in d u s t r ia l growth e a s ie r to  

conce p tu a lise .

In  an e a r l ie r  work where Freeman and Perez were deve lop ing these ideas, 

they suggest th a t  fu tu re  research should,

" . . .u s e  our framework to  study d is c re te  in n o va tio n  d i f fu s io n . "

(Freeman and Perez, 1986 p25).

They s tre s s  th a t  such research should p lace p a r t ic u la r  emphasis on the  

ro le  o f  in s t i t u t io n a l  fa c to rs ,  p o l ic ie s  which enable o r re ta rd  

d if fu s io n  and "m anagerial a t t i tu d e s . "  Th is  is  because the  

d if fu s io n  o f  te c h n ic a l in nova tio n  through the  economy is  not 

spontaneous. I t  is  most o fte n  the  f irm  which innovates and then 

attem pts to  help the  process o f  d i f fu s io n  through the  economy and 

research should focus on how and why the  f irm  innovates.

There are many a ttem pts to  in co rp o ra te  te c h n ic a l change in to  the  theo ry  

o f  the  f irm  (see fo r  example, Coombs and S a v io t t i ,  1987) and an 

in te re s t in g  one is  th a t  o f  Teece (1988), who has begun to  in trodu ce  some 

o f the  p ro p e rt ie s  o f  te c h n ic a l knowledge in to  h is  model o f  f irm  

behaviour. In  t h is  model,
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"A f i r m ’ s core b u s in e s s .. . stems from the u nd e rly in g  n a tu ra l 

t r a je c to ry  embedded in  the  f i r m ’ s knowledge base .” 

(Teece, 1988 p264)

Teece lin k s  the  idea o f a te c h n o lo g ic a l t r a je c to ry  to  the  f i r m ’ s core 

business. Firms w i l l  "s p e c ia lis e "  in  c e r ta in  products because they 

possess the  re q u is ite  te c h n ic a l knowledge base to  produce them. I t  

a lso  fo llo w s  th a t  the  te c h n ic a l innova tion  th a t  they would in trodu ce  

would tend to  match the  c a p a b il i t ie s  o f t h e i r  knowledge base. The 

knowledge base would c o n s tra in  the  f ie ld  o f  p o ss ib le  in nova tio ns  and 

in d iv id u a l f irm s  would appear to  "move" along a t r a je c to r y  in  tim e .

I f  t h is  were to  be re la te d  to  the  e n t ir e  economy, one could imagine 

f irm s  to  be arrayed on the  te c h n ic a l t r a je c to r ie s  th a t  make up the  

c u rre n t techno-econom ic paradigm.

Teece a lso  d iscusses some o f  the  p ro p e rt ie s  o f te c h n ic a l knowledge to

e xp la in  some fe a tu re s  o f  f irm  behaviour. Here he draws on P o la n y i’ s

ideas o f  the  na ture  o f knowledge and te c h n ic a l knowledge in  p a r t ic u la r ,  

(see P o la n y i, 1958 fo r  d e t a i l ) .  Technica l knowledge is  ch a ra c te rise d  

by i t s  t a c i t  na tu re ; th a t  is  i t  e x is ts  on ly  p a r t ly  as w r it te n  work, but 

a lso  as " p ra c t ic a l"  knowledge possessed by te c h n ic ia n s , eng ineers and 

s c ie n t is ts .  The t a c i t  na ture  o f te c h n ic a l knowledge re s u lts  in

the  d i f f i c u l t y  o f  t ra n s fe r  o f  s k i l l s  and knowledge between f irm s  

w ith o u t a t ra n s fe r  o f  te c h n ic a l personnel. Firms w i l l  tend to  want to  

s tay  w ith in  t h e i r  core business based on p ro p r ie ta ry  te c h n ic a l 

knowledge, because o f  the  costs  and d i f f i c u l t i e s  o f  changing t h e i r  

te c h n ic a l knowledge base.



Of course the  te c h n ic a l base o f the  f irm  does change through tim e as 

te c h n ic a l in n o va tio n  is  in troduced . M e tca lf (1988) develops the idea 

th a t  the f i r m ’ s co m p e titive  dec is io ns  are respons ib le  fo r  i t s  

in tro d u c tio n  o f te c h n ic a l in n ova tio ns . He s tresses  th a t  these

d ec is io ns  mould the  development o f t h e ir  te c h n ic a l base.

"Technologies do not compare in  the  l i t e r a l  sense. Only f irm s  

compete, and they do so as dec is io n  making o rg a n isa tio n s  

a r t ic u la t in g  a techno logy to  achieve s p e c if ic  o b je c tiv e s  w ith in  

a s p e c if ic  environm ent. The outcome o f t h e ir  d ec is io ns  is  what 

determ ines the  economic s ig n if ic a n c e  o f  r iv a l  techno log ies  

and how th is  changes over t im e ."  (M e tc a lf,  1988 p568)

A study o f how te c h n ic a l in n o va tio n  is  c rea ted and then propagated 

w ith in  the  economy must th e re fo re  take account o f  re le v a n t d e c is io n ­

making w ith in  the  f irm .  M e tca lf (1989) has re fe rre d  to  how these 

d e c is io n s  g ive  "s t ru c tu re "  to  f irm  techno logy. A study o f  dec is io ns  

w i l l  in v o lv e  ta lk in g  to  the  people who were invo lved  in  those 

d e c is io n s , the  managers o f  the  f irm .  The question  o f  how best to

accomplish th is  is  d e a lt  w ith  in  chap ter 2.

M e tc a lf ’ s Ideas can a lso  be used to  suggest th a t  the  change from

one techno-economic paradigm to  another is  the  re s u lt -  o f co m p e titive  

d e c is io n s  made by f irm s . There must be a p a tte rn in g  o f  the co m p e titive  

d e c is io n  making process in  a l l  f irm s  over long pe riods o f  tim e to  g ive  

r is e  to  the  techno-econom ic paradigms. I t  may even be po ss ib le  to  f in d  

evidence o f the  s h i f t  from  one techno-economic paradigm to  another by 

s tudy in g  how the  f irm  innovates.
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A case has been made fo r  research on the  innova tio n  process w ith in  the  

f irm .  The next se c tio n  supports t h is  case through a b r ie f  survey o f 

the  work on in nova tio n  a t an aggregate le v e l,  ie  work concerned w ith

innova tion  w ith in  the  economy as a whole. This work is  use fu l to

the  th e s is  because i t  con ta ins  many o f the  e s ta b lish e d  

c h a ra c te r is t ic s  o f  te c h n ic a l change in  the  economy. These g ive  

s ig n if ic a n c e  to  the  choice o f novel food fe rm e n ta tio n  innova tio ns  as 

a v e h ic le  o f  study fo r  the  th e s is .

1.4 Some E m p irica l S tud ies  on Technica l Innova tio n

Much work has been done on in n ova tio n  in p u ts  and ou tpu ts  such as 

aggregate R&D spending and p a ten ts , but le ss  on the  process o f

in n o va tio n  i t s e l f  which is  in te rn a l to  the  f irm .  T h is  work

e s ta b lis h e s  the  p a tte rn  o f  spending on in nova tio n  in  the  economy by 

governments and f irm s  and some o f these re s u lts  can be summarised in  

note form .

1 Large f irm s  spend more R&D per successfu l in nova tio n  than sm all 

f irm s . (M a n s fie ld , 1977)

2 There is  no tendency f o r  R&D spending to  be p ro p o rt io n a l to  the  

s iz e  o f the  f irm .  (Scherer (1984))

3 Patents re g is te re d  per q u a li f ie d  s c ie n t is t  and eng ineer, (QSEs) have 

been d e c lin in g  s ince  the  la te  1960s in  50 o f  the  in d u s t r ia l is e d  

c o u n tr ie s , d e sp ite  an increase in  the  number o f  QSEs in  in d u s t r ia l 

employment. (G r il ic h e s  (1984))
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4 The p ro p o rtio n  o f R&D spending by government as opposed to  in d u s try  

v a r ie s  g re a t ly  between c o u n tr ie s  and by in d u s t r ia l se c to r. See fo r  

example Coombs (1987)

5 In d u s t r ia l R&D spending is  concentrated by in d u s t r ia l s e c to r, w ith  

the  chemical and e le c t r ic a l  eng ineering  and defence, aerospace 

in d u s tr ie s  absorb ing the  g re a te r p ro p o rtio n  in  a l l  OECD c o u n tr ie s , (eg 

Freeman, 1982)

6 In d u s t r ia l R&D spending is  h ig h ly  concentra ted by f irm .  The top  20 

f irm s  in  the  US c o n tro l over 50% o f p r iv a te  R&D spend, (eg Freeman, 

1982)

These re s u lts  are brought to g e th e r in  numerous general te x ts  on 

technology and the  economy such as Freeman (1982) and more re c e n tly  

Coombs (1987). Many o f  these w r ite rs  are econom ists who have become 

in te re s te d  in  te c h n ic a l change and have a pp lied  an econom ists ’ approach 

to  i t s  s tudy. By c o n tra s t,  p o l i t i c a l  economists who are in te re s te d  

in  the  in te rn a t io n a l ro le  o f technology tend to  e xp la in  the  in te r ­

coun try  d iffe re n c e s  in  terms o f  government p o lic y  and h is to r ic a l  

n a tio n a l experience, ( fo r  example, W illia m s  (1984) on in te rn a t io n a l 

"techno logy gaps" and techno logy and the arms tra d e , and C la rk  (1987) 

on p o l i t ic a l  economy.)

Authors th a t  a ttem pt to  e x p la in  the  in te r - in d u s t r y  d iffe re n c e s  in  

in n o va tio n  spending sometimes use in te r - f i r m  manager behaviour 

d iffe re n c e s . For example Kay (1979) in te rp re ts  the  d iffe re n c e s  in  R&D 

spending between f irm s  to  in fe r  th a t th e re  are "m e ta -ru le s " 

s u ita b le  fo r  each c o rp o ra t io n ’ s circum stances th a t  managers use to
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se t le v e ls  o f  spending on in n o va tio n . However, the re  is  l i t t l e  

e m p ir ic a l work on what have been c a lle d  m eta -ru les  (by Kay), s e lec t ion  

ru le s  (from  Dosi, 1982) o r ru le s  o f thumb (Simon, 1959) which are so 

o fte n  assumed to  e x is t  by authors making e x te rn a l obse rva tions o f f i r m  

behaviour. A l l  these authors b e lie ve  th a t  f irm  behaviour can be 

understood in  terms o f ru le s  which are used by managers to  guide 

d ec is io ns  and behaviour in  s p e c if ic  circum stances in  the  f irm .

However, th e re  has been a re luc tan ce  among economists to  choose research 

methods which would examine these "s e le c tio n "  ru le s  in  any d e ta i l  and 

the  d e c is io n  making process in s id e  the f irm .  The problem has been 

recognised repea ted ly  by researchers in to  in n o v a tio n , as the  fo llo w in g  

q u o ta tio n s  show.

"We must le a rn  to  understand the  fo rce s  th a t  m o tiva te  f irm s  and 

in d iv id u a ls  to  in nova te , to  take  the r is k s  th a t  b r in g  about 

te c h n ic a l change and to  compete s u c c e s s fu lly ."  (Landau and

Rosenberg, 1986 p6)

"Many o f  the  in te re s t in g  questions and d e c is io n s  are taken a t 

the  "p ro je c t"  le v e l,  but l i t t l e  data are a v a ila b le  on t h is  

le v e l. "  (G r il ic h e s ,  1984 p15)

The p a r t ia l  "exhaustion " o f  some o f  the  most prom ising research 

hypotheses may be respon s ib le  fo r  these demands fo r  an increase in  

a t te n t io n  to  the  in te rn a l dynamics o f the  f irm .  Nelson and W in ter 

(1982) cons ide r the  "Schumpeterian h yp o th e s is ", to  be an example o f  

t h is  e f fe c t .  They cons ide r th a t  the  law o f d im in is h in g  re tu rn s  se t in  

years ago w ith  the  la rg e  research e f f o r t  going in  to  te s t in g  the



v a l id i t y  o f the hypo thes is  th a t  “ la rg e r  f irm s  have an increased

p rope ns ity  to  innovate  over sm a lle r f irm s ."

Another theme in  the  in nova tio n  l i t e r a tu r e  which may be 

considered "exhausted" has been whether market p u ll o r technology push 

have been the  prime fa c to rs  respons ib le  fo r  the  p roduc tion  o f 

successfu l in n o va tio n s . The la rg e  in te re s t  in  the  theme may be due to  

the  p ro v o c a tiv e ly  in te re s t in g  study by Schmookler (1962), who s tud ied  

fo u r  in d u s tr ie s  fo r  the  re la t io n s h ip  between th e i r  pa ten ts  and 

investm ents. In  the  ra ilw a y  in d u s try  he found th a t  swings in  the  

number o f pa ten ts  issued fo llo w e d  swings in  c a p ita l investm ent. 

Th is  was evidence th a t  te c h n ic a l change was not a product o f  science 

a lone , as suggested in  the  syn o p tic  model (see be low ), but could be the 

re s u lt  o f  market demand. A review  o f the  l i t e r a tu r e  by Mowery and

Rosenberg (1979) concluded th a t  both te c h n ic a l push and market p u ll 

were im portan t and th a t  e s p e c ia lly  the  science and technology base o f 

a company l im ite d  the  types o f  in nova tio n  i t  chose to  develop.

The market p u l l ,  techno logy push debate is  an example o f  a c la ss

o f  debate where a s im ple and c le a r  hypo thesis can be p o s tu la te d , o f  the

s o r t  "m arket demand is  the  p r in c ip a l cause o f  te c h n ic a l in n o v a tio n ."  

M e th o d o lo g ica lly  respec tab le  research can then take  place and can 

attem pt to  v e r i f y  o r  d isp rove  the  hypo thes is  in  s p e c if ic  

c ircum stances. The conc lus ions one can draw from  such bodies o f 

l i t e r a tu r e  are fre q u e n t ly  those th a t  Mowery and Rosenberg draw in  

t h is  in s tan ce , th a t  th e re  is  no s in g le  general cause, but a complex o f 

causes in  which market and te c h n ic a l fa c to rs  in te ra c t .
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In  summary th e re  have been a p le th o ra  o f comments by innova tio n  w r ite rs  

th a t  the re  is  a need to  look in s id e  the f irm  a t the process o f 

innova tion  and the people invo lved  in  i t .  I t  was suggested here th a t  

th is  is  due to  the  exhaustion o f some ty p ic a l macro-economic 

in n ova tio n  research problems, such as the Schumpeterian hypo thes is . 

Th is  is  not to  doubt the  va lue o f  macroeconomic da ta , but to  suggest 

th a t  i t  could be complemented by research in to  the  people who take  the 

dec is io ns  which re s u lt  in  in n o va tio n . Th is  would be d ire c te d  towards 

the  managers and s c ie n t is ts  in s id e  the  f irm .  The next se c tio n  examines 

the  p o te n t ia l o f  the  in nova tio n  case study to  y ie ld  new in s ig h ts  in to  

the  process o f in n o v a tio n .

1.5 Some Case Studies o f Technical Innovation and Common

Problems w ith Research Results

1.51 Gold and C ritic ism  o f D iffusion and Innovation Case Studies

Gold is  an example o f  a w r i te r  who advocates d e ta ile d  case study 

a n a ly s is  o f  in n o va tio n  a f te r  having c r i t ic is e d  e x is t in g  research, 

in c lu d in g  e x is t in g  case s tu d ie s . Gold (1971 p21) has c r i t ic is e d  the  

"s y n o p tic  model" th a t  he b e lie ve s  is  too  o fte n  an im p l ic i t  assumption 

in  s tu d ie s  o f  in n o va tio n  by econom ists. In  t h is  model the  R&D

department is  where bas ic  science is  "a p p lie d " to  produce new

techno logy. The techno logy is  then matched w ith  market needs and

in nova tio n  produced. Th is  l in e a r  model is  not "w rong," but is  ra th e r  

g u i l t y  o f  gross o v e rs im p lif ic a t io n  o f  the  com p lex ity  o f  the  in n o va tio n  

process. When Gold cons iders  how managers make dec is io ns  on 

innova to ry  p ro je c ts  he ch a ra c te r is e s  d e c is io n s  as,
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"elements in  a stream o f temporary successive commitments." Gold 

(1971 p222)

Th is  c o n tra s ts  w ith  what m ight be termed a " r a t io n a l"  view o f

d e c is io n  making where d e c is io n s  occur a t w e ll de fined  p o in ts  in  tim e 

and represent op tim a l choices based on f u l l  access to  in fo rm a tio n .

In  a c r i t i c a l  review  o f  d i f fu s io n  case study l i t e r a tu r e ,  Gold

(1981) has c r i t ic is e d  the  in n o va tio n  l i t e r a tu r e  fo r  i t s  in a r t ic u la te  

and l im ite d  assumptions o f  how in nova tio n  and in n ova tio n  d if fu s io n

occurs. H is c r i t ic is m s ,  which could app ly to  many examples o f the

in n o va tio n  case s tudy , can be summarised as fo llo w s :

1 Innova tion  is  ra re ly  d is c re te  and does not develop in  is o la t io n  from 

o th e r in nova tio ns  and products -  i t  has a " te c h n o lo g ic a l c o n te x t."

2 Innova tio n  o fte n  a r is e s  because o f o th e r, la rg e r  aims, such as an 

a ttem pt to  produce a novel product o r  process.

3 The in nova tio n  and i t s  environm ent are not s t a t ic  d u rin g  the  

pe riod  o f development and d if fu s io n  in  the  environm ent, as many 

models im p l ic i t l y  assume.

4 There are few s tu d ie s  o f  fa i le d  in nova tio n  and th e re fo re  l i t t l e  

chance o f  an inform ed debate on the  reasons fo r  in nova tio n  success and 

f a i lu r e .

5 There are few s tu d ie s  which compare reasons fo r  the  adoption o f  the 

same in nova tio n  in  d i f f e r e n t  companies.
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6 There are few s tu d ie s  o f the  e a r ly  p a rt o f  the  in nova tio n  

genera tion  process and o f  the  reasons why managers and s c ie n t is ts  p ick  

one in nova tio n  over another f o r  development.

One conclus ion  to  be drawn from G old’ s c r i t ic is m s  o f  th is  l i t e r a tu r e  is  

th a t  case s tu d ie s  need be no more in fo rm a tiv e  about t h e ir  s u b je c t 

than o th e r research methods. As Burke (1970) observes, a ty p ic a l 

study m ight be read in  a pe riod  1000 tim es s h o rte r  than the  tim e 

span o f  the  o r ig in a l s e r ie s  o f  events. The few events which are 

se lec ted  fo r  the  w r it te n  case study depend on the  p re c ise  concerns o f 

the  case study au tho r. That t h is  is  a fe a tu re  o f a l l  case s tu d ie s  

is  shown by Adelman and Jenkins (1977) who make the  same p o in t w ith  

regard to  case s tu d ie s  in  education and Hannah (1984) who makes i t  

again fo r  business h is to ry .  The author o f  a p rospe c tive  case study 

o f  te c h n ic a l in n o va tio n  w ith in  the  f irm  must be aware o f  the  

assumptions made as research beg ins.

1.52 H is to r ic a l Case S tud ies  o f  Innova tion

In  an a ttem pt to  increase the  d e ta ile d  knowledge o f  a l l  in n o va tio n  

development in  one in d u s try  over tim e , Gold e t a l (1984) has produced 

an e d ite d  c o l le c t io n  o f  h is to r ic a l essays on in n o va tio n  in  the  

US s te e l in d u s try . The d e ta i l  o f  the  work shows how the  in n o va tio n

environm ent o f  the  s te e l in d u s try  was c o n s ta n tly  m od ified  by the 

adoption o f  in n o va tio n s . I t  a lso  shows th a t  in nova tio ns  s lo w ly  changed 

form through the  pe rio d  o f  t h e i r  d i f fu s io n ,  bu t i t  f a i l s  to  re la te  

these obse rva tions  to  d e c is io n s  managers took . Questions concern ing 

manager in te n tio n s  and reasoning cannot be answered d i r e c t ly  in
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h is to r ic a l case s tu d ie s , on ly  deduced. The managers are dead. They 

re ly  on h is to r ic a l m a te ria l which is  la rg e ly  s t a t is t i c a l  and 

designed to  meet the  needs o f the  f irm  or government in  the p as t, and 

is  not designed to  reveal manager reasoning.

Th is  is  a l im i ta t io n  common to  a l l  h is to r ic a l case study work, 

in c lu d in g  economic h is to ry  to  which one m ight hope to  tu rn  fo r  

inform ed case s tu d ie s  o f te c h n ic a l change. Economic h is to r ia n s  

g e n e ra lly  acknowledge the  im portance o f technology over periods o f  tim e 

in  e n t ir e  economies and in d u s tr ie s .  However Freeman (1982) has noted 

th a t  economic h is to r ia n s  ra re ly  take a technology o r ie n ta te d  

pe rspe c tive  a t f irm ,  R&D department o r s in g le  in n o va tio n  le v e l.  In  

a c r i t i c a l  rev iew , A lfo rd  (1976) describes mainstream economic and 

business h is to ry  as e i th e r  fo llo w in g  the  "g re a t man" (e n tre p re n e u r ia l)  

o r  " c la s s ic a l economics" p e rsp e c tive s . Supple (1977) in  another review  

be lie ve s  business h is to r ia n s  are preoccupied by "rem ote" s tu d ie s , ie  

p re -w o rld  war 2, which are ra re ly  re le v a n t to  modern business 

p ra c t ic e . There is  a need f o r  technology centred case s tu d ie s  which 

choose contemporary examples.

In  one o f  the  few excep tions to  these c r i t ic is m s  o f  business and 

economic h is to ry ,  Graham (1986) has w r it te n  an a pp lied  h is to ry  on the 

research and development o f  the  v id eod isc  in  the  company RCA, (Radio 

C o rpo ra tion  o f  Am erica). Th is  study does examine in nova tio n  in  the  

f irm  and a t the  R&D department le v e l.  I t  is  a lso  contemporary 

and shows l i t t l e  s ign  o f  being p recon d ition ed  by s im p l is t ic  

pe rsp e c tive s . As a re s u lt  i t  is  h ig h ly  in fo rm a tiv e  about 

in n o va tio n  in  modern c o rp o ra tio n s . I t  is  t ru e  th a t  Graham obta ined 

an e x tra o rd in a ry  degree o f  access to  RCA in te rn a l documents and
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managers a t a l l  le v e ls ,  something which m ight be d i f f i c u l t  to  repeat. 

She makes some in te re s t in g  obse rva tions on the  process o f in n o va tio n ,

"the  choice o f te c h n ic a l approach to  a given innova tio n  o fte n  

r e l ie s  more on the  in te rn a l needs and pre ferences o f va riou s  

p a rts  o f the  c o rp o ra tio n  than on a sense o f a need in  the market 

p lace . Jobs, key s k i l l s ,  use o f re a d ily  a v a ila b le  equipment, 

shared c h a ra c te r is t ic s  w ith  o th e r p ro je c ts  and fu l f i lm e n t  

o f  in d iv id u a l o rg a n is a tio n a l goals are a l l  le g it im a te  in te rn a l 

needs th a t  can in flu e n c e  choices made about a technology as much 

as, o r more than in fo rm a tio n  about the m arke t." (Graham, 1986 

p3)

Graham is  th e re fo re  ab le  to  l i s t  some o f the  management va lues th a t  

co nd ition ed  the  development o f  the  technology in  the  case o f  the  

v id e o d isc . Many o f  these values de rived  from RCA managers’

experience o f past p ro je c ts .  One o f  the uses o f  t h is  study is  th a t  

Graham is  ab le  to  show how va lues and a t t i tu d e s  were formed in  the  

past and how these se t the  con tex t f o r  debate over RCA’ s v id eod isc  

in n o va tio n .

1.53 R&D and P ro je c t Management L ite ra tu re

There is  a l i t e r a tu r e  which aims to  produce research use fu l to  

a c t iv e  managers in  R&D departm ents, the  R&D and p ro je c t management 

l i t e r a tu r e .  Perhaps ty p ic a l o f  the  k ind o f  re s u lts  t h is  l i t e r a tu r e  

produces are 7 p ieces o f  advice to  managers th a t  M ansfie ld  (1977 p6) 

has a b s trac te d .
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1 Research should be re la te d  to  a company’ s goa ls.

2 Relate research to  com pe tito rs , customers and the  s c ie n t i f i c  

community.

3 Do not underestim ate the  u n c e rta in ty  o f  p ro je c ts .

4 Ensure proper t ra n s fe r  o f  new technology to  ope ra tions

5 Do not a llo w  research to  become is o la te d  from development

6 Do not a llo w  degeneration o f  R&D to  a " te c h n ic a l s e rv ic in g

departm en t."

7 Do not focus s o le ly  on R&D -  use in nova tio n  in  o th e r f irm s  and 

in d u s tr ie s  and avoid the  "n o t invented here" syndrome.

The l i s t  represents  a summary o f  what M ansfie ld  considers to  be the  

most common R&D management problems. I t  is  not ve ry  use fu l as advice

to  f irm s  because i t  is  d i f f i c u l t  to  form the  judgement th a t  these 

" fa u l t s "  app ly to  a f i r m ’ s a c t iv i t ie s .  There must be o th e r " ru le s  o f 

thumb" th a t  led M ansfie ld  to  make such judgements in  the  case o f

p a r t ic u la r  f irm s  and i t  is  these th a t  would be use fu l to  f irm s . Such

ru le s  should be revealed by com parative s tu d ie s  o f the  d e c is io n  making 

process in  the  R&D departm ent, in  the  f irm .

As has been sa id  b e fo re , th e re  are few such s tu d ie s . The R&D management 

l i t e r a tu r e  is  the  obvious p lace to  look fo r  in s ig h ts ,  but 

u n fo r tu n a te ly  few in s ig h ts  are fo rthcom ing . A review o f  the  

management o f  R&D l i t e r a tu r e  by Radnor and Rich (1980) re in fo rc e s  

t h is  c r i t ic is m .  They emphasise th a t  s tu d ie s  o f  the  management o f  R&D 

s u f fe r  from a lack  o f  e m p ir ic a lly  based work, a neg lec t o f  in te g ra te d  

th e o ry  p roduc tion  and g ive  l i t t l e  co n s id e ra tio n  o f  changes 

o c c u rr in g  through tim e . Small and l im ite d  areas fo r  study are chosen 

such as "ca ree r la d d e rs " , which are so d isaggregated th a t ,
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“ po in t  t o  po in t  l i n e a r i t y  assumptions and a s t a t i c  view" are 

encouraged, (Radnor and Rich, 1980 p115).

W inkofsky and Mason (1980) come to  s im ila r  conc lus ions in  th e ir  

review o f  the budgeting and p ro je c t s e le c tio n  l i t e r a tu r e .  In  t h e ir  

view p ro je c t s e le c tio n  is  not a "cons tra in ed  o p tim is a tio n  p rob lem ", 

as is  commonly though t, but ra th e r a,

"h ig h ly  d i f fu s e  and h e u r is t ic  process c a rr ie d  out by many

in d iv id u a ls  and groups w ith in  a f i r m . "  (W inkofsky and Mason,

1980 p12)

These h e u r is t ic s  are used by a f i r m ’ s managers. To f in d  ou t what they 

are and how they d i f f e r  between f irm s , i t  would be reasonable to  

in te rv ie w  the  managers and g ive  them the  o p p o rtu n ity  to  express 

t h e i r  p r io r i t i e s  and va lues in  managing t h e ir  R&D department o r  a 

p ro je c t,  and t h is  w i l l  be p a r t o f  the  approach in  t h is  th e s is .  Th is  is  

in  c o n tra s t to  a survey techn ique which m ight ask managers fo r  the  

degree to  which they support statem ents which are not t h e i r  own, but 

which are de rived  from a s ta t ic  n e o -c la s s ic a l economic model.

Rosenbloom and Abernathy (1982) have w r it te n  a case study which 

l in k s  management b e l ie f  and consequent behaviour to  the  d e c lin e  o f  the  

US consumer e le c tro n ic s  in d u s try . US management be lie ved  th a t  consumer 

e le c tro n ic s  was a "m ature" in d u s try  and so they re lie d  on 

a d v e rt is in g  ra th e r  than te c h n ic a l exce llence  to  s e l l  VCR products .

In  c o n tra s t the  Japanese were not de te rre d  by market re je c t io n  

o f  t h e ir  p ro to types  and concentra ted on improved product q u a li ty
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through p roduction  process in n o va tio n . The Japanese e f fe c t iv e ly  

captured the US market f o r  VCR products as they had done fo r  o the r 

consumer e le c tro n ic s  p roducts .

Rosenbloom and A bernathy’ s case study is  in te re s t in g  because the

source o f t h e i r  chosen e xp lana tion  fo r  the  d e c lin e  o f  the  US consumer 

e le c tro n ic s  in d u s try  is  a d iffe re n c e  in  management c u ltu re  and b e l ie f ,  

which re s u lts  in  a d i f fe r e n t  approach to  the  development o f

techno logy. In  t h is  example, technology is  something th a t  a f irm  may 

choose to  c rea te  and use c o m p e tit iv e ly . A m ethodolog ica l fe a tu re  o f  t h is  

study is  th a t  ra th e r  than use a model and a hypo thes is  to  guide t h e ir  

research, they sought to  understand a problem: why the  US consumer 

e le c tro n ic s  in d u s try  had dec lin ed  and one o f t h e i r  main methods was 

ta lk in g  to  l iv in g  managers in  the  c o u n tr ie s  concerned.

Another h ig h ly  re le v a n t study has been done by Langrish e t a l (1972).

Langrish and h is  co-workers in v e s tig a te d  every f irm  th a t  had won the 

Queen’ s Award fo r  In d u s try  over a period  o f  2 years, and attem pted to  

understand why t h e i r  in nova tio ns  had been su cce ss fu l. He s tresses  the  

com plex ity  o f  fa c to rs  th a t  a f fe c t  in n o v a tio n :-

"new p rodu c tive  process is  the  h is to r ic a l outcome o f many 

s trands o f  e v e n ts ."  (Lang rish  e t a l (1972 p7))

T h is  conc lus ion  th a t  no s in g le  fa c to r  governs in nova tio n  success is  a 

common one, i t  is  made by R ub ins te in  e t a l (1976) and Rothwell (1977) 

among o th e rs .
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Thomas (1970) used p a r t ic ip a n t  obse rva tion  to  compare in  d e ta i l some o f 

the  c h a ra c te r is t ic s  o f  two e le c tro n ic s  companies’ R&D departm ents. 

U n fo rtu n a te ly  he cons tra ined  h im se lf to ,

"assess in fo rm a tio n  and economic needs o f  d e c is io n  makers 

so th a t  the  dec is ion-m aking  fu n c tio n  could be reduced to  

a lo g ic a l e v a lu a tio n  o f a lte rn a t iv e  outcomes." Thomas (1970 

p i i i )

A f te r  having spent one day a week fo r  2 years and having w r it te n  204

000 words he concludes th a t  more case study work w ith in  the  f irm  is

requ ired  and th a t ,

"The ra t io n a l p lanner d e c is io n  maker models are im p ra c tic a b le " 

Thomas (1970 p 598)

A f te r  having entered the  f irm  and having been in  a prime p o s it io n  to  

examine the  com p lex ity  o f  the  in flu e n ce s  on in n o v a tio n , he narrowed h is  

pe rspe c tive  a t the  s ta r t  o f  the  study and so l im ite d  h is  conc lus ions . 

However, i t  is  s ig n i f ic a n t  th a t  e m p ir ic a l s tu d ie s  o f  manager behaviour 

in  the  f irm ,  such as Thomas’ , f re q u e n tly  question  the  va lue o f  the 

ra t io n a l p lanner model, and ra t io n a l p lann ing  techn iques. Th is 

suggests th a t  these techn iques and the  model i t s e l f  are o f  f a r  more 

l im ite d  use than is  commonly assumed.

1.6 A Conceptual Framework f o r  Case S tud ies o f  Innova tio n

Chapter 1 has moved from  lo o k in g  a t macro-economic models o f  te c h n ic a l

change to  te c h n ic a l change w ith in  the  f irm .  I t  has shown th a t  to
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§
■ i

■ f t

examine te c h n ic a l change w ith in  the  f irm  the re  is  a need to  understand

how managers take d e c is io n s  on in n o va tio n , which requ ire s  some form o f '4

.1
in te rv ie w in g  o f managers. Th is  sec tion  develops a loose conceptual s

4

framework which w i l l  be used to  s tru c tu re  the  in te rv ie w s  o f  the  0
I

research. -j

A use fu l "model" f o r  the  way managers deal w ith  the  la rg e  number o f 

p o ss ib le  in flu e n c e s  on the  development o f in n o va tio n  is  suggested by 

Braun (1981). Braun suggests what he c a l ls  " c o n s te l la t io n  th e o ry " in  

an a ttem pt to  p a r t ia l l y  s tru c tu re  how m u lt ip le  fa c to rs  a f fe c t  

in n o v a tio n . Managers’ dec is io ns  to  proceed w ith  in n o va tio n  

development on ly  occur when p a tte rn s  occur amongst the  re le v a n t 

fa c to rs .  In  Braun’ s words, a process is  developed on ly  when the  

c o n s te l la t io n  o f  c ircum stances are such th a t  managers recognise th a t  

a process should occur. I t s  most im portan t fe a tu re  is  th a t  i t  

recognises th a t  managers s e le c t and in te rp re t  fa c to rs  which they 

b e lie ve  a f fe c t  the  chances o f in n o va tio n  success. There is  a need 

then , fo r  an e m p ir ic a l s tudy which a llow s fo r  the  managers’ expression
■«

o f the  range o f  fa c to rs  th a t  they  b e lie v e  a f fe c t  the  in nova tio n  process. <?

-i

T h is  is  an aim o f  t h is  research and chap ter 2 w i l l  argue th a t
I

in te rv ie w s  w ith  managers are necessary and th a t  these in te rv ie w s  should
.1

be "s e m i-s tru c tu re d " and a llo w  in te ra c t io n  between in te rv ie w e r and S

1in te rv ie w e e . There is  a need now to  make e x p l ic i t  how such in te rv ie w s  

w i l l  be p a r t ia l ly  s tru c tu re d .

Bessant and Grunt (1985) have c u lle d  a l i s t  o f  p o ss ib le  in flu e n c e s  on 

the  in nova tio n  process from t h e ir  own and o th e r case s tu d ie s  which they
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use in  manager in te rv ie w s . They are those concerned w ith  p e rs o n a lity ,  

which are va lues, b e l ie fs ,  experience and education and those concerned 

w ith  the  lo c a l environm ent, which are ope ra ting  d iv is io n  and f irm .

Bessant s tresses  the  f l e x i b i l i t y  o f t h is  l i s t  and suggests th a t  more 

“ la y e rs " can be added to  t h is  "on ion" model i f  they are found to  

in flu e n c e  in n o va tio n  development. For example, i f  the  managers 

s p e c ify  o th e r in flu e n c e s , they can be inco rpo ra ted  in to  the  l i s t .  His 

framework has been m od ified  fo r  th is  th e s is  by some o f the  

a d d it io n a l in flu e n c e s  th a t  o th e r w r ite rs  have found to  a f fe c t  

in n o va tio n  in  the  f ir m ,  in  the  fo llo w in g  manner:-

E xte rna l Environment 
to  the  Firm

Markets f o r  Innova tion  
O ther f irm  com pe tition  
O ther f irm  coopera tion

In te rn a l Environment Firm
o f the  Firm D iv is io n

R&D Department 
P e rs o n a lity

T h is  is  a loose conceptual framework which makes no p r io r  a s s e rtio n s  

about c a u s a lity ,  bu t re ta in s  the  p o s s ib i l i t y  o f  many in flu e n c e s  on 

in n o v a tio n . The in te ra c t iv e  na ture  o f  the  in te rv ie w s  and the  

in te rp re t iv e  na ture  o f  t h is  research a llow s these ca te g o rie s  to  be 

m od ified  both d u rin g  the  c o l le c t io n  o f in te rv ie w s  and d u rin g  in te rv ie w  

a n a ly s is . These a t t r ib u te s  o f the  research method w i l l  be d iscussed in  

d e ta i l  in  chap ter 2.

1.7 A Focus fo r  the Thesis -  Novel Food Innovation in Western Europe
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Novel food in nova tio ns  were chosen as a group to  be the  v e h ic le  fo r  the 

case study because to g e th e r they represent an attem pt to  produce a 

ra d ic a l change in  food p ro d u c tio n . They can be c la s s if ie d  as attempted 

ra d ic a l in nova tio ns  which have the  e f fe c t  o f  s u b s t itu t in g  a complex 

in d u s t r ia l fe rm e n ta tio n  technology fo r  a g r ic u ltu re  as a means o f 

producing p ro te in .  I f  they had been com m ercia lly successfu l on a la rg e  

sca le  these in nova tio ns  would have had a cons ide rab le  economic e f fe c t .

Another fe a tu re  which in fluence d  the  choice o f  novel food fe rm e n ta tio n  

fo r  the  case s tudy, was th a t  a la rge  number o f f irm s  had embarked on 

t h is  research, so th a t  th e re  would be a common bas is  fo r  comparison 

between f irm s .

I t  was i n i t i a l l y  though t th a t  because most o f  these attempted 

in nova tio ns  had been abandoned, managers would be more l i k e ly  to  speak 

f re e ly  about the  in flu e n c e s  on t h e i r  past d e c is io n s . Since these 

in n o va tio n  p ro je c ts  had been abandoned, m ostly  in  the  1970s and e a r ly  

1980s, they would a lso  be fre s h  in  the  memory o f managers in te rv ie w e d . 

The tendency o f f irm s  to  p ro te c t t h e ir  in te re s ts  through secrecy would 

probab ly  be moderated i f  the  p ro je c ts  no longer had much chance o f 

successfu l co m m e rc ia lisa tio n . However, one p ro je c t  was found to  be 

expe rienc ing  commercial success; Rank Hovis w ith  t h e i r  human food 

p roduc t, m ycoprote in , and another to  be expecting  such success, Dansk 

B io p ro te in  w ith  an animal feed . The reasons fo r  s e le c tin g  novel food 

fe rm e n ta tio n  fo r  t h is  case study can be l is te d  as fo l lo w s : -

1 The in nova tio ns  have a common base th e i r  use o f  fe rm e n ta tio n  

technology to  produce p ro te in  r ic h  food o r feed
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2 Food, o i l  and chemical companies used fe rm en ta tion  technology to  

produce the  innova to ry  food o r feed products.

3 The p ro je c ts  were developed to  va rious  stages; f u l l  sca le  p la n t,  

p i lo t  stage and on ly  la b o ra to ry  research.

4 The innova tio ns  as a group comprise both fa i lu r e s  and successes.

5 There are a v a r ie ty  o f  market conceptions which developed w ith  

d i f fe r e n t  p ro je c ts

6 In  the  in nova tio n  taxonomy o f 1 .2 , novel food fe rm en ta tion  would 

be classed as ra d ic a l in n o v a tio n , w ith  a l l  th a t  th a t  im p lie s

7 These in n o va tio n s  represented the f i r s t  a ttem pt a t commercial 

success in  the  in d u s t r ia l b io techno logy f ie ld  s ince  the  19th cen tu ry

development o f  la rg e  sca le  brewing in  the  beer in d u s try

The geographica l boundary to  t h is  study is  Western Europe due to

l im ita t io n s  o f finan ce  and tim e , but re fe rence is  made to  developments

elsewhere, e s p e c ia lly  in  Japan and the  S o v ie t Union, (see appendices 3 

and 6 ). The m ajor commercial developments in  the  western w orld  were a l l  

in  Western Europe.

W ith in  Western Europe the  f irm s  were se lec ted  fo r  study i f  they  had 

attem pted to  use fe rm e n ta tio n  technology to  produce new foods o r feeds. 

W ith in  t h is  group th e re  is  huge v a r ia t io n  in  the  manner in  which 

the  techno logy is  e x p lo ite d , so much so th a t  managers would sometimes
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regard o th e r f irm s  in  the  group as in  another business. P a ra d o x ica lly  

t h is  v a r ie ty  o f approaches to  the  technology prov ide  one o f the 

s tre n g th s  o f the s tudy. The v a r ie ty  suggests something about the  nature  

o f technology i t s e l f ,  something th a t  has been re fe rre d  to  in  t h is  

chap te r. I t  is  g iven a s tru c tu re , a d e ta ile d  form by people 

and t h e ir  o rg a n is a tio n s . I t  is  the  m o tiva tio n  and the  pe rcep tion  o f 

in te re s ts  o f  these people in  the novel food in n o va tin g  f irm s  th a t  

w i l l  be in v e s tig a te d  in  t h is  study.

1.8 Conclusions

Chapter 1 has given reasons fo r  s tudy ing  te c h n ic a l change w ith in  the  

f irm .  A review  o f  the  l i t e r a tu r e  e s ta b lish e d  th a t  a case study based 

on the  people, the  s c ie n t is ts  and managers who make the  d e c is io n s  th a t  

c rea te  new techno logy should be o f va lue . Whereas macroeconomic models 

o f  te c h n ic a l change are based on p a tte rn s  o f  d e c is io n  making which 

appear in  the  economy as a whole, m icroeconomic models o f  in n o va tio n  

should be based on p a tte rn s  o f  d e c is io n  making w ith in  the  f irm  and i t  

is  a microeconomic model o f t h is  type th a t  is  the  l i k e ly  r e s u lt  o f  t h is  

research.

Chapter 1 has f ix e d  some o f the  requirem ents o f  the  research method 

du rin g  a survey o f the  in n o va tio n  l i t e r a tu r e  and these w i l l  be 

re la te d  to  a research method in  the  fo llo w in g  chap te r.
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CHAPTER 2 -  METHOD OF DATA COLLECTION AND ANALYSIS

In tro d u c tio n

Chapter 1 has argued th a t  the  process o f in nova tio n  w ith in  the  f irm  

deserved more study and se t ou t a loose conceptual framework to  guide 

such a study. Those arguments were e n t ir e ly  based on an a n a ly s is  

o f  the in n ova tio n  l i t e r a tu r e ,  but t h is  chap ter w i l l  describe  an 

ap p ro p ria te  research method and w i l l  d iscuss m ethodologica l issues which 

a r is e .

The research is  a case study o f  those companies invo lved  in  

attem pts to  com m ercia lise novel food in n o va tio n . The f i r s t  se c tio n  

o f the  chap ter th e re fo re  examines the  s ta tu s  o f case s tu d ie s  as a 

research to o l.  I t  is  argued th a t  case s tu d ie s  can be used to  g e n e ra lise  

and th a t  t h e ir  use is  not s o le ly  re s tr ic te d  to  the  case th a t  they use. 

In  se c tio n  fo u r  th e re  is  a development o f the  re la te d  idea th a t  

th e o ry  can be generated from a s in g le  instance  to  apply to  a w ider 

range o f  in s tances . In  se c tio n s  two and th re e  i t  is  argued th a t  a 

study o f managers through in te rv ie w s  needs to  make assumptions about 

s o c ia l psychology and these should be made e x p l ic i t  s ince  they w i l l  

guide the  choice o f  in te rv ie w in g  technique and a f fe c t  in te rp re ta t io n  o f  

the  re s u lts .

2.1 The Value o f  Case S tud ies

The term  "case s tudy" covers a vas t range o f research form s. Education 

and business h is to ry  researchers have long favoured the  case 

study w h ile  economists appear to  have dropped the  case study from
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t h e i r  research method armoury. Host d iscuss ion  o f the  va lue o f the 

case study is  to  be found amongst these two f ie ld s  o f research.

A good s ta r t in g  p o in t fo r  a d iscuss ion  is  the  d e f in i t io n  o f a 

case study by Adelman e t a l (1977 p140).

“ The case study is  an um bre lla  term fo r  a fa m ily  o f  research 

methods having in  common the  d e c is io n  to  focus an enqu iry  around 

an in s ta n c e ."

So i f  research is  described as a case study th is  does not im ply the  use 

o f a standard research method. The " s p e c if ic  ins tance" may be 

examined through standard s tru c tu re d  in te rv ie w s  o r th e re  may be a mix 

o f  methods, perhaps q u e s tio n n a ire s  and uns tru c tu re d  in te rv ie w s . 

T h is  d e f in i t io n  a lso  says no th ing  about how a case study may be 

used. The method and the  use o f the  case study are both in flu e n ce d  

by the  assumptions and b e l ie fs  o f  the  researcher.

In  chap te r 1 a v a r ie ty  o f  in nova tio n  case s tu d ie s  were re fe rre d  to  

where the  m a te ria l and hence the  va lue o f  the  study was 

re s t r ic te d  to  the  questions w ith  which the  study was concerned. These 

questions a lso  va r ie d  in  com p lex ity  w ith  consequent v a r ia t io n  in  

com p lex ity  o f  m a te ria l in  the  case s tu d ie s . The more in t r ic a te  case 

s tu d ie s  a llo w  a number o f  in te rp re ta t io n s  o f the  events they d e scrib e , 

an e f fe c t  th a t  is  considered as the  e q u iv a le n t to  s t a t is t i c a l  degrees 

o f  freedom by Campbell (1975).

A range o f case study "typ e s " can be imagined from the  sim ple use o f 

anecdote to  i l lu s t r a t e  perhaps a s in g le  p o in t,  to  a complex case study 

w ith  a v a r ie ty  o f  p o ss ib le  in te rp re ta t io n s .  In  the  la t t e r ,  to  re ta in
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some com p lex ity , m a te ria l is  c o lle c te d  w ith  s e n s i t iv i t y  to  a v a r ie ty  

o f  poss ib le  re la t io n s h ip s  between v a r ia b le s . However, the  study 

is  s t i l l  d ire c te d  -  fo r  example, in  chapter 1 the use o f the  sim ple 

"s y n o p tic  model" o f  the  in nova tio n  process was found to  r e s t r ic t  the 

d iv e r s i ty  o f case s tu d ie s .

A t t h is  complex end o f  the  range, the re  is  the  case study where 

th e re  is  perhaps no form al theo ry  o r model p re d ic t in g  connections 

between v a r ia b le s . There w i l l  be a group o f perhaps p o o rly  connected, 

but independently  v a l id  in te re s ts  and expe c ta tio ns  o f  re la t io n s h ip s  

which do not add up to  something w ith  the  s ta tu s  o f  a " th e o ry " .  In  

case s tu d ie s  o f t h is  type the  problem becomes how to  cope w ith  the  

many po ss ib le  re la t io n s h ip s  w ith in  the  m a te ria l o f  the  case s tudy.

I t  is  t h is  type th a t  is  favoured in  t h is  th e s is ,  and fo r  the  fo llo w in g  

reasons. I f  what Gold (1981) re fe rs  to  as the  "s y n o p tic  model" is  

re je c te d  as a poor re p re se n ta tio n  o f the  in n o va tio n  process, i t  is  

because in n o va tio n  is  a complex process a lthough i t  does in v o lv e , as the  

syn o p tic  model im p lie s , some matching o f  te c h n ic a l and market 

o p p o r tu n it ie s .  The requirem ent is  not fo r  more research which 

s t ra in s  to  c o n s tra in  e m p ir ic a l evidence in to  the  narrow w a is tco a t o f  

a v a ila b le  models. I t  is  ra th e r  f o r  the  sys tem a tic  s o r t in g  and d is p la y  

o f  the  fa c to rs  th a t  a f fe c t  the  innova tio n  process and the  statem ent 

o f l i k e ly  connections between them. That is ,  th e re  is  a need fo r  

research which can he lp  a move towards a b e tte r  model o f  in n o v a tio n . 

Th is  is  one o f  the  aims o f  the  th e s is .

The work by Langrish and Gibbons e t a l (1972) is  an example o f  t h is  

la s t  type . The study was lim ite d  to  the  f irm s  which won the  Queens
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Award fo r  Techno log ica l Achievement in  a period  o f two years and the 

reasons why they innovated s u c c e s s fu lly . The study d id  not p re d ic t  

p rec ise  re la t io n s h ip s  between in n ova tio n  success and c e r ta in  fa c to rs .

They d id  pay p a r t ic u la r  a t te n t io n  to  the  re la t io n  between bas ic  

science and in nova tio n  and concluded th a t they could not id e n t i f y  

bas ic  science in p u ts  as a major fa c to r  a f fe c t in g  f irm

in n o va tio n . However they d id  not r e s t r ic t  t h e ir  study to  t h is  

re la t io n s h ip  and th e re in  l ie s  i t s  s tre n g th  and va lue .

P ro je c t SAPPHO is  a study which began by making p re d ic t io n s  about which 

fa c to rs  would govern in n o va tio n  in  the  f irm ,  but i t  made over 200, which 

i t  then reduced to  a sm all number through the  study o f many p a irs  o f 

successfu l and s im ila r  in n o va tio n s , (SPRU, 1972). Th is  is  an example 

o f  a study where the  v a r ie ty  o f  the  i n i t i a l  assumptions c o n tr ib u te d  to  

the  v a l id i t y  and p re c is io n  o f the  conc lus ions .

Authors from a number o f  s o c ia l science f ie ld s  have c a lle d  fo r  more 

case s tu d ie s ; Cronbach (1975) in  psychology, Supple (1977) and Hannah 

(1984) in  business h is to ry ,  Adelman e t a l (1977) in  education  

research. The reason why these c a l ls  are re s is te d  by many

economists is  th a t  case s tu d ie s  are o fte n  associa ted  w ith  va rio u s  

m ethodolog ica l " e v i ls . "  I f  these were to  be l is te d  they would 

c e r ta in ly  in c lu d e  the  supposed "un rep resen ta tiveness" o f  case s tu d ie s  

and the  use o f in d u c tiv e  reasoning, which is  the  tendency to  make

g e n e ra lis a tio n s  based on the  case s tudy. An a r t ic u la t io n  o f  these

b e l ie fs  can be found in  Popper (1972) o r Medawar (1979). Popper’ s work 

may even be p a r t ly  respons ib le  fo r  the success o f  the  view th a t  the  

case study and in d u c tio n  are fundam enta lly  flaw ed research to o ls .  The 

reasons fo r  these b e l ie fs  p robab ly  owe a g rea t deal to  what Kuhn (1970)
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c a l ls  "normal sc ience" as the  dominant form o f problem ta ck le d  in  

the  phys ica l sc iences. However, th is  chapter is  not the  p lace to  

con tinue  a d iscuss io n  on the  o r ig in s  o f d i f fe r e n t  d is c ip l in e s ’ 

p re d ile c t io n  fo r  one m ethodolog ica l approach o r ano ther, a lthough the  

e f fe c t  o f  these widespread b e l ie fs  on the  case s tu d ie s  th a t  are 

undertaken is  in te re s t in g .  For example, Hannah (1976) describes the 

e f fe c t  on business h is to ry  case s tu d ie s , where,

"th e  absence o f  g e n e ra lity  unnecessa rily  in h ib ite d  business 

h is to r ia n s  in  the  r ig o ro u s  development o f  causal 

in te rp re ta t io n s . "  (Hannah, 1976 p6)

The re s u lt  o f  t h is  in h ib i t io n  is  th a t  too  o fte n  these case s tu d ie s  

would be s im p ly  d e s c r ip t iv e ,  so th a t  in s ig h ts  and in te rp re ta t io n  o f  case 

study m a te ria l is  m in im a l.

Hannah’ s " r ig o ro u s  development o f  causal in te rp re ta t io n s "  o f  case s tudy 

events is  o n ly  a s tep  away from advocacy o f in d u c tiv e  reasoning. 

A l l  th a t  is  m iss ing  is  the  suggestion th a t  the  e xp lana tions  fo r  the  

case study events m ight app ly o u ts id e  the  s p e c if ic  in s tance . Such 

in d u c tiv e  reasoning from case s tu d ie s  is  advocated by M itc h e ll (1983) 

who b e lie ve s  th a t ,

" . . .e x t r a p o la t io n  is  based on the  v a l id i t y  o f  the  a n a ly s is  

ra th e r than the  rep resen ta tiveness  o f the  e v e n ts ."

More s im p ly , arguments w i l l  be judged by common sense and t h e i r  in h e re n t 

l ik e l in e s s .  C ly d e -M itc h e l1 g ives an example in  the  s to ry  o f  the 

p s ych o lo g is t who found a s t a t i s t i c a l l y  s ig n if ic a n t  c o r re la t io n  between
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stomach d iso rd e rs  and the  tendency to  perce ive  frog-shapes in  

Rorshach in k -b lo ts .  The p s y c h o lo g is t ’ s Freudian exp lana tion  was th a t  

the fro g  was ana l-sym bo lic  and demonstrated th a t  the  stomach d iso rd e rs  

were lin k e d  to  ana l-obsess ive  p e rs o n a lit ie s .  Th is a n a ly s is  was 

seen as in h e re n tly  u n l ik e ly  by h is  c l in ic a l  p sych o lo g is t co lleagues and 

no fo llo w  up research was c a rr ie d  o u t, d e sp ite  h is  impeccable 

s t a t is t i c s .

I t  was the  v a l id i t y  o f  the  a n a ly s is  which was a t f a u l t ,  not the  research 

method. Even w ith  an "im peccable" m ethodologica l approach, r id ic u lo u s  

conc lus ions can be reached. Researchers can become obsessed w ith  

" s c ie n t i f i c  method" to  the  d e tr im e n t o f common sense1.

C ly d e -M itc h e l1’ s argument is  supported by Adelman e t  a l (1977) who a lso  

w r ite  o f  the  d if fe re n c e  between the  type o f  g e n e ra lis a tio n  th a t  comes 

from experim enta l research and a case s tudy,

" I t  m ight be asked whether the  g e n e ra lis a tio n s  produced by case study 

are s tro n g e r o r weaker than those o f experim enta l research. S tronger 

o r weaker they tend to  be d i f f e r e n t . . . in  p ra c t ic e  the  most im portan t 

d iffe re n c e s  are in  the  way c la im s are made a ga ins t t r u th  and in  the  

demands made upon the  reader. Experimental research "guarantees" the 

v e ra c ity  o f  i t s  g e n e ra lis a tio n s  by re fe rence to  form al th e o r ie s  and 

hands them on to  the  reader; case study research o f fe rs  a su rroga te  

experience and in v ite s  the  reader to  unde rw rite  the  account, by

1
Watson (1986) has a s im ila r  view when he advocates the  use o f  " c r i t i c a l  

eommonsense" in  research
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appealing to  h is  t a c i t  knowledge o f the human s i t u a t io n . ” (Adelman e t 

a l ,  1977 p143).

So fa r  t h is  d iscuss io n  has made two p o in ts :-

1 The number o f fa c to rs  considered in  the  s tudy and 

t h e i r  in te r re la t io n s h ip s  should r e f le c t  assumptions about l i k e ly  

in flu e n c e s  on the  process o f in nova tio n  ra th e r  than be determ ined by 

a s in g le  model o r th e o ry .

2 I t  w i l l  be v a l id  to  make inform ed comment about the  process o f 

in n o va tio n  in  genera l, based on the  case study.

The la rg e  number o f  in n o va tio n  in flu e n ce s  re fe rre d  to  in  chap te r 1 and 

a l l  t h e i r  po ss ib le  in te r  re la t io n s h ip s  m ight be thought to  pose a 

problem fo r  the  c o l le c t io n  o f  data  and i t s  a n a ly s is . Th is  is  not the  

case s ince  o n ly  a few o f  the  po ss ib le  re la t io n s h ip s  are l i k e ly  to  be 

v a l id  and the  s e le c tio n  o f  which ones are im portan t in  c o n d it io n in g  

in n o va tio n  is  done by the  managers them selves. P rope rly  

cons truc ted  in te rv ie w s  should y ie ld  the  managers views on how 

in n o va tio n  took p lace . The next se c tio n  o u t lin e s  a psycho log ica l 

model o f  s o c ia l in te ra c t io n  which supports t h is  approach and the  

cho ice o f  in te rv ie w  method.

2.2 People as t h e i r  own T h e o ris ts

The problem o f  the  la s t  paragraph is  on ly  a problem i f  you b e lie v e  in  

the  " ra t io n a l man" o f  c la s s ic a l economics o r ig in .  Only ra t io n a l man 

would a ttem pt to  imagine the  outcome o f  every p o ss ib le  perm uta tion  and
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com bination o f a g iven se t o f  fa c to rs .  When making d ec is io ns  rea l 

people operate s e le c tio n  ru le s  which s t r ik e  out a l l  but a small and 

manageable number o f o p tio n s . E iger (1975) describes the o r ig in  o f  such 

s e le c tio n  ru le s ,

“ Conceptions and in te rp re ta t io n s  are products o f  past experience 

inform ed by ideo logy and p reconception . There is  no sim ple 

response to  environm enta l s t im u li (b u t)  cho ice is  exerc ised in  

the l im i t in g  assumptions and s e le c t iv e  pe rcep tion  o f  key 

pe rson ne l." (E ig e r, 1975 p116)

In  E ig e r ’ s view in d iv id u a ls  in  in d u s t r ia l o rg a n is a tio n s  have c o n s ta n tly  

f lu x in g  a t t i tu d e s  in  response to  o rg a n is a tio n a l experiences. 

When faced w ith  m ajor o rg a n is a tio n a l c r is e s  th e re  is  a 

re o r ie n ta t io n  o f  t h e i r  a t t i tu d e s  and b e l ie fs ,  a lthough the  

re o r ie n ta t io n  is  con d itio n e d  by p r io r  experience. E iger c a l ls  th is  

view o f o rg a n is a tio n s  a processual pe rspe c tive  because th e re  is  a 

process o f  n e g o tia t io n  o f  the  o rg a n is a tio n a l r e a l i t y  th a t  

continues between a l l  le v e ls  and in d iv id u a ls  in  an o rg a n is a tio n .

E ige r is  a lso  one o f  many c r i t i c s  o f  o rg a n is a tio n a l and economic 

l i t e r a tu r e .  C h ild  (1972) is  another au thor who has c r i t ic is e d  

o rg a n is a tio n a l an a lys ts  f o r  over-em phasising the  de te rm in ing  e f fe c t  o f  

e x te rn a l fa c to rs  such as f irm  s iz e  and techno logy on o rg a n is a tio n a l 

form . C h ild  p o in ts  ou t th a t  managers e xe rc ise  a degree o f  choice w ith in  

these e x te rn a l c o n s tra in ts .

However Weick (1979) is  a c r i t i c  who goes fu r th e r  than E iger o r C h ild  

and develops h is  own model which describes what an o rg a n is a tio n a l
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environment is  and how c a u s a lity  operates in  such a model. Weick 

broaches new and use fu l ideas as he combines psycho log ica l in s ig h ts  

w ith  o rg a n is a tio n a l a n a ly s is . Th is  s o c ia l psycho log ica l model 

succeeds in  being a coherent and s e lf-c o n ta in e d  a lte rn a t iv e  to  

the orthodox views o f how o rg a n isa tio n s  fu n c t io n . I t  is  im portan t 

to  the  th e s is  because i t  w i l l  be used to  support the  argument f o r  semi­

s tru c tu re d  in te rv ie w in g  as a p r in c ip a l method o f  data c o l le c t io n .

By s tre s s in g  th a t  a l l  o rg a n is a tio n s  re s t on personal in te ra c t io n  Weick, 

l i k e  E ige r, d im in ishes the  idea th a t  o rg a n isa tio n s  are somehow "re a V ‘ 

beyond the  in te ra c t io n s  th a t  make them up. An o rg a n is a tio n  is  on ly  

the  sum o f the  personal in te ra c t io n s  o f  i t s  members and these 

in te ra c t io n s  are co n d itio n e d  by the  in a b i l i t y  o f  people to  process a l l  

o f  the  in fo rm a tio n  th a t  they rece ive . They th e re fo re  s e le c t iv e ly  re ta in  

key even ts. In  W eick’ s terms in d iv id u a ls  use "causa l maps", which are 

p a r t ic u la r  se ts  o f  causal re la t io n s h ip s  between remembered events. 

These causal maps are used to  id e n t i f y  events o f re levance out 

o f  the  huge in f lu x  o f  in fo rm a tio n  c o n t in u a lly  being received by the  

in d iv id u a l.  Th is  is  the  process o f "enactm ent", through which some 

events rece ive  conscious a t te n t io n  and o the rs  do no t. An enacted 

event is  a s ig n i f ic a n t  event and i t  is  the  past experience o f  the  

in d iv id u a l which a f fe c ts  which events are enacted. However, a se t o f  

events then has to  be given meaning and th e re  may be severa l ways o f  

in te rp re t in g  these even ts . Th is  is  where n e g o tia t io n  w ith in  an 

o rg a n is a tio n  may take place to  reduce the  e q u iv o c a lity  o f the  events and 

enable a move towards t h e i r  common understand ing . The re s u lt  o f  

n e g o tia t io n  may be th a t  se lec te d  events are inco rpo ra ted  in to  

in d iv id u a ls ’ causal maps and so help to  change the  way in  which 

fu tu re  events w i l l  be perce ived .
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This process o f in te rn a l n e g o tia tio n  re s u lts  in  the  members 

o f an o rg a n is a tio n  having a p e rc e p tib le  s im i la r i t y  o f o u tlo ok  to  an 

o u ts id e r and i t  could be suggested th a t  th is  s im i la r i t y  is  the bas is  fo r  

saying an o rg a n is a tio n  has a " c u ltu re " .  I t  should fo llo w  th a t a c u ltu re  

w i l l  ra re ly  be a unique and w e ll-d e fin e d  e n t i t y .  I t  can be 

de fined  as fa r  as the  va lues chosen to  d e fin e  i t  by those in s id e  an 

o rg a n is a tio n  are s im ila r  to  the  values chosen by people o u ts id e  the 

o rg a n is a tio n , but i t  w i l l  in e v ita b ly  be perceived d i f f e r e n t ly  by people 

s ince  they a l l  have t h e i r  own causal maps.

W eick’ s model depends on a re fo rm u la tio n  o f  the  psycho log ica l 

f in d in g  th a t  sensory pe rcep tion  cannot be separated from mental 

preconceptions -  b e l ie f  has always been found to  mediate pe rcep tion  and 

i t  fo llo w s  th a t  th e re  is  no such th in g  as "pure" obse rva tion . Yet the  

se t o f  b e l ie fs  th a t  m ediate pe rcep tion  are themselves changed by the  

process o f  p e rce p tio n . There is  th e re fo re  a process where the  model 

which m o d ifie s  p e rce p tio n , is  i t s e l f  updated, in  W eick’ s term s an 

updating o f  the  "causa l map".

Weick a lso  cons iders  th a t  f irm s  opera te  in  a "s e le c t io n  

environm ent", in  which the  b e t te r  adapted f irm s  grow w h ile  o the rs  

d e c lin e . However a consequence o f W eick’ s model is  th a t  the  

environm ent has no " re a l"  ex is tence  but is  the  causal map be long ing  to  

the  members o f  a f irm .  The "environm ent" to  in d iv id u a ls  in  a f irm  

inc ludes  o th e r p a rts  o f  the  f irm  w ith  which they have to  work. In  

c o n tra s t,  the  f irm  -  environm ent boundary is  f re q u e n tly  taken as a 

very rea l and abso lu te  sepa ra tion  by o th e r o rg a n is a tio n  a n a ly s ts , fo r
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example, one th in k s  o f Chandler (1962) and (1976) w ith  h is  se n io r 

managers p lann ing  r a t io n a l ly  in  response to  environm ental change.

The idea o f a "s e le c tio n  environm ent" requ ire s  th a t  the re  is  a sense 

in  which some causal maps can be "b e tte r "  than o the rs  a t c o n fe rr in g  

co m p e titive  advantage on f irm s . Th is ra ise s  the  question  o f to  what 

ex te n t th e re  is  an e x te rn a l and o b je c t iv e  r e a l i t y  which the causal maps 

seek to  understand, w ith  the  b e t te r  causal maps having a b e t te r  " f i t "  

to  the  s e le c tio n  environm ent. The view adopted here is  th a t " r e a l i t y "  

is  s o c ia l ly  cons truc ted  ra th e r than having an "o b je c t iv e  e x is ten ce " 

separate to  people. Some causal maps can be b e t te r  than o the rs  a t 

c o n fe rr in g  c o m p e titive  advantage because they are b e t te r  than o th e rs  a t 

in te rp re t in g  events in  o rde r to  understand o th e r peop le ’ s needs and 

exp e c ta tio n s .

To examine the  process o f  in nova tio n  we need to  examine the  re le va n t 

p a rts  o f  the  "causa l maps" o f  the  managers who were c lo s e ly  invo lved  

in  the  novel food p ro je c ts .  They themselves w i l l  have se lec te d  the  

events th a t  they be lie ved  were major in flu e n ce s  on the  p ro je c t and 

th e re  is  a need to  understand t h e ir  a c tio n s  as they themselves 

understand them. Th is  process o f t r y in g  to  understand though t 

through a process o f  "mapping" ideas has been re fe rre d  to  as 

"c o g n it iv e  mapping" by Eden e t a l , (1983). Reed (1985) comments th a t  

a commitment to ,

" ’ c o g n it iv e  mapping’ in d ic a te s  a concern w ith  e x p lic a t in g  the  

concepts which p ra c t it io n e rs  re ly  on to  make sense o f the  

p ra c t ic e  in  which they are engaged -  th a t  is ,  w ith

43

_
 

...... 
 

 
 

,
 

t
 

 
 

........ 
 

 
 

 
_

 
 

 
 

 
 

.



d e sc rib in g  and re p o rtin g  the framework o f assumption, 

b e l ie fs  and ideas which p ra c t it io n e rs  deve lop ." (Reed, 1985 p141)

This leaves the  question  o f how to  "c o g n it iv e ly  map" and the next 

se c tio n  argues th a t  the  use o f  se m i-s tru c tu re d  in te rv ie w s  are the  most 

ap p ro p ria te  method.

2.3  C o gn itive  Mapping through S em i-s truc tu red  In te rv ie w s

Although we have a c o l le c t io n  o f  p o ss ib le  fa c to rs  th a t  in flu e n c e  

the  in nova tio n  process we have no theo ry  p re d ic t in g  the  re la t io n s h ip s  

between these fa c to rs  in  p a r t ic u la r  c ircum stances. There fore  i t  

would be q u ite  wrong to  use s tru c tu re d  in te rv ie w in g  techn iques 

because these assume the  in te rv ie w e r has a c le a r  understanding

(th rough  th e o ry ) o f  what the  p o ss ib le  (and l im ite d  number o f )  responses

w i l l  be. Completely u n s tru c tu re d  in te rv ie w s  are never t r u ly

po ss ib le  s ince  the  in te rv ie w e r is  sure to  be requ ired  to  make some

s o r t  o f  an in tro d u c tio n  o f  them selves, and by p hys ica l presence alone 

w i l l  a f fe c t  the  in te rv ie w e e . One could t r y  to  m inim ise the 

in te rv ie w e r- in te rv ie w e e  in te ra c t io n s  and th is  may be a p p ro p ria te  in  

c e r ta in  circum stances. The u n s truc tu red  type o f  in te rv ie w  and the  

degree o f  in te rv ie w  in te ra c t io n  are discussed in  d e ta i l by Spradley 

(1979).

Between the  two extremes o f  s tru c tu re d  and u n s truc tu red  in te rv ie w s , 

the  term "s e m i-s tru c tu re d " covers in te rv ie w s  where th e re  is  a 

degree o f  in te ra c t io n  between in te rv ie w e r and in te rv ie w e e . In  t h is  

th e s is  chap ter 1 has se t up a background o f  p r io r  in te re s ts  which 

w i l l  c o n d it io n  the  questions asked in  the  se m i-s tru c tu re d  in te rv ie w s
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and show whether the  in n ova tio n  in flu e n ce s  are regarded by the

managers as im portan t in flu e n ce s  and whether they comprise a near

"complete s e t" .

The questions a lso  fo llo w  what P e ttig rew  (1979) re fe rs  to  as an 

"event schema." For example the re  would be a s e r ie s  o f  questions 

about the  f i r m ’ s market conception a t the stage when the  p ro je c t was 

f i r s t  though t up and then a t each successive stage o f development.

By working through the  d i f fe r e n t  in nova tio n  in flu e n ce s  and how 

they may have changed through the l i fe t im e  o f  the  p ro je c t the  

in te rv ie w s  are g iven an i n i t i a l  s tru c tu re  by the  in te rv ie w e r. The open- 

ended nature  o f most questions a llow s the  managers to  express 

t h e ir  own views on how th e i r  p ro je c ts  evo lved. They tended to  use

these o p p o r tu n it ie s  to  sp in  t h e i r  own " s to r ie s "  o f  the  p ro je c t.  In

these s to r ie s ,  va rio u s  p ro je c t events are understood by anecdotes 

i l lu s t r a t i n g  key in flu e n c e s  on those events o r general " t ru th s "  

about p e rs o n a lit ie s ,  o rg a n is a tio n s  o r the  environm ent.

P io re  (1979) has a lso  remarked on managers’ tendency to  describe  

events in  the  form  o f such " s to r ie s . "  P io re  attempted to  ask 

s tru c tu re d  in te rv ie w  questions but found th a t  managers in s is te d  on 

adding e xp lana tions  th a t  were not being covered by the  s tru c tu re d  

ques tions . Since these were in t r in s ic a l ly  in te re s t in g  to  the 

research, the  experience led P iore  to  ques tion  the  s tru c tu re d  

approach. He found th a t  the econom etric model o f  manning

arrangements i t s e l f  was c a lle d  in to  question  by the  process th a t  h is  

in te rv ie w  " s to r ie s "  revea led , something th a t  could not have happened 

w ith  the  use o f  s tru c tu re d  in te rv ie w s  a lone. Th is  has led him to
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P iore made another obse rva tion  which was born ou t by the  in te rv ie w s  I  

fo r  the present th e s is .  Th is was th a t  even w ith  o f f i c i a l  

a u th o r is a tio n  to  in te rv ie w  lower o f f i c ia l s  in  o rg a n is a tio n s , a c t iv e  

coopera tion  was gained on ly  when they were a llowed to  t e l l  t h e ir  

s to r ie s  o f  even ts. T h e ir  consequent enthusiasm was then very u s e fu l, 

f o r  example in  id e n t if y in g  o th e r use fu l con tac ts  in  the  o rg a n is a tio n .

In  the  case o f t h is  th e s is  th e re  was ra re ly  a need fo r  o f f i c i a l  

a u th o r is a tio n , but th e re  were occasions when an in s is te n c e  on a 

c e r ta in  l in e  o f  qu e s tio n in g  began to  be c o u n te r-p ro d u c tiv e . 

A p p re c ia tiv e  l is te n in g  ra th e r than an in s is te n c e  on the 

in te rv ie w e r ’ s preconceived no tio ns  o f events tended to  b u ild  a good 

re la t io n s h ip .

Th is approach is  s tro n g ly  supported by Hickson e t a l (1986), who 

compare an e thnograph ic  study o f  a s o c ia l s e t t in g  w ith  an a ttem pt to  

understand the  s e t t in g  through s e le c t iv e  se m i-s tru c tu re d  in te rv ie w s .

They comment th a t ,

" I t  was found th a t  the  e s s e n tia ls  o f  problems, in te re s ts  and 

processes cou ld  be gathered by in te rv ie w . In te rv ie w s  g ive  an 

o u t l in e  n a r ra t iv e  o f  main events and p a r t ic ip a n ts  through the  

answers to  a s e r ie s  o f  questions about what happened, w ith o u t 

i t  being necessary to  d isco ve r every in c id e n t.  The h in d s ig h t 

s to ry  th a t  is  fo r th c o m in g .. .  is  the same in  main events 

and c h a ra c te r is t ic s ,  ju s t  less  c lu t te re d  w ith  d e t a i l . "  (H ickson 

e t a l ,  1986 p25)
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Weick’ s model o f people a c tin g  as th e ir  own th e o r is ts  could lead to  the  

same conclus ion  even w ith o u t the  Hickson evidence. In  Weick’ s model the 

managers would have s e le c t iv e ly  re ta ined  the s e r ie s  o f events th a t 

c o n s titu te d  a p ro je c t.  T h e ir  "s to ry "  in  a se m i-s tru c tu re d  in te rv ie w  

w i l l  th e re fo re  be th e i r  in te rp re ta t io n  and p a r t ic u la r  s e le c tio n

o f  re le va n t fa c to rs  c o n tr ib u t in g  to  those events. The Hickson

evidence is  e q u iv a le n t to  saying th a t  had the  researcher been present 

du rin g  the  s e r ie s  o f events them selves, t h e i r  in te rp re ta t io n  would 

have been s im ila r  to  the  manager’ s in te rp re ta t io n .  Semi­

s tru c tu re d  in te rv ie w s  may not y ie ld  an account o f  what i t  is  l ik e  to  be 

a manager in  a p a r t ic u la r  o rg a n is a tio n , but they do id e n t i f y  

the  p r in c ip a l in flu e n c e s  on events and the  re la t io n s h ip s  between them.

2 .4  A n a lys is  o f  Data and Grounded Theory

I t  w i l l  be necessary to  develop conceptual l in k s  d u rin g  the  a n a ly s is  o f 

the  in te rv ie w  notes and t ra n s c r ip ts  th a t  make up the  q u a l i ta t iv e  

da ta . G laser and S trauss (1967) and S trauss (1987) developed a 

method o f a n a ly s is  o f  q u a l i ta t iv e  data th a t  has acqu ired some o f  the  

re p u ta tio n  fo r  r ig o u r  and fo rm a lity  th a t  is  u s u a lly  associa ted  w ith  

s t a t i s t i c a l  a n a ly s is  o f  q u a n t ita t iv e  da ta . They d e fin e  the

development o f  "grounded th e o ry " as the  process o f  d iscove ry  o f

theo ry  from data using the  method o f com parative a n a ly s is .

Comparative a n a ly s is  can be used to  produce grounded theo ry  in  the  

fo llo w in g  manner. The q u a l i ta t iv e  data is  read c a re fu l ly  and notes 

are made in  the  margin o f  the  te x t .  These margin notes c o n s is t o f  

any and every though t th a t  the  researcher has which is  re la te d  to  the



m a te r ia l.  A m ajor fu n c t io n  o f these margin notes is  to  ca tego rise  the 

te x t  and fo r  t h is  c a te g o r is a tio n  to  enable a reo rde ring  o f the  te x t  

by the  ideas and in s ig h ts  o f the researcher. Th is  re q u ire s  the 

phys ica l c u t t in g  up o f the  te x t  and i t s  reassembly in  f i l e s  headed 

w ith  the dominant ca te g o rie s  from the  margin notes. Dominant 

ca te g o rie s  are found by re read ing  the  margin notes and id e n t ify in g  

the  more fre q u e n t ca te g o rie s  and themes w ith in  ca te g o rie s .

An example in  t h is  study was the  repeated re fe rences to  a product 

champion by some in te rv ie w e e s . These re fe rences were fre q u e n t enough 

fo r  a f i l e  to  be s ta r te d  which was la b e lle d  "p roduct champions" 

and in to  which a l l  such re fe rences were in s e rte d . By a process o f 

c o n t in u a lly  comparing ca te g o rie s  fo r  t h e ir  adequacy in  rep resen tin g  the  

m a te ria l w ith in  them, some o f the  weaker ca te g o rie s  may be weeded 

out o r merged w ith  o th e rs . So where an in c id e n t suggested the  

s ig n if ic a n c e  o f the  power o f  one person and was headed "dominant 

p e rs o n a lity " ,  t h is  became subsumed w ith in  the  product champion 

ca tegory .

The dominant conceptual ca te g o rie s  p rov ide  the  grounded th e o ry  and 

th is  th e o ry  should be a v a l id  way o f  in te rp re t in g  the  case study 

m a te r ia l.  G laser and S trauss (1967) argue th a t  the  com parative a n a ly s is  

used to  produce t h is  th e o ry  a lso  makes i t  l i k e ly  th a t  i t  is  use fu l in  

o th e r cases, a lthough here i t s  v a l id i t y  remains to  be te s te d . The 

p roduc tion  o f grounded th e o ry  does not th e re fo re  c o n tra d ic t  anyth ing  

th a t  has so fa r  been sa id  about case s tu d ie s . I t  is  use fu l in  

th a t  i t  con ta ins  a sys tem a tic  procedure fo r  the  p roduc tion  o f  

in s ig h ts ,  which can then be app lied  (us ing  M itc h e l l ’ s (1983) argument) 

in  o th e r s itu a t io n s ,  but dependent on the  q u a li ty  o f the a n a ly s is .
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In  a number o f ways grounded theo ry  requ ire s  a d i f fe r e n t  se t o f 

research s k i l l s  to  the  survey and experim enta l methods o f research 

( fo r  which see W ilson, 1979). Perhaps one o f the  most im portan t is  

the  q u a li ty  o f  r e f le x iv i t y .  Th is  is  the conscious c u l t iv a t io n  o f

awareness o f personal experience and the  a ttem pt to  increase the 

s e n s i t iv i t y  o f  the  observer. Th is  q u a li ty  is  fre q u e n tly  associa ted  

w ith  the a b i l i t y  to  do good q u a li ta t iv e  research, fo r  example by 

W right M il ls  (1970), o r even w ith  good management s k i l l s  

(Mangham, 1986).

Grounded th e o ry  can be thought o f as the  fo rm a lis a t io n  o f the  

" c r a f t "  o f  doing q u a l i ta t iv e  research. There are a number o f  more 

personal accounts d e s c r ib in g  the  a t t r ib u te s  and p ra c t ic e  o f  a good 

s o c io lo g is t  fo r  example W righ t M il ls  (1970). These have in  common 

the  advocacy o f some k ind  o f  system to  enable the  storage and 

r e t r ie v a l o f  q u a l i ta t iv e  research data . W righ t M il ls  advocates the  

use o f a p r iv a te  jo u rn a l,  a f i l i n g  system based on a l i fe t im e  research 

p lan and the  p e r io d ic  re s o r t in g  and r e c la s s i f ic a t io n  o f t h is  f i l i n g  

system as in te re s ts  and p ro je c ts  change.

I t  is  th e re fo re  not so im portan t to  fo llo w  a l l  the  steps la id  out 

as grounded theo ry  by G laser and S trauss as to  have some system ised 

method o f  d e a lin g  w ith  da ta . However, i t  is  po ss ib le  to  be even 

more form al and "m e th o d o lo g ica lly  minded" than G laser and S trauss. 

Turner (1981) in te rp re ts  grounded th e o ry  p roduc tion  s l ig h t ly  

d i f f e r e n t ly  to  G laser and S trauss. For Turner theo ry  genera tion  is  the  

process o f assembling new c o g n itio n s  in to  a coherent framework, a 

use fu l idea th a t  l in k s  grounded theo ry  to  the  e a r l ie r  re fe rences to
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c o g n it iv e  mapping. The main advantage o f grounded theo ry  fo r  Turner
<)

is  th a t i t  b ring s  the  c o g n it iv e  research process ou t in to  the open.

I t  should th e re fo re  be po ss ib le  to  exhaust the  " s e t ” o f  c o g n itio n s  

p e r t in e n t to  a p a r t ic u la r  case s tudy. Comparative a n a lys is  is  e f f i c ie n t  

a t c o l le c t in g  c o g n itio n s  and deve lop ing ca tego ries  but th e re  comes a 

p o in t in  a case study when these re tu rn s  d im in is h . G laser and 

S trauss re fe r  to  t h is  as th e o re t ic a l s a tu ra tio n . Once ca te g o rie s  

have become e s ta b lish e d  they can be ignored and as the  a n a lys is  

proceeds on ly  the  novel in s ig h ts  and ca tego ries  need to  be noted.

Th is  was the  case w ith  one o f the la s t  in te rv ie w s  o f the  

f ie ld w o rk , w ith  Gulbrandsen o f  Norsk Hydro. There were very few new 

in s ig h ts  and th e re fo re  h is  name does not show up o fte n  in  the  

q u o ta tio n s  o f  the  te x t .  The in te rv ie w  was most use fu l as a check 

on the  conc lus ions drawn from the  e a r l ie r  in te rv ie w s . Th is  was an 

im portan t fe a tu re  o f  the  in te rv ie w in g  method, th a t  i t  was p o ss ib le  to  

cross check key statem ents and views by using e a r ly  in te rv ie w s  to  guide 

the  questions o f  the  la te r  in te rv ie w s .

2 .5  Grounded Theory and S em i-s truc tu red  In te rv ie w s  in  P ra c tic e

The prev ious se c tio n s  have described much o f  the  l i t e r a tu r e  background 

fo r  the  research method o f  the  th e s is ,  but t h is  se c tio n  w i l l  

describe  the  experience o f  using th is  research method.

i)
‘ However, Turner becomes too  invo lved  in  d e s c r ib in g  the  m arginal 

m e rits  o f  a l te rn a t iv e  grounded th e o ry  procedures, a c r i t ic is m  which a lso  
a p p lie s  to  M a rt in ’ s (1986) a p p re c ia tio n  o f  grounded th e o ry .
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The i n i t i a l  bounds o f the  p ro je c t inc luded a l l  novel food 

and feed-from -w aste p ro je c ts  in  Western Europe. However i t  soon

became c le a r  th a t  th e re  were many yeast from waste p ro je c ts  running 

in  Western Europe, more than i t  was fe a s ib le  to  v i s i t .  The in te re s t  

in  these p ro je c ts  became re s tr ic te d  to  Tate and Ly le , Bel In d u s tr ie ,  

C e llu lo se  A t t is h o lz  and the  P e k ilo  p la n ts . Together these covered the 

m ajor " ty p e s ", based on d i f fe r e n t  waste su b s tra te s . Th is group a lso  

covered the  cases where th e re  was a se riou s  attem pt to  lice n se  

the  techno logy. The o n ly  waste processes th a t  were om itted  were 

the  Swedish Sugar Company’ s Symba Yeast process and the  W aterloo 

Process, the la t t e r  o r ig in a t in g  in  North America.

However the  d e c is io n  to  focus on the  major SCP (s in g le  c e l l  p ro te in )

p ro je c ts  p lus  RHM’ s funga l process was not taken a t one p o in t in  

t im e . The research fo llo w e d  a deve lop ing "netw ork" o f  manager 

co n ta c ts , w ith  one co n ta c t suggesting the  names o f  severa l o th e r

managers who m ight cover, f o r  example, the  market o r  te c h n ic a l s ides 

o f  the  p ro je c t in  o th e r companies. There was a degree o f choice over

who to  see and th is  depended on what seemed to  be the  most

im portan t questions p e r ta in in g  to  a p a r t ic u la r  p ro je c t.  The re s u lt  

o f  fo llo w in g  up the  most in te re s t in g  con tac ts  was th a t  the  waste 

processes lo s t  ou t by d e fa u lt .

O b ta in ing  the  necessary in te rv ie w s  fo r  t h is  research was more d i f f i c u l t  

than a t f i r s t  a n t ic ip a te d . O r ig in a l ly ,  a w r it te n  approach to  severa l 

f irm s  was made by le t t e r  reques ting  in te rv ie w s  w ith  managers, which met 

w ith  a nega tive  response. I t  was a personal con tac t between the  head 

o f l i f e  science a t T ren t P o ly techn ic  and a form er manager a t IC I which 

brought the  f i r s t  in te rv ie w . The network o f  in te rv iew ees was
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e s ta b lish e d  as th is  co n ta c t provided fu r th e r  names, and they in  t h e ir  

tu rn  provided o th e rs . The o r ig in  o f  the  manager network was

t h e ir  shared experience as m ic ro b io lo g is ts  a t u n iv e rs ity  and the

personal acquaintances they made on the fe rm en ta tion  conference 

c i r c u i t .  Th is  was s u f f ic ie n t  fo r  them to  know the  names and 

p o s it io n s  o f many o f  th e ir  coun te rpa rts  in  o th e r 

o rg a n is a tio n s . A glance a t appendix 7 which l i s t s  those managers

in te rv ie w ed  shows th a t  many o f  those in te rv ie w ed  were s c ie n t is ts  o r R&D

managers.

The network d id  no t extend to  a l l  the  c o n tin e n ta l companies, e s p e c ia lly  

not the  waste process companies. These were too  sm all f o r  

in d iv id u a ls  to  be known to  the  "co re " con tac ts  in  IC I, BP and T&L, but 

the  company names were known. In  these cases an approach through the  

sw itchboard was necessary; sometimes a te lephone conve rsa tion  took 

p lace ra th e r than an in te rv ie w . Notes from these te lephone 

conve rsa tions produced use fu l data which was analysed in  the  same 

way as the  t ra n s c r ip ts .

In te rv ie w  networks have been remarked on by Foot-Whyte (1960) in  h is  

unique work on in te rv ie w in g  in  f ie ld  research. Th is  records many o f  the  

experiences o f  a researcher in  q u a l i ta t iv e  in te rv ie w s . Foot-Whyte 

notes th a t  the  in fo rm an ts  a t "connections" in  the  network are o fte n  

e s p e c ia lly  va lu a b le . In  t h is  research these connecting p o s itio n s , 

corresponded to  one manager’ s op in ion  o f  another company’ s p ro je c t.  

These sh o rt overviews were in v a lu a b le  as a guide to  the  im portan t issues 

and fe a tu re s  o f the  p ro je c ts ,  f o r  example i t  was o u ts id e  comment by 

Bu’ Lock ( IC I c o n s u lta n t)  th a t  id e n t i f ie d  the  methanol nozzles o f  the
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IC I fe rm enter as having been p rob lem atic . IC I were w i l l in g  to  t a lk  

about th is  m a tte r, but they m ight not have ra ised  i t  themselves.

Another fe a tu re  o f in te rv ie w in g  th a t  Foot-Whyte comments on is  the  need 

fo r  a r e la t iv e ly  n e u tra l su b je c t m a tte r w ith  which to  s ta r t  the 

in te rv ie w  o r to  which you could re tu rn  i f  the  in te rv ie w ee  becomes 

touchy. Th is was not a problem in  t h is  research s ince  the  em otional 

q u a li ty  o f  d i f fe r e n t  re la t io n s h ip s  w ith in  the  company were not f e l t  to  

be h ig h ly  im po rtan t. However the  research was aided by the  deve lop ing 

knowledge o f SCP which was gained by the  researcher. Th is  was use fu l 

in  th a t  i t  helped show in te rv ie w ee s  th a t  the  researcher was not ig no ran t 

o f  t h e ir  f i e ld .  Th is  was probably the reason why the  use o f  personal 

con tac ts  worked b e t te r  than the  co ld  w r it te n  approach to  p o te n t ia l 

in te rv ie w e e s ; i t  helped to  e s ta b lis h  a ra p p o rt.

Another aspect o f  the  in te rv ie w  re la t io n s h ip  was to  what e x te n t one 

could be c o n fid e n t th a t  the  in te rv ie w ee  was not " d is to r t in g "  the  

account fo r  the  in te rv ie w e r ’ s b e n e f it .  In  t h is  case and where 

s e n s it iv e  to p ic s  were not ra ise d , reading between the  lin e s  o f 

te c h n ic a l papers and e x p lo it in g  the in d iv id u a l d iffe re n c e s  in

manager accounts over what was considered s e n s it iv e  helped to  cover 

these issues. (See e a r l ie r  w ith  re fe rence to  Bu’ Lock). The in te rv ie w s  

were aimed a t understanding how the  managers saw events and th e re  is  

no problem w ith  any o th e r k ind  o f " d is to r t io n "  because our view o f  a 

s o c ia l ly  cons truc ted  r e a l i t y  and m u lt ip le  pe rspec tives  in  any 

s o c ia l s e t t in g  make the  n o tio n  o f "g e t t in g  a t the t r u th "  less 

im po rtan t. There are no obvious reasons why the  managers should have 

changed th e i r  s to r ie s ,  as Treeby (RHM) c la im s,
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"No p a rt o f the  chain o f h is to r ic a l dec is io ns  g ives me 

any tro u b le , in c lu d in g  id e n t ify in g  how the rea l dec is ions  were 

made as opposed to  what in  re tro sp e c t we would l ik e  to  perce ive  

as d e c is io n s . The on ly  areas where I  would s ta r t  to  become more 

s e n s it iv e  is  any area regard ing  a commercial re la t io n s h ip  which 

is  c u rre n t and very much under d is c u s s io n ."

Since many o f  the  events were known to  many managers i t  was p o ss ib le  

to  cross-check some o f  t h e i r  in te rp re ta t io n s .  The reason fo r  the 

I t a l ia n  m in is try  o f  h e a lth  re fu s a l to  approve Toprina was probably the  

issue th a t  was checked most o fte n  because th e re  was no consensus view 

amongst in te rv ie w e e s . However the re s u lt  o f  a lack  o f consensus 

was in te re s t in g  s ince  the  va riou s  in te rp re ta t io n s  o f events could 

be co n tra s te d . The d e s ire  to  cross-check p a r t ic u la r  p o in ts  had to  be 

tempered by the  need not to  pressure the  in te rv iew ees and to  

a llo w  them to  develop t h e i r  own s to r ie s .

A tape recorder was used and in te rv ie w s  tra n s c r ib e d  wherever p o s s ib le . 

The advantage o f t h is  was th a t  r e la t iv e ly  long quotes were 

poss ib le  in  the  te x t  o f  the  th e s is .  Th is  g ives the  th e s is  i t ’ s 

d is t in c t iv e n e s s  and something o f  the  f la v o u r  o f  what i t  must have been 

l ik e  to  have worked on one o f  these p ro je c ts  should come over to  the  

reader.

For two o f the  e a r ly  in te rv ie w s  notes were w r it te n  up even though a 

tape reco rd ing  had been made so th a t  the  two methods could be compared. 

The re s u lt  was th a t  a lthough a remarkable amount o f  in fo rm a tio n  could 

be re tr ie v e d  from memory when w r it in g  notes im m ediate ly a f te r  an

in te rv ie w , t h is  in fo rm a tio n  was in e v ita b ly  a s e le c tio n  o f the  issues



ra ise d . Th is s e le c tio n  occurred on the basis o f  what was thought to  be 

im portan t to  the in nova tio n  process before the  in te rv ie w  occurred . 

Since th is  changes over the  period  o f the research, in te rv ie w  notes 

become less  use fu l the  e a r l ie r  they are taken. A t ra n s c r ip t  can be 

re tu rned to  and re in te rp re te d , notes are a lready a p a r t ia l  

in te rp re ta t io n  o f  the  in te rv ie w . Th is was the  case w ith  one o f the 

f i r s t  in te rv ie w s , w ith  Peter Harwin, ( IC I ) .  The notes th a t were taken 

were use fu l in  s e t t in g  up questions fo r  the next in te rv ie w  in  IC I ,  but 

these la te r  in te rv ie w s  superceded the  Harwin in te rv ie w  in  co n ten t.

In  the  la te r  in te rv ie w s  the  ca tego ries  fo r  grounded th e o ry  were 

s u f f ic ie n t ly  developed so th a t  the  responses to  questions were 

in c re a s in g ly  repeats o f e a r l ie r  in te rv ie w s . There was an e f fe c t ,  then , 

where the  in te rv ie w s  became in c re a s in g ly  use fu l then began to  

decrease in  va lue . The Gulbrandsen (N Hydro) in te rv ie w  has a lready 

been re fe rre d  to  e a r l ie r  as an example o f the  la te r  type o f  in te rv ie w . 

Because the  ca te g o rie s  were no longer changing so ra p id ly  note ta k in g  

a f te r  the  in te rv ie w  would have been a more e f f i c ie n t  use o f tim e . A 

mix o f methods would seem most ap p ro p ria te  to  grounded theo ry  

p roduc tion  o f t h is  type .

The development o f  f ix e d  ca te g o rie s  and th e re fo re  a focus fo r  questions 

was accompanied by an increase in  the  s o p h is t ic a t io n  o f the  que s tions . 

I t  was th is  th a t  led to  the  most in te re s t in g  responses and the  g re a te r 

y ie ld  o f  quotes than in  the  e a r l ie r  in te rv ie w s . Th is  focus ing  

on issues is  something which is  found in  s im ila r  s tu d ie s  such as 

Graham (1988) and Bessant and Grunt (1985). I t  was found th a t  the  

best way to  take advantage o f the  la te r  in te rv ie w s  was to  prepare an 

advance l i s t  o f  ques tions  and send i t  on to  the  in te rv ie w e e . The
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advantage o f the  advance l i s t  was th a t  the questions revealed to  the 

in te rv iew ee  how much was a lready known and so saved tim e working 

through es ta b lish e d  m a te r ia l.  Th is e v o lu tio n  o f the prepared 

questions can be seen in  the  samples in  appendix 4.

As the  in te rv ie w s  were recorded they were prom ptly  tra n s c rib e d  and 

analysed as described above. Th is grounded theo ry  a n a lys is  had the  

advantage th a t  not on ly  chap ter t i t l e s  but sub-headings were 

ob ta ined depending on the  frequency w ith  which a to p ic  recu rred . The 

grounded theo ry  a n a ly s is  th e re fo re  e f fe c t iv e ly  cu t out much o f the  

o rg a n is in g  o f m a te ria l fo r  the  w r it in g  up tasks .

The development o f  conc lus ions o r theo ry  from the  data was not 

q u ite  as sim ple as G laser and S trauss describ e . Open ended 

conc lus ions , te n ta t iv e  g e n e ra lis a tio n s  and patchy new models are the  

l i k e ly  re s u lt  o f  grounded theo ry  in  p ra c t ic e , ra th e r than f in a l  

answers to  im portan t que s tions , o r grand u n ify in g  th e o r ie s . Th is  

does not reduce the  va lue o f the  exe rc ise  provided th e re  is  an 

increase in  understand ing o f  issues.

The obvious rou te  to  im proving the  q u a li ty  o f  a n a ly s is  is  to  re la te  the 

grounded theo ry  to  bo rde ring  f ie ld s  o f  knowledge, m arke ting , co rpo ra te  

s tra te g y  e tc . The d iscuss io n  does not pretend to  be complete o r to  

make due re fe rence  to  a l l  preceding work. I t  is  l i k e ly  th a t  the 

researcher has some idea o f the  l i t e r a tu r e  in  these bo rde ring  areas 

where h is  grounded th e o ry  is  making in cu rs io n s  and th is  should be made 

use o f  in  conc lus ions .

2 .6  Conclusions
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This chap ter has described a research method fo r  the  case study and a 

means o f ana lys ing  q u a l i ta t iv e  data. I t  has ju s t i f i e d  the use o f  semi­

s tru c tu re d  in te rv ie w s  to  in v e s tig a te  a case study and the  use o f

grounded th e o ry  to  analyse the  in te rv ie w s  c o lle c te d . Open ended 

conc lus ions , te n ta t iv e  g e n e ra lis a tio n s  and patchy new models are the

l ik e ly  re s u lt  o f  grounded theo ry  in  p ra c t ic e , ra th e r than f in a l

answers to  im portan t ques tions , o r grand u n ify in g  th e o r ie s . However, 

i t  w i l l  be v a l id  to  make inform ed comment about the process o f

in n o va tio n  in  general and to  combine such ideas to  form a model o f  the 

in nova tio n  process.
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CHAPTER 3 SINGLE CELL PROTEIN AS THE PRINCIPAL EXAMPLE OF NOVEL

FERMENTATION TECHNOLOGY

In tro d u c tio n

In  th is  chap ter the  h is to ry  o f  the s in g le  c e l l  p ro te in  p ro je c ts  is  

summarised and the  technology and re le va n t science to  one o f the 

p ro je c ts  is  described in  some d e ta i l .  Th is  in vo lve s  a d e s c r ip t io n  o f the  

p roduc tion  process o f one o f the  f u l l  sca le  p la n ts  which w i l l  be use fu l 

when managers come to  t a lk  about each s tep , as they do in  chap ter 8. 

For re fe rence the re  are ta b le s  o f the  companies where in te rv ie w s  took 

p lace , leng th  and number o f  in te rv ie w s , s iz e  o f  p la n t b u i l t  and names 

o f the  d i f fe r e n t  p ro te in  p roducts . F in a l ly ,  th e re  is  a lso  a summary o f 

the  d ec is io ns  made in  each o f  the fo u r  p ro je c ts  which progressed 

fu r th e s t .

Th is  chap ter should make the  debates and re fe rences to  te c h n ic a l issues 

in t e l l i g ib le  and serve as an SCP prim er to  be re fe rre d  to  i f  the  going 

gets tough in  the  chap ters  ahead.

3.1 A Short H is to ry  o f  S in g le  C e ll P ro te in ^

The name s in g le  c e l l  p ro te in  o r SCP was given to  the in d u s t r ia l 

processes fo r  fe rm en ting  m icroorganisms by Nevin Scrimshaw, an academic 

a t MIT in  the  la te  1960s. A t t h is  tim e many o i l  companies s ta r te d  

research on the  fe a s a b i l i t y  o f  SCP processes based on yeast, b a c te r ia

3A lso see M arstrand (1981) fo r  an overview o f  SCP development.

58



or fu n g i .4 The aim was to  produce novel foods o r feeds through the  

in d u s t r ia l fe rm e n ta tio n  o f these m icro-organism s on some k ind  o f 

hydrocarbon s u b s tra te .

S c ie n t i f ic  papers were pub lished as long ago as the la te  19th century  

on the  a b i l i t y  o f  c e r ta in  b a c te r ia  to  grow on m ethanol. Some s u lp h ite  

l iq u o r  waste processes were in s ta l le d  du ring  the  1920s to  produce yeast 

as animal fodder and d u rin g  the  second world  war both the  S ov ie ts  and 

the  T h ird  Reich h u r r ie d ly  cons truc ted  food yeast m anufacturing p la n ts  

to  p rov ide  p ro te in  supplements to  the  d ie ts  o f  t h e ir  in d u s t r ia l 

p o p u la tio n s . Germany had a lso  attempted to  c o n s tru c t such p la n ts  in  

World War 1, based on Candida U t i l  is  yeast. Solomons (1983) re p o rts  th a t 

p roduc tion  o n ly  reached h a lf  the  German ta rg e t  due to  te c h n ic a l 

problems.

At the  end o f the  war the  German food m anufacturing technology was a 

p r io r i t y  in te re s t  f o r  both the  S ov ie ts  and the  Western powers. Lewis 

(S h e ll)  t e l l s  the  s to ry  o f  how, besides c a ts , ra ts  and dogs, the  S ov ie ts  

managed to  feed yeast p ro te in  supplements to  t h e i r  troops  d u rin g  the  

defence o f S ta lin g ra d . Lewis suggests th a t  yeast supplements can be 

added to  the  l i s t  o f  fa c to rs  th a t  "cou ld  have tip p e d  the  balance" du rin g  

the  second World War. I t  is  from  th is  tim e th a t  the  S o v ie t Union has 

been in te re s te d  in  s in g le  c e l l  p ro te in s  and the  S ov ie ts  con tinue  to  

operate more p la n ts  than any o th e r coun try  in  the  w o rld , (see appendix 

3 ).

4Fungi are m u lt ic e l lu la r  but companies th a t  fermented fu n g i 
a ttended the  same conferences as those in te re s te d  in  yeast and b a c te r ia l 
fe rm e n ta tio n . T h e ir  s c ie n t is ts  a lso  pub lished papers in  the  same 
jo u rn a ls .
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Im m ediate ly a f te r  the  war SCP p la n ts  continued to  be b u i l t  f o r  human 

food supplements. For example, in  1948 Candida yeast was grown on waste 

s u lp h ite  pulp l iq u o r  and using German-type technology in  the US, la te r  

a second p la n t was b u i l t  o f  5 000 t / a  capac ity  which has on ly  re c e n tly  

ceased o p e ra tio n . In  1947 the  B r i t is h  Government financed a p ro je c t to  

grow Candida U t i l  is  on sugar-cane molasses in  the  West In d ie s  as a 

p ro te in -v ita m in  supplement fo r  the indigenous p o p u la tio n . The p ro je c t 

e v e n tu a lly  fa i le d ,  appa ren tly  due to  te c h n ic a l problems and under­

c a p i ta l iz a t io n ,  Solomons (1983).

Once the  food shortages o f  the  War and the  immediate post-War years had 

passed, in te re s t  dropped away in  yeast as a food. Not u n t i l  Champagnat, 

working fo r  BP, announced h is  team’ s succesfu l c u l t iv a t io n  o f  yeasts 

on petroleum  d id  general in te re s t  increase aga in. Solomons (1983) 

comments th a t  a t the  tim e i t  was known th a t  m icro-organism s could grow 

on w ater in s o lu b le  su b s tra te s  such as petro leum , but th e re  was an 

assumption among s c ie n t is ts  th a t  these organisms would be ra th e r 

s p e c ia lis e d  and would grow o n ly  s lo w ly . The BP announcement s tim u la te d  

w orld  wide in te re s t  in  these organisms, p a r t ic u la r ly  among the  o i l  

companies.

During the  1960s o i l  was cheap and p ro te in , in  the  form o f soya meal, 

was r e la t iv e ly  expensive. More im po rtan t, the  tre n d  in  the  o i l  p r ic e  was 

downwards, th a t  o f  soya s ta b le  o r expected to  be upwards. Chemical 

companies w ith  access to  cheap hydrocarbon su b s tra te s  a lso  began 

research programmes in to  SCP - IC I  and Norsk Hydro took North Sea gas as 

th e i r  s ta r t in g  p o in t f o r  m anufacture. The e xp e c ta tio n  o f  an in c re a s in g  

p ro te in  "gap” was a fu r th e r  reason fo r  deve lop ing the  techno logy. In  the  

la te  60s to  e a r ly  70s w orld  pop u la tio n  and th e re fo re  demand f o r  food was
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expected to  grow fa s te r  than conventiona l a g r ic u ltu re  could expand i t s  

ou tp u t. I t  was thought th a t  the re  would be a s p e c if ic  shortage o f 

p ro te in  in  many th i r d  w orld  d ie ts .  These fo re c a s ts  o f w orld -w ide  p ro te in  

shortages seemed to  guarantee the economic success o f a novel p ro te in  

m anufacturing process. I t  was th is  expec ta tion  o f a food shortage th a t  

encouraged some o f the food companies in to  novel p ro te in  m anufacture. 

The food companies used n o n -o il de rived  s u b s tra te s , such as s ta rch  and 

glucose where these were being produced as su rp lu s  to  o th e r food 

m anufacturing processes. The fe rm en ta tion  o f  the  subs tra te s  would 

e n r ic h  the  p ro te in  con ten t o f  these by-products  and o f fe r  the  prospect

o f  tu rn in g  them in to  complete foods w ith  h igher va lue .

Another group o f  companies manufactured SCP, but on a small sca le  and 

as a means to  so lve  waste d isposa l problems lin k e d  to  t h e ir  p r in c ip a l 

a c t iv i t ie s .  Th is  group inc ludes  pu lp , c o n fe c tio n e ry  and palm o i l  

producers. Most were u n in te re s te d  in  the  SCP conference c i r c u i t ,  

p re fe r r in g  to  buy in  techno logy from equipment m anufacturing f irm s  and 

i t  was the  la t t e r  th a t  tended to  do the research, b u ild  the  p i lo t  p la n ts  

and a ttend  conferences on SCP. The la rg e s t c a p a c ity  waste processing 

p la n t would be less than 10 000 t / a , l im i te d  by the  volume o f  waste 

p roducts , compared to  ta rg e t  c a p a c it ie s  fo r  the  SCP p la n ts  o f  around 100 

000 t / a .

The o i l  p r ic e  r is e  shocks o f  1973 and 1979 overtu rned the  economics o f 

the  hydrocarbon based SCP processes. During the  pe riod  73-82 research 

and development was abandoned by almost a l l  the  o i l  and chemical

companies. The soya p r ic e  f e l l  in  rea l terms where i t  had been expected 

to  r is e  du rin g  the  1970s and th is  seemed to  f in is h  hopes o f  an

econom ica lly  v ia b le  process. However, w ith  the  f a l l  in  hydrocarbon and
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energy p ric e s  in  1986 the  economics have once more become more 

favou rab le . There is  now (1989) one p ro je c t run by Dansk B io p ro te in  in  

Denmark which aims to  produce SCP from North Sea Gas by la te  1990. The 

food and waste-based processes were not seve re ly  a ffe c te d  by the  change 

in  o i l  p r ic e , but the  cheapening o f the p r ic e  o f soya in  the 1970s and 

the development o f  new waste trea tm en t techno log ies  undermined the  

economics o f  some waste processes.

At the  present tim e (1989) the re  is  on ly  one product on the market and 

th is  is  "Quorn", which is  a mycelium fungus grown on a glucose su b s tra te  

by Marlow Foods, a- company which is  jo in t l y  owned by RHM and IC I. 

According to  Spencer (1989), th e re  are now over 40 prepared d ishes which 

con ta in  Quorn and which are being so ld  through va riou s  supermarkets and 

chain s to re s  in  the  UK. I t  is  the  in te n tio n  o f RHM and IC I th a t  Quorn 

w i l l  become a m ajor, in te r n a t io n a l ly  traded fo o d s tu f f .

The success o f any o f these p ro je c ts  would mean the  a d d it io n  o f  a new 

food to  the human food cha in . E ith e r  animals would ea t the  novel 

p ro te in s  and people would ea t the  anim als, o r e lse  people would ea t the  

p ro te in s  d i r e c t ly .  As one manager put i t ,  the  success o f  Quorn 

represents  the  f i r s t  tim e  s ince  the  po ta to  th a t  Western pop u la tions  have 

begun to  eat an e n t i r e ly  novel source o f food.

The attem pt to  com m ercia lise s in g le  c e l l  p ro te in  can be seen as the  

f i r s t  development in  what would now be c a lle d  b io techno logy and some o f 

the  s c ie n t is ts  who o r ig in a l ly  worked on the  SCP p ro je c ts  are now to  be 

found in  sm all b io techno logy  companies. Some o f the  technology developed 

by the  SCP p ro je c ts  has been app lied  to  o th e r p ro je c ts  in  the  b io ­

in d u s t r ia l f ie ld  which are s t i l l  c u r re n t, but i t  is  l i k e ly  th a t  much o f
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the  technology w i l l  never be used because i t  is  too  s p e c if ic  to  a 

c e r ta in  type o f b io lo g ic a l p rodu c tion ; continuous fe rm en ta tion  to  

produce a lo w -p riced  commodity. At p resen t, lo w -p rice d , b io lo g ic a l 

commodities o f a l l  k inds are produced more cheaply through a g r ic u ltu re .

Between the  tim e BP announced i t s  in te re s t  u n t i l  the  present tim e , 

rough ly £ 1 000 000 000 in  to d a y ’ s money has been spent on SCP p ro je c ts  

in  the  West. The th re e  companies th a t  b u i l t  la rg e  commercial p la n ts  

in cu rre d  most o f  t h is  development c o s t, BP, IC I and L iq u ic h im ic a . There 

have a lso  been l i t e r a l l y  hundreds o f sm all research groups, m ostly  in  

u n iv e rs it ie s  a l l  over the  w o rld , who have in v e s tig a te d  a wide range o f 

p o ss ib le  organism and su b s tra te  com binations. These subs tra te s  in c lud e  

pea t, a l l  k inds o f  vege tab le  processing wastes, animal waste s lu r r ie s ,  

ox id ise d  po lye thy lene  and f is h  o i l .  Solomon (1983) l i s t s  27 re fe rences 

to  unusual subs tra te -o rgan ism  SCP research. Th is  research has now 

almost e n t ir e ly  faded away.

3.2 Companies

Table 3.1 shows which companies were invo lved  in  the  technology and the 

stage to  which they pursued development. A lthough th e re  was v a r ia t io n  

in  the  te c h n o lo g ic a l com p lex ity  o f  the  p i lo t  p la n ts  and f u l l  sca le  

p la n ts , the  ta b le  ignores th is  and serves as a rough guide as to  how fa r  

each company progressed. I t  can be used to  es tim ate  the  expend itu re  o f 

the  companies and the  re la t iv e  importance o f the  p ro je c ts .  I f  a p i lo t  

p la n t had been b u i l t ,  the  cos t would be o f the  o rde r o f  £ m il l io n s ,  to  

a r r iv e  a t a f u l l  sca le , 100 000 t / a  p la n t the  cos t in  c u rre n t pounds 

would be around £200 -  £300 m il l io n s  in c lu d in g  a l l  the  development work
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Company Product P i lo t F u ll-S c a le Ni
P lan t P lan t II

IC I Pruteen 1000 70 000 8
BP Toprina 4 000 100 000 4
L iq u ich im ica L iq u ip ro n yes 100 000 1
Hoechst Probion yes 1
S he ll yes 4
T&L yes 3
Esso-Nestle yes 1
P e k ilo yes 3
RHM Quorn yes 1
Norsk-Hydro yes 1
U n ile ve r 1
Amoco T o ru te in 7 500 0
P h ilip s  P e tr. P rovosteen l 800 1
Swedish Sugar Symba 10 000 0
C e ll.  A t t is h lz yes 2
Bel In d u s tr ie P ro t ib e l yes 1
IFP/ELF/CFG yes 1
Rumania/Jap yes 0

Hours
In te r

13
7
3
3
7
5
0.5
2
2
2.5
1

0.5

2
1
2
0

Table 3.1 Company. Product and In te rv ie w s
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and p i lo t  p la n t c o n s tru c tio n . Th is was how the managers estim ated the  

cost o f a p ro je c t,  exact f ig u re s  ra re ly  being a v a ila b le  o r easy to  

remember. Only 3 companies spent th is  k ind o f sum on SCP; IC I, BP- 

ANIC and L iq u ic h im ic a . On the  opposite  end o f the  sca le  o f expend itu re  

are T&L and the waste su b s tra te  processes w ith  an expend itu re  o f  a few 

£ m il l io n s  on low c a p ita l in te n s ity  techno logy.

The m icro-organism s cou ld  be grown in  batches on agar j e l l y  o r shake 

f la s k s ,  but t h is  y ie ld e d  no s ize ab le  q u a n t it ie s  o f  p roduct. To do 

n u t r i t io n a l  and to x ic o lo g ic a l research a p i lo t  p la n t o f  around 1000 t / a  

ca p a c ity  had to  be b u i l t .  L iq u ich im ica  b u i l t  a p i lo t  p la n t w ith  the  so le  

purpose o f t r a in in g  the  te c h n ic ia n s  who would have to  operate the  f u l l  

sca le  p la n t.  The jump from a p i lo t  p la n t to  a f u l l - s c a le  p la n t o f 

50-100 000 t / a  ca p a c ity  assumes the  la rg e r  sca le  fe rm en ta tion  w i l l  pose 

no ra d ic a l eng ineering  problems. Some companies b u i l t  a s e m i- in d u s tr ia l 

p la n t to  te s t  the  v ia b i l i t y  o f  f u l l y  s c a lin g  up p rodu c tion , o the rs  

jumped to  f u l l - s c a le  from p i lo t  p la n t.  The s e m i- in d u s tr ia l p la n ts ’ 

product was meant to  be so ld  on a continuous bas is  on the  open m arket, 

t h e ir  ca p a c ity  was about 10 000 -  20 000 t / a .

The p la n t cons truc te d  fo r  C e llu lo se  A t t is h o lz  and the  P e k ilo  p la n ts  are 

classed as s e m i- in d u s tr ia l in  ta b le  3 .1 . These had a d i f fe r e n t  economic 

ju s t i f i c a t io n  to  the  hydrocarbon based p ro je c ts  and a s e m i- in d u s tr ia l 

s ize  p la n t was as la rg e  as a waste-based p ro te in  p la n t could hope to  

become, g iven i t s  dependence on the  q u a n tity  o f  waste o r by-p roduct 

produced by the  prim ary process.

3.3 Science Base -  Micro-organisms
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The two types o f s in g le  c e lle d  organisms used to  grow p ro te in  were yeast 

and b a c te r ia . B a c te ria  are o f the o rder o f  1-2 m icrom etres, o r 

m il l io n th s  o f a metre and reproduce by b ina ry  c e l l  d iv is io n .  Yeast c e l ls  

are la rg e r ,  have th ic k e r  c e l l  w a lls , have a lower p ro te in  con ten t and 

reproduce d i f f e r e n t ly  to  b a c te r ia . T h e ir c e l l  s ize  ranges from 5-10 

m icrom etres and they reproduce by "budding" sm a lle r c e l ls  from the 

parent c e l l  membrane. They are in  e f fe c t  species o f s in g le  c e l l  fu n g i.  

Fungi are m u lt i - c e l lu la r  and have a th re a d - l ik e ,  fila m en to us  s t ru c tu re .  

B a c te ria  grow most ra p id ly ,  w ith  a c e l l  d iv is io n  tim e o f  1-2 hours. 

Yeast grow a l i t t l e  s low er and fu ng i most s lo w ly  o f a l l .

However, the  fa s te r  the organism grows the  h ighe r the  percentage o f 

r ib o n u c le ic  ac id  (RNA) in  t h e ir  c e l l  mass. Th is  is  the  c e l l  n u c le ic  

p ro te in  which tra n s m its  gen e tic  in fo rm a tio n  to  the  DNA o f a new c e l l  

s p l i t t i n g  o f f  from the  paren t c e l l .  RNA and DNA have no n u t r i t io n a l 

va lue to  mammals and are s im p ly  broken down by the  l i v e r  to  u r ic  acid  

and excre ted . I f  a human d ie t  con ta ins  too  h igh a percentage o f n u c le ic  

ac ids the  u r ic  ac id  burden on the  kidneys may be too  g rea t and i t  

dep os its  ou t o f  the  u r in e  as sm all stones o r c ry s ta ls  in  the  kidneys and 

jo in t s  -  which is  the  cause o f  gout.

In  a p a r t ic u la r  species o f  yeast o r b a c te r ia  th e re  are many s t ra in s .  So 

Candida L ip p o ly t ic a ,  Candida Albecans and Candida T ro p ica l is  are a l l  

yeast spec ies, but each con ta ins  many s t ra in s .  Each s t ra in  has p rec ise  

optimum growing c o n d it io n s ; pH, tem pera ture , pressure , n u tr ie n t  

requirem ents and product co n ce n tra tio n s . Even w ith in  the  same species, 

d i f fe r e n t  s tra in s  m etabo lise  d i f fe r e n t  p roducts , so d i f fe r e n t  s tra in s  

may be to x ic  o r n o n -to x ic  to  anim als and human beings. These s t ra in s  

may not even be named in  the  m ic ro b io lo g ic a l te x ts ,  i f  th e re  has been
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no reason fo r  s c ie n t is ts  to  take an in te re s t  in  them. This was tru e  o f 

IC I ’ s bacterium  which they named M e thy loph ilus  M e thy lo trophus, a member 

o f the Pseudomonas genus.

The equation fo r  c e l l  growth in  a methanol s o lu tio n  can be sim ply s ta te d  

as fo llo w s ;

CH30H + NH3 + 02 = C e lls  + C02 + e x t ra - c e l lu la r  products

W hile the  carbon d io x id e  bubbles out o f  s o lu t io n ,  the  e x t r a - c e l lu la r  

products excreted by the  c e l ls  s tay  in  the  methanol s o lu t io n . They may 

con ta in  g ro w th - lim it in g  substances and they a lso  represent a loss  o f 

carbon from the  c e l l  mass. D if fe r in g  growth c o n d itio n s  w i l l  change the  

c e l ls ’ metabolism and they can be m anipulated to  m in im ise the  p roduc tion  

o f these products and maximise c e l l  w e ig h t-g a in .

3 .4  Substra tes and How to  Choose One

The su b s tra te  is  the  source o f carbon and energy which the  m icro ­

organism w i l l  use to  b u ild  i t s  c e l ls  and m etabo lise  p ro te in s . Any 

su b s tra te  w i l l  re q u ire  n u t r i t iv e  elements to  be added to  i t ,  n itro g e n , 

phosphorus and tra c e  elem ents. A l l  the  companies were lo ok in g  fo r  a 

su b s tra te  which was a v a ila b le  in  la rg e  q u a n t it ie s ,  cheap and capable o f 

being produced in  a ve ry  pure form . The n u t r i t iv e  elements were 

supp lied  as aqueous s o lu tio n s  so the  su b s tra te  needed to  be w a te r- 

s o lu b le  o r ,  in  the  case o f  the  n-a lkanes, prepared as an em ulsion. 

N itrogen was g e n e ra lly  supp lied  as aqueous ammonia and su lphur and 

phosphorus as s u lp h u r ic  and phosphoric ac id .
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Factors a f fe c t in g  choice o f su bs tra te  were p r ic e , a v a i la b i l i t y  and 

c o n tro l over supp ly. In  ta b le  3.3 the su b s tra te  and organism o f each 

company are l is te d .  I t  is  im m ediate ly apparent th a t  the  business o f  the 

company co inc ides  w ith  the  type o f su bs tra te  they choose. For example, 

IC I had la rg e  supp lies  o f n a tu ra l gas and no petroleum  su p p lie s , so th is  

in fluence d  t h e ir  choice o f  m ethanol, produced from n a tu ra l gas, (the  

p r in c ip a l subs tra te s  are described in  ta b le  3 .2 ) .

3.5 C onsidera tions in  the  Choice o f  Organism

Many hundreds o f d i f fe r e n t  types o f  m icro-organism  were in v e s tig a te d  by 

IC I, BP and RHM and samples o f each were grown in  sh ake -fla sks  and on 

agar p la te s  c o n ta in in g  n u t r i t iv e  media and m ethanol. To s ta r t  w ith  many 

s t ra in s  o f each organism were present on the  p la te s . A f te r  severa l 

rounds o f  being c u ltu re d  on p la te s , the c u ltu re s  o f many s tra in s  gave 

way to  d is c re te  organisms most adapted to  the  methanol d ie t  they were 

being served.

By l im i t in g  the  amount o f  methanol a v a ila b le  to  the  m icro-organism s in  

these la b o ra to ry  te s ts ,  the  m e th a n o l-e ff ic ie n t s t ra in s  came to  dominate 

the  c u ltu re s  and e v e n tu a lly  remained as s in g le  s t ra in s .  Th is  is  

im portan t fo r  the  carbon-convers ion  e f f ic ie n c y ,  which is  the  p ro p o rtio n  

o f  carbon in  the  su b s tra te  th a t  is  converted in to  c e l l  mass ra th e r  than 

being re sp ire d  and lo s t  as carbon d io x id e . In  t h is  way the  carbon 

conversion e f f ic ie n c y  o f the  IC I organisms was ra ised  from 45% to  60%. 

Once the  optimum growing c o n d itio n s  were determ ined a p i lo t  p la n t 

fe rm enter could be b u i l t  to  te s t  a handful o f  organisms out in  a 

continuous growth process.
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Table 3.2 The p r in c ip a l  substrates

methane -

methanol -

n-Alkanes 
o r normal 
alkanes

G as-o i1

Carbohydrate

the s im p le s t hydrocarbon, a gas a t room tem perature, 
the  main c o n s titu e n t o f n a tu ra l gas, occurs n a tu r 
a l ly  w ith  o i l  reserves.

the  s im p les t a lc o h o l, a l iq u id  a t room tem perature. 
Each m olecule co n ta in in g  one hydrogen atom, th ree  
hydrogen atoms and a hydroxyl group. The hydroxyl 
group a llow s  methanol to  be s o lu b le  in  w a te r, which 
is  i t s  b ig  advantage over methane.

These are the  s im p les t hydro-carbon compounds. The n 
s ig n i f ie s  th a t  they are s t ra ig h t  chain m olecules.
The carbon atoms form s t ra ig h t  chains o f va rious  
leng ths surrounded by the  hydrogen atoms. The 
im portance o f  the s t ra ig h t  chain alkanes is  th a t  the 
m icrobes which degrade them use an enzyme which acts  
on the  methyl end o f the m olecule. Carbon-carbon 
ju n c tio n s  in  isom eric  molecules cannot be consumed. 
Crude o i l  can vary in  i t s  normal alkane con ten t and 
i t  is  from the  crude o i ls  r ic h  in  alkanes th a t  they 
are ob ta ined . The alkanes are de fined  by the number 
o f carbon atoms in  the  cha in : ethane has two, propane 
and butane th re e  and fo u r  re s p e c tiv e ly . A range can 
be re fe rre d  to  by the n o ta tio n  C7 -  C20, which 
denotes those alkanes having between seven and tw enty 
carbon atoms in  t h e i r  s t ra ig h t  carbon cha in . Those 
used in  p ro te in  fe rm en ta tion  are the  alkanes l iq u id  
a t room tem peratures and some h ighe r chain alkanes 
which are s o lu b le  in  these l iq u id  a lkanes, t y p ic a l ly  
in  the  range C10 to  C24.

Th is  is  one o f the  products o f the  f i r s t  d i s t i l l a t i o n  
o f  crude o i l .  I t  is  a complex mix o f  hydrocarbons, 
some arom atic  (benzene based), a lkanes and o th e rs .
I t  d i f f e r s  from crude o i l  in  th a t  the  most v o la t i le  
f ra c t io n s  and the  s o l id  (b itum inous) p a rts  have been 
removed. As a re s u lt  o f  t h is  low le v e l o f  re f in in g  
i t  is  cheaper than the  alkane s u b s tra te s .

These are carbon-hydrogen-oxygen compounds o f  lower 
c a lo r i f i c  va lue than the  hydrocarbons. Cereal s ta rch  
can be used d i r e c t ly  o r hydro lysed to  g lucose.
Sucrose in  molasses o r o th e r p la n t wastes can be 
used. These can be food grade m a te r ia ls  even before  
fe rm e n ta tio n  takes p lace, u n lik e  the  to x ic  g a s -o i1 
and methanol su b s tra te s . When used fo r  fe rm e n ta tio n  
i t  is  because they are a by-p roduct from some o th e r 
process.
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Table 3 .3  Substrate. Organism and Company

S ubstra te

Methanol

Methane

n-Alkanes

M icro­
organism

Bacterium

B a c te r ia l
c u ltu re

Yeast

Company

S he ll
IC I

S he ll

BP
I ta lp ro te in e
USSR
L iqu ich im ica
Rumania

Gas-Oi1

Bacterium

Yeast

Carbohydrate Fungus

Lactose

Yeast

Yeast

Chinese Petroleum C orpo ra tion , 
Taiwan

E l f / I n s t i t u t  Frangais du P § tro le  
Ind ian  I n s t i t u te  o f  Petroleum 
BP France

RHM
T&L

Swedish Sugar C orpora tion  

Bel In d u s tr ie



The choice o f a s t ra in  o f  m icro-organism  was governed by a much la rg e r  

number o f fa c to rs  than the  choice o f s u b s tra te . The f i r s t  choice was 

between a yeast and a bacterium  o r fungus. The p r in c ip le  d iffe re n c e s  

between these th re e  types o f m icro-organism  are o u tlin e d  below. Many 

o f these d iffe re n c e s  have im p lic a t io n s  fo r  the kind o f p la n t th a t  could 

be b u i l t ,  based on the  m icro-organ ism .

1 Speed o f  growth. B a c te ria  grow most q u ic k ly ,  then yeast, then fu n g i.  

The more rap id  the  growth o f the  organism the  h ighe r the  ou tpu t o f  a 

p la n t w ith  f ix e d  fe rm en te r c a p a c ity . So a fa s t  growing organism o f fe rs  

the chance o f a h ighe r ra te  o f  re tu rn  on a f ix e d  c a p ita l investm ent.

2 P ro te in  con ten t. Another advantage o f b a c te r ia  is  the  h ighe r p ro te in  

con ten t. Table 3 .4  below shows the  percentage o f crude p ro te in  th a t  each 

type o f  m icro-organism  c o n ta in s . Th is advantage is  o f fs e t  by the  fa s te r  

growing b a c te r ia  a lso  having a h ighe r percentage o f  r ib o n u c le ic  ac id  in  

t h e ir  c e l ls .  I f  the  p ro te in  is  to  be used fo r  human consumption, th is  

may need to  be p a r t ia l ly  removed. The re s t o f  the  c e l l  mass is  made up 

o f  l ip id s ,  ( fa ts )  and carbohydra te .

3 S ize o f  organism. B a c te r ia , due to  t h e i r  sm all s iz e , presented a 

h a rve s tin g  problem. IC I devised a techn ique to  break open the  c e l ls  and 

cause the  con ten ts  to  clump to g e th e r in to  f lo e s  o f  coagulated p ro te in .  

These would be la rg e  enough to  c e n tr ifu g e  out o f  the  p ro te in -w a te r 

suspension. Th is  trea tm en t added to  processing costs  and a ffe c te d  the  

na ture  o f  the  p ro te in s . On the  o th e r hand yeasts could be c e n tr ifu g e d  

out o f  t h e ir  growth medium in  perhaps two s teps. Fungi were the  e a s ie s t 

o f a l l  to  ha rvest because o f  t h e i r  la rg e  f ila m e n ts . These cou ld  be 

c o lle c te d  by one s im ple f i l t r a t i o n  s tep .
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Organism % P ro te in

B a c te ria  80%
Yeast 60%
Fungi 45%

Table 3 .4 Percentage o f  P ro te in  in  B a c te ria . Yeast and Fungi. ( IC I .  
1974 d81

Amino ac id Yeast P ro te in IC I P ro te in F ish Meal Soya Meal

Is o le u c in e 2.8 3.1 3.2 2.2
Leucine 4.1 4.9 5.0 3.3
P henyla lan ine 2.4 2.5 2.9 2.2
Threonine 2.7 3.3 3.0 1.9
T ryptophan 0.8 0.7 0.9 0 .6
Tyros ine 2.0 2.2 2.3 1.6
V a lin e 3.3 3.9 3.7 2.3
C ystine 0.6 0.5 0.7 0.6
M eth ion ine 1.0 1.8 1.9 0.6
Lysine 4.1 4.5 4.9 2.8

Table 3.5 Amino Acid P r o f i le  o f Common Animal Feed P ro te in  Sources in  
Grams o f  Amino Acid/10Qg o f  Product (Water con ten t approxim ate !v 10X1. 
( IC I ,  1974 P16)
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4 Resistance to  con tam ina tion . Some organisms would be more prone to  

in fe c t io n  w ith  fo re ig n  m icro-organism s which would feed o f f  e ith e r  the  

e x t ra - c e l lu la r  products o r the dead c e l ls  o f the p r in c ip a l organism. The 

la t t e r  was the case w ith  IC I ’ s methanol consuming bacterium . This 

s e n s i t iv i t y  to  in fe c t io n  may re q u ire  s t e r i l i t y  in  the  fe rm en ta tion  

process and s t e r i l i t y  re q u ire s  a whole new range o f eng ineering  

standards and p roducts , such as s t e r i le  va lves and s t e r i le  welds and 

sea ls . Once the  d e c is io n  to  have a s t e r i le  process has been taken , i t  

is  an in flu e n c e  on fe rm ente r design. The major fe rm ente r types are the 

s t i r - t a n k  and the  a i r - l i f t  fe rm en te r, the la t t e r  being a type o f  tower 

fe rm en te r. A i r - l i f t  fe rm en te rs , w ith  no moving mechanical p a r ts , are 

e a s ie r to  keep s t e r i le  than the  s t i r - t a n k  v a r ie ty .

5 Carbon-conversion e f f ic ie n c y .  Th is  has a lready been described as an 

im portan t e f f ic ie n c y  c o n s id e ra tio n . Another re s u lt  o f  a poor conversion 

e f f ic ie n c y  is  th a t  the  heat o f  fe rm en ta tion  w i l l  be g rea te r and th is  

must be removed i f  the  optimum growing tem perature is  to  be m ain ta ined.

Th is  c h a ra c te r is t ic  o f  the  m icro-organism  a f fe c ts  the  choice o f  ca p a c ity  

f o r  the c o o lin g  system.

6 Consumer A c c e p ta b il ity .  The f in a l  product must win the  approval o f 

customers, whether feed s u p p lie rs  o r the  e a tin g  p u b lic .  The companies 

knew th a t  common pe rcep tions  o f  each type o f  organism would be be used 

to  judge t h e i r  p roducts . So a food derived  from a b a c te r ia  m ight be 

suspect because b a c te r ia  cause disease and decay -  th a t  is  the popu la r 

image o f  b a c te r ia . Germs! Yeast are a lready eaten d i r e c t ly  in  the  form 

o f  yeast e x tra c t by human beings and waste su b s tra te  de rived  s lu r r ie s  

by anim als. Yeast should be more acceptable i f  the  company were to  

venture  in to  human food m anufacturing . Fungi m ight be the  most d e s ira b le  f f
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PRODUCT HYGIENE 
TESTING

NUTRITIONAL
TESTING

Initial selection 
' o f 

m icro-organism s

Tests for 
pa thogen ic ity 

S hort term  
tox ic ity  tests

Analysis of 
am ino acids, 

lipids, 
nucleic acids, 

etc.

Selection of 
potential process 

organisms

Long term  toxic ity 
tests (several 

generations of 
rots and chickens)

Feeding trials 
(hens, pigs 

calves)

Collaboration 
w ith other 
Institutes

Production of 
new protein 

product

Fig 3.2 Summary Chart o f Test Procedures
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organism i f  a human food product was to  be contem plated. They are the 

same fa m ily  as mushrooms and fu n g i,  and even more so than yeasts are 

known and accepted in  many foods such as cheese.

3.6 Novel P ro te in  P roduction  Technology

Much o f what fo llo w s  in  t h is  se c tio n  is  taken from IC I Educational 

P u b lic a tio n s  (1974). A l l  the  processes can be described in  th re e  stages:

( i )  Medium P repa ra tion  and s t e r i l i s a t io n

( i i )  Ferm entation

( i i i )  H arvesting

3.61 Medium P repa ra tion

In  the  IC I Pruteen process, the  f i r s t  stage is  the  p re p a ra tio n  o f  an 

aqueous s o lu tio n  o f methanol and n u tr ie n ts .  M inera l s a lts  and ac ids  were 

d isso lve d  in th e  s o lu t io n  to  supply the organism w ith  n itro g e n , 

phosphorus, sodium, potassium , magnesium and iro n .

IC I had chosen to  run a s t e r i le  fe rm en ta tion  process, so each o f  the 

fe rm ente r in p u ts  had to  be heat tre a te d  to  s t e r i l i t y .

3.62 Ferm entation

The IC I fe rm enter was the  most te c h n ic a lly  complex o f those used. I t  was 

an example o f  an a i r - l i f t  fe rm en te r, which use a i r  under pressure to  mix 

the fe rm enter con ten ts  and supply s u f f ic ie n t  oxygen to  the m icro­

organisms. The a lte rn a t iv e  was a s t ir r e d  tank fe rm enter o f  the  s o r t  th a t
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BP used. This is  sometimes sa id to  be more d i f f i c u l t  to  keep s t e r i l e

because a mechanical paddle s t i r s  the fermenter contents and fo re ig n

organisms can en te r  v ia  the moving-part surfaces.

In  f ig u re  3.1 the arrows in  the fermenter show the d i r e c t io n  o f

c i r c u la t io n  o f  the f l u i d .  The blown in  a i r  forms a low den s ity  bubble- 

methanol s o lu t io n  f l u i d  which r is e s  in  the ou te r  sheath o f  the 

fe rm ente r. The high h y d ro s ta t ic  pressure a t  the base o f  the fermenter 

tower a llows oxygen to  d isso lve  ra p id ly  in to  s o lu t io n  from the many t i n y  

a i r  bubbles. As the b u b b le -s o lu t io n  m ix ture  r is e s  the pressure f a l l s  and 

waste carbon d iox id e  comes out o f  s o lu t io n  and in to  the t i n y  bubbles. 

In  the gas disengagement sec t ion  o f  the fe rm enter the re  is  l i t t l e  

h y d ro s ta t ic  pressure on the f l u i d ,  th e re fo re  the s o l u b i l i t y  o f  the gases 

is  low. The carbon d io x id e  and oxygen-depleted a i r  leave the  surface 

o f  the l i q u id  column leav ing  a high de n s ity ,  bubb le - f re e  l i q u id .  This 

then descends in  the inne r vessel o f  the fe rm ente r, shown as a tube in  

f ig u r e  3 .1 . In  t h i s  "downcomer” sec t ion  the re  is  a heat exchanger which 

removes the heat o f  fe rm en ta t ion .  At the base o f  the  downcomer the high 

den s ity  l i q u id  is  aerated once again and the cyc le  repeats i t s e l f ,  the 

methanol s o lu t io n  c i r c u la t i n g  c o n t in u a l ly .

3.63 Harvesting

Harvesting the b a c te r ia  from s o lu t io n  invo lved a f lo c c u la t io n  s tep . This 

s tep used acid s o lu t io n s  and e le c t r i c  c u r re n t  to  make the b a c te r ia l  

bodies clump toge the r  in to  la rg e r  f lo e s .  These could then be f u r t h e r  

separated from the s o lu t io n  by c e n t r i fu g in g  several t im es. This y ie lded  

a s lu r r y  which was 2Q% b a c te r ia l  p ro te in .  The la s t  stage allowed the 

p repa ra t ion  o f  e i th e r  a powdered o r  a granu la ted form o f  Pruteen. The
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powdered form was made by sp ray -d ry ing  and here the s lu r r y  was sprayed 

v e r t i c a l l y  in to  a chamber o f  heated a i r  where the water evaporated to  

leave a dry powder. F lash -d ry ing  is  s im i la r  but recycles p a r t i a l l y  

d r ied  s lu r r y  p a r t ic le s  so th a t  they clump toge the r  and form granules.

The f i n a l  product is  creamy co loured, odourless, ta s te le s s .  For the 

animal feed market, t h i s  is  o f  no consequence, but i t  i s  a r e s u l t  o f  the 

processing ICI used and t h e i r  choice o f  a bacterium as organism. In 

e f f e c t  the dec is ion  to  market the p ro te in  as an animal feed is  b u i l t  in  

to  the fa b r ic  o f  the p la n t .  The choice o f  a b a c te r ia  and the method o f  

d ry ing  assumes an animal feed market where a lack  o f  te x tu re  and the 

b a c te r ia l  o r ig in  o f  Pruteen are assumed i r r e le v a n t .  The human food 

market is  another m a tte r .

3.7 N u t r i t io n  and T o x ic i t y  T es t ing

3.71 N u t r i t io n

Figure 3.2 shows the steps taken in  the n u t r i t i o n a l  and to x ic o lo g ic a l  

t e s t in g  o f  the p ro te in  product. As soon as an organism was se lec ted  f o r  

i t s  prom ising growth c h a r a c te r is t ic s ,  i t s  p ro te in  product was analysed 

to  determine the amino-acid p r o f i l e  o f  i t s  p ro te in .  This p r o f i l e  is  a 

percentage breakdown o f  the e sse n t ia l  amino-acid content f o r  every 100g 

o f  d ry  s in g le  c e l l  p ro te in .  Essen tia l amino-acids are the b u i ld in g -  

b locks o f  a l l  o the r  p ro te in s .  They are c a l le d  e s s e n t ia l  because animals 

cannot syn thes ise  these amino ac ids f o r  themselves. Instead they must 

e i th e r  eat them or ea t p ro te in s  which can be broken down in to  these 

amino acids in  the d ig e s t iv e  t r a c t .  The r ic h e r  a p ro te in  is  in  these 

ac ids , the h igher i t s  va lue to  the animal feed manufacturing companies.
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Two o f  the esse n t ia l amino acids conta in  su lphur and are the source o f  

su lphur f o r  a l l  p ro te in  syn thes is .  Soya and o the r vegetable sources o f  

p ro te in  tend to  lack these two amino ac ids, ly s in e  and m eth ion ine. SCP 

amino acid p r o f i l e s  show th a t  SCP is  r e la t i v e l y  r ic h  in  ly s in e  and 

meth ionine. This increases the value o f  SCP to  the animal feed 

compoundet when working out a n u t r i t i o n a l l y  balanced d ie t  f o r  some 

animal. I t  is  a lso  another f a c to r  th a t  the SCP manufacturing company 

w i l l  consider when choosing a micro-organism, s ince micro-organisms have 

d i f f e r e n t  amino ac id  p r o f i l e s  as w e l l .  Table 3.5 shows the amino ac id  

p r o f i l e s  o f  va r ious  crude p ro te in s .

This p r o f i l e  comparison was used by IC I to  argue th a t  Pruteen was 

comparable to  f i s h  meal in  p ro te in  q u a l i t y  ra th e r  than soya meal and so 

could command a f i s h  meal p r ic e  -  perhaps double th a t  o f  soya meal.

N u t r i t io n a l  t r i a l s  were c a r r ie d  out on animals. This invo lved 

progress ive  s u b s t i t u t io n  o f  Pruteen f o r  the soya o r  f ishmeal in  t h e i r  

normal d ie t .  S t a t i s t i c a l  comparisons were made w ith  a c o n tro l  group in  

terms o f  d a i ly  l i v e  weight ga in , and the food conversion o f  the animals. 

No s ig n i f i c a n t  d i f fe re n c e s  in  the two types o f  d ie t  were observed, 

except f o r  one se t o f  experiments on p igs where the Pruteen d ie t  

produced a s ig n i f i c a n t l y  improved performance in  the f i n a l  growing 

per iod .

3.72 Toxico logy

Novel food p ro te in s  presented something o f  a problem to  the va r ious  

h ea lth  a u th o r i t ie s .  Tes t ing  procedures and re g u la t io n s  are
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es tab lished  f o r  a d d i t iv e s ,  but not f o r  e n t i r e l y  new foods. The usual 

procedures fo r  new a d d it iv e s  o r  drugs is  to  feed experimental animals 

w ith  doses 100s o f  t imes la rg e r  than th a t  expected to  be adm in istered 

to  human beings. I f  no to x ic  e f fe c ts  occur the product is  l i k e l y  to  

be announced safe . A new food can not be adm in istered to  animals in  

m u l t ip le  doses o f  t h i s  s iz e ,  and so poses a te s t in g  problem.

IC I tes ted  p o te n t ia l  process micro-organisms by in je c t in g  them in to  

mice. I f  a t o x ic  e f f e c t  was produced the organism was re je c te d .  A second 

and more c o s t ly  se t o f  t r i a l s  were undertaken w ith  the p ro te in  product. 

The product was mixed w i th  o the r  feeds and fed to  ch icks , ra ts  and p igs . 

The re s u l ts  were compared w ith  a co n tro l group o f  animals fed on ly  on 

o rd in a ry  feeds. These te s ts  were repeated over th ree  generations o f 

animals which c o n t ro l le d  f o r  poss ib le  gene tic  de fec ts  and long term 

d e le te r io u s  e f fe c ts .  IC I be l ie ves  the re s u l ts  showed Pruteen to  be 

com ple te ly  safe and Pruteen has been accepted by the UK government as 

safe.

This chapter has described the nature o f  the SCP technology, some o f  the 

re le v a n t  science and the  h i s t o r i c a l  background o f  p ro je c t  development. 

Summary l i s t s  o f  the key events in  each o f  the companies to  b u i ld  

commercial s ize  p la n t  fo l lo w  in  ta b le s  3.6 to  3 .9 .



T ab1e 3.6 Main Events in BP Story

Compiled from manager in te rv ie w s  except where in d ic a te d .

1957 Payne ob ta ins  a 2 year co n tra c t  f o r  m ic rob ia l c lean ing  system fo r  
BP France Lavera R e finery

1959 Champagnat, head o f  BP research is  now in te re s te d  in  o the r  
m ic ro b ia l technology a p p l ic a t io n s .  He and Payne agree on a programme 
o f  research. Both g a s -o i l  and n-alkane routes found to  be fe a s ib le  on 
a la b o ra to ry  sca le .

1960 BP decides to  b u i ld  p i l o t  p lan ts  f o r  both processes, one in  the UK, 
one in  France. The French are given the choice o f  process and choose 
g a s -o i1.

1963 Lavera p i l o t  p la n t  begins ope ra t ion . Champagnat and h is  research 
team pub lish  the re s u l ts  o f  4 years o f  work in  "Nature" and a general 
upsurge in  in te r e s t  in  SCP begins.

1965 Grangemouth p i l o t  p la n t  begins opera tion

1965-68 The o r ig in a l  idea o f  using the processes to  remove n-alkanes 
from waxy Libyan crude and produce human grade yeast g ives way to  the 
idea o f  an animal feed market.

1971 Grangemouth " s e m i- in d u s t r ia l "  p la n t  begins ope ra t ion  w ith  capa c ity  
o f  4 000 t / a ,  based on n-a lkanes.

1972 Lavera s e m i- in d u s t r ia l  p la n t  in  ope ra t ion ,  nominal capa c ity  o f  20 
000 t / a .  Venezuelans o f f e r  to  buy f u l l  sca le n-alkane p la n t  i f  BP can 
run Sarroch w ith o u t  problems f o r  6 months.

1973 F i r s t  o i l  p r ic e  r is e .

1975 BP now assume o i l  p r ic e  r is e  permanent.

1976 Lavera 20 000 t / a  p la n t  c losed on economic grounds a f te r  2-3 years 
o f  p roduction  and sa le  o f  product on the French animal feed market. 
Sarroch p la n t  completed.

1978 Sarroch p la n t  d ism antled , BP compiles i t s  10 volume work c o n ta in in g  
d e ta i l s  o f  a l l  t h e i r  te c h n ic a l work. BP have ye t to  s e l l  t h i s ,  a t  £100 
000.
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Table 3,7 Mai n Events in ICI P r~ o i ect

1968 A business study on d iv e r s i f i c a t io n  prospects f o r  A g r ic u l tu r a l  
D iv is io n  suggests p ro te in  from methane, the suggestion is  to  produce p ig  
feed.

1969 Ag D iv is io n  sw itch  to  methanol as a subs tra te .

1972 1 000 t / a  p i l o t  p la n t  in  ope ra t ion . IC I becomes aware o f  the 
skimmed m i lk  rep lace r  market f o r  veal ca lves. Pruteen business area 
formed.

1973 ICI main board re je c ts  f i r s t  a p p l ic a t io n  from Ag D iv is io n  fo r  
commercial sca le  p la n t  o f  100 000 t / a  capa c ity .

1974-1976 Board members v i s i t i n g  Ag D iv is io n  to  examine proposals f o r  
commercial s ize  p la n t .

1976 Main board approve 70 000 t / a  p la n t ,  to  be b u i l t  by John Brown 
Engineering.

1979 Commercial Pruteen p la n t  commissioned.

1980 Pruteen p la n t  runs a t up to  80% capac ity  f o r  sho r t  campaigns. 
Product is  so ld  as veal c a l f  m i lk  rep lace r .  P r ice  o f  na tu ra l gas has 
r ise n  ra p id ly  in  1974-1979 pe r iod , undermining p ig  and c a t t l e  feed 
market prospects.

1981 Research s h i f t s  in to  human food uses.

1983 N ego t ia t ions  w i th  Japanese food companies f o r  sa le  o f  n u c le ic  ac id  
f r a c t io n  o f  Pruteen. Another p i l o t  p la n t  is  planned f o r  f r a c t io n a t io n  
o f  Pruteen.

1984 Japanese withdraw from n e g o t ia t io n s ,  i t  i s  not c le a r  why. Pruteen 
business area merged w i th  some Ag D iv is io n  research to  form B io lo g ic a l  
Products business. Pruteen p la n t  s t i l l  s tands, unused.
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Table 3-B Mai n Events in RHM Stonv^

1964 Research begins a t in s t ig a t io n  o f  Lord Rank, on s ta rch -fungus 
fe rm enta t ion  technology.

1965 Animal t r i a l s  begin on C1 organism.

1966 Product development begins as a t h i r d  world p ro te in  supplement.

1968 RHM sw itch  from batch to  continuous fe rm en ta t ion .

1969 Market o r ie n ta t io n  changes from t h i r d  world to  f i r s t  world  p roduct.

1970 Change to  new A3/5 organism, a fusarium. Pa ten ting  a c t i v i t y  s ta r t s .  
P i lo t  p la n t  begins p roduc tion .

1974 Human n u t r i t i o n  t r i a l s  begin. Scale up s tud ie s  begin.

1976 Food science in p u t  to  research team begins.

1978 Submitted to  MAFF f o r  approval as a human food.

1980 P re l im in a ry  clearance from UK government.

1984 IC I and RHM decide to  work toge the r .  I C I ’ s p i l o t  Pruteen p la n t  is  
used fo r  mycoprotein fe rm en ta t ion .  Sa insbury ’ s agree to  work w i th  RHM 
on product fo rm u la t io n .  "Savoury Pie" product goes on sa le  a t  key 
Sainsbury branches.

1985-1989 Marlow Foods, j o i n t l y  owned by IC I and RHM, is  respons ib le  f o r  
the p roduction  o f  mycoprote in. "Quorn" is  so ld on to  food manufacturers 
fo r  in c o rp o ra t io n  in  an in c re a s in g ly  wide range o f  precooked d ishes.

1989 Number o f  dishes on market now approx im ate ly  40, on sa le  in  
numerous supermarket chains. Marlow Foods now considers what investment
to  make in  increased p la n t  capa c ity  eg whether g rea te r  than 5 000 tpa .
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Table________3 _ Q________Ma. i n________Events________i n
Liquichimica Story

1971 P i lo t  p la n t  b u i l t

1973 Construc t ion  begins on 3 p la n t  complex.

1975 SCP complex completed, Reggio d i Ca lab ria .

1977 Pres ident o f  L iqu ich im ica  f i l e s  f o r  bankruptcy, I t a l i a n  government 
appoin ts l i q u id a to r .

1978 ENI buys L iqu ich im ica  p la n t ,  operates o r ig in a l  L iqu ich im ica  n-
alkane r e f in in g  business as be fo re , th ree  p la n t  complex closed.
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CHAPTER 4 -  THE MARKETS AND THE ENVIRONMENT DURING SCP DEVELOPMENT

In t ro d u c t io n

This chapter examines the ro le  o f  market ideas in  in f lu e n c in g  p ro je c t  

development. D i f fe r e n t  markets were envisaged f o r  the novel food 

p ro je c ts  and these markets changed over t ime as c o n d it io n s  were 

perceived to  change by managers. A key concern in  the chapter is  how 

market ideas a f fe c te d  the development o f  technology and how changes in  

the market ideas led to  changes in  the d i r e c t io n  o f  development o f  the 

technology. The chapter concludes by developing the idea o f  a reference 

market.

The i n i t i a l  idea o f  a market f o r  new p ro te in s  re l ie d  on the 

p re d ic t io n  th a t  human popu la t ion  growth in  the lesse r developed 

co u n tr ie s  would o u t s t r i p  those c o u n t r ie s ’ a b i l i t y  to  feed themselves. 

The idea o f  t h i s  impending p ro te in  "gap” , a p ro te in  shortage, was p a r t  

o f  the th in k in g  o f  most companies when they began research in to  SCP 

technology. There would be an immense p o te n t ia l  market f o r  any company 

th a t  could produce p ro te in  from an a l te r n a t iv e ,  n o n -a g r ic u l tu ra l  

source. SCP was o n ly  one example o f  such a source, o thers  were the 

p roduction  o f  p ro te in  from le a f  p ro te in  and the  development o f  new 

s t r a in s  o f  crops, (see S tan ley , 1977).

There were a number o f  ways in  which f i rm s  be lieved  they could e x p lo i t  

the p ro te in  gap and the f i r s t  was the animal feed market in  Europe, 

which is  based on im ports o f  soya and f i s h  meal which both t h i r d  world 

products. There was a p o s s i b i l i t y  th a t  e v e n tu a l ly  t h i r d  world 

governments would r e ta in  t h e i r  soya crops to  feed t h e i r  own, r a p id ly
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growing popu la tions and t h i s  would lead to  a demand f o r  a l te r n a t iv e  

animal feeds in  the West, which would be supp lied by SCP, ( the  argument 

is  in  Hamer and H arr ison , 1980). This was the market basis o f  the 

hydrocarbon SCP p ro je c ts .  The w a s te - u t i l i s in g  SCP p ro je c ts  a lso  sold 

t h e i r  product onto the animal feed market, but as a by-product o f  t h e i r  

p r in c ip a l  business. These were a l l  economic p ro p o s it io n s  before the o i l  

p r ic e  r is e s  o f  the 70s, when the long term prospects were o f  r i s in g  

soya p r ice s  and an in c re a s in g ly  p r o f i t a b le  business.

A second way in  which the food needs o f  fu tu re  popu la tions  could 

r e s u l t  in  p r o f i t a b le  business was i f  the governments o f  the West or 

in  the t h i r d  world  bought p ro te in  p roduction technology f o r  use in  

t h e i r  own c o u n tr ie s .  The process might be one which produced human 

grade food, (RHM), o r  animal feed to  be used lo c a l l y ,  (T&L). This 

assumed th a t  t h i r d  world  governments would be able to  acqu ire  and use 

the technology, o r  th a t  European governments would be m otivated to  buy 

and then i n s t a l l  such technology in  Th ird  World s e t t in g s .

This chapter begins by d e sc r ib in g  how the companies saw the  markets 

in  the p r e - o i l  c r i s i s  phase o f  t h e i r  research. There were fo u r  types o f  

market amongst the f i rm s  v is i t e d ,  these are described in  d e ta i l  in  

sec t ion  4 .1 . As the d i f f e r e n t  p ro je c ts  evolved the  market concept 

was seen to  have in f luenced  the development o f  the  technology and 

o rg a n is a t io n  o f  each o f  the p ro je c ts .  Examples o f  t h i s  in f lu e n ce  are 

described in  sec t ion  4 .2 .

For most o f  the p ro je c ts  the  g rea tes t changes in  market concept 

a r r iv e d  w i th  the o i l  and soya meal p r ic e  changes in  the 1970s. These 

changes rendered the hydrocarbon processes a t  best on ly  m a rg in a l ly

87



economic. Section 4 deals w i th  how managers expla ined the f a i l u r e  o f  

t h e i r  o i l  and soya p r ic e  p re d ic t io n s  upon which t h e i r  marketing 

assumptions had been based, pre-1973.

The response o f  the f i rm s  to  the new market c o n d it io n s  is  examined in  

sec t ion  5. RHM was something o f  an exception in  th a t  i t s  process 

was carbohydrate based and so less a f fe c te d  by energy p r ic e  r is e s .  

However, sec t ion  6 examines the response o f  RHM management to  what they 

saw as an emerging market f o r  t h e i r  human food product. One response 

to  the loss o f  the animal feed markets was an attempt to  l icense  the  

technology to  o the r  governments. Section 7 examines the 

management ra t io n a le  f o r  t h i s  attempt and t h e i r  exp lana tions  f o r  why 

they never succeeded.

P ub lic  op in ion  and consumer pressure groups were im portant in  I t a l y  

and Japan in  ending those c o u n t r ie s ’ SCP p ro je c ts .  Section 8 

summarises the events in  these two co u n tr ie s  and e s p e c ia l ly  in  I t a l y ,  

(see a lso  appendix 6 f o r  an account o f  the events in  Japan).

4.1 Development of the I n i t i a l  Market Conceptions

The o r ig in a l  market conception th a t  led to  the s t a r t  o f  research o f te n  

d i f f e r e d  g re a t ly  from the  so p h is t ic a te d  market understanding th a t  

e v e n tu a l ly  developed. However, fo u r  basic market concepts emerged from 

the in te rv ie w s  and even i f  the ta rg e t  market changed on a p ro je c t ,  i t  

changed to  another one o f  these fo u r  basic market ideas. In  t h i s  s ec t ion  

these basic market ideas w i l l  be in ve s t ig a te d .

1 Market the technology f o r  animal feed production  in  the 3rd World.
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2 Market p ro te in  f o r  human consumption in  the 3rd world .

3 Market by-product p ro te in  as animal feed in  1st world .

4 The 1st world animal feed market.

The f i r s t  two ca tegor ies  remained c lo ses t  to  the crude idea th a t  

inc reas ing  demand f o r  food must somehow t ra n s la te  in to  business. 

Hundreds o f  small " v i l l a g e  technology" p ro je c ts  were prepared a l l  

over the world to  help small ru ra l  3rd world communities become s e l f -  

s u f f i c ie n t  in  food. Of these a handful succeeded in  te ch n ica l terms and 

none are known here to  be s t i l l  in  use. The T&L p ro je c ts  were some o f  

the few th a t  succeeded te c h n ic a l ly ,  but f a i l e d  to  f in d  a market. The 

next sec t ion  d iscusses the ex ten t  to  which the idea o f  a market came 

in to  the T&L and RHM p ro je c ts .

The l a t t e r  sec t ions  deal w i th  the 1st world animal feed market. 

Th is  was tho rough ly  explored by the m u l t in a t io n a ls  who se t ou t to  

manufacture SCP as a prim ary product. In to  t h i s  same market went the 

var ious  SCP products from waste-based processes, although w i th  a 

d i f f e r e n t  se t o f  economics.

4.11 S po tt ing  and D e fin ing  T h ird  World Markets

I t  was remarkably d i f f i c u l t  f o r  the managers to  t a l k  a t  g rea t 

length  about market ideas in  connection w i th  these p ro je c ts ,  which 

is  not s u rp r is in g  cons ide r ing  the re tro s p e c t iv e  judgement o f  some o f  

the T&L managers th a t  t h e i r  research e f f o r t  lacked an adequate marketing 

in p u t .  Despite t h i s  judgement, market assumptions were p a r t  o f  the 

T&L p ro je c ts ,  a lthough they tended to  blend in  w i th  the te c h n ic a l 

d e s c r ip t io n s  o f  p ro je c ts .  What fo l lo w s  is  an attempt to ,  f i r s t ,
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descr ibe the ex ten t to  which a general market could be considered to  

e x is t .  Second, the in d iv id u a l  p ro je c ts  are considered because 

these con ta in  d e s c r ip t io n s  o f  p a r t ic u la r  o p p o r tu n i t ie s .  L a s t ly ,  

the re  is  a summation o f  managers’ reasons f o r  the complete f a i l u r e  o f  

any o f  these p ro je c ts  to  become es tab lished .

4.12 A Market Concept f o r  P ro te in  Production in  the Th ird  World?

Haydn-Davies, (T&L c o n s u lta n t ) ,  j u s t i f i e d  the attempts to  supply 

p ro te in  supplementing technology d i r e c t  to  the 3rd World by arguing 

th a t  the d ie t  o f  the people who l i v e  in  the band 15 degrees e i th e r  

s ide o f  the equator is  p ro te in  sh o r t .  The p la n ts  they eat do not 

produce e i th e r  enough p ro te in  o r  the r ig h t  s o r t  and t h e i r  food 

con ta ins  too much carbohydrate o r  too much f a t .  This is  s t i l l  the 

case today and in  h is  view the need is  s t i l l  th e re .  He supplemented 

h is  argument by saying th a t  the use o f  f e r t i l i s e r s  and the 

in t e n s i f i c a t io n  o f  conventiona l a g r ic u l tu re  were dependent on 1st 

world  technology in  the  form o f  im ports. This was not a fe a s ib le  

route  f o r  in c reas ing  p ro te in  in  t h i r d  world d ie ts ,  but ea t in g  animals 

ra ised  on an SCP supplemented d ie ts  would be fe a s ib le .

During the 1960s, T&L d id  not be l ie ve  the re  would be a "p ro te in  gap" 

but they thought the  1st world  would remain in  p ro te in  surp lus  and th a t  

the problem was in c rea s ing  the amount o f  p ro te in  used in  the poorest 

t r o p ic a l  co u n tr ie s  o f  the 3rd world . They hoped th a t  t h e i r  SCP 

p ro je c ts  would be used to  upgrade wastes f o r  animal consumption in  

reg ions where the re  was a lo ca l p ro te in  shortage. F in la y  (T&L) a lso 

re fe rre d  to  marketing assumptions when he spoke c o l l e c t i v e l y  o f  the  T&L 

p ro je c ts .  The p ro je c ts  were kept te c h n ic a l ly  simple because,
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"we thought i t  was necessary not to  have anything too 

so p h is t ic a te d  because in  developing coun tr ie s  you can’ t  have 

PhDs and wh ite  coats running around s e t t in g  these th ing s  up."

T&L and Haydn-Davies be lieved th a t  s e l l i n g  t h e i r  technology would depend 

on p o l i t i c a l  support and a company on i t s  own would be u n l ik e ly  to  buy 

i t .  P r iva te  c a p i ta l  was never r e a l l y  in te re s te d  in  these p ro je c ts ,  

because the re tu rns  on t h e i r  use were in  terms o f  reducing p o l lu t io n  

and saving fo re ig n  currency by s u b s t i tu t in g  f o r  soya meal im ports. 

These were such th a t  on ly  a government might cons ider the p ro je c ts  

w o rthw h ile . T&L developed t h e i r  SCP technology w ith  the hope th a t  they 

could convince a government o f  i t s  usefu lness. Three examples o f  the 

type o f  technology th a t  they developed w i l l  be examined, the  carob 

p ro je c t ,  the c i t r u s  waste p ro je c t  and the e f f o r t s  o f  Haydn-Davies w ith  

Dunlop in  Malaysia w i l l  be b r i e f l y  reviewed.

4.121 The Carob P ro je c t

In  the case o f  the carob p ro je c t ,  the government had to  be 

Mediterranean, s ince t h i s  is  where the carob t re e  grows. Haydn- 

Davies, a T&L c o n s u lta n t ,  described Cyprus as a coun try  w i th  a p ro te in

problem. Very l i t t l e  grass could be grown, so animals had to  be fed

imported feeds. The government might want to  reduce t h i s  import b i l l  

through the widespread, a p p l ic a t io n  o f  T&L’ s SCP p ro je c t .  The carob 

t re e  grew in  abundance and although the beans were c o l le c te d ,  

the husks were s im ply thrown away. They could be thought o f  as a 

waste m a te r ia l .  T&L devised a p la n t  which would a l low  A s p e rg i l lu s
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Niger to  grow on the 50% sucrose contained in  the husk, p rov id ing  a 

high p ro te in  animal feed.

N ego tia t ions  began w ith  the C yp rio t  government headed by Prime 

M in is te r  Makarios. Haydn-Davies f e l t  th a t  the government were very 

keen, w h ile  T&L were ready to  go f u l l  scale i f  the government would 

pay. Despite the hopeful beginning no progress was ever made. 

Haydn-Davies expla ined t h i s  as a re s u l t  o f  the f i r s t  o f  the l i t t l e  

wars th a t  ended w ith  the Turk ish  invas ion . Presumably the urgency 

o f  t h i s  s i t u a t io n  meant th a t  secondary issues l i k e  SCP were abandoned. 

However, the war ended in stalemate more than 10 years ago w h ile  the 

economics o f  the carob p ro je c t  should not have r e a l l y  changed.

Cowen im p lied  th a t  T&L’ s economic eva lua t ions  were upset by the p r ic e  

fo r  the husks changing once T&L a c tu a l ly  ordered some, as the producers 

re a l is e d  the re  was a market f o r  what they had p re v io u s ly  thought o f  as 

a waste product.

Cowen gave another e xp lana t ion ,  more damning f o r  T&L. The husks o f  

the carob bean pods were thrown on the ground, t ru e .  But p igs would 

feed on them q u i te  h a p p i ly .  So the carob fe rm en ta t ion  was upgrading 

husks which were a lready being used as animal feed. The p igs needed 

some p ro te in  supplement to  a d ie t  o f  husks, but the re  were a l te r n a t iv e  

ways o f  supp ly ing t h i s ,  f o r  example, by s imply adding urea. There was 

no need f o r  the in te rv e n in g  and labour in te n s iv e  step o f  c o l le c t in g  

them, in n o c u la t in g  and fe rm enting  the husks before feed ing them to  the 

animals.

4.122 M alaysia
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Haydn-Davies tw ice  attempted to  e s ta b l is h  an SCP p ro je c t  in  

Malaysia. The f i r s t  t ime was f o r  Dunlop who were conve rt ing  o ld  

rubber p la n ta t io n s  to  the more p r o f i t a b le  production  o f  palm o i l .  

The washings from the o i l  recovery process contained a la rge  amount 

o f  o i l  and in  consequence c a r r ie d  a very high BOD. The Malaysian 

government found Dunlop to  be p o l lu t in g  lo ca l waterways around t h e i r  

processing p la n t  and requ ired  th a t  they t r e a t  the e f f lu e n t .

Haydn-Davies proposed an SCP producing p la n t  attached to  the processing 

p la n t .  The p ro je c t  was abandoned and Dunlop chose the a l te r n a t iv e  

method o f  d igg ing  la rge  p i t s  and dumping the e f f lu e n t  to  r o t  away 

before i t  entered the r i v e r  system. Haydn-Davies be lieved th a t  

what was la ck ing  was the p o l i t i c a l  commitment to  independence from 

im port ing  soya meal in  M a lays ia . .  Should the government have valued 

t h i s  independence from the USA, he f e l t  i t  could have become la rg e ly  

s e l f - s u f f i c i e n t  in  animal feeds. And the Dunlop SCP p ro je c t  would 

have been supported. Instead the Malaysian government se t new BOD 

l im i t s  f o r  Dunlop’ s e f f l u e n t  which made the p la n t  redundant.

The SCP p la n t  was i n f l e x ib le  in  th a t  i t  on ly  cleaned up a f ix e d  

percentage o f  the f a t s  and carbohydrates in  the e f f lu e n t .  There 

would s t i l l  be some d ischarge to  the environment. I t  would 

never c lean the waste up as e f f e c t i v e ly  as a method designed to  

s im ply degrade the waste w i th  no p ro te in  ou tpu t.  So ra th e r  than 

adopt Haydn-Davies’ suggestion o f  a two stage fe rm en ta t ion  to  

remove almost a l l  the e f f l u e n t ,  Dunlop opted f o r  the more secure 

method o f  dumping the e f f l u e n t  in  p i t s .
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4.123 C itru s  Waste in B e lize

T&L used t h e i r  SCP technology to  upgrade c i t r u s  waste from a canning 

fa c to ry  in Be lize  and a c tu a l ly  b u i l t  a p i l o t  p la n t  the re . However the 

reason f o r  s i t i n g  the p la n t  in  Be lize  was p r in c ip a l l y  p o l i t i c a l .  

According to  F in la y ,  T&L d id  an econometric ana lys is  o f  t h e i r  o r ig in a l  

process based on molasses which showed th a t  the process was on ly  

economic when the re  was a t ru e  waste, one which you would be paid to  

take away. F in la y  suggested th a t  t h is  was why they b u i l t  a p i l o t  

p la n t  based on c i t r u s  waste, but Cowen f e l t  th a t  c i t r u s  waste was not 

easy to  ferment. The p la n t  was is o la te d  and unable to  d i s t r ib u te  i t s  

product e f f e c t i v e ly .  The ad jacent c i t r u s  canning fa c to ry  lowered the 

sum they paid T&L f o r  t r e a t in g  t h e i r  waste once the p i l o t  p la n t  was 

b u i l t .  The economics changed f o r  the worse as a r e s u l t ,  but Cowen had 

never f e l t  the p la n t  was v ia b le ,  and indeed, a f t e r  3 o r  4 years T&L 

allowed i t  to  be closed.

F in la y  presented the on ly  o p t im is t ic  account o f  the chances f o r  t h i s  

p la n t .  He described how T&L found communities o f  Mnemonite farmers 

in  B e lize .  These farmers t r a d i t i o n a l l y  ra ised chickens and would 

probably s t i l l  wish to  do so. However, . the re  was no chicken feed in  

t r o p ic a l  B e lize  because g ra in  would not grow and imports were too 

expensive. F in la y  f e l t  these farmers could have provided a market f o r  

the upgraded c i t r u s  waste. However i t  is  c le a r  even from what F in la y  

says th a t  the market came a f te r  the p o l i t i c a l  dec is ion  to  s i t e  the p la n t  

in  B e lize .  There was no market inpu t  to  e i th e r  the s i t i n g  o f  the p la n t  

o r  i t s  c o n s t ru c t io n .  Even the choice o f  su b s tra te ,  c i t r u s  f r u i t  waste, 

fo l low ed on from i t s  p o s i t io n  in  B e lize  and was not the optim al choice
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on te ch n ica l c r i t e r i a .  On both techn ica l and market grounds, B e lize  was 

a poor choice.

4.124 RHM and Mycoprotein

The RHM p ro je c t  ended as a 1st world success s to ry ,  but began as another

attempt to  add p ro te in  to  t h i r d  world d ie ts .

According to  Treeby (RHM), Lord Rank began the p ro je c t  w i th  the 

p h i la n th ro p ic  b e l ie f  th a t  the re  was a chance to  help the 3rd world by 

developing a p ro te in  r ic h  food from surp lus s ta rch  from RHM’ s m i l l i n g  

a c t i v i t i e s .  A lthough Treeby was not present in  the e a r ly  stages o f  the 

p ro je c t ,  he was c o n f id e n t  th a t ,

"w h ile  the p ro je c t  was classed as research, cons ide ra t ion  o f  markets

d id  not take place in  a s ig n i f i c a n t  way. I t  was on ly  a f t e r  re g u la to ry

approval was obtained and the p ro je c t  was es tab l ishe d  s c i e n t i f i c a l l y  

th a t  the real m arketing began; then, a t  le a s t ,  the re  was the re co g n it io n  

th a t  somewhere along the  l in e  you had to  s e l l  the product to  someone."

In  co n tra s t  to  the T&L examples, which grew out o f  a grand s t ra te g y  

w i th in  R&D, the RHM p ro je c t  began because the chairman in tervened and 

gave the p ro je c t  to  R&D. I t  then continued w ith ou t hope o f  rea l 

development, because a lthough i t  was pro tec ted  by i t s  champions too  few 

managers could see a rea l market f o r  i t .  But in  the e a r ly  1980s such 

a market was seen to  be deve lop ing and the p ro je c t  won f u l l  commercial 

backing o f  the company and received the a t te n t io n  o f  a marketing team.
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4.125 F a i lu re  to  S e l l  Waste-based Fermentation Technology to  the T h ird  

World

Some managers took a very c r i t i c a l  stance towards the whole c o l le c t io n  

o f  m in i -p ro je c ts  f o r  producing 3rd world p ro te in .  R e fe rr ing  to  the 

"da ftness" o f  v i l l a g e  technology, Peachey (BP) argued th a t  t h i s  kind 

o f  fe rm en ta t ion  could on ly  be done by r e a l l y  high technology, o therw ise 

the p ro te in  was not safe f o r  the animals to  ea t.  I t  was too  e a s i ly  

contaminated w i th  fo re ig n  m icro-organisms dur ing  low-technology 

fe rm en ta t ion .

G a ro ffa lo  (T&L) spoke about these p ro je c ts  in  general and agreed w ith  

Peachey;

"There have been c e r ta in ly  hundreds o f  p ro je c ts  o f  t h i s  

k in d . . .h a rd ly  any o f  them going now, ha rd ly  any got beyond the 

p i l o t  stages. Two basic  reasons: one, they d id n ’ t  work 

because you cou ldn ’ t  get a safe and co n s is te n t  product. Two, 

the markets were not the re .  Western s c ie n t i s t s  assumed humans 

would eat i t  o r  animals would be around to  feed i t  to .  Both 

assumptions were wrong."

The complex feed in d u s try  in  Europe had no e qu iva len t  in  the kind o f  

p ro te in  d e f ic ie n t  t r o p ic a l  c o u n tr ie s  f o r  which T&L had developed i t s  

SCP p ro je c ts .  In these co u n tr ie s  the animals feed themselves and the re  

are never enough animals in  one place to  j u s t i f y  d e l iv e ry  o f  animal 

feed, o r  good enough roads to  make th a t  d e l iv e ry .  Waste-based p ro te in  

p ro je c ts  are th e re fo re  uneconomical.
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G aro ffa lo  (T&L) f e l t  th a t  in  the case o f  the T&L p ro je c ts  the lack o f  

a market should have been c le a r ly  understood from the ou tse t .  However, 

r e fe r r in g  to  the non-existence o f  a market he sa id ,

" I t  was seen but not enough a t te n t io n  was paid to  i t .  I t  was 

assumed th a t  we could encourage people to  take up more 

in te n s iv e  feed ing  o f  t h e i r  animals. And th a t  is  q u i te  a 

d i f f i c u l t  th in g  to  do, to  in troduce a new product and develop 

a new market f o r  i t  a t  the same tim e. Very d i f f i c u l t . "

Such a task  would be almost impossib le in the A fr ic a n  and Centra l 

American c o u n tr ie s  where these p ro je c ts  were based. In  a d d it io n  

G a ro ffa lo  thought t h a t  the re  were o the r  more im portant p ro je c ts  than 

soya meal s u b s t i t u t io n  f o r  such c o u n tr ie s ,  the re  were more usefu l 

p ro je c ts  to  spend t h e i r  l im i te d  resources on.

Haydn-Davies and Cowen both agreed th a t  waste processes in  the 1st 

world depended on the necess ity  o f  c lean ing  up e f f lu e n t  o r  wastes o f  

some k ind . There was a problem o f  waste d isp o sa l,  but in  the 3rd 

w o rld ,  Cowen thought t h a t ,

"no-one g ives a damn about p o l lu t io n ,  the problem is  ea t ing  

tom orrow ...  so i f  you happen to  be s t ic k in g  something in  the 

water th a t  k i l l s  a l l  the f i s h ,  they r e a l l y  don’ t  care. 3rd 

world  governments on ly  have time to  pay l i p  se rv ice  to  t h a t . "

Then the re  were the  problems o f  having 3rd world  popu la tions  accept 

a new source o f  food. Cowen i l l u s t r a t e d  the p o in t  w i th  the s to ry  o f  

how some years ago m i l l io n s  o f  tonnes o f  wheat sent to  In d ia  to
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a l le v ia te  a famine were l e f t  to  r o t  in  warehouses because, desp ite  

s ta rv in g ,  the people would not eat a n o n - fa m i l ia r  food.

I t  is  i r o n ic  th a t  a l l  o f  these p ro je c ts  depended on the idea o f  a 

p ro te in  gap in  world p ro te in  supp lies  which in  tu rn  was based on the 

then c u rre n t  understanding o f  n u t r i t i o n  science. This has now changed, 

and the idea o f  a p ro te in  gap has disappeared -  i t  is  a food gap. But 

the p ro te in  gap idea as an element o f  market th in k in g  helped d r iv e  the 

development o f  these hundreds o f  v i l la g e  technology p ro je c ts .

V i l la g e  technology embodied these assumptions about n u t r i t i o n  and the 

p ro te in  gap. I t  is  an example o f  how technology is  s o c ia l l y  s t ru c tu re d  

according to  b e l i e f  and s ince t h i s  b e l ie f  is  no longer c u r re n t  the re  is  

no chance o f  the same se t o f  p ro je c ts  being developed.

4.13 Waste Processes f o r  the  1st World Animal Feed Market

The P ek ilo  process, Waterloo and Symba Yeast Processes were a l l  1st 

world  p ro je c ts  th a t  used fung i o r  yeast to  clean ca rbo h yd ra te - r ich  

e f f lu e n t  and produce some sa leab le  animal feed as a by-product. The

economics and reasons f o r  c o n s tru c t io n  d i f f e r e d  from the la rge  scale

SCP processes o f  BP , L iqu ich im ica  and IC I ,  but the market was

id e n t ic a l  -  the animal feed market in  the f i r s t  world . (See appendix 

1 f o r  a d e s c r ip t io n  o f  SCP from waste s u lp h i te  l iq u o r ,  appendix 2 f o r  

SCP from waste l a c t i c  serum).

4.14 The Western Animal Feed Market

4.141 The Feed Compounders
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In  co n tra s t  to  the t r o p ic a l  coun tr ie s  o f  the 3rd world , Europe has an 

organised feed in d u s try  where the feed compounders, companies l i k e  

Dalgety and S p iT ie rs  make up feeds f o r  d i f f e r e n t  types o f  animal and 

d i s t r ib u te  i t  to  the farmers. They buy in  soya meal and f i s h  meal from 

the producer na t ions , the US, B ra z i l  and Argen tina . They w i l l  vary the 

p ropo rt ions  o f  the two meals in  the feeds they s e l l  and t r y  to  

minimise the cost o f  the f i n a l  feed w h ile  keeping the feed 

n u t r i t i o n a l l y  s u i ta b le  f o r  the p a r t i c u la r  animal f o r  which i t  is  

intended.

Soya meal is  the base o f  most o f  t h e i r  animal feeds, but soya alone 

is  not n u t r i t i o n a l l y  balanced f o r  animals. I t  is  low in  the 

p ro p o r t io n  o f  su lphur c o n ta in in g  e ss e n t ia l  amino-acids th a t  i t  

con ta ins , ly s in e  and m eth ion ine. The animals would have to  eat an 

excess o f  soya meal to  ob ta in  the amino acids they needed f o r  rap id  

growth. So the compounders add f i s h  meal, more expensive than soya but 

r ic h  in  ly s in e  and m eth ion ine, (see chapter 3 ) ,  to  balance the 

animal feed n u t r i t i o n a l l y .

The animal feed market is  t ie r e d ;  the re  is  an inverse  r e la t io n s h ip  o f  

p r ic e  to  volume. The sm a lles t markets c a r ry  the h ighes t p r ic e  per 

tonne, the la rg e s t  have the  cheapest p r ices  per tonne. The h igher end 

o f  t h i s  range s ta r t s  w i th  feeds f o r  g o ld f is h ,  then the la b o ra to ry  

animal market, then the c a l f  m i lk  rep lace r market. The lower end 

con ta ins  the bu lk  c a t t l e ,  p i g le t  and b r o i l e r  feeds. At the top end, 

the feeds s e l l  f o r  2 - 3  times the p r ic e  o f  soya meal, ranging to  c lose 

to  soya meal p r ic e  f o r  the lower end o f  the feed market.
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So SCP products would not be t o ta l  replacements f o r  soya meal. To

the feed compounders they would be an a l te rn a t iv e  source o f  p ro te in  

which depending on t h e i r  ly s in e  and methionine content would have a 

value somewhere between th a t  o f  soya and th a t  o f  f i s h  meal. The 

importance o f  t h i s  com plex ity  o f  the feed markets is  th a t  the simple 

equation f o r  the v i a b i l i t y  o f  SCP has p a r t ly  broken down, th a t  is  to  

say th a t  the simple comparison o f  the p r ic e  o f  a tonne o f  SCP w i th  the 

p r ic e  o f  a tonne o f  soya meal is  no longer v a l id .

4.142 The Value o f  SCP to  the Compounders

The o b je c t  o f  t h i s  sec t ion  is  to  fo l lo w  the th in k in g  o f  the

compounders which led them to  o f f e r  a p a r t i c u la r  p r ic e  per tonne f o r  

SCP products as a source o f  t h e i r  meals. Whatever the costs  o f

p roduc tion , t h i s  would be the maximum p r ic e  a t  which the compounders

would buy SCP. There were o the r  c h a ra c te r is t ic s  o f  SCP th a t  gave i t  

a g rea te r  value to  the compounders than s imply the amino acid con ten t. 

When chickens and p ig le ts  eat too much f i s h  meal t h e i r  f le s h  c a r r ie s  

the t a i n t  o f  the f i s h ,  so th a t  i t  can be ta s te d .  As f a r  as the p u b l ic  

value t h e i r  bacon rashers being f re e  o f  t h i s  t a i n t ,  they w i l l  pay 

more f o r  the bacon and the farmers w i l l  pay more f o r  a feed f re e  

from f i s h  meal. SCP products gain in  va lue as a f i s h  meal 

replacement. Saxton ( IC I )  re c a l le d  th a t  Marks and Spencer were one 

o f  the companies th a t  were prepared to  pay f o r  t h i s  q u a l i t y  o f  SCP. 

He ascribed t h i s  to  t h e i r  involvement in  s p e c i fy in g  what went in to  the 

feeds th a t  were fed to  the animals th a t  they so ld as meat products.

"One o f  t h e i r  producers bought 8 000 tonnes from us in  one

year. I f  the economics had been r ig h t  they would have l ik e d

100



to  have moved a l l  t h e i r  s u p p l ie rs  o f  tu rke y  and p ig  meat to  

using Pruteen instead o f  f is h -m e a l . . . i t  was a very h ig h ly  

regarded p rodu c t."

Saxton estimated th a t  less cost-consc ious companies l i k e  Marks and 

Spencer would have been prepared to  pay maybe 2.5 times the p r ic e  o f  

soya to  put 4% Pruteen in to  t h e i r  feeds.

Another c h a r a c te r is t ic  o f  SCP th a t  added to  i t s  value v iz  a v iz  f i s h  

meal was the re s u l t  o f  n u t r i t i o n a l  te s t in g  done on the products. 

Marks ( IC I )  described how ICI found th a t  Pruteen acce lera ted the ra te  

a t  which chickens put on we igh t. Fish a lso  put on weight more ra p id ly  

than w ith  conventiona l fed mixes. This q u a l i t y  o f  SCP a lso  added to  the 

value o f  SCP as a feed.

4.143 The Veal C a lf  M i lk  Replacer Market

The cons ide ra t ion  o f  a l l  the  advantageous c h a ra c te r is t ic s  described in  

the la s t  sec t ion  enabled IC I to  p r ic e  Pruteen above the soya p r ic e  

and com pe t it ive  w ith  the p r ic e  o f  f i s h  meal. But w ith  the low soya 

p r ice s  o f  the e a r ly  1980s IC I found th a t  the o v e ra l l  equation s t i l l  l e f t  

them lo s in g  money on every tonne they made f o r  the chicken and c a t t l e  

feed markets. Saxton found th a t  they cou ldn ’ t  even cover marginal 

cos ts ,  l e t  alone begin to  make a re tu rn  on the investment. As a 

r e s u l t ,  Pruteen was d r iven  out o f  these low va lue, s u b s ta n t ia l ly  

soya based feed markets to  the h igher value ones. The p r in c ip a l  

market here was the veal c a l f  m i lk  rep lace r market. Th is  is  worth 

d iscuss ion  in  d e ta i l  s ince both BP and IC I saw i t  as a premium market 

s t i l l  o f  s u f f i c i e n t  s ize  to  support SCP production  a t  a la rge  sca le .
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Smissen ( IC I )  a lso  thought t h e i r  p la n t  would have been 

econom ically  v ia b le  (once b u i l t ) ,  provided i t  could have so ld 

Pruteen in  com petit ion  w i th  pre-subs idy  p r ic e s  o f  skimmed m ilk  powder. 

U n fo r tuna te ly  f o r  IC I and BP the EEC s ta r te d  s u b s id is in g  the 

consumption o f  skimmed m i lk  as a c a l f  veal m ilk  rep lace r  and eroded the 

re tu rn  they could expect in  t h i s  market. This s u b s id is a t io n  began a few 

years before I C I ’ s dec is ion  to  b u i ld  a f u l l  sca le  p la n t .

Veal calves have a l i f e t im e  o f  about 20 weeks and during  t h i s  time 

they would norm ally  feed on t h e i r  mother’ s m i lk .  Th is  being used f o r  

human consumption the farmers use a m i lk  rep lace r  feed which is  o f  

h igher n u t r i t i o n a l  q u a l i t y  and so h igher value than the chicken and 

c a t t l e  feeds. I t  is  a lso  requ ired  to  be low in  i ro n  so th a t  veal 

remains a w h ite  meat.

In  the la te  1960s the m i lk  rep lace r in d u s try  was using p ro te in  

is o la te s  obta ined from soya, but t h i s  changed in  the  e a r ly  1970s as the 

EEC began to  accumulate huge q u a n t i t ie s  o f  d r ie d  skimmed m i lk .  Dried 

skimmed m ilk  is  made from the su rp lus  o f  whole f re s h  m i lk  t h a t  the 

European Community produces. The Community began s u b s id is in g  

a l te r n a t iv e  uses f o r  skimmed m ilk  to  reduce i t s  s to c k p i le s  ra th e r  than 

reduce the quotas f o r  f re s h  m i lk  p roduction  in  the e a r ly  1970s. One o f  

the  major uses was to  add i t  to  c a l f  feed, s ince i t  was, n a tu r a l ly  

enough, n u t r i t i o n a l l y  idea l f o r  ra is in g  ca lves. The Community even 

made i t  mandatory f o r  veal c a l f  farmers to  in c lude  a p ro p o r t io n  o f  

skimmed m i lk  in  t h e i r  feeds.

Pruteen and Toprina were n u t r i t i o n a l l y  s im i la r  t o  skimmed m i lk  powder 

and could ask the  same p r ic e  per tonne. However, i f  the  p r ic e  o f
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skimmed m ilk  powder was kept low to  encourage i t s  consumption, the SCP

products could not ask f o r  a g rea te r  p r ic e .  In  the e a r ly  70s the SCP

skimmed m ilk  replacement market was worth cons iderab ly  more than the 

f i s h  meal s u b s t i tu t io n  market. The BP Lavera p la n t  s u cce ss fu l ly  sold 

i t s  product, almost e n t i r e l y  in to  the French skimmed m ilk  rep lace r 

market f o r  several years. But according to  Le ivers (BP France), the 

cost per tonne a f te r  the o i l  p r ic e  r is e  was about tw ice  th a t  o f  EEC 

skimmed m ilk  powder.

4.144 The S ta te  o f  the Skimmed M1lk Replacement Market in  the Late 1980s

The skimmed m ilk  rep la ce r  market is  th e re fo re  a very im portant feed 

market. Bel In d u s t r ie  s t i l l  s e l l  t h e i r  l a c t i c  yeast in to  the

skimmed m ilk  rep lace r  market and Dinsdale (Bel In d u s t r ie )  re fe rre d

to  the cu r re n t  e v o lu t io n  o f  t h i s  market as advantageous f o r

t h e i r  yeast product. In  1986-87 the EEC a t  la s t  began to  cu t i t s  d a i ry

quotas and so s ta r te d  to  ta c k le  the problem o f  over p roduction  o f  

m i lk  and skimmed m i lk .  The r e s u l t  has been a steep r is e  in  the

p r ic e  o f  powdered m i lk  and so o f  veal c a l f  feeds. According to

D insdale, in  the la s t  year skimmed m ilk  f o r  animal feed has r ise n  from 

6 FF/Kg to  11-12 FF/Kg, a doub ling  o f  the p r ic e .  In  h is  op in ion  i t  

would be p o l i t i c a l l y  im possib le to  a l low  veal meat to  double in  p r ic e ,  

but i t  had a lready increased by 15% in  June o f  1988 alone. His 

expec ta t ion  was th a t  i t  would continue to  r is e  and th a t  i t  would fo rce  

a l l  skimmed m ilk  users to  look to  a l te rn a t iv e s  to  veal c a l f  feeds, such 

as h is  l a c t i c  yeast p roduct.

An a r t i c l e  in  the F inanc ia l Times, (Parkes, 1988) suggests th a t  the 

veal c a l f  market could soon be transform ed. The B is c u i t ,  Cake,
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Chocolate and Confectionery  A l l ia n c e  has p ro tes ted  to  Brussels about 

the EEC con t in u in g  i t s  p o l ic y  o f  60% subsid ies on skimmed m ilk  so ld f o r  

animal feed. This is  a t  a time when the developing shortages o f  m ilk  

products have d r iven  up the p r ic e  o f  skimmed m i lk  f o r  use in  human foods 

to  around £1 300 per tonne.

The s ig n i f ic a n c e  o f  these recent changes is  t h a t  the re  may once more 

be, in  1988, a v ia b le  market f o r  SCP in  the form o f  m ilk  rep lace r  

products as the EEC changes i t s  p o l ic y  o f  su b s id is in g  skimmed m ilk  

consumption.

I t  can be seen in  t h i s  sec t ion  th a t  i n i t i a l l y  IC I developed t h e i r  

understanding o f  the feed market from the feed compounders. Th is  

understanding gave them g rea te r  p re c is io n  in  the p r ic in g  and economics 

o f  t h e i r  product. The i d e n t i f i c a t io n  o f  t i e r s  o f  value in  the feed 

market and e s p e c ia l ly  o f  the c a l f  feed rep lace r  market, gave them the 

choice o f  b u i ld in g  a p la n t  whose capac ity  matched the demand o f  the 

h igher value t i e r s .  There was a two way process o f  matching market 

q u a l i t i e s  to  te c h n ic a l q u a l i t i e s  o f  t h e i r  process and product and the 

in f lu e n ce  o f  market ideas on te c h n ic a l choice w i l l  now be examined.

4.2 The Extent to  Which Market Concept Influenced Evolution o f Pro.lects

The technology and o rg a n is a t io n  o f  some o f  the SCP p ro je c ts  were 

in f luenced  by the deve lop ing idea o f  a market. The p ro je c ts  where 

the managers most f re q u e n t ly  re fe rre d  to  the e f fe c t  a market idea 

had on the p ro je c t  were the animal feed p ro je c ts .  The next sec t ions  

look a t  some o f  the examples o f  how a market idea a f fe c te d  research and 

technology.
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4.21 Idea o f Market In flu en ces  Choice o f Substrate and Organism

4.211 Mycoprotein

RHM intended t h e i r  p ro te in  product to  be a food f o r  human consumption 

and Treeby expla ined th a t  RHM, being a food company, understood what 

people are prepared to  ea t.  This understanding in f luenced  t h e i r  

dec is ion  to  use on ly  food grade m a te r ia ls  a t  a l l  stages o f  the 

fe rm en ta t ion .

In  r e la t io n  to  the choice o f  a food grade subs tra te ,  he described the 

company’ s a t t i t u d e ,

"we have a p re ju d ic e ,  perhaps, th a t  people don’ t  eat food th a t  

you make f i r s t  o f  a l l  f o r  animals and they don’ t  eat food 

th a t  is  manufactured from petrochemical res idues, o r  su rp lus  

sludges o r  t h i s  th a t  and the o th e r . "

The choice o f  a fungus ra th e r  than a b a c te r ia  o r  yeast was a lso  

based on assumptions about how people would perce ive a b a c te r ia l  o r  

yeast product. The idea o f  ea t in g  b a c te r ia  was seen as unacceptable to  

most people and although both yeasts and fung i are eaten by people, 

RHM chose a fungus because i t  had the p o s s i b i l i t y  o f  being marketed 

as a type o f  mushroom. Filamentous fung i could a lso  be given te x tu re  

which in  Treeby’ s op in ion  was s im i la r  to  the te x tu re  o f  meat. Treeby 

d is t in g u is h e d  the RHM product mycoprotein from SCP, because SCP
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" i s  e i th e r  powders o r  creams or some degree o f  wet growth th a t  

renders i t  on ly  s u i ta b le  f o r  animal consumption."

He a lso  made the p o in t  th a t  i t  was a lso  b io lo g ic a l ly  in c o r re c t  to  

re fe r  to  mycoprotein as a s in g le  c e l l  p ro te in ,  s ince i t  was formed 

from f i la m e n ts  o f  c e l l s  connected one to  another. In  a l l  t h i s  reasoning 

over the choice o f  a subs tra te  and an organism RHM d id  no "market 

research ."  T he ir  choice o f  subs tra te  and organism was based on t h e i r  

sp e c ia l is e d  knowledge o f  the human food market. RHM’ s s e le c t io n  o f  

these te c h n ic a l c h a r a c te r is t ic s  was governed by t h e i r  knowledge o f  human 

food markets obta ined from t h e i r  experience w ith  o the r  food products.

4.212 Hoechst

L iesse r (Hoechst) gave a d e ta i le d  example o f  the fa c to rs  in f lu e n c in g  

Hoechst’ s choice o f  organism which were s im i la r  to  those in f lu e n c in g  

IC I ,  BP and L iqu ich im ica .

A f te r  the i n i t i a l  screening o f  the organisms they had c o l le c te d ,  

Hoechst prepared a sh o r t  l i s t  o f  fo u r  organisms. These were then 

compared not on ly  f o r  va r iou s  te c h n ic a l c h a r a c te r is t ic s  such as speed 

o f  growth, but a lso  f o r  n u c le ic  ac id  content and the p ropo rt ion s  o f  the 

d i f f e r e n t  e ss e n t ia l  amino ac ids . These la s t  two c h a r a c te r is t ic s  were 

on ly  im portan t i f  the re  was some understanding o f  the market f o r  animal 

feeds and the f i n a l  choice o f  organism was one which d id  best aga ins t 

these two "market" te c h n ic a l c h a ra c te r is t ic s  as w e ll  as o the r  pu re ly  

te c h n ic a l c h a r a c te r is t ic s ,  such as speed o f  growth.
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However, Saxton ( IC I )  f e l t  th a t  ICI was lucky having an organism w ith  

such a very good balance o f  p ro te in  to  energy to  m inera ls  and amino 

ac ids . By the time ICI had discovered what the idea l organism q u a l i t i e s  

were, they had a lready chosen the organism and begun to  b u i ld  p la n t  

adapted to  i t .  This was because the market research was proceeding a t 

the same time as the te c h n ic a l development and some choices such as th a t  

o f  the organism were fo rced  e a r ly  on in  t h i s  development, f o r  te c h n ic a l 

reasons.

4.22 Market Idea In f luence s  Construc t ion  o f  Process P lan t and Product

4.221 Size o f  market A f fe c ts  Size o f  P lant

The s ize  o f  the p la n t  depended on some market s ize  assumptions. The 

f i r s t  and obvious one was th a t  the t o ta l  animal feed market was huge, 

m i l l io n s  o f  tonnes in  Western Europe alone, so the  p la n t  could be as 

la rge  as was te c h n ic a l ly  e f f i c i e n t  i f  i t s  ou tpu t was com pe tit ive  in  a l l  

o f  t h i s  market.

However, i f  Pruteen was on ly  going to  be com pe tit ive  in  the 

skimmed m i lk  rep la ce r  market, the s ize  o f  the p la n t  would be l im i te d  

by the s ize  o f  t h i s  market. There was a debate on t h i s  issue a t  the 

time the p la n t  was approved. Harwin and Saxton (both IC I)  be lieved th a t  

had a sm a lle r  p la n t  been b u i l t  w i th  a h igh p ro p o r t io n  o f  ou tpu t 

going to  the skimmed m i lk  rep lace r  market, i t  would s t i l l  be in  

p r o f i t a b le  ope ra tion  today. The capac ity  o f  the sm a lle r  p la n t  would 

have been perhaps 30 000 t / a  w i th  a constant 1 5 - 2 0  000 t / a  going 

to  the skimmed m i lk  rep la ce r  market, whatever the  s ize  o f  the p la n t .  

However, the la rg e r  p la n t  was b u i l t ,  (see chapter 7 f o r  reasons).
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4.222 Requirements o f  the Animal A f fe c t  Design o f  Product

The d i f f e r e n t  feed markets requ ired s l i g h t l y  d i f f e r e n t  

products. The "g ra n u la r1' form o f  Pruteen was f o r  the chicken feed 

market, w h ile  the c a l f  m i lk  rep lace r  was a l i t t l e  more complex to  

prepare f o r  the market. I t  needed to  be low in  i ro n  and the ferm enter 

needed to  be run w i th in  t i g h t e r  l im i t s .  In  f a c t ,  what amounted to  a 

mini programme o f  research was mounted to  modify Pruteen f o r  t h i s  

market. An idea l p a r t i c le  s ize  was picked and a w e tt ing  agent found 

to  prepare the product f o r  m ixing in to  skimmed m i l k . 1 Saxton found 

th a t  the k ind o f  dust they were producing by g r in d in g  Pruteen could 

cause adverse e f fe c ts  in  some people, so they began adding cooking 

o i l  to  prevent the dust becoming a irbo rne . The c o n s tru c t io n  o f  the 

po s t- fe rm e n ta t io n  processing equipment a lso  depended on choices about 

the p ropo rt ion s  and volume o f  Pruteen th a t  would be consumed by each 

market.

4.223 Two Apparent Inadequacies of Product fo r  i ts  Market Solved 

through the Use o f N u tritio n  Science

Another example o f  how the process and product were ta i lo r e d  to  f i t  the 

market requirements was the  use o f  selenium. Th is  is  a t ra c e  element 

e s s e n t ia l ,  in  d i f f e r e n t  q u a n t i t ie s ,  to  the growth o f  most organisms. 

At f i r s t  IC I added the amount necessary to  the  ferm enter f o r  optimal 

growth o f  t h e i r  bacterium but a problem arose because t h i s  was 

in s u f f i c i e n t  f o r  the animals th a t  ate Pruteen as a replacement f o r  f i s h

1 Exac tly  the same k ind o f  work went in to  deve lop ing "Coffee Mate."
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meal in  the n u t r i t i o n  te s ts .  What had happened was th a t  f i s h  meal 

happened to  con ta in  the r ig h t  amount o f  selenium fo r  animals so the 

compounders had not had to  th in k  about i t .  Ta lk ing  to  the compounders 

had not th e re fo re  revealed selenium as a c r i t i c a l  component o f  

feeds. Animals su f fe red  selenium d e f ic ie n c y  i f  fed on Pruteen 

instead o f  the f i s h  meal p a r t  o f  t h e i r  d ie t  and f a i l e d  to  grow 

ra p id ly .  The research department q u a n t i f ie d  the selenium need and 

added e x tra  selenium to  Pruteen to  make up f o r  i t s  d e f ic ie n c y .

This problem w i th  the selenium is  in te re s t in g  because before Pruteen 

was used i t  was u n a r t ic u la te d  by the compounders as a requirement fo r  

animal feeds. Saxton suggested th a t  i t  had o r i g i n a l l y  been t r i a l  and 

e r ro r  which showed th a t  animals th r iv e d  on c e r ta in  p ropo rt ion s  o f  

f i s h  meal in  t h e i r  soya meal, but the same approach w ith  Pruteen 

in  p lace o f  f i s h  meal would adverse ly a f fe c t  the animals. I t  was the 

use o f  n u t r i t i o n a l  science and ana lys is  o f  Pruteen and f i s h  meal th a t  

gave an increased p re c is io n  to  I C I ’ s understanding o f  the market. Here 

s c i e n t i f i c  ideas were used to  de f in e  a n t ic ip a te d  market needs.

The market requirements a lso  a f fe c te d  the sourc ing o f  the phosphate 

rock. IC I le a rn t  to  be c a re fu l  about the source o f  t h i s  rock because 

some contained high p ro p o r t io n s  o f  heavy metals l i k e  c o b a lt ,  poisonous 

to  animals. I t  was a m atte r o f  determ in ing the le v e ls  o f  heavy 

metal t h a t  could be to le ra te d  by the animals and ensuring no rock was 

used th a t  conta ined g re a te r  amounts than t h i s  maximum. As w ith  

selenium, t h i s  was a problem th a t  d id  not occur when f i s h  meal was 

used as animal feed, because f i s h  meal conta ins  s u f f i c i e n t  phosphate and 

w ith o u t  heavy metal problems. N u t r i t io n a l  evidence on an im a ls ’ 

needs became incorpora ted  in to  the product fo rm u la t io n .  This can be

109



seen as a process by which the market needs were in  process o f  

being re f ined  and a r t i c u la te d  by n u t r i t i o n a l  science and expressed in 

n u t r i t i o n a l  science terms. I t  was not a m atte r o f  c o l la t in g  market 

needs as expressed by users and d e l iv e r in g  them to  the process 

engineers o r  product fo rm u la to rs .  The matching o f  market needs to  

product c h a ra c te r is t ic s  was more complex than th a t  in  t h is  case.

4.23 Market A f fe c ts  Research

According to  S w ind a ll ,  ( IC I ) ,  a major p a r t  o f  the IC I research e f f o r t ,  

perhaps about a t h i r d  o f  a l l  expenditure  S w inda ll ,  went to  to x ic o lo g y  

and n u t r i t i o n .  The emphasis on t h i s  area was p a r t ly  due to  I C I ’ s 

s e n s i t i v i t y  to  the avers ion  w ith  which the p u b l ic  might rece ive a 

b a c te r ia  food and t h i s  led to  what they thought was an unusua lly  

thorough to x ic o lo g y  and n u t r i t i o n  research programme. IC I were 

aware th a t  p u b l ic  op in ion  had probably been the  p r in c ip a l  cause o f  the 

f a i l u r e  o f  SCP in  Japan and I t a l y  and t h i s  heightened t h e i r  s e n s i t i v i t y  

to  poss ib le  accusations o f  product t o x i c i t y .  Saxton f e l t  t h a t  t h i s  

perceived need to  go f u r t h e r  than s a t is f y in g  p u re ly  s c i e n t i f i c  c r i t e r i a  

had a major in f lu e n c e  on the way in  which the to x ic o lo g ic a l  research 

was organ ised. He remarked th a t ,

" in s tead  o f  say ing, we’ d l i k e  to  do a few th in g s  w ith  ch icks 

and p igs and th in g s ,  we decided what the markets w ith  best value 

were going to  be, we ta lk e d  to  the companies about the t r i a l s  and 

evidence they needed. We had the t r i a l s  done across the world 

and received evidence from companies doing t h e i r  own t r i a l s .

We put toge the r  a package o f  i t s  being a very e f f ic a c io u s  

p ro d u c t . "
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Swindall ( IC I )  adopted the p o l ic y  o f  working c lo s e ly  w ith  the 

Department o f  Health to  develop t r u s t  between the two bodies. 

Sw indall helped develop t h i s  t r u s t  by being unusua lly  open about the 

re s u l ts  o f  t h e i r  to x ic o lo g y  t r i a l s .  They revealed re s u l ts  w ith  

poss ib le  negative in te r p r e ta t io n s  -  Swindall showed th a t  animals could 

d ie  when fed a pa r t-P ru teen  d ie t  as w e ll as t h r i v e  on such d ie ts .  He 

could a lso  show th a t  IC I understood the d i f f e r e n t  responses to  the d ie ts  

and th a t  they could c o r re c t  any d e f ic ie n c ie s  by adding the necessary 

n u t r ie n ts .

Swindall reported th a t  IC I considered using Pruteen f o r  human food 

in  1973-1974, when the p la n t  was approved. However IC I ,  now v en tu r in g  

f o r  the f i r s t  t im e in to  the animal feed market, decided to  con fine  

Pruteen to  the animal feed market and the p o l ic y  was th a t  research 

should a lso  be r e s t r ic te d  to  animal feed requirements. Human food

research was seen as a major d iv e rs io n  o f  e f f o r t ,  so th a t  once a choice 

had been made to  produce f o r  the la rg e r  animal feed market a dec is ion  

was taken to  stop research from d iv e r s i f y in g  in to  human food

p o s s ib i l i t i e s .  In  t h i s  way the market conception was supposed to

re s t ra in  the research p o s s i b i l i t i e s .  The r e s u l t in g  product was a lso

constra ined by i t s  process o f  manufacture to  be an animal feed, not a 

human food.

4.24 Change in  Team S tru c tu re  Changes Market Conception

When BP began research in to  SCP Payne (BP co n s u lta n t)  and Champagnat 

(BP) dominated the p ro je c t  and they be lieved th a t  t h e i r  product could 

so lve world hunger. Le ive rs  (BP) jo ine d  the p ro je c t  in  1966, when she
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thought th a t  the company was s t i l l  th in k in g  in  terms o f  food fo r  

human beings. This was a period when BP advert ised  the “ p e t ro l  

in to  beefsteaks" idea and published photographs o f  Champagnat 

ea t in g  Toprina, (Laine and S n e l l ,  1976). By 1968 the idea o f  the feed 

market had become dominant. The change had been gradual and occurred 

as more people w ith  a v a r ie t y  o f  backgrounds jo ine d  what had been a 

small scale p ro je c t .  Some o f  them were acquainted w ith  the feed market 

and they s h i f te d  the th in k in g  away from the conception o f  a human food 

market. For example, Le ive rs ,  as an agronomist, never thought i t  

poss ib le  the yeast would be eaten by people. By 1968 the new idea o f 

the market was gu id ing  research towards developing a high p ro te in  f i s h  

meal rep lace r in  animal feed.

4.25 Technology "Looks f o r "  Market

The T&L research programme generated many p ro je c ts  in v o lv in g  

fe rm en ta t ion ,  f o r  example the re  was a process developed f o r  the 

fe rm en ta t ion  o f  h igh-sugar residue wastes, but once developed no 

market was found to  e x is t  and no-one wanted to  buy the technology. 

They a lso developed a very s imple ferm enter which was a hole in  the 

ground l in e d  w i th  concre te , f i t t e d  w ith  a s t i r r e r  and bubbled w ith  

gas. This was abandoned a f t e r  perhaps 6-7 months o f  work because Cowen 

cou ldn ’ t  see how they were to  get money out o f  i t .

The approach was to  develop a p rec ise  technology and then look f o r  an 

eq u a l ly  p rec ise  market n iche, which ra re ly  e x is te d .  One success was 

the process f o r  using waste carbohydrate s o lu t io n s  which Cowen thought 

might match the needs o f  a new sugar r e f in in g  process in  the  T&L 

Technical Serv ices department. T&L Technical Serv ices was approached
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by Bassetts , the con fec t ion e ry  f i r m ,  about a sugar e f f lu e n t  problem a t 

t h is  same time. So Technica l Services used Bassetts as a t e s t  bed to  

develop the research department’ s technology in to  a f u l l  scale

working p la n t .  B a sse tt ’ s paid f o r  i t ,  but T&L never succeeded in  

s e l l i n g  i t  anywhere e lse . Luck would seem to  have played a p a r t  in  

f in d in g  t h i s  almost unique market f o r  one o f  the  research departments 

ideas.

4.26 Research Department’ s Idea o f  the Market

O ccas iona lly  managers widened t h e i r  comments about the

market to  g e n e ra l is a t io n s  about how fa r  the research department could 

use market ideas. Cowen (T&L) thought some kind o f  market idea was 

always present in  the research department and sa id ,

" . . . y o u  never com ple te ly  get r id  o f  the idea o f  a commercial 

end product from the research. However d ivorced the s c ie n t i s t  

is  from the market, he s t i l l  th in k s  th a t  one day t h i s  may be 

something amazing, i t s  th a t  crude, but th e r e ’ s s t i l l  an 

e lem e n t. . . t h a t ’ s in d u s t r ia l  research a f te r  a l l . "

Treeby (RHM) was ra th e r  more c a u s t ic  when de sc r ib in g  the market ideas

o f  the research department. He began by t r y in g  to  debunk the myth o f  

any marketing inpu t  to  successfu l in ven t ions .

"When they are t e l l i n g  you the s to r ie s  o f  the g rea t in ven t ions  

they w i l l  t e l l  you, w e l l ,  o f  course we thought through the 

marketing issues, and as a r e s u l t  we decided how we were going
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to  do i t .  A Toad o f  l i e s ,  most o f  them found something and in  

a process o f  moving forward, come to  understand the issues ."

In  response to  the suggestion th a t  the s c ie n t i s t  in  R&D would have some 

kind o f  image o f  what they were doing as being a usefu l product, Treeby 

sco ffed ,

"Not a t  a l l .  The R&D department would not have understood what 

a market was i f  i t  came up and b i t  them."

These comments suggest th a t  the re  was l i t t l e  marketing inpu t  to  the 

p ro je c t  in  the research phase, ye t ,  as described e a r l i e r ,  the p ro je c t  

was begun by Lord Rank w i th  the world p ro te in  shortage in  mind. So 

the re  was an idea o f  a p o te n t ia l  market in  the o r ig in a l  conception o f  

the p ro je c t .  R&D be lieved  they understood the market s u f f i c i e n t l y ,  but 

Treeby commented on the sample products th a t  R&D came up w ith ,  

th a t  they were in te r e s t in g ,  but d read fu l from a marketing p o in t  o f  

view s ince they were not capable o f  being so ld to  anyone. When 

Treeby ta lk s  o f  market in p u t  he re fe rs  to  the process o f  r e la t in g  market 

c h a r a c te r is t ic s  to  product development, the process by which te c h n ic a l 

choices are guided by knowledge o f  market c h a r a c te r is t ic s .

4.3 Forecasting the  P ro te in  Market

The economic v i a b i l i t y  o f  the hydrocarbon p ro je c ts  depended on the 

r e la t iv e  p r ic e s  o f  the hydrocarbon subs tra te  and soya meal. SOP would 

on ly  be economic i f  i t  undercut the p r ic e  o f  animal feed, l in k e d  to  

the soya p r ic e  and the major cost o f  the hydrocarbon processes was 

the su b s tra te ,  a t  around 50% o f  p roduction  cos ts . The great dependence
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on two p r ic e  fa c to rs  meant th a t  company fo re ca s ts  f o r  t h e i r  p r ic e  

e v o lu t io n  were c r i t i c a l  to  the dec is ions to  c o n s tru c t  p la n t .

4.31 Expecta tions f o r  the E vo lu t ion  o f  Hydrocarbon Prices

While gross movements in  the p r ic e  o f  crude o i l  were re f le c te d  in  the 

p r ic e  o f  alkane sub s tra te s ,  so changes in  the p r ic e  o f  crude o i l  are 

a guide to  the economic v i a b i l i t y  o f  these processes. The case o f  

methanol was ra th e r  d i f f e r e n t .

There were fewer management comments about the o i l  p r ic e  r is e s  o f  1973 

and 1979 than about the e v o lu t io n  o f  the market f o r  soya meal as an 

animal feed. They accepted th a t  the 1973 o i l  p r ic e  h ike had been 

t o t a l l y  unp re d ic tab le .  The r is e  had been counter to  a l l  the 

p re d ic t io n s  o f  economists and the p r ic e  trends o f  the la s t  20 years. 

Northgate (BP) po in ted  out th a t  in  rea l terms, o i l  had been s ta b le  

and even become cheaper th roughout the 1960s. The 1973 p r ic e  r is e  

was,

" t o t a l l y  u n p re d ic tab le ,  t o t a l l y  out o f  the b lue . They blew the 

world  economy and SCP was one o f  the c a s u a lt ie s .  No question  o f  

t h a t . “

Marks ( IC I )  agreed th a t  economists were p re d ic t in g  p r ic e  r is e s  f o r  

crude o i l  in  the la te  60s, e a r ly  70s, but not on the  scale o r  w ith  the 

suddenness o f  the ac tua l jump, which was t o  $35 a ba rre l in  1973. 

Marks expla ined th a t  many p re d ic t io n s  were based on the experience o f  

a 6-7 year cyc le  in  o i l  p r ic e s  and the expec ta t ion  th a t  t h i s  would
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continue in  the 1970s. The f a i l u r e  to  p re d ic t  the r is e  amounted to  a 

f a i l u r e  to  p re d ic t  the p o l i t i c a l  success o f  OPEC in  fo rc in g  the r is e .

No manager a t any time suggested th a t  the economics o f  SCP estimated 

pre-1973 could have been improved w ith  regard to  the crude o i l  p r ic e  

p re d ic t io n s .  The case o f  methanol is  s im i la r ,  but a l i t t l e  more 

complex.

At the time th a t  IC I were dec id ing  to  b u i ld  a la rge  scale p la n t ,  in  

1973-74, the p r ic e  o f  methanol was very low. This was because i t  was 

manufactured from North Sea Gas which was a v a i la b le  in  la rge  q u a n t i t ie s  

w ith o u t an e q u iv a le n t ly  la rge  market w ith  much gas being f la re d  o f f  

as o i l  f i e l d s  came in to  p roduc tion . So North Sea Gas was cheap.

IC I had developed i t s  unique low pressure c a t a l y t i c  process f o r  

conve rt ing  Natura l Gas in to  methanol in  the 60s. The la te  60s to  

e a r ly  70s had seen a steep f a l l  in  the p r ic e  o f  methanol as t h i s  method 

o f  p roduction  had become the standard. The e a r ly  70s was a per iod 

before  North Sea Gas was used as a f u e l ,  so i t s  value was not l inked  

to  the p r ic e  o f  crude, which represented the p r ic e  o f  energy. The 

r e s u l t  o f  t h i s  decoupling was th a t  the 1973 o i l  p r ic e  r is e  d id  not 

severe ly  a f fe c t  the  economics o f  methanol based SCP processes such as 

I C I ’ s. Once the UK switched over to  using na tu ra l gas instead o f  town 

gas as a f u e l ,  t h i s  was no longer the case. The major use f o r  na tu ra l 

gas became th a t  o f  a f u e l .  In the la te r  1970s the p r ic e  began to  r is e  

in  rea l terms and in  the 1979 o i l  p r ic e  jump, the p r ic e  o f  methanol 

doubled due to  i t s  dependence on the p r ic e  o f  na tu ra l gas, and 

na tu ra l gas’ l i n k  to  the  p r ic e  o f  energy. Harwin ( IC I )  be l ieved  t h i s  

jump was the one which made Pruteen uneconomic to  produce.
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According to  Marks, IC I had thought the margin o f  p r o f i t  in  the e a r ly  

1970s to  be so la rge  th a t  any "reasonable" methanol p r ice  r is e  would 

not a f fe c t  them. They d id  not p re d ic t  so la rge  a r is e  and whether they 

could have done so depends on whether i t  would have been poss ib le  to  

p re d ic t  the opening up o f  e n t i r e l y  new markets f o r  na tu ra l gas,which 

a t f i r s t  seemed to  be almost a waste m a te r ia l .  There was a lso  a trend  

to  lower methanol p r ic e s  immediately preceding the IC I dec is ion  to  

in ves t  in  Pruteen.

4.32 E vo lu t ion  o f  the P r ice  o f  Soya Meal

SCP was to  compete as an animal feed and the p r ic e  o f  animal feed was 

l in ke d  to  soya meal p r ic e s .  Even the niche markets which allowed a 

h igh value added per tonne o f  SCP product, were l in ke d  to  the base 

soya p r ic e .  I f  soya was cheap enough a compounder could fo rg o  some 

o f  the h igher value feed inpu ts  and s imply use more soya.

The next th ree  sec t ions  look a t managers’ recons tru c t ions  o f  how they 

saw the  p ro te in  o r  soya p r ic e  evo lv ing  du r ing  the 60s and 70s, 

the d i f f e r e n t  in te r p r e ta t io n s  o f  the “ b l ip "  in  p r ic e s  in  the per iod 

1973 to  1975 and the h in d s ig h t  reasoning which they use to  exp la in  

the f a i l u r e  to  p re d ic t  the  p r ic e  changes.

4.321 The P ro te in  Gap

A k in in  (S h e l l )  thought t h a t  a shortage o f  animal feed p ro te in  began to  

make i t s e l f  f e l t  by the e a r ly  1960s. He ta lk e d  o f  a general worry about 

the adequacy o f  p ro te in  supp lies  in  genera l, the le ve l o f  resources th a t
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the ea r th  could support. This was p a r t ly  fu e l le d  by the Club o f  Rome 

repo r t  which received a great deal o f  a t te n t io n  at a time when there  

was a fash ion  f o r  world fu tu re s  s tud ie s ,  in the 60s and 70s, (see Cole, 

1978 f o r  comments on t h i s  repo r t  and o the rs )  most o f  which fo re c a s t  

d i re  food, energy and m a te r ia ls  shortages w i th in  10 to  20 years.

Swindall and Saxton exp la ined th a t  IC I thought th a t  there  would be more 

people who would want to  eat meat as l i v i n g  standards rose in  the t h i r d  

world . At the same t im e,

" the re  were f i n i t e  supp lies  o f  e x is t in g  fe e d s . . . scares in  the 

e a r ly  70s over f i s h  meal supp lies , shoals d isappearing f o r  odd 

years, soya seen as being l im i te d  by a f i n i t e  amount o f  

land surface , f a i r l y  sp e c ia l is e d  in  i t s  needs, u n l ik e ly  to  be 

able to  respond to  the demand f o r  animal fe e d ."

Th is  idea o f  a p ro te in  gap a lso  entered S h e l l ’ s reasoning on SCP and 

A k in in  described how S h e l l ,

"can be c r i t i c i s e d  f o r  wasting a na tu ra l resource ( l i k e  

methane). The thought o f  being able to  use th a t  methane to  

generate something l i k e  p r o t e in . . .you could be seen to  be doing 

something p o s i t iv e  to  improve the supply o f  p ro te in  in  the 

w o r l d . . . i t  was a l l  a t t r a c t i v e ,  i t  was a l l  p o s i t i v e . "

4.322 The V ia b i l i ty  o f SCP Changes According to  the In te rp re ta tio n  of 

the S ignificance of the T rip lin g  of the Price o f Soya Meal, 1973 -  

1975 ......



At t h i s  t ime the p r ic e  o f  f i s h  rose due to  low catches o f f  the Peruvian 

coast, w h ile  the US soya harvest was a lso poor f o r  one or two years. 

These events, concurren t w ith  the o i l  p r ic e  increase o f  1973, led to  a 

t r e b l in g  in  the p r ic e  o f  soya meal.

The drop in  the p r ic e  o f  crude undermined the economics o f  SCP, the r is e  

in  the p r ic e  o f  soya improved them. For IC I the r is e  in  the soya 

p r ic e  was c ru c ia l  because i t  came when they were dec id ing  whether o r  not 

to  in ves t  in  a f u l l  sca le  SCP p la n t .  Marks expressed the A g r ic u l tu r a l  

Department view,

"There was no reason whatsoever to  suppose th a t  p ro te in  p r ices  

were going to  f a l l .  The margin th a t  you could get on t h is  

process a t  the t im e was very h igh. And as f a r  as you could look 

forward i t  was going to  s tay  h ig h ."

IC I based t h e i r  est im ates o f  the Pruteen p r o je c t ’ s economics on t h i s  

h igh p r ic e  -  73-74 was the per iod  when the b u i ld in g  o f  the p la n t  was 

approved. At the same t im e the  p r ic e  o f  methanol d id  not r is e  sha rp ly  

w i th  crude, so the p ro je c t  looked e s p e c ia l ly  a t t r a c t i v e  a t  a t im e when 

the alkane based p ro je c ts  were in  doubt. The soya p r ic e  f e l l  back to  

lower than i t s  pre-1973 le ve l over the 3-4 years a f t e r  1973. I t  has 

remained a t t h i s  low le ve l u n t i l  the present and t h i s  drop ru ined the 

economics o f  the Pruteen process com ple te ly . Saxton made the  bleak 

comment th a t ,

"P ro te in  p r ice s  have continued now f o r  5 o r  6 years a t what is  

something l i k e  a 50 year low in  rea l terms. We got th a t  wrong."
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The IC I view was th a t  i t  could be seen as the s t a r t  o f  the long

fo re c a s t  p ro te in  shortage. Treeby (RHM) and the T&L management a l l

expressed the view th a t  the soya p r ic e  r is e  could have been seen to  

have been a temporary " b l i p 11 a f te r  which i t  would re tu rn  to  i t s  

normal le v e l .  Treeby commented th a t  RHM had been buying soya f o r  50 

years and everyone in  t h a t  in d u s try  expected the p r ic e  to  f a l l  back 

again. D is c o n t in u i t ie s  in  p r ic e  were poss ib le ,  bu t,

" i f  you are going to  po s tu la te  a p lateau change in  something 

which has been le ve l f o r  40 years you have r e a l l y  got to  advance 

a b e t te r  reason than, i t  j u s t  happens to  be up the re  ju s t  now.

That seemed to  us to  be what they ( IC I )  had d o n e .. .o u r  people 

were saying the re  is  noth ing  in  the a g r ic u l t u r a l  system th a t  is  

d r iv in g  i t  to  s tay  up th e re . "

Perhaps most in te r e s t in g  is  the view o f  I C I ’ s P lan t P ro te c t io n  

D iv is io n  a t Fernhurs t,  who m onito r world trends  in  cereal p r ic e s .  

Geoff Sco tt  in  the  P e s t ic id e  Marketing fu n c t io n  described the 

e v o lu t io n  o f  the soya market.

" in  the la te  60s and 70s the re  was a per iod when demand was

inc reas ing  s i i g h t l y  f a s te r  than supply. Th is  led to  a steady

t ig h te n in g  o f  the supply-demand balance. A gen tle  r is e  in  

p r ic e s  in  rea l terms. Then when the o i l  c r i s i s  came the re  was 

an outbreak o f  paranoia and the p r ices  o f  a l l  commodities rose 

many times h igher than could have been p re d ic te d .  In  tu rn ,  

t h i s  over re a c t io n  g ra d u a l ly  evaporated and the p r ic e  d r i f t e d  

back again. But t h i s  had s t im u la ted  increased p roduction  in

120



B ra z i l  and the US...A per iod o f  ove r-p roduc t ion  began, a period 

fo r  the la te  70s and e a r ly  80s o f  weak p r ic e s . "

For S co tt ,  the Club o f  Rome re p o r t  and a l l  the p ro te in  shortage 

fo re cas ts  o f  the 60s and e a r ly  70s were based on an e x t ra p o la t io n  o f  

h is  f i r s t  per iod o f  g e n t ly  inc reas ing  demand over supply. He f e l t  

th a t  a lthough the extreme jump in  p r ices  in  1973 was not p re d ic ta b le ,  

once t h i s  had occurred the increases in  soya production  and the 

consequent drop in  p r ic e  were p re d ic ta b le .  This is  the opposite  view 

to  th a t  o f  those in  I C I ’ s a g r ic u l t u r a l  d iv is io n ,  and appears to  con firm  

a g r ic u l t u r a l  d i v i s i o n ’ s lack  o f  experience in  an u n fa m i l ia r  market and 

an in te rn a l  f a i l u r e  o f  communication.

4.323 Retrospec tive  R a t io n a l is a t io n s  o f  the F a i lu re  o f  Soya to  

increase in  P r ice  Permanently

The A g r ic u l tu r a l  D iv is io n  managers had a v a r ie ty  o f  exp lana tions  f o r  

why they f a i l e d  to  p re d ic t  the re tu rn  o f  soya p r ic e s  to  t h e i r  post­

war norm. Sw indall suggested th a t  i t  was p a r t l y  I C I ’ s in ve n t io n  o f  

new crop sprays and the in t ro d u c t io n  o f  the  n o - t i l l  farm ing 

technique to  B ra z i l  t h a t  helped increase p roduction  in  the la te  70s, 

e a r ly  80s. Fernhurst discounted t h i s  exp lana tion  as no more than 

m a rg in a l.

Saxton had a more s ta rk  view,

"B a s ic a l ly  I  t h in k  what we d id n ’ t  be l ie ve  was th a t  the world 

would a l low  so many m i l l io n s  to  go hungry and to  s ta rve .  We got 

th a t  wrong."
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Saxton and many o the rs , Payne (BP), Hamer (S h e l l )  and B e t t le y  (John 

Brown), a l l  po inted to  the subsid ised production  and export o f  soya 

by the United States as a reason f o r  i t s  low p r ic e .  B e t t le y  is  

rep resen ta t ive  o f  these managers when he says,

" . . . t h e  farmers in  the USA were lobbying to  ensure th a t  

p roduction  o f  soya was kept up high w ith  subs id ies  to  

farmers. And th a t  su ite d  the American Government very w e ll 

because they, f o r  p o l i t i c a l  reasons, are happy f o r  a number 

o f  c o u n tr ie s  to  be dependent on them fo r  p ro te in  s u p p l ie s ."

However, w h ile  s u b s id is a t io n  o f  an unspec if ied  amount goes on, none 

o f  these reasons is  needed to  e xp la in  the progress o f  the soya p r ic e  

in  t h i s  pe r iod . The supply-demand exp lana tion  o f  S co tt  ( IC I  Fernhurs t)  

is  s u f f i c i e n t  and i t  would appear th a t  the IC I managers were look ing  

f o r  post-hoc r a t io n a l is a t io n s  o f  t h e i r  o ld  pe rspec tive .

4 .4  The Loss o f the O rig inal Market Stimulates a Search fo r New Markets

By the  la te  1970s BP knew th a t  the p la n t  they had b u i l t  would never be 

economic i f  i t s  product was so ld e n t i r e l y  in to  the animal feed 

market, t h e i r  reac t ion  was e v e n tu a l ly  to  abandon the p ro je c t .  IC I was 

in  the same p o s i t io n  in  the  e a r ly  1980s and t h e i r  i n i t i a l  re a c t io n  was 

to  hunt f o r  a l te r n a t iv e  markets f o r  Pruteen. This is  something BP 

had a lready done du r ing  a phase o f  sen io r  management sponsored 

d i v e r s i f i c a t io n  in  the e a r ly  1970s.

4.41 A Move to  the Human Food Market
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By 1980 IC I were look ing  f o r  a l te rn a t iv e  markets to  the p o u l t ry  feed 

market which was to  have taken most o f  t h e i r  p roduc tion . The c a l f  

veal market remained v ia b le  as d id  the p ig le t  feed market, but t h i s  

s t i l l  l e f t  more than h a l f  the p la n t  capac ity  unused. B e t t le y  describes 

how between 1981-85 the p la n t  was operated in "campaigns" a t  i t s  f u l l  

capac ity  o f  around 7 tonnes per hour. The produce was s tored then 

ground f o r  the skimmed m i lk  rep lace r  market. Production was kept 

low to  avoid f lo o d in g  t h i s  market and lowering the p r ic e  obta ined per 

tonne o f  Pruteen. B e t t le y  thought th a t  ICI could ju s t  meet i t s  costs 

o f  p roduc tion , desp ite  running t h i s  g ia n t  p la n t  a t  less than h a l f  i t s  

c a p a c ity .  For 2- 3 years a f t e r  1982 IC I experimented w i th

f r a c t io n a t in g  Pruteen and cons ider ing  i t  as a c o l le c t io n  o f  

chemicals. There were two main f r a c t io n s ,  the n u c le ic  ac ids and a 

prote inaceous mass. Saxton described t h i s  per iod as e x c i t in g  because 

f o r  a t ime i t  looked as i f  they had a high value added market in  the 

Japanese and Korean n u c le ic  ac id  market. The economics o f  the Japanese 

p ro je c t  were thought to  be very advantageous by Saxton, p a r t l y  because 

o f  the yen’ s a p p re c ia t io n  aga ins t s t e r l in g .  The d iscuss ions were 

encouraging to  IC I because i t  appeared th a t  the Japanese had a real 

problem. T h e ir  o ld  sources o f  nuc leo t ide  f la v o u r in g s  had been SCP grown 

on pulp m i l l  wastes and many o f  these m i l l s  were being closed o r 

superceded by new technology and the food f la v o u r in g  producers were 

w orr ied  about t h e i r  supp lies .  Saxton described the marketing o f  I C I ’ s 

n u c le ic  ac ids ,

^See chapter 8 f o r  d e ta i l
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"We produced n u c le ic  ac id ,  c la s s ic  s o r t  o f  marketing th in g ,  

ta k in g  samples to  the Japanese, fo u r  or f i v e  t im es, g e t t in g  a 

fe e l f o r  what they thought o f  i t  and then they g radu a lly  

re f in e d  i t ,  could we do t h i s  to  i t ,  then th a t  and th a t . . .w e  

met v i r t u a l l y  a l l  t h e i r  requirements. At the la s t  minute they 

took co ld f e e t . "

A reason Saxton gave f o r  the Japanese abandoning n e g o t ia t io n s  w i th  ICI 

was t h e i r  fe a r  o f  a repeat o f  t h e i r  1972 experience, when p u b l ic  

p ro te s t  had led to  the Japanese SCP p ro je c ts  being banned by t h e i r  

government (see appendix 6 ) ,  e s p e c ia l ly  s ince t h i s  time they would be 

openly adding an SCP d e r iv a t iv e  to  human food.

The f a i l u r e  to  secure t h i s  market f o r  the n u c le ic  ac id f r a c t io n  o f  

Pruteen ended the chances o f  p r o f i t a b i l i t y  f o r  the f r a c t io n a t in g  

p ro je c t .  However, some years o f  work had been put in to  deve lop ing the 

market f o r  the prote inaceous f r a c t io n  which would be l e f t  a f t e r  n u c le ic  

ac id  e x t ra c t io n .  This m a te r ia l could in  theo ry  be changed in  

va r ious  ways to  g ive  the physico-chemical c h a r a c te r is t ic s  requ ired  

by d i f f e r e n t  foods. For a sh o r t  per iod i t  was the job  o f  the research 

department to  in v e s t ig a te  how to  modify i t  to  g ive  i t  te x tu re  and o the r  

d e s ira b le  human food q u a l i t i e s .

Saxton sa id t h a t  a t  t h i s  p o in t  ICI were th in k in g  o f  a small 

in te g ra te d  p la n t  producing some animal feed, human food and n u c le ic  

ac ids . But i t  emerged th a t  Pruteen was very l im i te d  as a basis f o r  

making human food, Saxton d e sc r ib in g  Pruteen as having few fu n c t io n a l  

p luses, w i th  even a yeast having more uses than t h i s  b a c te r ia l  p ro te in .  

I t s  on ly  r e a l i s t i c  use was as a soup a d d i t iv e ,  a meat extender,
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a sausage f i l l e r ,  a l l  low value-added uses and none o f  these was v ia b le  

w ith ou t the sa le o f  the nu c le ic  acid f r a c t io n .  I t  was Saxton who 

i n i t i a t e d  the paper th a t  led to  the end o f  the f r a c t io n a t io n  p ro je c t ,  

f o r  reasons o f  poor market p u l l  in  the human food area, the 

u n r e l i a b i l i t y  o f  the Japanese as long term customers and the poor 

macroeconomic c l im a te .

4.42 Loss o f  Animal Feed Market Leads to  Development o f  a Diverse High 

Value Added Food Market f o r  L a c t ic  Yeast

Bel I n d u s t r i e ’ s l a c t i c  yeast P ro t ib e l  was o r i g i n a l l y  cheap enough f o r  

the animal feed market, in  the 1960s. This market was abandoned a f te r  

the 1973-74 o i l  p r ic e  r is e  which a f fe c te d  P ro t ib e l  by r a is in g  the 

cost o f  energy. The a e ra t io n ,  d ry ing  and separa tion  o f  a l l  SCP 

products was very energy in te n s iv e  and according to  Dinsdale the 

r is e  in  energy costs  roughly t r i p le d  the costs  o f  p roduc tion , 

desp ite  the subs tra te  being a waste product.

Bel In d u s t r ie  found the c a l f  m i lk  rep lace r market in  the same way as 

IC I and BP and they m od if ied  t h e i r  yeast in  a s im i la r  manner to  IC I to  

s u i t  t h i s  market, c a l l i n g  t h e i r  product Sassiyen. They began 

marketing Sassiyen in  78-79 and continued to  develop the human food 

market. Bel In d u s t r ie  made a dec is ion  to  c u l t i v a te  several

independent markets, to  the p o in t  o f  re fu s ing  la rge  orders f o r  t h e i r  

yeast product because they would have had to  g ive up the sm a lle r  

markets ( la rg e  orders being 3 000 t / a ) .  Bel In d u s t r ie  b u i l t  one

fa c to ry  f o r  Sassiyen and one f o r  human food. Dinsdale th in k s  one o f  

the best markets is  th a t  f o r  d a i ry  f re e  products , a market which has 

on ly  developed in  the 1980s and one o f  the best o f  these is  the market
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f o r  d a iry  f re e  choco la te . Yeast ta b le ts  f o r  c h i ld  d ie t  supplements 

are another very high value market, although Dinsdale thought t h i s  was 

a l im i te d  market w ith  few fu tu re  o p p o r tu n i t ie s ,  e s p e c ia l ly  as the 

waste yeasts from the breweries competed in  t h is  market. Other

s p e c ia l i t y  markets were the g o ld f is h  feed market, e s p e c ia l ly  in  Germany 

and Dinsdale thought the g o ld f is h  market to  be o f  great fu tu re  value 

a lthough developing s low ly  because Bel In d u s t r ie  had to  gain 

acceptance o f  yeast used as a f i s h  feed. Other markets were as a 

v itam in  p repa ra t ion  f o r  dog coats , a b ind ing  agent in  c h a rc u te r ie  and 

as a feed in  Japanese aquacu ltu re .

This behaviour o f  Bel In d u s t r ie  in  response to  the o i l  p r ic e  r is e  is  in 

marked co n tra s t  to  the SCP producers ’ response, but then B e l . In d u s t r ie  

had a subs tra te  they had to  pay to  dispose o f .  However, they could have 

continued to  market t h e i r  yeast s o le ly  as an animal feed and accepted 

th a t  yeast p roduction  was a by-product to  t h e i r  mainstream d a iry  

business. Ins tead, they invested management e f f o r t  in  developing the 

high value added human food niche markets, w i th  some success. The key 

te c h n ic a l c h a r a c te r is t ic  o f  the Bel In d u s t r ie  process which aided t h is  

e x p lo i ta t io n  o f  these markets was the food grade q u a l i t y  o f  the l a c t i c  

serum' subs tra te .

4.5 Perception o f a Market Trend leads to  Product Development

4.51 Mycoprotein

In the e a r ly  1980s RHM saw th a t  there  was a developing trend f o r  hea lthy  

ea t in g  in  the food market and decided th a t  t h i s  could be the basis f o r  

marketing mycoprotein. Treeby thought th a t  RHM saw t h i s  marketing
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o p p o r tu n ity  f o r  mycoprotein about a year before i t  became fash ionab le  

to  advocate a low f a t ,  h igh f i b r e  d ie t .  RHM were a c t iv e ly  seeking ways 

o f  marketing the product and had a lready decided to  market mycoprotein 

products s e r io u s ly ,  and then came reports  by var ious  food and hea lth  

committees which began to  ra ise  the p u b l i c ’ s consciousness o f  d ie t  and 

hea lth  connections. To Treeby, t h is  gave the added ra t io n a le  f o r  

buying mycoprotein products th a t  was p re v io u s ly  absent. U n t i l  the 

developing hea lthy  ea t in g  trend  appeared, i t  was never c le a r  why 

consumers shou ldn ’ t  eat the chicken or beef f o r  which mycoprotein was 

a s u b s t i tu te .

Once RHM decided th a t  the re  was a market o p p o r tu n ity  f o r  mycoprotien 

they c a r r ie d  out a c t iv e  market research. Treeby spoke o f  the 

commercial team in  charge o f  the product having to  decide what a t t i t u d e  

they were going to  have towards the product.

"We had sa id  we had to  be evange lica l about t h i s  product. I f

we don’ t  be l ie ve  in  the product enough, i f  we keep t r y in g  to

in s inu a te  t h i s  product onto the UK market we are going to  f a i l .

We w i l l  deserve to  f a i l . "

Before launching the Savoury Pie in  Sa insbury ’ s in  1983 RHM had 

s ta r te d  to  do a t t i t u d in a l  research, consumer research and had begun 

to  t a l k  to  o the r  companies about j o i n t  development, f o r  example 

U n ileve r  in  1983. This led them to  d is tance  themselves from soya and 

SCP. They would not even jo in  the c lubs and s o c ie t ie s  th a t  people 

who made soya jo in e d .  And the re  were the hea lthy  p ro p e r t ie s  o f  the 

product.

127



Once they had decided t h e i r  a t t i t u d e  and image o f  the product, they 

began to  promote i t ,

" . . . f i r s t  among the dec is ion  makers, people l i k e  the BMA, the 

u n iv e r s i t ie s ,  the guys the jo u r n a l i s t s  go to  f o r  in fo rm a t io n . . .  

l i k e  Tony d ’ Angelo because he’ s e d i to r  o f  the "Grocer". We 

spent t ime t a lk in g  to  those people, g e t t in g  them on board, so 

we had a cascade theory  s ta r t in g  to  emerge, we had people 

saying mycoprotein is  w o rthw h ile , yes, i t s  very good f o r  you."

Treeby po in ted out th a t  the re  was a d i f fe re n c e  between the pe r ip he ra l 

purchases in  people ’ s l i v e s  and the "cen tre  o f  the p la te "  purchases,

" . . . n o t  p u t t in g  chicken o r  beef in  the middle o f  your p la te ,  

t h a t ’ s a whole d i f f e r e n t  c u l tu r a l  change. You are going to  stop 

doing th a t  on ly  f o r  some very profound reasons, something as 

enormously powerful as ’ i f  you go on ea t in g  t h i s  s t u f f ,  i t s  

going to  k i l l  y o u , ’ and t h a t ’ s almost the message the NACNE, 

JACNE people were sa y in g ."

Now m ycopro te in ’ s n u t r i t i o n a l  c h a ra c te r is t ic s  could have a market va lue, 

whereas before the e a r ly  1980s, they had none. Mycoprotein contained 

no f a t ,  had more p ro te in  per u n i t  weight than chicken and contained 

f i b r e  where chicken and beef do not.

4.52 The Nature o f  the Novel Food Market

3Food adv isory  groups
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RHM put toge the r  a f u l l  commercial team w ith  marketing, product 

development and a s ig n i f i c a n t  investment. At la s t  there  was to  be a 

ser ious attempt to  market mycoprotein, but RHM had c le a r  ideas about 

the dangers invo lved in  marketing a new human food.

4.521 "N ove lty "  as a Food C h a ra c te r is t ic

Both Treeby (RHM) and Thomas ( IC I )  thought mycoprotein to  be 

complete ly novel in  i t s  o r ig in .  Treeby thought the la s t  t ime anyone 

had done what he was t r y in g  to  do w ith  mycoprotein was " S i r  W alter 

Raleigh w i th  the p o ta to . "  Thomas thought margarine was the la s t  

com ple te ly novel food accepted by the p u b l ic  over 60 years ago. 

Treeby was q u i te  c le a r ,  n o ve lty  in  food was not "g rea t news,"

" . . . t h e y  w i l l  buy technology in  a watch. But i f  you tu rn  up 

w ith  a food and say "g rea t  news, I ’ ve got t h i s  t o t a l l y  novel 

s teak, what do you th in k ? "  in  about 4 nanoseconds you’ l l  be 

out on your ear. Nobody wants t h i s  kind o f  t h i n g . . . centre  

o f  the p la te ,  they look f o r  the most unprocessed t r a d i t io n a l  

product they can f i n d . "

Peachey described the p ra c t ic a l  r e s u l t  o f  t h i s  fe a r  o f  n o ve lty .  She 

gave the example o f  rhubarb and the po ta to  as foods th a t  would not 

pass to x ic o lo g ic a l  te s ts  i f  in troduced today. Thomas gave the example 

o f  ice  cream to  show th a t  whatever the manufacturers d id  in  terms o f  

shapes, co lours  and ta s te s ,  they kept the in g re d ie n ts  to  t r a d i t i o n a l  

names.
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Many managers re fe rre d  to  the same "d is a s te r  anecdotes" in 

r e la t io n  to  marketing novel foods. One was BP’ s a d v e r t is in g  in  the 

1960s (see e a r l i e r ) ,  and the o the r  was the soya meat s u b s t i tu te  f ia s c o  

in  the 1970s. In  the case o f  the l a t t e r ,  many food companies had been 

preparing to  launch a v a r ie ty  o f  soya based meat analogues when 

Cadbury-Schweppes launched i t s  product ahead o f  the o the rs . Thomas 

thought th a t  t h i s  product had been in f e r i o r  and had spo iled  the market 

f o r  o the r companies. None o f  the soya products were successful and the 

conclus ion drawn by the food in d u s try  had been to  avoid novel food 

sources and to  remain conse rva tive .

4.522 RHM’ s Understanding o f  the Pub lic  Perception o f  Healthy Foods

RHM had d e ta i le d  knowledge o f  the market f o r  food, which they saw they 

could use to  s e l l  mycoprote in. Treeby re la te d  t h i s  understanding o f  

the market to  the c h a r a c te r is t ic s  th a t  mycoprotein e i th e r  had, o r  could 

be g iven. As f a r  as a d d it iv e s  were concerned, the less the be tte r .H e  

was sco rn fu l o f  how people avoided c e r ta in  names o f  a d d i t iv e s  l i k e  

sodium case inate  o r  sodium c h lo r id e ,  but sought out the common name 

eq u iva le n ts ,  m i lk  powder and s a l t .  Th is was the le ve l a t  which the 

p u b l ic  made d ec is io ns .  There was a lso a p a r t i c u la r  p u b l ic  conception 

o f  f a t ,  f i b r e ,  sugar and s a l t  which RHM had to  fo l lo w .

Fat. "Everyone recognises, f o r  reasons they don’ t  f u l l y  

understand, th a t  f a t  i s n ’ t  hea lthy . I t  causes you to  f a l l  over 

w ith  your legs in  the a i r  sooner than you should do."

P ro te in .  "S o rt  o f  good f o r  you, l i k e  f i s h ,  cheese and eggs and 

t h in g s . "
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F ib re . " ’ W ell,  i t  seems to ,  w e l l ,  make you s o r t  o f  b e t t e r . ’

They haven’ t  made the connection to  cancer o f  the bowel or o f  the 

lower in te s t in e .  But they have heard K e llogg ’ s t e l l i n g  them th a t ,  

p a r t i c u la r l y  bran f i b r e ,  is  good fo r  them, and you k n o w . . . i t s  a 

good id ea ."

S a lt  and Sugar. "no t f u l l y  a r t ic u la te d  y e t ,  but c e r ta in ly  

people are say ing, i f  i t s  got less s a l t  i t  must be good f o r  me."

There was a trend  f o r  the p u b l ic  to  become more aware o f  the 

n u t r i t i o n a l  breakdown o f  food and to  become more prec ise  in  i t s  

a t t i t u d e  to  each in g re d ie n t  and t h i s  trend  was more pronounced in  

the UK than in  the re s t  o f  Europe. Treeby’ s example o f  " the  re s t  

o f  Europe" was France, where f i b r e  was not a hea lth  issue a t  a l l  and 

f a t  was ju s t  becoming one. The trend  meant a developing market f o r  

mycoprotein i f  i t  could be so ld as a low f a t ,  high p ro te in ,  low 

s a l t  food ra th e r  than as a novel food. Another word to  which the 

consumer attached a va lue was "wholesome.” Treeby sa id  th a t  RHM spent 

months working out whether "wholesome" was the r ig h t  word to  put on the 

packet o f  the Savoury Pie.

The p ie  was launched in  1985 and RHM began formal market research to  

f in d  out how the p ie  was perceived by the consumer. Treeby be lieved 

the re  was a h ie ra rch y  o f  reasons f o r  buying the p ie .  In  answer to  

the question "why do you buy i t ? "  the f i r s t  response was " i t  ta s te s  

n ic e " .  The second response was value f o r  money. As regards p r ic in g  

Treeby thought i t  was im portan t not to  p r ic e  too  low, even when i t  was 

poss ib le .  I t  was im portan t to  get over the idea o f  va lue f o r  the money
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spent, w ith ou t a l lo w in g  the p r ic e  to  suggest i t  could be compared to  low 

value meat p ro d u c ts . . .o r  something th a t  wasn’ t  meat a t a l l .  An

unexpected piece o f  marketing survey feedback was the advantage o f  a 

product th a t  contained no g r i s t l e .  RHM had not thought t h is

im portan t, i f  they had thought about i t  a t  a l l ,  bu t,  Treeby again,

" i t ’ s amazing the number o f  o ld  people and parents who say, 

when you ask why they buy t h i s  product, because when my k ids  

f in d  these funny b i t s  o f  b io lo g ic a l  plumbing in s ide  these 

products, t h a t ’ s the end o f  i t . "

Treeby saw the p ie  as a s u b s ta n t ia l  success because i t  was an

innova t ive  product s e l l i n g  in  an extremely conserva tive  market where 

f i rm s  were re lu c ta n t  to  innovate but very f a s t  to  fo l lo w  o the r  peop le ’ s 

successes. However, he thought sa les o f  10 -  20 times the present value 

were needed to  prove the p ie  was the k ind o f  success he wanted. Treeby 

d id  not want mycoprotein thought o f  as a "meat s u b s t i t u te " ,  th a t  was how 

soya had been thought o f  and th a t  had f a i l e d ,  bu t,

"There is  s t i l l  a tremendous amount o f  market p u l l ,  w i th  meat

c re a t in g  the market id e a . . . "

The analogy o f  meat a l low s RHM to  see a great p o te n t ia l  market f o r  

mycoprote in. Treeby sees h is  job  as g e t t in g  mycoprotein in to  the 

burger, s te a k le t  and rec ipe  d ish  markets, to  produce a product

wherever the re  is  a meat product.

However, some managers were s c e p t ic a l about the prospects f o r

mycoprote in. Duckworth, head o f  research a t  one o f  U n i le v e r ’ s
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la b o ra to r ie s  ju s t  laughed a t  the suggestion th a t  mycoprotein had a 

fu tu re .  Thomas, who came from U n ileve r  to  IC I to  work on the p ro je c t  

agreed th a t  the re  was no consensus on i t s  prospects. Thomas commented 

th a t  you could see i t  as a fungus, w ith  connota tions o f  ro ttenness, 

decay, poison, o r  as a "member o f  the mushroom f a m i l y . ” The c ru c ia l  

issue is  whether someone w i l l  s t a r t  to  "market" t h i s  opposing image o f  

mycoprotein. Thomas said th a t  RHM and IC I were prepared f o r  t h i s ,  they 

had thought through a counter a d v e r t is in g  s t ra te g y  a lready.

4.523 I C I ’ s Understanding o f  the P u b l ic ’ s Perception o f  Pruteen as a 

Human Food

Managers from a l l  companies believed th a t  the chances o f

s u c c e s s fu l ly  marketing a novel human food were less w ith  a yeast than 

w ith  a fungus and less  s t i l l  w i th  a b a c te r ia .

A fungus could be marketed as "a member o f  the mushroom fa m i ly " ,  

as RHM descr ibes mycoprotein on i t s  Savoury Pie boxes. Swindall 

thought a yeast process could be described as "n a tu ra l "  because i t s  

food uses were a lready e s ta b l ish e d , and "n a tu ra l "  was a word you

wanted in  your product d e s c r ip t io n .  Yeast processes had an advantage 

over Pruteen when i t  came to  the human food market f o r  t h i s  reason.

IC I had found th a t  the prote inaceous f r a c t io n  o f  Pruteen acted 

in  foods f u n c t io n a l l y  l i k e  skimmed m ilk  and case in . But when they 

turned to  the Government’ s Trading Standards Board, they were to ld

i t  would have to  be described as "b a c te r ia l  p ro te in "  on the l i s t

o f  food in g re d ie n ts .  Th is  became another reason f o r  abandoning the 

e f f o r t s  to  make a human food from Pruteen. IC I d id  not have to  do
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market research to  be l ie ve  th a t  any product con ta in ing  "b a c te r ia l  

p ro te in "  ra th e r  than "skimmed m i lk " ,  would be at a huge disadvantage.

4.53 Fashioning a Company Image through S e l l in g  Toprina

While RHM t r i e d  to  present the Savoury Pie as a product th a t  would 

be perceived as hea lthy  in  the terms in  which the consumer understood 

"h e a lth y ,"  BP t r i e d  to  use the p o s i t iv e  way in  which they thought the 

p u b l ic  would see a novel p ro te in  producer to  re in fo rc e  the p u b l i c ’ s 

p o s i t iv e  image o f  BP. Th is  is  N orthga te ’ s (BP) view,

"BP were very c le a r l y  blowing the trumpet about b r id g in g  the 

p ro te in  gap, s o lv in g  world hunger by making food from p e t ro l .

In  f a c t  they had p ic tu re  o f  people a t p e t ro l  pumps decanting 

soup from the pumps.. . b a ck f ire d  badly in  the end. Very b a d ly ."

Le ivers  (BP France) described how BP moved away from the idea o f  

feed ing people to  th a t  o f  feed ing  animals, but the media continued to  

th in k  o f  the p ro je c t  as an attempt to  produce the "petroleum

bee fs teak". This became the standard way in  which the I t a l i a n

newspapers re fe r re d  to  SCP p ro je c ts  and i t  was never poss ib le  to  

convince the I t a l i a n  p u b l ic  pressure groups th a t  Toprina was not 

intended f o r  human consumption. The i n i t i a l  a d v e r t is in g  became a

l i a b i l i t y  and helped break down t r u s t  between BP and the I t a l i a n  

p u b l ic  and government. I t  was a lso re fe rre d  to  by Zamgrandi

(L iq u ic h im ic a )  as something which was hugely damaging to  L iq u ic h im ic a ’ s 

SCP p ro je c t  because o f  the way i t  a f fe c te d  p u b l ic  op in ion .
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Yet BP were a c t in g  in  a s im i la r  manner to  RHM. They knew the re  was 

p u b l ic  percep tion  o f  a p ro te in  gap, they assumed any method o f  

producing new p ro te in  would be appreciated by the p u b l ic ,  they wanted 

to  have t h e i r  name l in ked  to  th a t  a p p re c ia t ion .  But they d id  not 

account f o r  p u b l ic  reac t ion  to  the assoc ia t ion  they were making 

between crude o i l  and food.

4.6 Attempts to  License SCP Technology to  Developing Country 

Governments

4.61 The Decis ion to  License

When SCP fo r  animal feed was seen to  be uneconomic in  Western Europe, 

companies turned to  the idea th a t  less developed coun tr ie s  might buy 

the a l icense  to  b u i ld  t h e i r  own SCP p la n ts .  B e t t le y  thought th a t  IC I 

moved from the idea o f  b u i ld in g  p lan ts  worldwide to  l ic e n s in g  as a way 

o f  g e t t in g  back some o f  the money spent on the p la n t  in  B i l l ingham . 

This invo lved IC I and John Brown Engineering p u t t in g  toge the r  

proposals f o r  around 25 companies. These proposals cost IC I 

hundreds o f  thousands o f  pounds each, up to  £0.5m per proposal.

During the la te  1970s and e a r ly  1980s almost every hydrocarbon 

based SCP company sought to  l ic e n s e  t h e i r  technology to  the same se t 

o f  c o u n tr ie s  and up to  the present day no company has succeeded in  

l ic e n s in g  any p la n t .

4.62 Why Less Developed Countries Should be In te re s te d  in  Purchasing 

SCP Technology
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By 1974 BP knew they would not be b u i ld in g  a se r ies  o f  SCP p la n ts  in  

Western Europe and a f te r  t h i s  date Leivers (BP) thought they continued 

to  cons truc t  t h e i r  p la n t  because they wanted two f u l l  sca le p lan ts  

to  demonstrate th a t  the technology worked to  p rospective  licensees.

“ We wanted to  go on because f o r  some coun tr ie s  economics doesn’ t  

mean anyth ing ; some s o c ia l i s t  c o u n tr ie s ."

BP, IC I and L iqu ich im ica  were th in k in g  o f  the Sov ie t Union, which was 

p e rs is t in g  w ith  an uneconomic alkane SCP programme which had te c h n ic a l 

problems.

There were p o l i t i c a l  reasons f o r  the Sovie t Union and less developed 

c o u n tr ie s  to  be in te re s te d  in  SCP. B e t t le y  (John Brown) thought th a t  

these c o u n tr ie s  were in te re s te d  in ,

"reduc ing  the import o f  soya p ro te in  so th a t  they become to  

a g rea te r  ex te n t  independent o f  the sc /a  producers. The 

dec is ion  to  b u i ld  such p la n ts  became p o l i t i c a l .  In  every case 

where we have been invo lved in  d e ta i le d  n e g o t ia t io n s  the 

p o l i t i c a l  element has been very marked."4

These c o u n tr ie s  tended to  be o i l  r ic h  w ith  a d e f i c i t  in  fo o d s tu f fs  and 

a growing market f o r  meat products. They would t y p i c a l l y  be s e l l i n g  

o i l  to  gain the fo re ig n  currency needed to  buy e s s e n t ia l  

fe e d s tu f fs .  Such c o u n tr ie s  are Mexico, Venezuela, Indonesia, Kuwait, 

Saudi A rab ia , L ibya, A lg e r ia .  The economics o f  the process would be

4Most o f  these co u n tr ie s  had ra p id ly  growing markets f o r  meat and 
th e re fo re  a growing dependence on g ra in  imports to  p rov ide  animal feed.
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s im i la r  to  th a t  in  Western Europe s ince a t  any time crude o i l  could 

be exported and soya imported.

There was a t one time an e x c e l le n t  in cen t ive  to  b u i ld  methanol p la n t  

in  the gas r ic h  c o u n tr ie s .  Kuwait and Saudi Arabia are too f a r  from 

the markets f o r  n a tu ra l gas f o r  i t s  p r ic e  to  r e f l e c t  i t s  value as a 

fu e l in  those markets. I t  i s ,  once again, almost a waste m a te r ia l 

in  these c o u n tr ie s .  Methanol production  made sense because i t  is  

another commodity w ith  a value on the in te rn a t io n a l  market and 

u n l ik e  l iq u id is e d  n a tu ra l gas, i t  would not evaporate on the journey 

to  i t s  in d u s t r ia l  markets. Methanol has a d i f f e r e n t  p r ic e  s t ru c tu re  

from crude o i l  and so the economics and in ce n t ive s  to  l icense  methanol 

SCP technology d i f f e r  from those o f  the o i l  based SCP processes.

4.63 Managers’ Views o f What Went Wrong With the Licensing Market

Swindall ( IC I )  exp la ined the f a i l u r e  o f  any coun try  to  take up SCP 

licenses  in  terms o f  d is a s te r  anecdotes.

"We were ta lk in g  to  the  Mexicans, then they had an earthquake.

We then ta lk e d  to  Russia, the deputy PM who be lieved in  t h i s  

and was pushing i t  forward dropped down dead a t  one o f  the 

Trade F a irs ,  1982-83. There was a change o f  government in  

Indonesia when we were ju s t  about to  c l in c h  the dea l.  We went

back to  Mexico and then t h e i r  whole f inance  co l lapsed . V i r t u a l l y

everywhere we went, something happened which was r e a l l y

i r r e le v a n t  but stopped the p r o je c t . "
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I f  IC I was unlucky the re  were o the r reasons f o r  t h i s  f a i l u r e .  Haydn- 

Davies and B e t t le y  described the less developed coun tr ie s  as very 

cautious and slow in  n e g o t ia t io n .  B e t t le y  said many had had bad 

experiences w ith  l ic e n s in g  Western technology before because,

" they have been rooked l e f t  r ig h t  and cen tre  by the West."

Lewis (S h e l l )  was c r i t i c a l  o f  the Arab c o u n t r ie s ’ a b i l i t y  to  

n eg o t ia te .  They had no techno log ica l e x p e r t ise  and d id n ’ t  know 

what questions to  ask a t the n e g o t ia t in g  ta b le .  They were thereby 

fo rced to  t r u s t  the company t r y in g  to  s e l l  i t s  technology f o r  a 

p r o f i t ,  something they were n a tu ra l ly  re lu c ta n t  to  do. He thought 

th a t  on ly  Kuwait was able to  make a ser ious independent 

assessment o f  the technology. This they d id  through the Kuwait 

I n s t i t u t e  f o r  S c i e n t i f i c  Research, which compared the S h e l l ,  IC I and 

BP processes. However, he thought the p o l i t i c a l  w i l l  to  buy was 

m iss ing. Lewis described Kuwait as a very r ic h  coun try  th a t  d id  not 

need to  take r is k s  w i th  an u n tr ie d  technology. They a lso  faced the 

problem th a t  they could on ly  consume around 30 000 t / a  SCP

themselves, the re s t  would be exported to  Saudi A rab ia . Since the p la n t  

would be b u i l t  f o r  import s u b s t i tu t io n  purposes i f  a t  a l l ,  they would 

be su b s id is in g  Saudi Arabian consumption o f  animal feed as they were 

on ly  being o f fe re d  l icenses  f o r  100 000 t / a  p la n ts .

Lewis f e l t  t h a t  the Arab c o u n tr ie s  never got over t h e i r  susp ic ion  o f  

why SCP was stopped in  I t a l y  and Japan. They f e l t  th a t  i f  SCP wasn’ t  

good enough f o r  I t a l ia n s  to  eat i t  c e r ta in ly  was not good enough f o r  

Arabs and t h i s  was e s p e c ia l ly  im portant s ince they were unable to  

judge the technology f o r  themselves, and were th e re fo re  look ing  f o r
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independent evidence o f  the value o f  SCP p la n t .  Lewis thought i t  

u n l ik e ly  th a t  they ever understood what r e a l ly  happened in  I t a l y  and 

Japan, i t  was enough th a t  something unspec if ied  had gone wrong and money 

had been lo s t .

I t  is  t ru e  th a t  in  the la s t  few years the Arab coun tr ie s  have returned 

to  look a t SCP once more. Payne (BP France c o n s u lta n t)  has been asked 

to  prepare re p o r ts ,  f o r  A lg e r ia ,  Saudi Arabia and Kuwait in  the middle 

1980s, because o f  the f a l l  in  the o i l  p r ic e .5

4.7 The P o l i t i c a l  Debate Over Sa fe ty  Forces the  Abandonment o f  SCP in  

I t a l y  and Japan

4.71 SCP in  Japan

Many Japanese companies had begun to  develop SCP technology in  the 

1960s, but a f t e r  the  Japanese M in is t r y  o f  Health and Welfare gave them 

"a d m in is t ra t iv e  advice" to  c lose down t h e i r  p ro te in  p ro je c ts  Kanegafuchu 

and Dainippon announced t h e i r  abandonment in  1973. The reason f o r  the 

government’ s "a d v ic e ,"  was the successful p u b l ic  campaign waged by two 

consumer groups who had a l leged  th a t  the SCP products were contaminated 

w ith  carc inogen ic  m a te r ia l .  Lewis and Payne thought th a t  Japanese 

p u b l ic  op in ion  was very h o s t i le  to  in d u s try  in  general a t  t h i s  t ime 

because o f  the Minimata mercury poisoning d is a s te r .  (See appendix 6 f o r  

d e ta i l  o f  events in  Japan).

5Payne be lieved the American ambassador had warned Saudi Arabia o f f  
from developing SCP and th a t  t h i s  expla ined t h e i r  f a i l u r e  to  buy an SCP 
1icense.
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The s ig n i f ic a n c e  o f  the events in  Japan was th a t  they were to  be almost 

repeated in  I t a l y  w ith  the BP and L iqu ich im ica  p la n ts .  The events in 

Japan a f fe c te d  the events in  I t a l y  s ince u n t i l  t h i s  time Japan was the 

on ly  o the r country  where the re  had been an attempt to  b u i ld  and operate 

f u l l  scale SCP p la n ts .

4.72 SCP in  I t a l y

BP completed i t s  Sarroch p la n t  in  1976 and L iqu ich im ica  was ready to  

begin production  in 1975, but n e i th e r  p la n t  was ever l icensed to  

produce SCP by the I t a l i a n  M in is t r y  o f  Health. The companies kept 

t h e i r  p lan ts  s ta f fe d  and ready to  produce u n t i l  1978 when 

L iqu ich im ica  went bankrupt and BP gave up w a it in g  f o r  the M in is t r y ’ s 

p roduction  l icense  and dismantled t h e i r  p la n t .  This sec t ion  deals 

w i th  the nature o f  the I t a l i a n  re g u la to ry  and s c i e n t i f i c  system and 

a s c i e n t i f i c  debate s t ro n g ly  in f luenced  by in te r e s t  groups and I t a l i a n  

p u b l ic  op in ion  o f  SCP.

4.721 Experiences o f  I t a l y  as a Country in  which to  Operate

Many anecdotes were t o ld  whose p o in t  was th a t  I t a l y  was a d i f f i c u l t  

coun try  to  do business in ,  a t  le a s t  by B r i t i s h  standards. Some o f  these 

anecdotes had a bearing on SCP, and suggested th a t  i t  was the nature o f  

I t a l y  as a coun try  th a t  led to  the problems w ith  l ic e n s in g  the SCP 

p la n ts .  Lewis sa id  th a t  when She ll was eva lua t in g  s i te s  f o r  i t s  methane 

SCP p i l o t  p la n t  i t  considered the  Superior I n s t i t u t e  o f  Health in  Rome,

" . . .a n d  yes, i f  we had been prepared to  se t up t r u s t  funds f o r  

most peoples ’ grandmother’ s aunts s o r t  o f  th in g ,  i t  would have
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worked. We a c tu a l ly  became so nauseated, the backhanders th a t  

were wanted to  make use o f  anyth ing, th a t  we sa id , no way."

His op in ion  o f  the BP view th a t  the “ soya lobby" had worked aga ins t both 

BP and SCP was th a t  i f  i t  was going to  happen anywhere, i t  would happen 

in  I t a l y .  Payne gave a s im i la r  s to ry  about the Superior I n s t i t u t e  

o f  Health , saying th a t  the head o f  the i n s t i t u t e  o f fe re d  BP an 

exchange; b u i ld  us a new n u t r i t i o n  and to x ic o lo g ic a l  te s t in g  la b o ra to ry  

and we w i l l  g ive you permission to  produce SCP.6

Lewis ’ s view o f  I t a l i a n  s c ie n t i s t s  was th a t  they were always 

dabb ling  in  p o l i t i c s .

"Most I t a l i a n  s c ie n t i s t s  l i v e  above t h e i r  means and are
»

dependent on consu ltancy which comes in  va r ious  forms, l i k e  

making p u b l ic  statements about issues. There has never been any 

d i f f i c u l t y  in  buying I t a l i a n  s c i e n t i s t s . . . a d i f f e r e n t  basis o f  

e th ic s ,  because they are badly p a id ."

I t  was N o rthga te ’ s (BP) view th a t  t h i s  is  ju s t  what the opponents

o f  the BP and L iqu ich im ica  p la n t  in  I t a l y  had done. They had paid 

the b igges t name in  I t a l i a n  m ic rob io logy  to  s ide  aga ins t SCP and 

ra ise  to x ic o lo g ic a l  o b je c t io n s  aga ins t the product. He cou ldn ’ t

prove t h i s ,  but in  I t a l y  i t  was more than l i k e l y ,  given the nature o f

I t a l i a n  s c ie n t i s t s .

6But the re  was no co n f irm a t io n  o f  t h i s  a l le g a t io n  from any o the r  
source
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"There are some honest s c ie n t is t s  in I t a l y .  Some. I  can say 

th a t ,  I ’ m h a l f  I t a l i a n . "

4.722 The Soya Lobby in  I t a l y

A number o f  BP managers thought th a t  the press campaign aga ins t SCP 

had some kind o f  o rg a n is a t io n  backing i t  besides the pressure groups 

formed by the p u b l ic .  BP never p u b l ic ly  blamed the I t a l i a n  soya 

im porte rs , but some managers d id  th in k  the soya im porters were funding 

the p u b l ic  pressure groups and making submissions to  the M in is t r y  o f  

Health th a t  SCP was a danger to  h e a l th .7 Northgate (BP) had the most 

ra d ica l b e l ie f  in  an organised soya lobby.

"Soya was e x te n s iv e ly  grown in  northern  I t a l y . . . centred on 

Bologna. Bologna happens to  be communist c o n t ro l le d .  There was 

no way you were going to  a l low  a f a s c is t - im p e r ia l i s t  j o i n t  

venture in  S a rd in ia  put soya farmers out o f  work in  communist 

Bo logna.. . t h a t  lobby, the soya bean lobby, which was very 

s trong , very pow erfu l,  very c le v e r ,  got hold o f  t h is  

t o x ic o lo g ic a l  l i n k ,  paid one o f  the b igges t m ic ro b io lo g ic a l 

voices in  I t a l y  a t  the time to  back t h e i r  s ide , because BP

Payne reported a conversa tion  w ith  Zamgrandi where Zamgrandi sa id 
th a t  he had seen documentary evidence leaked from the M in is t r y  o f  Health 
which revealed th a t  soya im porters  were a ttem pting  to  in f lu e n ce  the 
M in is t r y .  However, Zamgrandi was re lu c ta n t  to  admit as much in  h is  
in te rv ie w .

Payne was a lso  convinced th a t  the Americans had been e x e r t in g  
pressure. He claimed to  have ta lk e d  to  the d i r e c to r  o f  I ta lp r o te in e ,  
who had t o ld  him th a t  du r ing  a conversa tion he had had w ith  the 
American ambassador, he was t o ld  th a t  " th e re  is  a r i s k  th a t  i t  ( the  
I t a lp r o te in e  p la n t ) ,  w i l l  not be appreciated by my Government". 
Payne f e l t  th a t  i t  was not co in c id e n ta l th a t  the press campaign aga ins t 
the p lan ts  grew a f t e r  t h i s  event.
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were too slow in  g e t t in g  him to  back t h e i r  s ide . He backed them 

and shouted lo u d e s t ."

Zamgrandi (L iq u ic h im ic a )  ob jected to  the idea o f  a powerful organised 

soya im p o r te r ’ s lobby. He presumed the soya im porters s e c re t ly  funded 

the anti-SCP consumer groups, who were o rgan is ing  meetings up and down 

the coun try , paying s c i e n t i f i c  speakers and le a f le t in g ,  a l l  w ith  

no declared source o f  income. He f e l t  th a t  specu la t ions  about the 

ex is tence and degree o f  a c t i v i t y  o f  a secre t lobby were on ly  attempts 

to  avoid having to  exp la in  the rea l h o s t i l i t y  o f  I t a l i a n  p u b l ic  op in ion  

towards the SCP p la n ts .

" I t  was a problem o f  p u b l ic  o p i n i o n . . . I t  was q u i te  easy to  say 

i t  was the soya lobby. The problem was th a t  p u b l ic  op in ion  was 

not prepared to  accept t h i s  k ind o f  product in  Europe.. .when 

i t  appears to  come from an unnatura l source ."

Peachey re fe rre d  to  the idea th a t  a soya lobby in te r fe re d  w ith  the 

M in is t r y  o f  Health as,

" . . . t o t a l  sp e cu la t io n ,  j u s t  as i t ’ s t o t a l  specu la t ion  th a t  the 

m afia stopped the L iqu ich im ica  p la n t .  No-one is  ever going to  

prove i t .  But when so many fa c t io n s  appear to  be a n t i  the BP 

p la n t ,  you decide, i t  j u s t  wasn’ t  going to  be allowed to  work."

Le ivers  (BP) went f u r t h e r  and provided a counter exp lana tion  f o r  why 

the re  was so much t a l k  o f  a "soya lobby". She a lso  be lieved th a t  i t  was 

p u b l ic  op in ion  th a t  stopped BP and L iqu ich im ica ,  the negative a t t i t u d e  

o f  which she exp la ined by a number o f  events. One o f  these was the
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banning o f  SCP in  Japan in 1973. Even i f  the reasons f o r  t h is  were not 

understood, in  f a c t  e s p e c ia l ly  i f  t h i s  was not appreciated as a complex 

s e r ie s  o f  events, what happened in  Japan s t ro n g ly  in fluenced  the I t a l i a n  

press and I t a l i a n  p u b l ic  op in ion  aga ins t SCP.

A second fa c to r  was th a t  BP’ s o r ig in a l  a d v e r t is in g  o f  t h e i r  SCP

a c t i v i t i e s  was w e ll known and taken to  imply th a t  they were working on 

human food from p e t ro l  sources. A l l  managers saw t h i s  as a co lossa l 

e r ro r  in  h in d s ig h t ,  one whose e f fe c t  was to  weaken the c r e d i b i l i t y  o f  

BP and L iqu ich im ica  de n ia ls  th a t  they were working on human food SCP 

products.

These events were given added importance by the s e c re t iv e  p o l ic y  o f  both 

BP and L iqu ich im ica  du r ing  the 1975-1978 pe r iod . Le ivers admitted 

th a t  BP’ s p o l ic y  was to  t a l k  on ly  to  the necessary o f f i c i a l s  in  the 

M in is t r y  o f  Health . She h e rs e l f  was unable to  make any comment to  

j o u r n a l i s t s  who managed to  loca te  her. There were not even any

o f f i c i a l  company press re leases on Toprina o r  the p la n t  in  Sarroch. 

In the absence o f  such in fo rm a tio n  releases the p u b l ic  debate on SCP 

s a fe ty  was h e a v i ly  aga ins t SCP.

4.723 The M in is t r y  o f  Health

The I t a l i a n  In d u s try  M in is t r y  could on ly  issue l icenses  to  produce SCP 

once the M in is t r y  o f  Health had declared the two SCP products to  be

safe. A spec ia l committee o f  the M in is t r y  o f  Health c a l le d  the

8In fa c t  Zamgrandi adm itted th a t  L iqu ich im ica  was working on such 
products , but were a ttem pting  to  keep the work sec re t because they were 
aware o f  how h o s t i le  p u b l ic  op in ion  would be.
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Superior I n s t i t u t e  o f  Health (C o n s ig l io  Superiore d i San ita , o r  CSS) was 

given the task  o f  commissioning t o x i c i t y  research on samples o f  Toprina 

and L iqu ip ron  and re p o r t in g  back to  the M in is t r y .  Zamgrandi be lieved 

the dec is ion  to  approve the products e f f e c t i v e ly  rested w ith  t h i s  

i n s t i t u t e  and th a t  the Health M in is t r y  would accept i t s  recommendations.

This i n s t i t u t e  never found the SCP products to  conta in  any harmful 

res idues, but i t  never made a recommendation th a t  SCP was safe to  the 

Health M in is t r y .  What i t  d id  do was to  re tu rn  to  BP and L iqu ich im ica  

repeated ly over a 2-3 year per iod to  ask f o r  fu r th e r  te s ts  and 

changes to  t h e i r  p la n t .  Throughout t h i s  per iod  the p lan ts  were 

complete and on ly  aw a it ing  permission to  s t a r t  p roduc tion .

Zamgrandi be l ieved  the delay was d e l ib e ra te ,

"Because the dec is io n  would have been unpopular. Never any 

evidence o f  t o x i c i t y .  Nothing. But they kept asking f o r  more 

te s ts . . .Y o u  see the problem w ith  t o x ic  waste (Karina B). I  am 

sure p u b l ic  op in ion  pushes the p o l i t i c i a n s  to  t r e a t  the 

problem u n o b je c t iv e ly .  The type o f  experiment requested 

was the s o r t  to  take t im e , to  a l low  a decrease o f  the an x ie ty  o f  

the peop le ."

Zamgrandi had ta lk e d  w ith  many o f f i c i a l s  in  the hea lth  i n s t i t u t e  and d id  

not b e l ie ve  th a t  any one was r e a l l y  aga ins t the product. The dec is ion  

to  delay was p o l i t i c a l  and he im p lied  th a t  the  Health M in is t r y  m ight 

have in f luenced  the outcome o f  the CSS d e l ib e ra t io n s ,
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" i f  the M in is t r y  say, g ive us conclusions to  a l low  us 

to  avoid g iv in g  app ro va l. . .CSS is  managed by one rep resen ta t ive  

and he is  c o n t in u a l ly  in  touch w ith  the m in is t r y . 5"

Zamgrandi thought th a t  perhaps 35 members o f  the CSS were in  favour o f

SCP and on ly  3 o r  4 aga ins t.  However, w i th o u t a unanimous

recommendation the Health  M in is t r y  would not approve SCP. I f  they had 

done so, the 3 o r  4 members aga inst SCP would have s ta r te d  to  oppose 

the de c is io n ,  perhaps in  p u b l ic  which would have embarrassed the 

M in is t r y  a t  t h i s  t im e.

According to  Zamgrandi, L iqu ich im ica  lo s t  2 years w a it in g  f o r  a mistake 

by the p u b l ic  t e s t in g  la b o ra to r ie s  to  be r e c t i f i e d .  The I s t i t u t o  

Superiore d i S an ita ,  ISS, found th a t  the L iqu ich im ica  s t r a in  o f  yeast 

was pathogenic. L iqu ich im ica  thought the ISS had contaminated the 

L iqu ich im ica  s t r a in  w i th  a pathogenic s t r a in ,  Candida A lbercans, 

in  the government la b o ra to ry .  The ISS was e v e n tu a l ly  proven to  have 

been mistaken by va r ious  independent experts  who repeated the te s ts  on 

L iq u ic h im ic a ’ s yeast s t r a in .  The ISS a lso  thought a t  one stage 

th a t  L iqu ich im ica  were using Candida T r o p ic a l is ,  which was untrue. 

To c le a r  up these confus ions took 2 years and s ince L iqu ich im ica

had been d r iven  c lose to  bankruptcy the P res ident o f  the company

decided to  sue the ISS f o r  p roduction lo s t  between 1975-1977.

Peachey’ s account o f  what happened to  BP is  s im i la r  to  t h a t  o f  

Zamgrandi’ s.

5I1 Sole (1975) re fe rs  to  the h is to r y  o f  " le  b io p ro te in e ” as ak in  
to  a d e te c t iv e  s to ry  in  i t s  com plica t ions  and i t s  secrecy.
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"They produced o b je c t io n s ,  we countered them w ith  f a c t ,  they 

produced more, we went to  MIT, they had rent-a-mob, the loca l 

mayor a t  Sarroch, wanting to  be ree lec ted , I  w i l l  save you , 

the loca l pop u la t ion .  I  th in k  the la s t  one, they asked f o r  

t o t a l l y  unreasonable e f f lu e n t  le v e ls ,  by any in d u s t r ia l  c r i t e r i a .

We kept on b u i ld in g ,  a l l  s o r ts  o f  th in g s ,  but they kept on coming 

back ."

The problems over the to x ic o lo g y  o f  the product d id  not occur in  o the r  

co u n tr ie s .  BP had been s e l l i n g  SCP from Lavera f o r  3-4 years in  

France and IC I obta ined UK government approval f o r  Pruteen and no 

o the r  European governments o r  te s t in g  la b o ra to ry  found SCP to  be unsafe.

4.724 The S c ie n t i f i c  Debate over SCP T o x ic i t y  in  I t a l y

Sw indall o f  IC I gave the  most d e ta i le d  account o f  the to x ic o lo g ic a l  

issues th a t  concerned the l ic e n s in g  o f  SCP production  in  I t a l y .  

Accusations o f  t o x i c i t y  in  SCP compounds were made by some I t a l i a n  

m ic ro b io lo g is ts  based on a s c i e n t i f i c  reasoning th a t  the companies 

doubted were ingenuous. The r e s u l t  o f  the s p l i t  amongst the experts  

was th a t  the p u b l ic  and the  non-expert o f f i c i a l s  in  the M in is t r y  o f  

Health d id  not know who to  b e l ie ve  and so avoided making any dec is io ns .

The f i r s t  problem w i th  the  BP and L iqu ich im ica  process was th a t  the 

alkanes were der ived from crude o i l  which was known to  con ta in  

carc inogen ic  aromatic hydrocarbon compounds. These were present in  

the re f in e d  n-alkanes used as a subs tra te  but on ly  in  q u a n t i t ie s  below 

those perm itted  in  o rd in a ry  foods in  I t a l y .  I t  was a l leged  th a t  the
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aromatic compounds might accumulate in the back f a t  o f  p igs ra ised on 

SCP, because i t  had been shown th a t  traces  o f  n-alkanes did accumulate 

in  the p ig s ’ back f a t .  The companies could show th a t  t h i s  p ig  meat was

safe through t o x i c i t y  te s ts  they had undertaken before the p lan ts  were

b u i l t .  They had a n t ic ip a te d  problems w ith  aromatic hydrocarbons and had

designed t h e i r  te s ts  to  show th a t  they were not in  f a c t  a problem.

An example o f  a t o x i c i t y  problem which was not a n t ic ip a te d  was the 

human metabolism o f  yeast c e l l  f a t t y  ac ids , which Swindall thought had 

proven to  have been one o f  the most important problems fo r  BP.

"Th is  was used as a whipping post f o r  BP. BP were stopped by

arguments over the odd f a t t y  acid chains. Pe rsona lly ,  I

have no problems over t h i s  metabolism."

The f a t t y  ac ids produced by yeast metabolism have an odd number o f  

carbon atoms in  t h e i r  carbon atom chains and these were shown to  be 

present in the meat o f  animals ra ised on d ie ts  con ta in in g  SCP. I t  was 

known th a t  mammals produce and metabolise even chain and odd length  

f a t t y  ac id  molecules and th a t  the waste products from these two classes 

o f  f a t t y  ac id  were a c e t ic  and p ro p io n ic  ac ids re s p e c t iv e ly .  These two 

acids were s im i la r  chem ica lly  and according to  Sw indall the re  was no a 

p r i o r i  reason f o r  th in k in g  th a t  p ro p io n ic  ac id  could have t o x ic  

e f fe c ts  on human metabolism. However, s ince the companies had not 

expected f a t t y  ac id  metabolism to  become a p o l i t i c a l  issue they had 

no research to  prove th a t  odd chain length  acids were in  f a c t  

harmless. By the t im e work had been done on f a t t y  ac ids , both BP and

L iqu ich im ica  had p u l le d  out o f  SCP.
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Another problem was the environmental d ischarge o f  l i v e  organisms 

from the d ry ing  and ha rves t ing  processes in to  the atmosphere. 

Swindall made the p o in t  th a t  I C I ’ s organism was so f r a g i l e  th a t  

desp ite  being em itted from the p la n t ,  unless i t  landed in  a peat bog 

where anaerobic metabolism could take place a l l  the organisms would 

d ie .  This was not nece ssa r i ly  the case w ith  the yeasts o f  BP and 

L iq u ic h im ic a .10

The BP organism was Candida L ip p o l i t i c a ,  the L iqu ich im ica  organism was 

Candida Maltosa. The f i r s t  problem was th a t  people confused these two 

organisms w ith  Candida Albercans, or th rush , which was c e r ta in ly  t o x ic  

and had the sho r t  hand name o f  simple "Candida". There were then 

s t ra in s  o f  each species o f  yeast which a lso  d i f fe r e d  in  t h e i r  

metabolism and so in  t h e i r  poss ib le  t o x ic  e f fe c ts .  Swindall thought C 

L ip p o l i t i c a  s t ra in s  were n o n - to x ic ,  but some s t ra in s  o f  C Maltosa were 

to x ic ,  a lthough not L iq u ic h im ic a ’ s s t r a in .  Sw indall thought th a t  t h i s  

confused the M in is t r y  o f  Health o f f i c i a l s  e s p e c ia l ly  as the L iqu ich im ica  

process was based on the Kanegafuchi process which had been banned in  

Japan. He a lso  thought th a t  i f  t h i s  had caused them to  have 

doubts about L iq u ic h im ic a ’ a s t r a in  so th a t  they could not l icense  

i t ,  they would c e r ta in ly  not l icense  BP.

“The t ro u b le  was th a t  the s c ie n t i s t s  and bureaucrats in  the 

I t a l i a n  government were ig no ran t,  not t ra in e d  in  t h i s  area, so 

th a t  to  say s t r a in  1 is  pathogenic and s t r a in  23 is  not d id  not 

convince them c o m p le te ly . . .e s p e c ia l ly  when the debate amongst 

the experts  was s p l i t .  So the re  was a combination o f  p o l i t i c a l

10BP had had emission problems a t  the Lavera p la n t  f o r  a t im e, but 
had e v e n tu a l ly  solved them.
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in f luence  and no s p e c i f i c  t r a in in g  to  d is t in g u is h  between 

s t ra in s  o f  a genus.. . "

Payne a lso  thought the soya lobby was at work generating confusing 

research.

"There were some experiments in  America, sponsored by the soya 

people. They took ra ts ,  i r r a d ia te d  them nea rly  to  

death, in je c te d  them w ith  immuno-suppressant drugs, then 

in je c te d  several m i l l i o n  l i v i n g  yeast c e l l s  in to  the blood 

stream o f  these, these m iserable beasts. A f te r  k i l l i n g  

and d is s e c t in g  them they found there  was some pers is tence  o f  

l i v in g  yeast c e l l s ,  th e re fo re  the yeast was p o t e n t ia l l y  

pathogenic. Abso lu te , complete nonsense."

4.8 Conclusions on the Market f o r  Innovation

4.81 The Market and Technology In te ra c t io n

Th is  chapter has examined the managers’ percep tion  o f  the markets f o r  

the novel food and feed innova tions  from e a r ly  in  the innova t ion  

development process to  the t im e when some products began t ra d in g .  I t  can 

be seen th a t  the re  was avcon tinua l in te ra c t io n  between market ideas and 

the  deve lop ing technology o f  the p ro je c t ,  even in  those f i rm s  where the 

managers d id  not in te r a c t  g re a t ly  w ith  a market, such as those in  T&L, 

(see 4.121 and 4 .123). In  the l a t t e r  f i rm  i t  was the managers’ 

experience and im ag ina tion  th a t  supp lied the idea o f  an end use.
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But in  look ing  f o r  a means o f  s t ru c tu r in g  the new process, managers were 

breaking down an e x is t in g  market in to  i t s  a t t r ib u te s ,  f o r  example, IC I 

used teh soya market and i t s  q u a l i t i e s ;  an amino acid p r o f i l e ,  a measure 

o f  b a c te r ia l  contam ination , te s ts  f o r  a m ineral balance e tc .  They then 

used combinations o f  these a t t r ib u te s  to  de f in e  the market o f  the 

innovatory  product, (see 4.14 and 4.322). These se lected " e x is t in g  

market" c h a r a c te r is t ic s  were used to  s t ru c tu re  the development o f  the 

new technology. This is  the same language as M e tca lf  uses, see 1.2, and 

here the d e t ia l  o f  t h i s  s t ru c tu r in g  process has been i l l u s t r a t e d  in 

p ra c t ic e .

This process o f  a b s t ra c t in g  q u a l i t i e s  from e x is t in g  markets and using 

them to  s t ru c tu re  new technology exp la ins  why the innovatory  product is  

a t  once new, ye t made up o f  e x is t in g  market ideas. Th is  process can be 

described as the use c^ a "re fe rence  m arket."

4.82 Reference Markets f o r  Innova tion

A reference market is  the market th a t  the innova t ing  f i rm  in tends 

i t s  new product w ho lly  o r  p a r t l y  to  rep lace. Another way o f  p u t t in g  

t h i s  is  th a t  the re fe rence market is  a metaphor f o r  the  innova to ry  

product and they have q u a l i t i e s  in  common. I t  w i l l  be used by 

the innova t ing  f i r m  to  guide development o f  the  innovatory  product.

Where does the innova to ry  f i r m  ob ta in  the idea o f  the reference market? 

At one extreme the f i r m  would not do any market research, but l i k e  T&L, 

(4 .12) w ith  the t h i r d  world  p ro te in  product, would r e ly  more on 

experience o r received wisdom to  guide development o f  a product. At 

the o the r  extreme IC I ta lk e d  to  the feed compounders, (4 .142 ) ,  and
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came to  have as good an understanding o f  t h e i r  requirements as they had 

themselves, desp ite  having no previous experience o f the feed 

in d u s try .  In  e i th e r  case the idea o f  the reference market can be 

broken down in to  a number o f  product " q u a l i t i e s "  th a t  are thought 

to  s a t is f y  consumer "needs". These q u a l i t i e s  can be used to  guide 

development o f  the innova to ry  product. Innova tion  w i l l  proceed i f  the 

innova to ry  product is  thought l i k e l y  to  exceed the worth o f  e x is t in g  

products which s a t is f y  the reference market.

To use the feed market as an example, the compounders who deal in  t h is  

" r e a l "  market cannot be r e l ie d  on to  have an exact knowledge o f  the 

q u a l i t i e s  o f  feeds they trad e  in .  The compounders themselves on ly  have 

a model o f  what q u a l i t i e s  match the "needs" o f  the farmers they trade  

w i th .  For example, a "good feed" is  one th a t  g ives rap id  weight ga in , 

lean t is s u e  gain e tc .  This is  re la te d  by t h e i r  model to  amino ac id  

p r o f i l e ,  m ineral and v itam in  content o f  feeds. The models they have 

developed a l low  them to  d is c r im in a te  between the commonly encountered 

d i f fe re n c e s  between feeds. However, these models would l i m i t  t h e i r

a b i l i t y  to  judge Pruteen i f  Pruteen had q u a l i t i e s  o the r  than 

those they ro u t in e ly  encountered. The reference market is  not f u l l y  

adequate as a means o f  gu id ing  the development o f  the innova to ry  

product, i t  too is  a model, designed f o r  a p a r t i c u la r  purpose.

W ithout e n te r in g  the market, how does a f i rm  id e n t i f y  and then

judge the q u a l i t i e s  o f  the innovatory  product th a t  d i f f e r  from

those p re v io u s ly  encountered in  the reference market? There is  a

danger th a t  the re ference market consumers w i l l  in te r p r e t  the 

re s u l ts  o f  these d i f fe re n c e s  in  an unfavourable way because they 

judge i t  by t h e i r  usual standards. An example is  the selenium
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d e f ic ie n c y  o f  Pruteen, which led to  poor growth in  experimental 

animals, which could have been in te rp re te d  as a b io lo g ic a l  

d e f ic ie n c y  in  Pruteen, (see 4 .23). This was avoided by ICI using 

n u t r i t i o n  science as a common base o f  knowledge between 

compounders and IC I ,  to  convince the compounders th a t  the re  was 

an acceptable a l te r n a t iv e  in te r p r e ta t io n  o f  these r e s u l t s , ie  Pruteen 

was s im ply d e f ic ie n t  in  selenium.

The idea th a t  a market is  on ly  ever a model a llow s innova tion  f a i l u r e  

o r  success to  be understood less as a m atter o f  whether there  was enough 

"marketing in pu t"  o r  "market research" and more as a m atter o f  whether 

the re leva n t q u a l i t i e s  were se lected and used to  guide product 

development. Some kind o f  an idea o f  a market was ra re ly  absent from 

any o f  the attempts a t novel food innova t ion , but these "models" 

d i f f e r e d  in  q u a l i t y  and s o p h is t ic a t io n .

I t  is  a lso  ea s ie r  to  understand why, however much e f f o r t  is  put in to  

market research, the re  is  always going to  be a chance o f  market f a i l u r e  

f o r  innova to ry  products. I t  is  going to  be d i f f i c u l t  f o r  these 

market search techniques to  improve on the consuming group’ s ideas o f  

i t s  needs, ( th a t  is  the  re ference m arket), but these are in h e re n t ly  

l im i te d .  They are l im i te d  by the products a lready consumed.

I t  w i l l  be more d i f f i c u l t  to  l i n k  the more ra d ic a l products w ith  a 

reference market. They w i l l  face the more d i f f i c u l t  problem o f  

p ic k in g  out "needs" and " q u a l i t i e s "  from e n t i r e  in d u s t r ie s  o r  f o r  

consumers in  genera l. The reference market, once chosen does g ive  a 

guide to  which q u a l i t i e s  should be considered f o r  relevance to  the 

innova to ry  product, but how should one make the i n i t i a l  match between
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f i rm  technology base and a reference market? I t  is  l i k e l y  to  be the 

most common q u a l i t i e s  o f  the innovatory  product and the products th a t  

a lready s a t is f y  the reference market. Pruteen can be used as an 

example, both i t  and soya meal are bu lk , p ro te in  commodities. The 

gross s im i l a r i t y  is  enough to  e s ta b l is h  the soya and f i s h  meal market 

as a guide to  the q u a l i t i e s  th a t  Pruteen should have to  be a t 

le a s t  a "good" product. With t h i s  es tab l ishe d , market search would 

be d i re c te d  to  in v e s t ig a t io n  o f  the animal feed market requirements.

Th is  chapter shows th a t  the choice o f  the reference market may be guided 

by im p l i c i t  assumptions which la t e r  prove to  have been m is lead ing . For 

example, BP in  I t a l y ,  ( 4 .7 ) ,  concentrated on the reference market 

de f ined through the feed compounders needs, which d id  not take in to  

account t h a t  they were using a crude o i l  re la te d  subs tra te .  They d id  

not a n t ic ip a te  th a t  meat consumers would repud ia te  a product w i th  such 

a c h a r a c te r is t ic ,  because t h i s  d id  not concern the compounders. In  

c o n tra s t  the end user was the prime concern o f  RHM who were using the 

"meat market" as t h e i r  re fe rence market f o r  Quorn, (see 4 .51 ) ,  but 

s e l l i n g  Quorn on to  in te rm ed ia te  manufacturing f i rm s .

4.83 Summary

Much o f  the m a te r ia l  in  t h i s  chapter has described how te c h n ic a l 

choices have been in f luenced  by market cons ide ra t ion s .  As the 

p ro je c t  develops both the te c h n ic a l and market understanding grow 

tog e th e r .  The SCP p ro je c ts  can be seen as processes o f  matching 

te c h n ic a l p o s s i b i l i t y  to  market o p p o r tu n ity ,  but not in  any ra t io n a l  

l in e a r  fash ion . The chap ter which n a tu r a l ly  complements chapter 4 is
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chapter 8, which focuses on the f i r m ’ s techn ica l dec is ions  and shows how 

these are bound up w i th  market ideas.

I t  is  in te re s t in g  to  examine the kind o f  market u n c e r ta in ty  we are 

dea ling  w ith  in the re ference market model. I t  i s  not the u n c e r ta in ty  

o f  the unknown or the unknowable, ra th e r  i t  is  the u n c e r ta in ty  o f  how 

to  s e le c t  among a f i n i t e  but la rge  pool o f  gu id ing  p r in c ip le s  th a t  

have d ive rse  value to  the innova to ry  product. The gu id ing  p r in c ip le s  

a l l  r e la te  to  human needs o r wishes and are themselves on ly  a small 

s e le c t io n  o f  the "p o ss ib le "  methods o f  developing a product. I t  is  

not poss ib le  f o r  a small group o f  people in  a f i rm  to  consider a l l  

these a l te rn a t iv e s  " o b je c t iv e ly " ,  or to  consider a l l  the a l te rn a t iv e s .  

There is  not enough time in  a l i f e  t im e, hence the reference market as 

a gu id ing  concept.
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CHAPTER 5 COOPERATION AND COMPETITION BETWEEN COMPANIES

In tro d u c t io n

The la s t  chapter examined the re la t io n s h ip s  between the ideas o f  the 

environment ex te rna l to  the f i rm  which were m ain ly market in f luence s  and 

the development o f  the p ro je c t  in s id e  the f i rm .  This chapter continues 

to  look a t another fe a tu re  o f  the environment ex te rna l to  the f i rm ,  the 

in te r  f i rm  re la t io n s h ip s  and how managers perceived them to  a f fe c t  the 

p ro je c ts .  Managers re fe r re d  to  in t e r  f i rm  re la t io n s h ip s  in  terms o f  

f i rm  cooperation more o f te n  than in  terms o f  f i rm  com petit ion .

Since few SCP products ever es tab l ished  themselves in  t h e i r  

p o te n t ia l  markets, com pe tit ion  o r  c o l la b o ra t io n  was based on the on ly  

cu r re n t  f i rm  a c t i v i t y ,  which was the development o f  the technology.

C o lla b o ra t io n  tended to  occur when the demands o f  a p ro je c t  in  terms o f  

f inance  o r s k i l l s  exceeded the parent company’ s resource. The f i r s t  

sec t ions  w i l l  s tudy the examples o f  cooperation drawn from RHM’ s p ro je c t  

and the la t e r  sec t ions  examine te c h n ic a l com petit ion  and how s c ie n t i s t s  

coped w ith  the needs o f  commercial secrecy.

5.1 Commercial Cooperation on SCP

5.11 RHM -  Cooperation w i th  Du Pont, BTG, ( B r i t i s h  Technology Group), 

IC I and Sa insbury ’ s
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RHM sought to  c o l la b o ra te  on the mycoprotein p ro je c t  f o r  f in a n c ia l  

reasons as Treeby (RHM) remarked,

"A t th a t  time we were not a r ic h  company and we d id n ’ t  have the 

money to  c a r ry  t h i s  one through on our own account."

RHM searched f o r  a s u i ta b le  company and came up w ith  Du Pont. Du Pont 

subsequently supp lied  money and some eng ineering in pu t  to  the p ro je c t  

f o r  3 to  4 years, u n t i l  a period o f  retrenchment in  Du Pont when 

the j o i n t  p ro je c t  w i th  RHM was cu t .  Then the B r i t i s h  Technology Group 

was approached and agreed to  support the p ro je c t  f i n a n c ia l l y ,  dur ing  

a period when RHM p r o f i t s  were under pressure and i t  would norm ally  have 

been impossib le to  j u s t i f y  t h i s  high r is k  p ro je c t .  F in a l ly  the cu r re n t  

re la t io n s h ip  w ith  IC I was es tab l ishe d . IC I had f i r s t  been

approached in  the la te  1970s and Treeby described t h e i r  a t t i t u d e ,

" . . . t h e y  sa id ,  you have a very n ice l i t t l e  p ro je c t  here. We 

are working on lo t s  o f  problems th a t  you are working on. We have 

to  t e l l  you th a t  a) we don’ t  know how you d id  i t  f o r  the money 

because i t  cos t us 40 times as much, b) we need another p ro te in  

p ro je c t  l i k e  a hole in  the head. We have enough problems w ith  

our own, thank you very much."

U n t i l  IC I lo s t  i t s  commitment to  Pruteen they were not ready 

f o r  a c o l la b o ra t iv e  p ro je c t .  In  the e a r ly  1980s RHM and IC I 

managers were meeting to  share views about ob ta in in g  re g u la to ry  

clearance and found th a t  they had many complementary in te re s ts .  

Meetings fo llow ed  the f i r s t  contac ts  to  exp lore  the chances o f  

cooperation and the two companies agreed to  work tog e th e r .  Both Smissen
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( IC I )  and Treeby described the ra t io n a le  fo r  cooperation in s im i la r  

terms, w ith  Treeby commenting th a t ,

" the ICI r e la t io n s h ip  is  a combination o f  sharing r is k ,  costs ,

s k i l l s  about b r in g in g  toge the r  a whole complex package o f ,  I

t h in k ,  complementary s k i l l s  and in te re s ts  ra th e r  than com petit ive  

s k i l l s  and in te r e s t s . "

IC I was in te r n a t io n a l ,  but RHM was not, although both had a h is to ry  

in  fe rm en ta t ion . ICI had the a b i l i t y  to  design and b u i ld  la rge  p la n t ,  

RHM had the a b i l i t y  to  develop complex food systems, a number o f  

market entrees in  Europe and food marketing e x p e rt is e .  The 

c o l la b o ra t io n  took the form o f  a j o i n t l y  owned company c a l le d  Marlow 

Foods which is  respons ib le  f o r  developing and marketing mycoprotein. 

Research on mycoprotein is  s p l i t  between I C I ’ s B io lo g ic a l  Products 

D iv is io n  a t  B i l l ingham  and RHM’ s High Wycombe food la b o ra to r ie s .  

Mycoprotein is  a c tu a l ly  grown in  the former IC I Pruteen p i l o t  p la n t  a t 

B i11ingham.

RHM had a lso shared the costs  o f  product development w ith  U n ileve r  who 

had been experimenting w i th  mycoprotein s ince the mid 1970s by t r e a t in g  

i t  as a raw m a te r ia l ,  p u t t in g  i t  in  p ies and te s t in g  consumer reac t ion  

before g iv in g  feedback to  RHM.

Marlow Foods has worked e s p e c ia l ly  c lo s e ly  w i th  Sa insbury ’ s to  market 

the f i r s t  mycoprotein products . Sa insbury ’ s could o f f e r  Marlow Foods 

access to  16% o f  the UK s h e l f  space f o r  meat. They owned t h e i r  own 

meat p ie  company and could o f f e r  RHM knowledge o f  the meat p roduc ts ’ 

market and manufacturing e x p e rt ise  th a t  RHM d id  not possess.
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5.12 Hoechst and IC I

Various long s tand ing agreements on technology exchange were used to  

exchange te ch n ica l in fo rm a tion  on SCP. An instance o f  t h i s  was between 

ICI and Hoechst, who had had a general technology exchange 

agreement s ince the e a r ly  1970s. As p a r t  o f  t h e i r  work to  develop 

human food from SCP, Hoechst had patented the "Schlingmann" process fo r  

removing n u c le ic  ac ids from m ic ro b ia l p ro te in .  Hoechst thought t h i s  was 

a unique piece o f  downstream processing technology, which they could 

o f f e r  to  IC I in  exchange f o r  bio-mass from I C I ’ s Pruteen ferm enter. 

L iesser (Hoechst) thought th a t  cooperation a lso  made sense because both 

companies had processes based on methanol and both used s im i la r  

organisms. However, t h i s  d id  not happen. L iesser be lieved the re  were 

problems o f  communication between h igher le v e ls  o f  management in  the 

two companies and th a t  t h i s  delayed n e g o t ia t io n s ,  but they broke down 

com ple te ly  when IC I found th a t  UK food s a fe ty  re gu la t ions  made success 

more l i k e l y  i f  the product was processed in the UK ra th e r  than in  

Germany. Subsequently Hoechst approached T&L and RHM but cooperation 

never progressed fu r t h e r  than a few in form al d iscuss ions .

5.13 BP and C o l la b o ra t io n

BP formed a j o i n t  company in  I t a l y  c a l le d  I t a lp r o te in  w ith  t h e i r  

pa r tne rs ,  ANIC, an I t a l i a n  chemical eng ineering  company and p a r t  o f  

the I t a l i a n  s ta te  hydrocarbon group, ENI. ANIC was nom ina lly  in  

charge o f  b u i ld in g  the Sard in ian  p la n t  and Northgate thought BP 

needed ANIC’ s a b i l i t y  to  engineer in  I t a l y  and i t  should have been 

usefu l th a t  ANIC was s ta te  backed. However, Northgate a lso  thought
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th a t  no o the r I t a l i a n  companies, such as M on teca t in i ,  were r e a l l y  

in te re s te d  in cooperation on SCP and to  some ex ten t BP had no choice in 

t h e i r  pa rtne r.

Peachey had seen the Japanese chemical companies as the on ly  t ru e  

com petito rs  to  the Toprina process. BP was in te re s te d  in  a technology 

exchange agreement w i th  one o f  them so as to  l i m i t  the com petit ion  or 

a t le a s t  to  keep abreast o f  Japanese developments in  fe rm en ta t ion  

technology. This was perceived to  be the Japanese s t re n g th ,  w h ile  BP 

could o f f e r  the Japanese i t s  R&D f a c i l i t i e s .  BP began d iscuss ions w ith  

K iro  Hako and according to  Northgate BP licensed i t s  SCP technology to  

K iro  Hako fo r  a sum th a t  paid f o r  the i n i t i a l  and p i l o t  p la n t  stages o f  

SCP research, (see appendix 6 ).

5.14 IFP ( I n s t i t u t  Francais du P e t ro le ) ,  CFR (TOTAL) and ELF

A group o f  French companies cooperated to  share the costs o f  researching 

in  SCP. The French Petroleum I n s t i t u t e  maintained a programme o f  

research on SCP from the la te  1960s u n t i l  the la te  1970s. This s ta r te d  

when in 1966 they began work w i th  the Ind ian  Petroleum I n s t i t u t e  on a 

small scale fe rm enter. In  1968 ELF jo ined  t h i s  research and w i th  

CFR, (T o ta l ) ,  formed an assoc ia t ion  to  share the costs  o f  t h i s  

research.

The aim o f  ELF and CFR in  t h i s  venture was to  keep abreast o f  

developments in  SCP technology a t low cos t.  I f  Toprina succeeded they 

wanted to  be able to  fo l lo w  BP in to  the SCP market q u ic k ly .  ELF 

c o n tr ib u te d  research personnel and money w h ile  CFR on ly  paid a share 

o f  the costs  and fo l low ed  the work through seconding one eng ineer.
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This p ro je c t  had 25 researchers in  the e a r ly  1970s. The th ree  

partners  a lso  created an economic in te re s t  group1 ca l le d  the Groupe en 

France de P rote ines which continued u n t i l  1976, when CFR and Tota l 

abandoned the p ro je c t .

This was an example o f  na t io na l techn ica l cooperation between French 

p r iv a te  companies to  enable them to  en te r the SCP market and compete 

w ith  BP should they judge i t  to  be expedient.

5.15 She ll P ro tec ts  i t s  R e la t io nsh ip  w ith  G is te  Brocades

According to  Lewis (S h e l l )  S h e l l ’ s cooperative  agreement w ith  the Dutch 

fe rm en ta t ion  f i rm  G istes Brocades led the board to  be l ieve  the re  was a 

c o n f l i c t  o f  in te r e s t  in  developing t h e i r  own fe rm en ta t ion  based 

p ro je c ts .  He be lieved th a t  had SCP been economic Shell would never have 

developed SCP, because i t  would then have threatened t h e i r  r e la t io n s h ip  

w ith  G is te  Brocades. (See chapter 7 f o r  d e t a i l ) .

5.2 Cooperation w i th  the  A u th o r i t ie s  and Other Firms on Regulation f o r  

SCP

BP and IC I were anxious th a t  the new re g u la to ry  g u id e l in e s  th a t  had to  

be drawn up f o r  SCP would be as favourab le  as poss ib le  to  t h e i r  SCP 

products and as unhe lp fu l as poss ib le  to  p o te n t ia l  new e n tra n t  

companies. According to  Sw indall BP and IC I worked toge the r  in

^ h i s  was a GIE, Groupe d ’ I n te r e t  Economique, a s p e c i f i c  form o f  
corpora te  s t ru c tu re  es tab l ishe d  in  French (and s ince 1987, EEC) company 
law, eg A irbus In d u s t r ie  is  another.
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approaching the food s a fe ty  a u th o r i t ie s  in  the UK, the EEC and UNPAG.2 

The aim was to  agree the kind o f  regu la to ry  framework th a t  would best 

s u i t  the two companies’ SCP p ro je c ts  and then to  present the same

arguments to  the a u th o r i t ie s  when they began drawing up a framework.

Sw indall ( IC I )  described BP’ s ro le  in  o b ta in in g  g u ide l ine s  from UNPAG 

as enormous. This o rgan isa t ion  was concerned w ith  ways in  which the UN 

could overcome world famine and was set up in  the 1960s in  response to  

the p ro te in  gap. I t  was im portant to  BP th a t  i t  picked SCP as one o f  

the s o lu t io n s  to  t h i s  p ro te in  gap and Swindall sa id t h i s  e v e n tu a l ly  

happened,

“ . . .B P  saw an o p p o r tu n ity  to  get the UN th in k in g  about 

SCP...and from about t h i s  date, 1973, the re  were several 

conferences, I  t h in k  one a year, u n t i l  1978."

Swindall described the IC I and BP purpose in  cooperating w ith  each

o the r  in  n e g o t ia t io n s  w i th  the a u th o r i t ie s .

" In d iv id u a l  p ro je c ts  had to  be tes ted  ra th e r  than have generica l 

te s ts  f o r  SCP. The EEC d i r e c t iv e  on SCP r e f le c t s  UNPAG 

th in k in g  in  t h i s  way t o o . . . o u r  approach to  te s t in g  was 

cond it ioned  by our need to  de te r la te  e n tra n ts .  Because 

i f  each product belong ing to  each f i rm  had to  be in d iv id u a l ly  

tes ted  i t  would cost £2-3m a t  1976 p r ic e s ,  f o r  each company. 

This in  f a c t  became a very marked d is in c e n t iv e  to  the la te  new 

e n tran ts  because by 1976 s p e c i f i c ,  not generic  gu ide l ine s  had

^United Nations P ro te in  Advisory Group
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been accepted by UNPAG.

Swindall thought BP had a spec ia l reason f o r  wanting in d iv id u a l  

product, and not generic  te s t in g  procedures from the EEC. 

L iq u ic h im ic a ’ a SCP was produced by Kanegafuchi technology which 

Swindall be lieved was backed by an inadequate amount o f  animal te s t in g  

-  u n l ik e  Toprina, which had been thorough ly  te s te d .  BP were arguing 

fo r  s p e c i f i c  te s t in g  procedures w ith  the I t a l i a n  hea lth  a u th o r i t ie s ,  

wh ile  L iqu ich im ica  were arguing th a t  t h e i r  process was a yeast grown 

on alkanes e x a c t ly  l i k e  BP’ s and so i f  approval was given to  BP, i t  

should a lso  be given to  L iqu ich im ica . At the time o f  the debate i t  

would have been o f  g rea t value to  BP to  have had the EEC d i r e c t iv e  on 

SCP te s t in g  procedures. By 1984 i t  was o f  course useless to  them as 

we ll as to  IC I .  Swindall a lso  be lieved th a t  i t  was because the I t a l i a n  

a u th o r i t ie s  could not approve the BP process w h ile  re fu s in g  to  

l icense  an I t a l i a n  company’ s process th a t  they s ta l le d  f o r  so long 

in  approving e i th e r  process. So here we have one more ra t io n a le  fo r  

the I t a l i a n  debacle.

In  the case o f  the EEC re g u la t io n s ,  IC I were on ly  becoming in te re s te d  

in  in f lu e n c in g  the re g u la t io n s  when BP had a lready decided to  c lose 

t h e i r  Sard in ian  p la n t .  IC I had to  persuade BP to  work w ith  them, 

even though the re  was no longer a gain f o r  BP. However, the re  was 

l i t t l e  cost to  BP in  t a lk in g  w ith  IC I .  Swindall commented th a t  a f t e r  

8 years o f  debate the EEC had f i n a l l y  approved SCP te s t in g  

procedures s im i la r  to  those des ired by IC I ,  but too la te  to  be o f  any 

use to  e i th e r  company. However Dansk B iop ro te in  are b e n e f i t in g  from 

t h i s  legacy. They are able to  design t h e i r  process to  meet f ix e d  and 

agreed product sa fe ty  standards.
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Swindall re ca l le d  th a t  in  one a t le a s t  o f  the e a r ly  meetings BP d id

not re a l is e  how committed IC I were to  SCP and t r i e d  to  warn ICI o f f

a technology which "belonged" to  BP. Once they re a lise d  th a t  IC I was

serious about b u i ld in g  a la rge  scale p la n t ,  they accepted them and they

worked toge the r  on re g u la to ry  issues.

The p r in c ip a l  reason f o r  c o l la b o ra t io n  was not a need f o r  resources, 

as w ith  RHM, but th a t  some danger was common to  the group o f  companies 

competing to  produce SCP. The in te re s t in g  fe a tu re  o f  the c o l la b o ra t io n  

was th a t  i t  occurred a t  the same time as the companies saw themselves 

as competing to  produce SCP and to  t h is  we now tu rn .

5.3 Technologica l Competition

5.31 Technologica l and Market Share Competition

The SCP companies were a l l  a ttem pting  to  ob ta in  a share o f  the animal 

feed market and so soya was the com petito r p roduct. In  the case o f  

mycoprotein meat is  the com petito r  product. The in nova t ive  products are 

competing through t h e i r  te c h n ic a l advantages as a re s u l t  o f  t h e i r  

r a d ic a l l y  d i f f e r e n t  p roduction  technology. In  no in te rv ie w  d id  managers 

show th a t  they were consc ious ly  cons ider ing  com pe tit ive  moves aga ins t 

the soya or the meat in d u s t ry .  They would compete by producing a 

su p e r io r  product a t  a cheaper p r ic e  and in  ach iev ing  t h i s  the ac t ions  

o f  t h e i r  "com pe tito rs "  were i r r e le v a n t ,  s ince they had no access to  the 

SCP companies technology.
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Harwin ( IC I )  had the view th a t  w i th  a t o ta l  market f o r  soya meal o f  

near 13 m i l l i o n  t / a ,  any ou tpu t from SCP p la n t  would s imply be 

n e g l ig ib le  compared to  the s ize  o f  the t o ta l  soya market. SCP 

companies were not a th re a t  to  soya consumption and they were not r e a l ly  

competing w ith  each o the r  f o r  market share. A k in in  (S h e l l )  accepted 

t h i s  view and be lieved th a t  as a r e s u l t ,  the cooperation between 

company research teams was g rea te r  than was usual f o r  a commercial 

p ro je c t .  However, Harwin d id  see the SCP companies’ re la t io n s h ip s  as 

te c h n ic a l ly  com pe t it ive  and commented,

"Competition? Yes, we were very aware o f  what they [o th e r  

companies], were do ing, main ly f o r  what they were c la im ing  

f o r  t h e i r  SCP p ro d u c ts . . . c o lo u r , te x tu re  and so on. Yes, minor 

c h a r a c t e r i s t i c s . "

These minor d i f fe re n c e s  re su lte d  from the d i f f e r e n t  p roduction  

processes. In  o rder to  best meet perceived market c r i t e r i a  f o r  a good 

product, each company was in te re s te d  in  o the r  p r o je c ts ’ te c h n ic a l 

c h a r a c te r is t ic s  but s e c re t iv e  about any o f  i t s  own which could a id  

another p ro je c t ,  (see below), but the SCP company com petit ion  was not 

r e a l l y  f o r  market share.

5.32 Competitors are Perceived in  Terms o f  t h e i r  Level o f  

Technolog ica l Achievement

Companies th a t  were on ly  in  the research phase o f  SCP could not 

r e a l l y  be c a l le d  com petito rs  to  a company b u i ld in g  a p la n t .  For a 

company l i k e  BP the judgement th a t  a company was a com petito r  depended 

on how s im i la r  t h e i r  process was to  BP’ s and how c lose in  t ime they
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were along the development path. So in  the e a r ly  1970s Peachey thought 

the Japanese were the real com petitors  to  BP because they were 

in tend ing  to  use the alkane route to  SCP a t  about the same time as 

BP. Since they were perceived to  have fe rm en ta t ion  technology s k i l l s  

th a t  BP lacked, the Japanese were even a th re a t  and BP’ s t a lk s  w ith  

the Japanese were intended to  t i e  them up to  some s o r t  o f  a dea l,  f o r  

example an exchange o f  fe rm en ta t ion  s k i l l s  f o r  R&D s k i l l s .  With the 

end o f  the Japanese companies plans fo r  SCP, Peachey saw BP as having 

a c le a r  f i e l d  and IC I were not a com petito r because they s ta r te d

development so long a f t e r  BP. She sa id ,

"They were coming along, snapping a t  our hee ls , but I  don’ t  

remember seeing them as a cha llenge, no. I f  we had had no 

problems we would have been producing in  76-77 and we’ d have 

been p e r fe c t ly  able to  t o le r a te  ICI going in to  the same market 

as w e l l . . . t h e y  were not a r i v a l  but a younger b ro the r  to  be 

patted on the head."

Peachey thought o f  the IC I process as second wave technology which 

would be on the market when the BP process was a t  i t s  peak, g iv in g

BP time to  develop a t h i r d  wave o f  SCP technology, t h i s  t ime ahead o f

IC I .

Swindall thought th a t  c o n tro l  over technology was the major way in  

which IC I attempted to  b lock new e n tran ts  to  SCP,

"By a) good pa ten t in g  and b) c o n tro l  o f  the raw m a te r ia l .  IC I 

has l icensed or b u i l t  70%, 80% o f  a l l  the methanol p la n t  in

the w o r ld . . .  we could c o n tro l  methanol p roduction  by the
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c a ta ly s ts  esse n t ia l to  produce i t  from methane, i f  not by the 

l icense  f o r  the p la n t .  A l l  methanol p la n t  uses ICI 

l icensed c a ta ly s t s . "

When asked why the French companies f a i le d  to  b u i ld  commercial p la n t  

Swindall thought the ownership o f  patents a great d is in c e n t iv e  to  

fo l lo w in g  the IC I methanol based technology;

"They were la te  coming in  and when they d id  they found BP and 

L iqu ich im ica  were w e ll e s ta b l is h e d . . . and second, ICI was going 

down another path and presumably had the patent p o s i t io n  t id ie d  

up w ith ou t any gaps."

Many managers re fe r re d  to  the example BP set as a p ioneer in  SCP. 

Other o i l  companies saw th a t  BP be lieved SCP could be p r o f i t a b le  and 

were drawn in to  research on the technology f o r  t h i s  reason, l i k e  

the French consortium. BP’ s o i l  company com petito rs  were u n w i l l in g  

to  a l low  a t r a d i t i o n a l  r i v a l ,  BP, to  develop a major new technology 

based on hydrocarbons to  which they had no access. According to  

S e l f r id g e ,  t h i s  was the  p r in c ip a l  reason fo r  the IFP, ELF and TOTAL 

involvement in  SCP. I t  was a lso  one o f  the reasons why She ll and Esso 

examined the technology.

BP was a c t in g  as the innova t ion  leader, the re s t  o f  the in d u s try  as the 

p o te n t ia l  fo l lo w e rs .  Freeman (1982) re fe rs  to  the advantages and 

disadvantages o f  being a leader or a fo l lo w e r  in  innova t ion . In  t h i s  

case the fo l lo w e rs  gained from a cautious approach and BP lo s t  h e a v i ly  

through being the innova t ion  leader.
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5 .4  S c ie n t i f ic  Research and Competition

There was a c o n f l i c t  between s c ie n t i s t s ’ wish to  pub lish  papers 

f o r  the academic community and the need f o r  commercial secrecy. Cowen 

re fe rre d  to  the a t t i t u d e  among the more academic people in  T&L,

" . . .w h o ,  g en e ra l ly  speaking, don’ t  l i k e  in d u s t r ia l  research because 

they fe e l they w i l l  do a l l  t h i s  work and someone w i l l  lock  i t  away 

in  a f i l i n g  cab ine t and they w i l l  never be allowed to  use i t . "

Treeby (RHM) described the company a t t i t u d e ,

" . . . t h e r e  is  a na tu ra l in c l in a t io n  not to  share in fo rm a tion  which 

has taken 5 o r  6 years to  assemble, e s p e c ia l ly  regarding the 

organism. We were obv ious ly  much more re laxed when we had 

es tab l ished  a lead by way o f  a body o f  d a ta . . .a n d  had patented 

the organism and the process th a t  surrounded i t s  g row th ."

Companies would compromise and a l low  t h e i r  s c ie n t i s t s  to  p ub lish  in  

o rder to  a t t r a c t  the people they wanted, but the p u b l ic a t io n s  would 

be s c ru t in is e d  f o r  commercial d isc lo su re s .  The s c ie n t i s t s  would a lso 

have a code o f  personal behaviour w ith  regard to  commercial secrecy 

when a t conferences and when ta lk in g  w ith  former co lleagues. 

Thomas ( IC I )  described how t h i s  code was acquired and app lied  a t  a 

conference,

" . . . y o u ’ re l e f t  to  your own judgement how much to  t e l l  

them [o th e r  s c i e n t i s t s ] . . .  nobody ever teaches you, you f in d  out 

from experience what is  and i s n ’ t  s e n s i t i v e . . . and some w i l l
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th in k  th a t  is ,  and some th a t  i t  i s n ’ t . . . g e t  someone buying 

a few e x tra  p in ts  on the n ig h t  o f  a conference and there  is  no 

knowing how much some people w i l l  t e l l  you. 

O c c a s io n a l ly . . . w e l l , not o cca s io n a l ly ,  you’ ve got to  be c a re fu l 

you don’ t  go wide o f  the mark and by d iscuss ing  the problem 

you don’ t  a c tu a l ly  g ive away the process o r  something l i k e  

t h a t . "

Marks ( IC I )  and A k in in  (S h e l l )  thought i t  was easy f o r  a s c ie n t i s t  

to  decide what was commercia lly s e n s i t iv e .  Basic science knowledge 

was exchanged f r e e ly ,  f o r  example how organisms grow in  genera l, the 

energy f low s a t d i f f e r e n t  stages in  the biochemical pathways because 

these were o f  in te r e s t  to  a l l  the s c ie n t i s t s .  On the o th e r  hand, 

t a l k  about how to  grow organisms a t high process e f f i c ie n c y  was 

commercially s e n s i t iv e  because t h is  was the c h a r a c te r is t ic  by which 

companies were s e le c t in g  one organism over another, and i t  re la te d  to  

the need to  a t ta in  economies o f  sca le , a commercial necess ity .

Besides these in fo rm a l c o n tro l  mechanisms the re  were the formal ones, 

and a t  IC I t h i s  meant th a t  a p rospective  paper had to  be signed by 

fo u r  d i f f e r e n t  groups o f  people. Marks sa id th a t  the research manager, 

the research d i r e c to r ,  the business area manager and p oss ib ly  even a 

Board member’ s s ig na tu re  were a l l  requ ired before a paper could be 

presented a t  a conference. Even ta lk s ,  w i th  no w r i t t e n  proceedings, 

would be checked by business managers. Thomas found th a t  he 

learned what was pe rm iss ib le  through these formal checks then app lied  

the same checks in  in fo rm a l d iscuss ions w ith  co lleagues, and he 

commented th a t ,
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"Sometimes i t s  lu d ic ro u s ,  and they n i t  p ick  l i k e  h e l l . . . b u t  

the business is  what pays the money f o r  the research, so we 

can’ t  upset the bus iness."

Northgate (BP) agreed w ith  Marks th a t  you le a rn t  noth ing o f  commercial 

s ig n i f ic a n c e  from s c i e n t i f i c  papers.

"They are as bland as you care to  make them. No company 

worth i t s  s a l t  pub lishes a ny th ing ."

Commercially im portan t in fo rm a tion  d id  leak out and using lo g ic  and 

in t e l l i g e n t  guesswork much could be deduced o f  a company’ s commercial 

ta rg e ts .  Leaks were described by Northgate,

"Over the ta b le  in  an unguarded moment, people say th ing s  they 

shoudn’ t  say, And people move from one company to  another, 

t h a t ’ s how i t  happens. Companies don’ t  p u b l is h ,  the most sf r e t  

th in g s  they don’ t  even pa ten t.  The la s t  th in g  you do."

In  the case o f  SCP Haydn-Davies described what he thought would be a 

h ie ra rch y  o f  commercia lly s e n s i t iv e  to p ic s .

"The most im portan t th in g  was always the organism. Number 

one. A b so lu te ly .  You don’ t  a c tu a l ly  g ive i t  a name, o r  you 

keep the name se c re t .  I f  you look down the m icroscope .. . w e l l , 

a yeast is  a yeast. So i t ’ s the c u l tu re s  and where they keep 

them. The second would be the medium, not the s in g le  medium but 

i t s  make-up."
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The companies would admit th a t  the medium was methanol e tc ,  but the 

prec ise  concen tra t ions  o f  m inera ls  required to  maximise growth would be 

kept sec re t.

"The t h i r d  th in g  would be the type o f  process, the re  is  q u i te  a 

b i t  o f  know-how th e re ,  growth ra tes , balance o f  amino-acids,

(% mass th a t  is  p ro te in ) .  The fo u r th  th in g  would be 

sepa ra t ion , th a t  is  a very key area indeed. In the Pruteen 

process a lo t  o f  technology was developed to  separate the 

organism. The f i n a l  th in g  is  what you do to  i t  once you’ ve 

separated i t ,  downstream, th a t  is  a key area to o . "

This l i s t  va r ied  depending on the company and i t  a lso  changed 

through t im e. RHM re fe r re d  to  t h e i r  organisms by numbers, C1 and 

A3/5, but BP named t h e i r  yeast as a s t r a in  o f  Candida T rop ica l is .  

Haydn-Davies thought th a t  RHM e v e n tu a l ly  named t h e i r  organism because 

i t  became c le a r  th a t  unless a com petito r had the exact s t r a in ,  they 

could not reproduce the same re s u l ts .  As time passed companies 

gained a more p rec ise  understanding o f  what i t  was necessary to  know 

in  o rder to  reproduce t h e i r  te c h n ic a l re s u l ts  and t h i s  resu lted  in  some 

changes in  what was considered "commercia lly s e n s i t i v e " ,  as d id  the 

unavoidable leaks o f  in fo rm a tion  from the p ro je c ts .  In the e a r ly  days 

o f  research on SCP the names o f  the organisms were kept sec re t f o r  

as long as p oss ib le .  Haydn-Davies (T&L c o n su lta n t)  re ca l le d  the leak ing  

o f  RHM’ s f i r s t  organism.

"...RHM kept t h e i r  bug sec re t f o r  a very long t im e, everyone 

knew i t  was a f i lam en tous  fung i and we had a very good idea 

what i t  was . I  remember i t  leak ing  out , i t  was a Fusarium
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you know, and then everyone wanted to  know what s o r t  o f  

Fusarium, and when they discovered th a t  the f i r s t  organism was 

a Seletectum s t r a in  they a l l  went rushing round look ing fo r  

Seletectum s t ra in s .  But they d id n ’ t  get the r ig h t  one. And 

then lo  and behold, RHM chose a d i f f e r e n t  s t r a in  anyway."

Northgate (BP) be lieved th a t  c e r ta in  areas became less s e c re t iv e  as 

time passed because people re a l ise d  th a t  the s k i l l s  o f  fe rm enta t ion  

were extremely d i f f i c u l t  to  acqu ire , even w ith  the name o f  an organism 

and i t s  n u t r i t i o n  requirements,

"Monoseptic continuous fe rm en ta t ion  is  the s o r t  o f  process 

where you can g ive someone the name and pedigree o f  the yeast, 

a sample, but i f  you have not got a l l  the 10 -  15 years o f  

c u l tu re  experience, medium o p t im is a t io n ,  i t s  ha rd ly  worth the 

e f f o r t .  So you can p ub lish  lo ts  o f  fa c ts  and f ig u re s ,  they 

don’ t  help you to  ferment. Fermentation is  an a r t  and a s k i l l ,  

you don’ t  p ick  th a t  up by reading about i t . ”

On the o the r  hand c e r ta in  key events had resu lted  in  a general increase 

in  secre t iveness among the same s c i e n t i f i c  community. Marks ( IC I )  

described the e f fe c t  o f  the d iscovery  o f  monoclonal a n t ib o d ie s ,  which 

now represented a "cau t io na ry  t a le "  among m ic ro b io lo g is ts .

" In  those days (1970s) academics were extremely f re e  w ith  

t h e i r  ideas in  the UK, and we’ ve seen some o f  the 

consequences o f  th a t  too . M il s te in  and monoclonal 

a n t ib o d ie s . . . i t  was a t a t ime when academics would go along 

to  a s c i e n t i f i c  conference and t a l k  about t h e i r  work and
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not apprec ia te  the commercial relevance o f  i t . . . t h a t  has 

changed."

There was one way in  which s c ie n t is t s  cooperated to  help SCP as a 

whole. They recognised th a t  i t  would help le g i t im is e  SCP as a 

safe and respectable in d u s t r ia l  product i f  they re fe rred  to  each 

o th e r ’ s work whenever they de l ive red  a paper a t  a conference and 

so Spicer and Solomons from RHM would mention Pruteen a t food 

in d u s try  conferences to  which ICI s c ie n t is ts  would not normally  go, and 

v ice  versa a t chemical in d u s try  conferences.

5.4 Conclusions

5.41 Reasons f o r  Cooperation

Cooperation occurred on the basis o f  an exchange between the 

c o l la b o ra t in g  companies o f  sp e c ia l ise d  s k i l l s ,  assets, f inance  o r  a 

lega l stake in  a j o i n t  venture . Cooperation could be in fo rm al and 

in vo lve  the exchange and c l a r i f i c a t i o n  o f  views ra th e r  than s k i l l s .  

This occurred when companies recognised a j o i n t  in te r e s t  v iz  a v iz  

the re g u la to ry  a u th o r i t ie s  o r  p u b l ic  op in ion .

5.42 Nature o f  Competition

There was no d i r e c t  com petit ion  f o r  market share between the SCP 

companies, but the re  was techno log ica l com petit ion  and te c h n ic a l 

r i v a l r y .  The soya in d u s t ry  was the real ta rg e t  market, but com petit ion  

in  t h i s  market depended on developing the complex technology o f  an SCP 

process. In  developing t h i s  technology companies could be aided by
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in fo rm a tion  gained from the o ther novel food p ro je c ts ,  but not the soya 

in d u s try .  The com pe tit ive  s t ru c tu re  o f  the soya in d u s try ,  to  which SCP 

posed the g rea tes t com pe tit ive  th re a t ,  ba re ly  fea tured in  managers 

d iscuss ions because i t  o f fe re d  no lessons f o r  SCP technology. So 

although the novel food companies were not competing in  a cut th ro a t  

market share fash ion , they s t i l l  re s is te d  he lp ing  o the r  novel food 

companies through being s e c re t iv e .  Competition is  not s imply 

techno log ica l or market in  t h is  innova t ive  technology. I t  v a r ie s  in 

in te n s i t y  and q u a l i t y  according to  the managers’ conception.

The companies used technology or s c ie n t i f i c  work to  which they alone 

had access, to  prevent com petit ion  from emerging. This they d id  

by lobbying fo r  p a r t i c u la r  types o f  re g u la to ry  framework, r e s t r i c t i n g  

access to  p a r t i c u la r  techno log ies  such as the methanol c a ta ly s ts  and o f  

course, pa ten t in g .

I t  is  an obvious fe a tu re  o f  the novel food fe rm enta t ions th a t  

com petit ion  and c o l la b o ra t io n  occurred between the companies 

s im u ltaneous ly . The sec t ion  on te ch n ica l secrecy (5 .4 )  showed th a t  the re  

was an e v o lu t io n  in  what was regarded as commercially s e n s i t iv e  as the 

product developed and once patents were issued and the understanding o f  

the process had progressed. This shows how the boundaries fo r  

cooperation and com petit ion  were drawn and how they s h i f te d  in  t im e. 

These boundaries were se t by the past experience o f  managers in  t h e i r  

in d u s try .  The market f o r  SCP never became es tab l ishe d , but managers 

used t h e i r  past experience o f  com petit ion  in  es tab lished  markets 

to  conceptua lise  the dangers from com petit ion  in  SCP and app lied  them 

during  the development per iod . This c o nce p tu a lisa t ion  o f  the 

com petit ion  was m odif ied  as the p ro je c t  developed.
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CHAPTER 6 -  FIRM AND INDUSTRY CULTURE3 INFLUENCE THE PROJECT

In t ro d u c t io n

This chapter considers the c h a ra c te r is t ic s  o f  the f i rm  which 

managers f e l t  had a f fe c te d  the e vo lu t io n  o f  the SCP p ro je c ts .  These 

inc lude phys ica l resources a v a i la b le  to  a f i r m ,  i t s  o rg a n is a t io n a l 

s t ru c tu re ,  the approach o f  people from a p a r t ic u la r  s k i l l  background and 

the " s ty le ' '  o r  approach o f  a company. I t  is  the s ty le  o f  the f i rm  as 

observed by middle ranking managers th a t  dominates t h i s  chap ter, w h ile  

the d i f f e r e n t  s t ru c tu r a l  fea tu re s  o f  f irm s  are more im portan t when 

the percep tion  o f  the ro le  o f  sen io r  management is  considered in  

chapter 7.

Many o f  the novel food fe rm en ta t ion  innovations were ra d ica l in  terms 

o f  e x is t in g  technology and requ ired a new combination o f  working 

re la t io n s h ip s  between s c ie n t i s t s  and engineers from t r a d i t i o n a l l y  

separate backgrounds. The m u l t i - s k i l l  teams and the  p lanning o f  the

c o n s tru c t io n  o f  novel fe rm en ta t ion  based p la n t  led to  new management

experience. The issues in  t h i s  chapter are those picked out by

management th a t  were d i s t i n c t i v e  in  an SCP p ro je c t ,  not those

nece ssa r i ly  im portan t in  t h e i r  "s tandard" business p ro je c ts .

6.1 M a te r ia l Base o f  the Firm A f fe c ts  Substra te  Choice.

hhe word c u l tu re  was f i r s t  used by managers and then used by the 
in te rv ie w e r .  During the a n a lys is  o f  t r a n s c r ip ts  i t  was found th a t  the re  
was m a te r ia l where the word " c u l tu re "  was absent, but the idea was 
present.
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3
6.11 Shell and the Choice o f Methane l|

In the 1960s Shell was seeking new uses fo r  the na tu ra l gas to  which 

i t  had access o f f  the East Anglian coast. The a v a i l a b i l i t y  o f  la rge  

supp lies  o f  gas was a p r in c ip a l  reason f o r  choosing methane consuming 

b a c te r ia  f o r  i t s  SCP process. Two s ubs id ia ry  reasons which supported f

t h i s  choice were the lack  o f  p rospec tive  a l te r n a t iv e  uses f o r  na tu ra l 

gas and S h e l l ’ s spec ia l knowledge o f  the p a ra f f in  market.

Hamer (S h e l l )  re c a l le d  th a t  the obvious use f o r  na tu ra l gas was as tt

a fu e l to  replace town gas, but the re  was no confidence in  the 

management a b i l i t y  o f  the UK gas in d u s try  to  change from town gas,

>/

"Town gas went out through the 40s and 50s, they were lo s in g  

t h e i r  share o f  the market d a i ly .  So they were in  a d read fu l 

s ta te .  The gas in d u s t ry  was a d i s a s t e r . . . the marketing o f  

gas and the business was an abso lute d is a s te r .  So companies l i k e  

Shell r e a l l y  f e l t  they had to  f in d  some o the r  way o f  s e l l i n g  

t h e i r  gas. No confidence in  Gas."

Natura l gas was being f la r e d  in  enormous q u a n t i t ie s  and i t  was 

dou b tfu l whether the technology ex is ted  f o r  la y in g  p ip e l in e  to  the 

d is ta n t  o f fsh o re  f i e l d s .

The o the r  reason f o r  Shell choosing na tu ra l gas over p a ra f f in s  was i t s  

lack o f  secure access to  p a ra f f in s  and i t s  possession o f  an in d u s try  

based on p a ra f f in s  f o r  the production  o f  b iodegradable de te rgen ts .

T h e ir  in te rn a l  fo re c a s ts  f o r  the development o f  the p a r a f f in  market 1

p red ic ted  r is in g  p r ic e s  in  the medium term, and so Shell saw no fu tu re
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in  p a ra f f in  based SCP processes at a time when BP was becoming f u l l y  

committed to  them.

6.12 BP and the Choice o f  n-Alkanes as Substra te

In the 1950s and 1960s BP had access to  Libyan crude o i l  which has a 

very high n-alkane con ten t. However the alkanes must be removed 

before the crude is  f ra c t io n a te d  otherw ise the heavy n-alkanes 

would freeze  a t low temperatures and prevent d iese l engines working 

in  w in te r .  The i n i t i a l  a t t r a c t io n  o f  SCP f o r  BP was th a t  the yeast 

p r e f e r e n t ia l l y  consumed the n-alkanes in  the Libyan crude and so they 

could so lve the n-alkane e x t ra c t io n  problem a t the same time as a usefu l 

by-product was produced, yeast f o r  animal o r  human food. Only la t e r  d id  

production  o f  yeast become an end in  i t s e l f .

U n like  S h e l l ,  BP had no developed in d u s try  based on n-alkanes so 

they were a c t iv e ly  look ing  f o r  new o u t le ts  f o r  these chemicals. 

Another d i f fe re n c e  was S h e l l ’ s possession o f  the world ope ra ting  

r ig h ts  to  a urea dewaxing process f o r  e x t ra c t in g  n-alkanes from crude 

o i l .  Th is was not a v a i la b le  to  BP so they had another in c e n t iv e  f o r  

f in d in g  t h e i r  own method o f  separa ting  crude o i l  from the n-a lkanes.

6.13 IC I Chooses Methanol as a Substrate

Marks ( IC I )  described I C I ’ s "methanol c u l tu re "  in  the e a r ly  1970s.

" I f  you were coming up w ith  innova t ive  processes then the re  was 

a c u l tu re  th a t  sa id  i f  you cou ldn ’ t  make i t  from methanol then 

i t  was not something f o r  IC I . . .a n d  the re  is  a very famous 

s to ry  about t h i s . . . t h e r e  was a d iscuss ion  w ith  Hart saying,
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w e l l ,  we’ ve been beavering away on a new process th a t  we 

haven’ t  t o ld  anyone about, we’ ve got t h i s  m ic ro b io lo g ic a l 

process f o r  tu rn in g  lead in to  gold. And H a r t ’ s response to  

th a t  was, w e l l ,  t h a t ’ s a l l  very in te re s t in g ,  but can’ t  you do 

i t  w i th  methanol? And th a t  was the s o r t  o f  c u l tu re  you had."

According to  Marks, t h i s  "methanol c u l tu re "  was based on commercial 

reasoning and the choice o f  methanol f o r  SCP was because i t  was the most 

s u i ta b le  subs tra te  f o r  SCP. This " c u l tu re "  was used to  s e le c t  v ia b le  

methanol based p ro je c ts  over o the r subs tra te  based p ro je c ts ,  whether or 

not these were v ia b le .

ICI had negotia ted  a huge co n tra c t  f o r  na tu ra l gas from B r i t i s h  Gas 

in  the e a r ly  1970s f o r  a very low p r ic e  per therm. Peachey (BP) and 

o thers  be lieved t h i s  p r iv i le g e d  p r ic e  co n tra c t  was the reason why ICI 

chose methanol f o r  SCP. Marks denied th a t  t h i s  was the case because IC I 

had undertaken to  pay f o r  the conversion o f  the UK from town gas to  

na tu ra l gas as p a r t  o f  t h i s  c o n tra c t .  So the apparen tly  advantageous 

co n tra c t  was not so cheap as i t  appeared, but i t  was t ru e  th a t  ICI 

had an in c e n t iv e  to  develop new uses f o r  na tu ra l gas and methanol.

6.14 Other Cases

The pa t te rn  in  which the company chose a subs tra te  over which i t  had 

commercial c o n tro l  is  repeated in  most o f  the o the r  p ro je c ts .  T&L’ s 

f i r s t  SCP p ro je c t  invo lved the fe rm enta t ion  o f  molasses, t h e i r  by­

product from sugar p roduc tion . L iqu ich im ica  chose n-alkanes as a 

subs tra te  because the re f in in g  o f  these p a ra f f in s  was t h e i r  main

178



b u s in e s s /  Hoechst were the exception because they chose to  buy in  

methanol, a lthough s ince they chose to  develop a human food they were 

not so s e n s i t iv e  to  supply o r  cost o f  the subs tra te . However, 

Swindall ( IC I )  suggested th a t  Hoechst’ s choice o f  the human food 

market a c tu a l ly  derived from t h e i r  lack o f  c o n tro l  over methanol 

supp lies . This re in fo rc e s  the idea th a t  companies were not w i l l i n g  to  

embark on an SCP process w ith ou t con tro l over the subs tra te  supply.

6.15 S k i l l s  as a Resource

When IC I and BP e v e n tu a l ly  ran down t h e i r  SCP p ro je c ts  they both had 

the problem o f  what to  do w ith  the s k i l le d  people they had employed. 

BP had seen m ic ro b io lo g ic a l  s k i l l s  as necessary to  se rv ice  SCP 

development. When SCP f a i l e d ,  they dispensed w ith  them because 

fe rm en ta t ion , accord ing to  Northgate, was seen as ou ts ide  t h e i r  main 

business.

IC I took a d i f f e r e n t  view and Thomas ( IC I )  exp la ined th a t ,

"There was an awful l o t  o f  exp e r t ise  b u i l t  up in  the development 

o f  Pruteen, in  terms o f  fe rm en ta t ion , b iochem is try ,  phys io logy 

e tc .  I  th in k  the view was taken, we’ ve b u i l t  up a l l  t h i s  

experience l e t ’ s not lose i t .  So out o f  Pruteen came 

B ioproducts . L e t ’ s use our e xpe rt ise  to  develop a new business 

a re a ."

^L iqu ich im ica  considered the heavier p a r a f f in  f r a c t io n s  to  be 
e f f e c t i v e l y  a waste product which had no market va lue. C erta in  
s t ra in s  o f  yeast would p r e f e r e n t ia l l y  consume the waste, heavy 
alkane f r a c t io n  and so SCP was a t t r a c t iv e .
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Bioproducts is  the business group which conta ins  not on ly  the j o i n t  

venture on mycoprote in, but a lso research in to  enzymes and biopolymers. 

I t  began in  1985 as a r e la t i v e l y  small department. A wholesale t ra n s fe r  

o f  Pruteen personnel in to  B io lo g ic a l  Products d id  not take place.

6.2 A Chemical Engineer C u ltu re

I C I ’ s chemical business requ ired  the employment o f  many chemical 

engineers and chemical eng ineering  was the dominant background o f  

ICI managers. Sw indall be lieved th a t  IC I had a progress ive  record 

in c re a t in g  in t e r d i s c ip l in a r y  teams to  research and develop p a r t i c u la r  

p ro je c ts .  However, the predominance o f  chemical engineers was noted by 

managers from in s id e  and ou ts ide  IC I as something which was not w ho lly  

b e n e f ic ia l  on the Pruteen p ro je c t .  Thomas re fe r re d  to  what might be 

c a l le d  a chemical eng ineering  c u l tu re ,

" . . . h e r e  the chemical engineer was k ing , because IC I always used 

to  r e c r u i t  the b r ig h t  young chemical engineers from 

Cambridge and i t  used to  be a s e l f - e v o lv in g  system .. . now, 

in  B io lo g ic a l  Products the re  are s t i l l  q u i te  a few chemical 

engineers about but t h e i r  s ta tu s  and t h e i r  in f luence  are 

waning s l i g h t l y . "

The chemical eng ineering  background o f  Pruteen managers and 

researchers a f fe c te d  t h e i r  business dec is ions  and Cowen (T&L) gave one 

example o f  an IC I f r ie n d  who,

"was always saying, you have no idea the g r i e f  I  get from 

a p a r t i c u la r  d iv is io n a l  d i r e c to r ,  because he doesn’ t  see why I ’ m
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messing about w ith  b a c te r ia  when what he knows about is  pumping 

ammonia around reac to rs  and c a ta ly s ts .  You are doing something .?•

which the body o f  the o rgan isa t ion  doesn’ t  understand. I t ’ s 

viewed w ith  s u s p ic io n ."

There were a lso more s u b t le  ways in  which the p re v a i l in g  s k i l l  

background manifested i t s e l f .  Thomas ( IC I )  compared the eng ineers ’ 

a t t i t u d e  to  the Pruteen process, w i th  a food s c i e n t i s t ’ s.

I
"An eng ineer ’ s c r i t e r i a  are throughput and y ie ld  e tc .  The fa c t  

th a t  he might have a l te re d  h is  process to  improve the y ie ld ,  

which knackers the q u a l i t y  o r  whatever, in  a sense doesn’ t  

r e a l l y  m atte r to  them. This is  being a b i t  ca l lo u s  about i t  

a l l ,  but eng ineers, i f  you knock the q u a l i t y  down by 10% and 

improve the th roughput by 10%, they say, w e l l ,  le t s  s e l l  i t  C

fo r  10% cheaper o r  something. Then you say, you ju s t  can’ t  

do th a t ,  i t s  e i th e r  good o r  i t ’ s not good. There is  no s l id in g  

sca le . People e i th e r  l i k e  the food, o r  they don’ t . "

Ak in in  (S h e l l )  be lieved the eng ineering background o f  sen io r

management a t  She ll created d i f f i c u l t i e s  f o r  b io lo g ic a l l y  based 

technology l i k e  SCP. Greenshields le v e ls  o f  management would apply 

ru le s  o f  thumb based on t h e i r  eng ineering experience to  judge 

b io techno logy.

" I f  you are a chemical engineer and you are given the bones o f  

a process, you w i l l  probably accept th a t  i f  you work hard enough 

you might be able to  improve the y ie ld  by 2 f o ld  o r  maybe 5 

fo ld ,  but th a t  is  probably the l i m i t  due to  the nature o f  the
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chem istry . But in  b io lo g ic a l  sciences th a t  is  not the case.

You know p e r fe c t ly  w e ll th a t  once you have the b io lo g ic a l  

reac t ion  going, you are c e r ta in ly  going to  increase the y ie ld  

10 fo ld ,  w i th  a b i t  o f  work 100 fo ld  and 1000 f o ld  is  down the 

t r a c k s . . . i t s  very d i f f i c u l t  i f  you are doing b io lo g ic a l  R&D 

to  convince someone who is  not a b io lo g is t  th a t  t h i s  is  a c tu a l ly  

t r u e . . .S o  they t e l l  you, come back when you’ ve improved i t ,  

but to  do i t  requ ires  q u i te  a high leve l o f  re so u rce . . . very 

d i f f i c u l t  to  put th a t  message through to  the k ind o f  c u l tu re  we 

had in  Shell a t  th a t  t im e ."

Hamer has w r i t t e n  a paper on chemical eng ineering and b iotechnology 

which discusses the problems o f  developing m ic ro b io lo g ic a l  processes,

" . . . t w o  im portan t o r ie n ta t io n s  e x is t ,  ie  the approach based on 

biochemical eng ineering  and the approach based on m ic ro b ia l ph ys io lo g y ."  

(Hamer, 1985 p346)

Hamer goes on to  say th a t  the biochemical eng ineering  approach has 

la rg e ly  f a i l e d  over the la s t  25 years, desp ite  i t  being the favoured 

approach o f  educationa l i n s t i t u t i o n s .

Thomas, I C I ’ s on ly  food s c ie n t i s t ,  gave h is  idea o f  how a food 

s c ie n t i s t  would run a novel food p ro je c t .  This was to  s t a r t  w i th  a 

product th a t  people would ea t ,  and then to  work back in to  the process 

design. The attempt to  modify the Pruteen process to  make a food human 

beings might ea t ,  was not something a food s c ie n t i s t  c u l tu re  would have 

attempted to  do. Thomas’ s personal experience o f  working in  IC I had been 

i n i t i a l l y  f r u s t r a t i n g ,
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” 1 must admit, I  found t h is  bloody annoying a t the s t a r t ,  why 

should I  have to  convince a chemical engineer th a t  what I  knew 

about food science was co rre c t? "

The process o f  e s ta b l is h in g  h is  c r e d i b i l i t y  took him almost a year.

Thomas epitomised the k ind o f  a t t i tu d e  he met dur ing t h is  year,

e s p e c ia l ly  amongst more sen io r  chemical engineers,

“ no-one’ s being aggressive o r  anything l i k e  th a t ,  but the view 

is ,  almost t h a t  the food s c ie n t i s t  is  someone who stands in  the 

corner and s t i r s  the pan w ith  a wooden spoon. An awful l o t  o f  

people thought, "a food s c ie n t i s t ,  you must be good a t cooking 

then?” "

6.3 D if fe rences  Between Research S ty les

6.31 She ll

There were o the r  managers who commented on t h e i r  company’ s, o r  t h e i r

c o l lea gues ’ tendency not to  th in k  beyond the confines o f  t h e i r

d is c ip l in e s .  B e tt  ( S h e l l ) ,

"You tend to  draw b a t t le  l in e s ,  some people are very d iv ide d  

on i t ,  e s p e c ia l ly  SCP...the chemists have an enormous p re ju d ice  

aga ins t b io te chno logy ."

C erta in  ways o f  deve lop ing SCP technology were closed to  companies 

l i k e  Shell s im ply because o f  t h e i r  s t y le  and t h e i r  s ize .  Lewis sa id ,
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" . . . a  company l i k e  S h e l l ,  they cou ldn ’ t  th in k  in  terms o f  human food, 

i t  was d i f f i c u l t  enough to  th in k  in  terms o f  chemicals. Shell are in  

chemicals, the concepts th a t  de f ine  the chemicals business, s e l l i n g  

th ing s  in  Kg, i t s  ju s t  too small f o r  t h e i r  o p e ra t io n ."

6.32 D iffe rences  in  the IC I and RHM Research S ty le s

Thomas ( IC I )  and Treeby (RHM) compared how RHM and IC I approached 

research. Thomas f e l t  th a t  much o f  the f r i c t i o n  between the two 

companies’ s ty le s  was a t the researcher le v e l ,

" the  meeting o f  c u l tu re s  has occurred a t  my le v e l . . .e ve ry th ing  

a t sen io r  le ve l has been OK, so in terms o f  companies l i k e  

mammoths c o l l i d in g ,  i t s  not on, because i t s  been the troops who 

have been f ig h t in g  i t  ou t,  the generals have been having 

c o c k ta i ls  to g e th e r . "

Thomas con tras ted  IC I and RHM research,

"most o f  the IC I people would probably say f u l l y  understanding 

th in g s  is  the way to  go before you can r e a l l y  b u i ld  the 

business, whereas some o f  the elements in  RHM say we 

understand as much as we need t o . . . i f  i t  works i t  works."

Thomas considered t h i s  to  be an understanding versus an e m p ir ica l or 

pragmatic s t y le .  He thought the cost o f  the e m p ir ica l s t y le  was th a t  

i t  would not be understood why a process d id  not work when i t  had 

problems. Poss ib le  simple changes to  the  process th a t  could c o r re c t



the problem would be missed w ith  t h is  "e m p ir ic a l"  approach. When the 

two companies came toge the r  in  the mycoprotein p ro je c t ,  they moved the 

process research to  B io lo g ic a l  Products a t B i l l ingham  and the rec ipe 

fo rm u la t ion  stayed w ith  RHM. One could say th a t  each company 

c o n t ro l le d  th a t  p a r t  o f  the mycoprotein p ro je c t  th a t  su ited  i t s  s ty le .  

Thomas commented on the p ro je c t  a t  the time i t  was in h e r i te d  from RHM,

"a l o t  o f  the th in g s  we in h e r i te d  in  the process were pure ly  

e m p ir ic a l . . .  people o f  my background s ta r te d  coming in  and 

asking, why do you do t h i s ,  and why tha t?  Nobody could 

answer, so my ro le  in  the f i r s t  year was to  challenge dogma or 

myth o r  whatever, accepted wisdom.. . f in d  what was r ig h t  and what 

wasn’ t . "

The reason Thomas gave f o r  the d i f f e r e n t  research s ty le s  was 

f in a n c ia l .  Mycoprotein research had been much sh o r te r  o f  fund ing 

compared to  Pruteen because o f  the r e la t iv e  s izes  o f  the companies. 

A shortage o f  funds meant the re  was less t im e and money to  spend on 

the “ understanding" o f  the var ious  mycoprotein processes. Thomas 

described how the present research on mycoprotein was s t i l l  sub jec t  to  

in te r ru p t io n s  o f  the idea l k ind o f  work on background, science based 

understanding o f  the mycoprotein product. When problems in 

p roduction  occurred a t the Marlow foods fa c to ry  Thomas and o the r  

researchers would abandon t h e i r  long term work to  " f i r e f i g h t . " Thomas 

con tras ted  t h is  w i th  U n ile ve r ,  where the le ve l o f  understanding o f  

fa c to ry  processes was high w i th in  the fa c to r ie s  themselves and problems 

could be d e a lt  w i th  w ith o u t  recourse to  U n ileve r  research f a c i l i t i e s .
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In comparing RHM to  ICI Treeby (RHM) agreed w ith  Thomas th a t  IC I were 

probably more used to  app ly ing  r igo rous  fundamental science to  t h e i r  

problems. But in  comparing RHM to  the re s t  o f  the food in d u s t ry ,

RHM stood out as unusual because they app lied  a r igo rous  science

approach to  some o f  the re la t io n s h ip s  th a t  underpinned food, u n l ik e  

the re s t  o f  the food in d u s try  which was a low technology in d u s try .

6.4 D if fe rences  in  Firm C u ltu re  A f fe c t  the Pro.iects

Treeby and Thomas were both aware o f  a d i f fe re n c e  in  a t t i t u d e

to  the mycoprotein p ro je c t  which re f le c te d  more general d i f fe re n c e s

between IC I and RHM. The p r in c ip a l  d i f fe re n c e  stemmed from RHM being

a food company and Treeby thought,

" I C I ’ s posture is  somewhat more aggressive than ours. They are 

more aggressive w o r ld w id e . . . they  are prepared to  t e s t  by pushing 

what the boundaries are. RHM has more o f  a p a r tne rsh ip  s ty le  

as they are ve ry ,  ve ry ,  very s e n s i t iv e  about anyth ing th a t  might 

damage t h e i r  re p u ta t io n  f o r  food ."

Thomas made s im i la r  comments about the two companies. IC I had a l o t  

less to  lose on any one p ro je c t  than RHM because RHM depended on i t s  

good company image to  continue to  s e l l  i t s  products. The p u b l ic  was 

more l i k e l y  to  l i n k  one product d is a s te r  to  the re s t  o f  the company’ s 

food products than was the case w ith  IC I .  IC I stood on ly  to  lose money

on mycoprotein and th a t  was a small amount in  comparison to  the f i r m ’ s

t o t a l  business.

6.5 Big is  B e a u t i fu l



Cowen (T&L), Treeby, Thomas and Marks a l l  re fe r re d  to  the s ize  o f 

IC I to  exp la in  i t s  behaviour or p o te n t ia l  behaviour w ith  respect to  

SCP. Large s ize  meant a g rea te r  f in a n c ia l  resource and th a t  expla ined 

the r ig o u r  o f  XCI’ s research. Cowen described the Pruteen p ro je c t  as 

not very successfu l la rg e ly  because o f  I C I ’ s p re d i le c t io n  f o r  "b ig "  

p ro je c ts .

" . . . t h e y  cou ldn ’ t  look a t the s o r t  o f  small market we could look 

a t .  Almost as i f  the s ize  i t s e l f  imposed the requirement th a t ,  

h e l l ,  we’ re not in te re s te d  in  anyth ing th a t  is  less than 100 000 

tonnes per annum, because th a t  is  what we know. There is  a 

house s t y le ,  and in  IC I i t  is  pa r t  imposed by s i z e . . . t h e  kind o f  

research we d id  in  T&L would never have s ta r te d  in  IC I . "

Thomas made the same p o in t  as Cowen about IC I ,  but Marks f e l t

t h is  "b ig "  c u l tu re  was more, " i f  i t  is  b ig  i t  is  b e t te r "  than an 

a d d ic t io n  to  bigness. He thought th a t  t h is  fe a tu re  o f  IC I had waned in  

recent years but th a t  i t  had been the c o r re c t  approach to  SCP, since 

SCP p la n t  had to  be b ig  to  reap the economies o f  sca le  necessary fo r  i t s  

v i a b i1i t y .

Treeby c i te d  a case when Du Pont’ s p re d i le c t io n  f o r  b ig  p ro je c ts  almost 

changed the d i r e c t io n  o f  the mycoprotein p ro je c t .

"You have to  say the v is io n  was lo s t  a l i t t l e  b i t  around about 

the time o f  the Du Pont re la t io n s h ip ,  a combination o f  

growing o i l  p r ic e s  and seeing the com plex ity  o f  the task  

ahead, people s ta r te d  to  tu rn  to  some kind o f  d r ied  form o f  the
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product, a burger extender, p a r t i c u la r l y  in  the 3rd world . Du 

Pont were very keen on t h i s  because t h e i r  idea o f  a world scale 

business was, how can we make i t  as cheaply as poss ib le ,  how can 

we s e l l  i t  as w ide ly  as possib le? What is  the eas ies t form to  

go and s e l l  the product in?"

Du Pont and RHM were s u f f i c i e n t l y  convinced th a t  t h is  was a b e t te r  

approach th a t  they began a j o i n t  p ro je c t  w i th  the I ran ian  government to  

b u i ld  a p la n t  to  p rov ide a b is c u i t  p ro te in  supplement f o r  school 

c h i Id r e n .5

6.6 C u ltu ra l C h a ra c te r is t ic s  o f  the O il In d u s try

6.61 BP Withdraws From Fermentation Technology

Northgate (BP) exp la ined BP’ s withdrawal from SCP as something one might 

expect given th a t  BP was an o i l  company. They were q u i te  happy to  

abandon the fe rm en ta t ion  technology they had b u i l t  up because t h i s  was 

on ly  a means to  a commercial end f o r  them. He thought th a t  IC I f o r  

example would tend to  t h in k  o f  the technology as an asset in  i t s e l f .

" . . . t h e y  were q u i te  happy to  leave i t  as a one o f f  development 

to  see how i t  went. I t  was c le a r ly  s ta ted  th a t  they were not in  

the business o f  deve lop ing a new fe rm en ta t ion  in d u s t ry . "

6.62 L iqu ich im ica  Scales up too  Q u ick ly

5The Ira n ia n  re v o lu t io n  in tervened and ended the p ro je c t .
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Zamgrandi (L iq u ic h im ic a )  be lieved L iqu ich im ica  made a mistake in sca l in g  

up t h e i r  process from the p i l o t  p la n t  stage to  a f u l l  sca le p la n t  

w ith ou t an in te rm ed ia te  stage. This mistake was due to  what he 

re fe r re d  to  as L iq u ic h im ic a ’ s "petrochemical c u l tu r e " .  L iqu ich im ica  

wanted to  b u i ld  a la rge  p la n t  as soon as poss ib le  and was used to

being able to  make these kind o f  jumps in  p la n t  scale in  the o i l

in d u s try .  The medium sized p la n t  would have allowed them to  understand 

the fe rm en ta t ion  process b e t te r  before sca l in g  up f u l l y .

6.63 BP Brings O il In d u s try  C u ltu re  to  I t a l y

Northgate re fe r re d  to  BP coming to  I t a l y  w i th  "an o i l  r e f in in g  

c u l tu re "  and an tagon is ing  the I t a l i a n  a u th o r i t ie s .  BP were,

" . . .u s e d  to  dom inating, " i f  you don’ t  l i k e  us you won’ t  get your 

o i l  from us", type o f  b ig  b ro the r  a t t i t u d e . "

Le ivers described BP’ s behaviour in  a s im i la r  manner to  Northgate, but

saw i t  as due to  a d i f fe re n c e  o f  na t iona l cha rac te r .  Le ive rs  was

French, but the on ly  I t a l i a n  speaker in  BP’ s London headquarters 

invo lved  in the Health A u th o r i ty  n e g o t ia t io n s .  Ta lk ing  o f  these 

ne g o t ia t io n s  Le ivers  sa id ,

" . . . t h e  way the English  behaved w ith  the I t a l i a n  a d m in is t ra t io n  

was a d is a s te r ,  a complete d is a s te r .  They considered the 

I t a l ia n s  as under developed. They d id n ’ t  consider small 

th in g s  l i k e  t r a n s la t in g  documents in to  I t a l i a n ,  because I t a l i a n  

was not an im portan t language.. . i t  (SCP), worked in  France,
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because the English  were the re  as t o u r i s t s ,  th a t  was p e r fe c t ,  

but in I t a l y  the English  wanted to  behave l i k e  E n g lish ."

In her 3 years working f o r  BP P ro te ins  in  London Le ivers  t ra n s la te d  in 

face to  face meetings between BP managers and I t a l ia n s .  Le ive rs  was 

scath ing  o f  the lack o f  knowledge o f  I t a l i a n  among BP managers and 

the disadvantage to  which t h is  put them in meetings. The I t a l ia n s  

discussed the English  in  f r o n t  o f  t h e i r  faces and,

" I  was embarrassed, sometimes, to  t ra n s la te  what they r e a l l y  

s a id . "

When the C ons ig l io  Superiore d i San ita6 in  Rome wanted new equipment 

from BP in  exchange f o r  the s a fe ty  clearance o f  Toprina , BP refused and 

the request was seen as demand f o r  a b r ib e .  Le ive rs ,  however, f e l t  th a t  

i t  was reasonable to  help these research centres  improve the q u a l i t y  

o f  t h e i r  equipment in  t h i s  way. Ins tead, BP offended the research 

centres by c r i t i c i s i n g  the q u a l i t y  o f  t h e i r  analyses. Le ivers  made the 

p o in t  th a t  BP never understood how the I t a l i a n  c i v i l  se rv ice  

func t ione d . According to  Le ivers  the head o f  the v e te r in a ry  se rv ice  

was a very powerful man w ith  the a b i l i t y  to  h a l t  the Sard in ian  p la n t ,  

a power which he exerc ised . However, BP persevered in  ig no r ing  him and 

in  b e l ie v in g  th a t  i t  was the c i v i l  servants in  the I t a l i a n  M in is t r ie s  

th a t  had the power. Le ive rs  sa id ,

"The dec is ions  were taken mostly  in  London and M ilan. The 

head o f  the v e te r in a ry  se rv ice  was in  Rome. Once he asked

fiThe CSS was an adv isory  committee to  the I t a l i a n  M in is t r y  o f  
Health
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someone to  come and t a l k ,  and they sa id , very s o r ry ,  we have no 

t im e . "

She described how BP even t r i e d  to  use the UK ambassador to  pressure 

the I t a l i a n  hea lth  m in is t r ie s  in to  approving Toprina. Le ivers thought 

t h is  f u r th e r  antagonised the I t a l ia n s  and the attempt was,

"R ea lly  s tu p id .  I t  was a d is a s te r . "

BP ignored the advice o f  t h e i r  I t a l i a n  pa r tne rs , ANIC. According to  

Le ive rs ,  ANIC s t a f f  were not invo lved in  BP dec is ion  making.

"The I t a l ia n s  were aware o f  the problems and to ld  the B r i t i s h  

what to  do, but BP d id n ’ t  ca re ."

Le ivers was the on ly  BP manager to  t a l k  to  the Communist mayor at 

Sarroch. Northgate saw the mayor as someone out to  make p o l i t i c a l  

c a p i ta l  from p u b l ic  fe e l in g  aga ins t the p la n t .  Le ivers  thought h is  

views were le g i t im a te ,  o r  th a t  a t le a s t  they should have been taken in to  

account by BP.

"When you decide to  b u i ld  a p la n t  in  a coun try  you have to  

consider the view o f  the coun try , you can’ t  change those views, 

you have to  adapt. Or go somewhere e ls e . "

N e ithe r BP nor L iqu ich im ica  made press releases about SCP. 

Le ivers was contacted by I t a l i a n  jo u r n a l i s t s  wanting to  know the 

BP view on T o p r in a ’ s s a fe ty ,  but i t  was BP p o l ic y  not to  a l low  such 

con tac t.
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Le ivers summed up the I t a l i a n  fe e l in g  towards BP,

"The main th in g  was to  be able to  say to  a m u lt in a t io n a l  

company, don’ t  t r e a t  us l i k e  a colony. The money invo lved was 

im portan t, but not so im portant as showing, we have the r ig h t  

to  say what can be done in  our own c o u n try ."

Zamgrandi (L iq u ic h im ic a )  d i f f e r e d  from Le ivers  in  th a t  he d id  not th in k  

i t  was a question o f  o i l  r e f in in g  c u l tu re ,  o r  even na t io na l 

c h a ra c te r is t ic s ,  but o f  in d iv id u a ls  and p a r t ic u la r  mistakes on the s ide 

o f  BP.

" I t  is  a question o f  some people, some are more f a i r ,  some are 

more aggressive. * * * *  was q u i te  a n ice  man, a s c ie n t i s t ,  not 

used to  dea ling  w i th  the I t a l i a n  a u th o r i t ie s .  He was invo lved 

in some meetings and he had some very bad aggressive 

reac t ions . I t  was a BP mistake to  send * * * *  the re .  Never 

b r in g  a pure te c h n ic ia n  to  the ISS where he w i l l  have to  deal 

w i th  pol i t i c s . . .no t  a question o f  English and I t a l i a n  c u l tu r e s . "

6.7 Conclusions

The word c u l tu re  was used by managers to  r e fe r  to  the perceived 

values and ru les  o f  f i rm s  o r  groups which expla ined these groups’ 

pa t te rn s  o f  behaviour. Defined in  t h i s  way one th in k s  o f  a poss ib le  

complete set o f  " ru le s  and values" which could be l i s t e d  and 

understood by a term such as "chemical eng ineering c u l tu r e " .  In  

p ra c t ic e ,  managers on ly  gave one o r two such c u l tu r a l  values a t  one
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t im e, and always in  r e la t io n  to  a s p e c i f ic  event or c o l le c t io n  o f  events 

th a t  occurred in  the SCP p ro je c ts .  "C u ltu re 11, as used by SCP managers, 

was dependent f o r  i t s  meaning, more than most concepts, on the context 

in  which i t  was used.

C u ltu re  appears to  be a concept used to  exp la in  events and behaviour 

e s p e c ia l ly  confused or complex. I t  is  an op t io na l causal exp lana tion . 

When the re  is  a se r ies  o f  events, l i k e  BP’ s experiences in I t a l y ,  

managers seek p a t te rn s .  They may in fe r  the s e c re t iv e  but a c t ive  

in te rv e n t io n  o f  a soya lobby, or a t y p ic a l  pa t te rn  o f  o i l  company

behaviour in  BP, or the c h a r a c te r is t ic  English behaviour o f  the company

as causal exp lana tions .

The ta b le  below is  an attempt to  draw a l l  the values belonging to  a

p a r t ic u la r  c u l tu re  in to  one place.

C u ltu re

Chem Engineering

Values

Big p ro je c ts  i f  
poss ib le

Relevant to  SCP?

Not as necessary as 
assumed, depends on 

choice o f  market

Y ie ld ,  throughput 
are most im portant 
design parameters

Rigour, understanding 
as research s ty le

Q u a l i ty  o f  product 
comes f i r s t ,  then design 
p la n t  to  max. y ie ld  e tc

yes, f o r  maintenance 
food q u a l i t y  dur ing  
production

O il
In d u s try Big i f  Possib le 

Some in s e n s i t i v i t y ,  
high-handedness w ith  
I t a l i a n  in s t i t u t io n s

Depends on market choice 
I t a l i a n  in s t i t u t i o n s  
need a s e n s i t iv e  
approach

English C u ltu re

Assume I t a l ia n s  and I t a l ia n s  and t h e i r
t h e i r  in s t i t u t i o n s  i n s t i t u t i o n s  need an
are s im i la r  to  English I t a l i a n  approach
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Perhaps another c h a r a c te r is t ic  o f  the use o f  " c u l tu re "  is  the 

percep tion  th a t  people do not necessar i ly  have "reasons" f o r  the 

values they hold and apply to  p ro je c ts ,  These values are shown through 

c h a r a c te r is t ic  pa tte rns  o f  behaviour, a way o f  doing research, an 

approach to  p ro je c t  development, a n e g o t ia t in g  s t ra te g y  in  a fo re ig n  

coun try .

The term c u l tu re  is  usefu l because i t  i d e n t i f i e s  the common ru les  and 

values a group uses to  guide i t s  behaviour. The d e s c r ip t io n s  given 

suggest th a t  these values are defined on ly  by reference to  o the r  groups 

and o the r  sets  o f  va lues. So the c h a ra c te r is a t io n  o f  chemical engineers 

is  on ly  poss ib le  by reference to  those, f o r  example, o f  the food 

s c ie n t i s t  o r  m ic ro b io lo g is t .  These are not s ta b le  and unchanging 

c h a ra c te r is t ic s  and are on ly  id e n t i f ie d  w ith  respect to  another set 

o f  values and aims.

I t  was a fe a tu re  o f  the comments in  t h is  chapter t h a t  they re fe r re d  to  

c u l tu re  o r  s ty le  when the "approach" f a i le d  to  f i t  w i th  another approach 

or a new set o f  a c t i v i t i e s .  I t  is  when a f i rm  w ith  a se t c u l tu re  has 

to  approach a novel market o r  technology, o r  when two d i s t i n c t  f i rm  

approaches have to  blend because o f  the requirements o f ,  say, a new 

technology l i k e  SCP, th a t  the c u l tu re s  themselves become d is t in g u is h e d .  

A number o f  areas o f  in te ra c t io n  in v o lv in g  the f i rm s  can be id e n t i f ie d  

from managers’ comments, each o f  which g ives r is e  to  comments on 

c u l tu re ,  as fo l lo w s .
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C u ltu re  Type

S k i l l  background

Research s ty le s  

Management s ty le s

Nationa l c u l tu re

O r ig in s  o f  type in  
c o n tra s ts  between the 
fo l lo w in g  groups/approaches

Chemical engineers 
Food s c ie n t i s t s  
M ic ro b io lo g is ts

Understanding 
Empi r i c a l

Food in d u s try  
Chemical in d u s try  
O il  in d u s try

B r i t i s h  f i rm
I t a l i a n  re g u la to ry  a u th o r i t ie s

The managers’ comments suggest th a t  i t  is  when managers move from f i rm  

to  f i rm  o r  when f i rm s  combine a c t i v i t i e s  th a t  the idea o f  c u l tu re  is  

most o f te n  used to  exp la in  d i f fe re n c e s  between the companies.
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CHAPTER 7 MANAGERS’ PERCEPTIONS OF THE ROLE OF SENIOR MANAGEMENT AND

STRUCTURE OF THE FIRM 

In t ro d u c t io n

Chapter 6 described how a f i rm  c u l tu re  was perceived as an 

in f luence  on p ro je c t  choices. The idea o f  c u l tu re  was used 

because these f i rm  c h a ra c te r is t ic s  were not p r im a r i ly  l inked  to  

formal s t ru c tu re s  w i th in  the f i rm  and c u l tu re  was used to  ch a ra c te r ise  

the f i r m  as a whole by people in s ide  and ou ts ide  the f i rm .  This 

chapter looks a t the more formal o rgan isa t ion  o f  the f i rm  and how the 

p ro je c ts  were perceived to  be in f luenced  by the sen io r  management and 

the board. C ruc ia l to  t h i s  chapter are the re la t io n s h ip  o f  the R&D 

department to  h igher management, formal procedures f o r  p ro je c t  s e le c t io n  

and app ra isa l and b e l ie fs  about the commercial awareness o f  R&D.

Most o f  the comments made in  t h i s  area recounted a sequence o f  events 

o f  h igher management involvement in  the p ro je c t  and so would lose t h e i r  

value i f  ana lys is  broke them up. So t h i s  chapter is  n a tu r a l ly  

organised around the f i rm s  and the n a r ra t iv e  o f  what happened in  each 

one.

In general sen io r  management was im portant when a p ro je c t  began to  

demand f inance  th a t  was an im portant f r a c t io n  o f  a company’ s t o t a l  

resource. The dec is ions  to  b u i ld  the f u l l  sca le  p lan ts  o f  BP, 

L iqu ich im ica  and IC I requ ired  the involvement o f  the most sen io r  

le v e ls  o f  the companies. However most o f  t h i s  chapter con ta ins  

m a te r ia l concerned w i th  IC I and T&L, s ince a few managers in  these
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companies were p a r t i c u la r l y  forthcom ing about events a t board le v e l ,  

w h ile  t h i s  was not the case w i th  BP in te rv iew ees.

7.1 T&L -  A S tra tegy  o f  D iv e r s i f ic a t io n  through the R&D Department

The SCP p ro je c ts  in ve s t ig a te d  by T&L were a consequence o f  a 

re s t ru c tu r in g  o f  the company and a l inked  dec is ion  to  increase the 

resources a v a i la b le  to  the R&D department. The se r ie s  o f  events th a t  

led to  the expansion o f  the R&D a c t i v i t y  were unre la ted  to  any 

s p e c i f i c  p ro je c t  such as SCP. However the new, d iv is io n a l is e d  

s t ru c tu re  o f  the company helped F in la y 1, head o f  R&D, to  persuade the 

T&L board to  accept h is  idea to  use the R&D department to  spearhead 

T&L’ s d i v e r s i f i c a t io n  away from sugar. Before these changes F in la y  

described research in  T&L as r e s t r ic te d  to  improving the sugar r e f in in g  

process.

In  the mid 1960s the T&L board seized an o p p o r tu n ity  to  buy a molasses 

t ra d in g  company on very good terms. The company had s im i la r  tu rn ove r  

to  T&L and Cowen thought th a t  i t  became obvious to  the board th a t  

a s s im i la t in g  t h i s  company in to  the e x is t in g  s t ru c tu re  o f  T&L was 

p rob lem atic . The board asked the c o n su lt in g  f i r m  McKinsey to  review 

t h e i r  s t ru c tu re .  McKinsey du ly  suggested th a t  the T&L adopt a 

d iv is io n a l is e d  s t ru c tu re ,  which led to  a major s h i f t  o f  

r e s p o n s ib i l i t y  from the board to  what was c a l le d  EXCO, the Executive 

Management Committee. This was made up o f  the heads o f  the  new 

d iv is io n s  and inc luded the head o f  research. The committee met as

' in  t h i s  d e s c r ip t io n  o f  events in  T&L F in la y  is  c le a r ly  a key 
cha rac te r  and h is  ro le  as a product champion is  taken up again in  
chapter 9.
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o fte n  as i t  f e l t  was necessary to  operate the day to  day business o f  

the company. This was something th a t  the board had supposedly been in 

charge o f  under the previous s t ru c tu re ,  but according to  Cowen,

"There was no-one on the main boa rd .. .and  u n t i l  EXCO was 

created and Chuck (F in la y )  was put the re ,  no-one a t any sen io r  

le ve l who r e a l l y  understood what research was do in g . . .a n d  the 

main board met something l i k e  once a month, except in  

August, so b a s ic a l ly  they cou ldn ’ t  run a paper bag fa c to ry .  EXCO 

met, i f  necessary, on a d a i ly  bas is , they met on a 

fu n c t io n a l  requirement b a s is . "

The change to  a d iv is io n a l is e d  s t ru c tu re  was complete by 1970 -  1971 

and f o r  Cowen the e f f e c t  on research o f  the c re a t io n  o f  EXCO and the 

membership o f  the head o f  Research was th a t ,

" i t  meant more money...we had a p ip e l in e  to  the top ,  we 

d id n ’ t  have to  convince anybody except F in la y .  When I  wanted 

to  b u i ld  the [SCP] p i l o t  p la n t  I  was ta lk in g  about a l o t  o f  

money, because we had never done t h i s  be fo re . I f  I  could 

persuade F in la y ,  he would make the case to  EXCO."

Cowen was sure th a t  w i th o u t  t h i s  reo rgan isa t ion  a p i l o t  p la n t  f o r  SCP 

would never have been b u i l t  because the board would have been 

respons ib le  f o r  ta k in g  the dec is ion  to  proceed. Cowen f e l t  th a t  a t  

no time was the board capable o f  approving such investments o r  o f  

judg ing  research a c t i v i t y .
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"Because the board had not got a c lue what was r e a l l y  going on.

One o f  your questions was d ire c te d  towards th a t . . . " h o w  f a r  

d id  sen io r  management’ s ignorance o f  techno log ica l m atters 

a f fe c t  i t s  dec is ion  making?" T o ta l ly .  T o ta l ly .  The successful 

research o r ie n ta te d  companies u su a l ly  have an ex-research 

man on the board ."

The T&L board d id  not have t h i s  kind o f  R&D e x p e rt ise  a v a i la b le  to  

them. D ire c to rs  had r e s p o n s ib i l i t y  f o r  p a r t i c u la r  d iv is io n s  o f  the 

company and tended to  represent " t h e i r "  d i v i s i o n ’ s views to  the board. 

Cowen described board p ra c t ic e s  which fu r th e r  reduced i t s  a b i l i t y  to  

in te rvene  knowledgeably in  research matters.

"Because i t  was a fa m i ly  company the main board was 

e s s e n t ia l l y  Tates and Lyles and what we used to  c a l l  the 

"hangers on", who had m arried in to  the f a m i l y . . . I n  those days 

the re  was not a thought th a t  t h i s  d i r e c to r  ought to  be 

respons ib le  f o r  R&D because, damn i t  a l l ,  he knows more about i t .

I t  was not a fu n c t io n a l  appointment, i t  was more o r le ss , you’ ve

had i t  f o r  3 years Col, now i t s  my tu rn ,  s o r t  o f  th in g .

Because R&D is  a to y  th a t  lo ts  o f  d i re c to r s  o f  la rge  companies 

l i k e  to  p lay  w i th ,  p a r t i c u la r l y  when i t s  suc c e s s fu l ."

W ith in  a year o f  the  c re a t io n  o f  EXCO in  the e a r ly  1970s, the board

decided to  use R&D to  spearhead d i v e r s i f i c a t io n  away from sugar. At

t h i s  t ime the d i r e c to r  f o r  R&D was Tony H u g i l l  and Cowen described the 

dec is io n  as,
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"a consensus, I  don’ t  know who championed i t .  I  th in k  F in la y  

h im se lf  put the idea in to  Tony H u g i l l ’ s head, again through 

h is  technique o f  t a lk in g  in to  the wee small hours. Tony 

H u g i l l  had ta lk e d  to  o th e r  members o f  the board and they had 

thought, g e n e ra l ly  speaking, t h i s  is  a good idea. I  suspect 

the dec is ion  came from below ra th e r  than from above."

F in la y  was now able to  reorganise the R&D fu n c t io n  away from the

sugar re f in e ry  s e rv ic in g  fu n c t io n  i t  had once had. Together w ith

Fraser Cowen as head o f  fe rm en ta t ion  and the o the r sub-heads o f

research he worked out the new d i re c t io n s  f o r  research, based on the

raw m a te r ia ls  o f  the  business; sugar, molasses, bagasse. Cowen 

described the re s u l ts .

"What you f i n i s h  up w i th  i f  you th in k  i t  through, is  a m a tr ix ,  

we used to  do t h i s . . . i n  management meetings. They p lo t  what 

you are good a t ,  your fu n c t io n s ,  by your research needs. So 

you say, what happens i f  we apply our s k i l l s  in  fe rm en ta t ion  and 

b iochem is try  to  the need, some o the r  use f o r  s u g a r? . . .o u t  o f  

t h a t  comes an SCP programme. But you a lso  have to  look a t 

bagasse and molasses. And again, as regards t h i s  s k i l l ,  you 

end up w ith  SCP, to  produce a lcoho l and l i q u id  waste 

d is p o s a l. . .You have a research scheme, not o r ig i n a l ,  but very 

e f f e c t i v e l y  used by F in la y .  He sa id , I  want fo u r  bas ic  

departments f o r  the bas ic  s k i l l s ,  these are b iochem is try ,  o rgan ic  

chem is try , fe rm e n ta t io n ,  and phys ica l and ino rgan ic  chem is try ."

The dec is ion  to  r e ly  on R&D f o r  the d i v e r s i f i c a t io n  away from 

the t r a d i t io n a l  sugar-as-sweetener business o n ly  occurred because
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F in la y  was such a s trong champion fo r  the idea. Cowen described how 

F in lay  persuaded H u g i l l  who convinced the board th a t  t h is  was the 

r ig h t  course to  take. However there  was a background o f  worry over 

the fu tu re  o f  the business i f  i t  continued to  depend on d i r e c t  

sugar sa les. The board were bound to  be unusua lly  open to  

suggestions th a t  would appear to  solve t h e i r  problem. However, the 

d e ta i l  o f  what the R&D department’ s expanded a c t i v i t i e s  would be was 

l e f t  e n t i r e l y  to  F in la y  and those he chose to  inc lude in  the process o f 

c re a t in g  a research s t ra te g y .

7.12 T&L’ s Decis ion to  B u i ld  and S i te  an SCP P i lo t  P lan t

Cowen was re c ru i te d  by F in la y  to  run the new fe rm en ta t ion  a c t i v i t y  

o f  the R&D department. As described in  chapter 9 F in lay  was a lready 

supporting  an SCP p ro je c t  in  Greece and Cowen was given to  understand 

t h a t  t h i s  p ro je c t  had to  con tinue . However, Cowen was able to  change 

the p ro je c t  to  s u i t  h is  own in te re s ts .  He had the management problem 

th a t  h is  s c i e n t i f i c  s t a f f  in  England resented the enhanced s ta tu s  

o f  the two te ch n ic ia n s  who were working on the  p ro je c t  in  Greece. 

Although they were o n ly  q u a l i f i e d  as techn ic ian s  they were e f f e c t i v e ly  

running the Greek p ro je c t ,  something th a t  would not be allowed in  

England. Cowen solved t h i s  problem by expanding the SCP p ro je c t  so th a t  

the Greek a c t i v i t y  became on ly  a p a r t  o f  the whole, the p ro je c t  

became one to  t e s t  a v a r ie t y  o f  d i f f e r e n t  subs tra tes  fo r  

fe rm en ta t ion  s u i t a b i l i t y .  The Greek p ro je c t  became a s u b -p ro je c t  

which was te s t in g  the s u i t a b i l i t y  o f  carob husks as a subs tra te .  In  

t h i s  way the s o lu t io n  o f  a management problem helped create  the SCP 

a c t i v i t y ,  a lthough Cowen was in te re s te d  in  SCP in  i t s  own r ig h t .
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In  the mid 1970s the re  appeared to  be a chance th a t  the Cyprus f

government was in te re s te d  in  acqu ir ing  the carob fe rm enta t ion

technology. Cowen persuaded F in lay  th a t  a p i l o t  p la n t  was necessary to  

continue research,

" S c ie n t i f i c a l l y ,  we needed a p i l o t  p la n t  somewhere under 

3rd world c o n d i t io n s . . . so o f te n  when you are running the 

p ro je c t  i t  is  a personal th in g .  I though t, I had done a s p e l l  

in  Tha iland, seconded to  the UN development programme fo r  

a w h ile .  I  sa id ,  I  l i k e  Tha iland, we should consider

p u t t in g  a p i l o t  p la n t  th e re .  But a t  board le ve l i t  was made 

known to  us th a t  i f  we were going to  do t h i s  i t  would have to  be 

in  B e l iz e . "

Cowen ta lk e d  o f  how the economy o f  B e lize  is  dominated by the B e lize  

Sugar Corpora tion , i t s e l f  e f f e c t i v e ly  c o n t ro l le d  and managed by

T&L. Such companies,

" . . .w e re  viewed w ith  deep susp ic ion  by l i b e r a t in g  governments 

who knew they had to  have them, because i f  no sugar was 

exported they would have no income. So companies l i k e  T&L 

come up w i th  what I  c a l l  the p o l i t i c a l  p ro je c t .  The 

B e lize  p la n t  was one o f  them."

Cowen thought B e lize  was a p a r t i c u la r l y  poor choice fo r  a p la n t .

" I  sa id ,  f o r  God’ s sake, why Belize? I  put up a l l  the standard 

arguments. To s t a r t  w i th ,  the re  is  no a g r ic u l t u r a l  waste. Don’ t  

worry about t h a t ,  the  p la n t  has to  be in  B e lize ,  the Government
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has requested i t ,  and we have decided th a t  th a t  is  where i t

is  going to  be. So the usual fa n fa re  o f  trumpets and the

PM o f  B e lize  came and we a l l  stood around look ing  s u i ta b ly  

e n th u s ia s t ic .  I  was l e f t  w i th  the problem, what do we do? 

Because r e a l l y  the re  is  noth ing the re .  Which is  why we worked 

on c i t r u s  waste, because the re  is  a c i t r u s  canning in d u s try  

and i t  uses sugar, and the re  is  c i t r u s  waste, which is  fed to

animals d i r e c t l y . . . and they seem to  l i k e  i t  the la s t  th in g

one would choose, c i t r u s  waste, very spec ia l c h a ra c te r is t ic s .  

H igh ly  ac id .  A so and so o f  a time g e t t in g  the th in g  to  work."

The p la n t  had never been an economic p ro p o s it io n  and so,

"A f te r  2 or 3 years, when the company judged th a t  the time was

r ip e ,  they q u ie t ly  shut the th in g  down and s to le  away.. . t h a t ’ s 

a f a i r l y  normal s to ry  f o r  a company l i k e  T&L."

The p la n t  d id  work desp ite  the te ch n ica l problems, but the  Cyprus 

government never purchased the technology.

7.13 T&L Board’ s Contro l o f  Research

The research department embarked on an e x c e p t io n a l ly  f re e  ranging 

programme o f  research by the standards o f  o the r  in d u s t r ia l  R&D 

departments. Provided th a t  the fe rm enta t ion  department could th in k  

o f  a te c h n ic a l ly  fe a s ib le  p ro je c t  connected to  sugar, molasses o r  

bagasse, i t  had a good chance o f  being in v e s t ig a te d .  The m a tr ix  by 

which the va r ious  p ro je c ts  were grouped was a guide f o r  the 

a p p l ic a t io n  o f  te c h n ic a l s k i l l s  to  the raw m a te r ia ls  o f  the  company.
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There was no formal marketing inpu t ie  no marketing department 

involvement, no independent judgement o f  p ro je c ts  market p o te n t ia l .  

I t  was l e f t  to  F in la y  and the s c ie n t is t s  who had created t h e i r  

p ro je c ts  to  judge t h e i r  commercial p o te n t ia l .

F in la y  described how the board would enquire in to  h is  reasoning on SCP 

and how he would re p ly .

"Our d e c is io n s . . . I  t h in k  t h i s  is  im p o r ta n t . . . t h a t  the dec is ion  

to  go in to  SCP never came from the board, i t  came from the 

bottom upwards. We in d ica ted  to  the b o a rd . . . th e y ’ d say, why 

are you doing t h i s ,  and we’ d say w e l l ,  because we th in k  i t  was 

successful in  t h i s  and may lead to  th a t  and t h a t . . . t h a t  o f te n  

happens, dec is ions  don’ t  come down from the board to  

research, in  those years i t  came up the o the r  way."

The board d id  not seem to  apply i t s  own c r i t e r i a  to  p a r t i c u la r  p ro je c ts  

l i k e  SCP. They were dependent on F in la y  and H u g i l l  f o r  p ro je c t  

in fo rm a tion  and showed no s ign o f  d isagree ing  w ith  F in la y  o r  H u g i l l ’ s 

judgements.

In  76-77 a new d iv is io n  was se t up to  manage the development o f  the 

p ro je c ts  which had commercial p o te n t ia l .  This was c a l le d  New Ventures 

and Cowen was promoted to  manage the d iv is io n .  Someone had to  take 

over the fe rm en ta t ion  sub-department and Cowen chose G a ro ffa lo ,  who 

had jo ine d  T&L from Glaxo. Cowen described G a ro f fa lo ,  perhaps not 

s u r p r is in g ly  as having a pharmaceutical background and h is  

research in te re s ts  lay  in  th a t  area. This d id  not inc lude SCP and once



in  charge o f  fe rm en ta t ion  G a ro ffa lo  began the process o f  c lo s in g  the 

SCP p ro je c ts .  In  G a ro f fa lo ’ s op in ion ,

" . . . i t  (SCP) was not something I could put forward to  the 

board f o r  assessment., . ju s t  d id n ’ t  make sense. For T&L, 

proceeding w i th  the p ro je c t  was an R&D dec is ion  and the 

c losu re  o f  the p ro je c t  was an R&D d e c is io n . . .perhaps one 

might question why the re  wasn’ t  c lo se r  ques tion ing  from the 

board given the amount o f  money th a t  was spent on i t . . . b u t  

i t ’ s probably a good th in g  in  the R&D world th a t  you can hide 

and get th in g s  d o n e . . . i f  you be l ie ve  in  something you can 

proceed w ith  i t  w i th o u t  i t  appearing to  be a major i te m ."

His view o f  SCP was th a t ,

" i t  was a t y p ic a l  example o f  the dangers o f  research push, i t  was 

very easy, e a r ly  b io techno logy . Good p u b l ic  image, popular, 

the board o f  d i r e c to r s  would understand th a t  s o r t  o f  th in g  in  

very simple terms; m u c k - in to -p ro te in ,  fe e d - th e -s ta rv in g -  

m i l l i o n s . "

The board was r e a l l y  i r r e le v a n t  to  dec is ions  made about the SCP 

p ro je c ts .  The p ro je c ts  were crea ted , maintained and e v e n tu a l ly  shed by 

in d iv id u a ls  in  the R&D department who d i f f e r e d  in  t h e i r  views o f  the 

value o f  these SCP p ro je c ts .  There was th e re fo re  no remaining SCP 

p ro je c t  by the time T&L went through i t s  1979-1980 f in a n c ia l  c r i s i s ,  

p re c ip i ta te d  by a drop in  the world sugar p r ic e .  T&L came 

s u f f i c i e n t l y  c lose to  bankruptcy th a t  the non-executive d i re c to r s  

c a l le d  the banks in  to  examine the company’ s a c t i v i t i e s .  D ra s t ic  ac t ion
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was necessary ju s t  to  save the company. New Ventures was closed and the 

research department a c t i v i t y  c u r ta i le d ;  employees were reduced from over 

180 to  100, (Cowen). Research had returned to  a se rv ice  fu n c t io n ,  w i th  

the exception o f  the experimental s y n th e t ic  sweetener named T a l in ,  

which is  on ly  now c lose to  commercial development, (1989). I f  

G a ro ffa lo  had not c losed the SCP p ro je c ts  he be lieved they would have 

been closed in  any case during  t h i s  period o f  f in a n c ia l  upheaval.

7.14 Commercial S c ru t in y  in  the R&D Department

Cowen re fe rre d  to  the change th a t  occurred when F in lay  had become a 

member o f  EXCO as one th a t  a t  once increased the resources a v a i la b le  

to  R&D but which consequently brought an increased commercial 

s c ru t in y  o f  p ro je c ts .

However, G a ro ffa lo  described SCP as a t y p ic a l  example o f  "technology 

push" w ith ou t hope o f  commercial development. By im p l ic a t io n  he was 

d isagree ing  w i th  Cowen’ s and F in la y ’ assessment o f  the p ro je c t  s ince 

they d id  not c lose i t  down. G a ro ffa lo  compared the department under 

F in lay  and the new department o f  which he became head and commented 

th a t  the o ld  department appeared f a r  less commercia lly o r ie n ta te d  than 

the new, desp ite  Cowen’ s percep tion  th a t  i t  had become more sub jec t 

to  commercial c r i t e r i a  when i t  was re s tru c tu re d  the f i r s t  t im e. 

G a ro f fa lo ’ s view o f  the 1970-1979 period was supported by Cowen in  

re tro s p e c t .

The R&D department under F in la y  pub lished a s e r ie s  o f  book le ts  c a l le d  

"New Ventures" which d e ta i le d  the department’ s a c t i v i t i e s .  Cowen 

poin ted out th a t  the fu n c t io n  o f  the "New Ventures" book le ts  was to  

show th a t  the board were g e t t in g  value f o r  money; th a t  research
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was " c o s t - e f f e c t iv e " .  The book le t had the e f fe c t  o f  conv inc ing the 

board th a t  R&D was cost e f f e c t i v e ,  whether they were or no t,  Cowen 

argued th a t  R&D was seen as cost e f fe c t iv e ,

" . . . i n  i t s  broadest sense. They were spending £x a year in to  a 

k i t t y  c a l le d  R&D, the research o rgan isa t ion  had to  respond by 

showing th a t  th a t  money had been spent w is e ly .  Because those 

who c o n t ro l le d  expend itu re  were unable to  judge te ch n ica l 

matters the s o r ts  o f  th in g s  th a t  the R&D people d id  appeared to  

be c o s t - e f f e c t iv e .  That is  why the "New Ventures" book le t 

th in g  arose, t h i s  was Chuck’ s response to  them saying, "we’ re 

g iv in g  you £2m/year, what are you doing w i th  i t ? " . . . I t  served 

a real purpose o f  communication but a secondary one o f  being 

a very good PR j o b . . .Cost e f fe c t iv e n e s s  means people be l ie ve  th a t  

the money they are spending is  spent to  good e f f e c t . "

Although the board ’ s approval f o r  the la rge  scale fund ing  o f  research 

was necessary, the s t ru c tu re  and membership o f  the board allowed F in la y  

and the R&D department to  develop i t s  own s t ra te g y  f o r  d i v e r s i f i c a t io n .  

In  h in d s ig h t  t h i s  was i n s u f f i c i e n t l y  market o r ie n ta te d  f o r  the company’ s 

needs.

7.2 The Shell SCP Project and Senior Management

Research a t  S h e l l ’ s S i t t in g b o u rn e  s i t e  had to  be supported by one 

o f  the Shell D iv is io n s  o r by Corporate Research. The SCP p ro je c t  was 

supported by f i r s t  the Natura l Gas d i v is io n ,  then Corporate Research, 

then Chemicals D iv is io n .  Each year the d iv is io n  responsib le  f o r  

fund ing  would review the p ro je c t  and decide whether to  continue i t s
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support. The Natural Gas d iv is io n  was in te re s te d  in  SCP as a 

poss ib le  use f o r  i t s  la rge  reserves o f  na tu ra l gas. When Natura l Gas 

lo s t  in te r e s t  because o the r  uses f o r  na tu ra l gas had appeared, Corporate 

Research took i t  over f o r  i t s  s t ra te g ic  in te re s t  in  b io technology. Then 

Chemicals acquired i t  because, according to  B e tt  (S h e l l ) ,

" i t  was t r y in g  to  d i v e r s i f y  a t the t im e, look f o r  new

a c t i v i t i e s . . . the  ope ra t ing  d iv is io n s  ac t independently in  th a t  

way. Chemicals, a f t e r  a lea rn ing  lag , costed the process, 

which n e i th e r  Natura l Gas or Corporate Research had bothered 

w i t h . "

In  1975-1976 the p ro je c t  was closed a f te r  the repo r t  prepared by 

Chemicals decided th a t  SCP was u n l ik e ly  to  be economic unless a pa r tne r  

could be found to  bear f u r t h e r  development costs . Out o f  a l l  the 

hydrocarbon SCP p ro je c ts ,  Hamer (S h e l l )  thought th a t ,

" In  re tro s p e c t ,  She ll p robably made the best de c is io n ,  from 

a commercial p o in t  o f  v ie w ."

The re la t io n s  between the R&D personnel who ran the p ro je c t  and 

the ope ra t ing  d iv s io n s ’ management who funded i t  were described by B e tt ,

"L inks  between R&D and management here are very w e ak .. . they

have been. We have moved to  j u s t i f y i n g  R&D more, p r i o r i t y

ra t in g  o f  p ro je c ts  so th a t  in  t imes o f  l i t t l e  capa c ity ,  we can 

save the most use fu l p ro je c ts .  The o rg a n isa t io n  o f  

r e s p o n s ib i l i t y  had a d i l u t i n g  e f fe c t  on hard commercial 

a n a ly s is .  The co s t in g  (o f  SCP) was de layed ."
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Bett went on to describe th is  re la t io n s h ip  in general terms,

"We have the ’ New S c ie n t i s t ’ syndrome.. . F ish lock  might w r i te  

something in  the FT and we get these a r t i c le s  sent down from 

on h ig h . . .w i t h  comments s c r ib b le d  in  l i k e ,  ’ Why aren ’ t  you 

working on t h i s  area? ’ Some messages on PHB came down 

r e c e n t ly . . . in  f a c t ,  the eas ies t  way to  get approval is  to  have 

something pub lished in  the New S c ie n t is t .  We have to  s e l l  

our research, look ing  a t i t  from year to  year. They look f o r  

p r o f i t  in  the sho r t  term. In Research, we have a duty to  

prov ide op t ions  f o r  the longer term. You must have f a i t h  and 

be l ie ve  in  i t  y o u rs e l f ,  and yes, do what we be l ie ve  in  and s e l l  

i t  to  the d i v i s i o n s . "

B e tt  and Brewed d id  not be l ie ve  research was seen as more than a 

pe r ip he ra l a c t i v i t y  in  S h e l l ,  B e t t ,

"Senior management don’ t  know a th in g  about what’ s going on in  

Research.. . i f  we were a l l  sacked tomorrow i t  would make no 

d i f fe re n c e  to  the  p r o f i t s  o f  S h e l l . "

The research department picked i t s  own p ro je c ts  and researched areas 

o f  general in te r e s t  to  the research s c ie n t i s t s .  When SCP was closed 

the people who had been invo lved looked f o r  o the r  p ro je c ts  th a t  

they thought might be use fu l to  Shell and th a t  were concerned w i th  

t h e i r  fe rm en ta t ion  and m ic ro b io lo g ic a l s k i l l s .  B e tt  described t h i s  

pe r iod ,



"A f te r  1975, the re  was a period o f  t r y in g  d i f f e r e n t  p ro je c ts ,  a 

good 5 years before we s e t t le d  down. The next s o r t  o f  buzz 

th in g  in  b io techno logy was the o x id a t io n  o f  propane, 

petrochem ica ls and biopolymers. Now, we have a b e t te r  

understanding o f  the ro le  o f  b io technology in  S h e l l .  We choose 

what we th in k  w i l l  be o f  value to  the company...no manager has 

the in fo rm a tion  to  decide amongst the b io technology 

p r o je c t s . . . nea rly  a l l  the b iotechnology research is  bottom up 

research. We are p r e t ty  independent o f  company s t ra te g y . "

Hamer be lieved sen io r  management s t ra te g y  could have a f fe c te d  the

SCP p ro je c t ,  a l b e i t  in  what he saw as a negative manner.

" . . . b a s i c a l l y ,  a l l  development, almost by law o f  the company, 

has to  be c a r r ie d  out a t  Amsterdam. So research th a t  is  c a r r ie d  

out a t  Amsterdam sees development a t  Amsterdam, research 

anywhere e lse  never sees the l i g h t  o f  day, they w i l l  never 

put i t  in  the development phase, because the Amsterdam labs 

be l ie ve  a l l  process research should be a t  Amsterdam. (SCP) was 

always going in to  development, but they always found excuses 

to  slow i t  down, i t  was always more im portant to  do something 

e lse . They never gave i t  high enough p r i o r i t y  in  the 

management.“

The Amsterdam la b o ra to r ie s  d id  not en te r b io lo g ic a l  research,

"because they sa id  i t  would be competing w i th  Royal Dutch 

Fermentation in d u s t r ie s ,  G iste-Brocades. A l r i g h t ,  Shell and 

Giste-Brocades have a number o f  t i e  ups now. But, "We
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cannot compete aga ins t our f r ie n d s  in  G is te-B rocades." I ’ ve 

heard them say th a t ,  a t  sen io r  management le v e l .  They used to  

have a m ic ro b io lo g ic a l  department in  Amsterdam, who d id  

noth ing. But again, because i t  would be competing w ith  G is te -  

Brocades, i t  was closed down, about 1970-71."

Hamer expla ined the low p r i o r i t y  given to  research by Shell management,

"She ll doesn’ t  make money out o f  research. I t  makes money out 

o f  holes in  the ground, t h a t ’ s i t s  business. And i t ’ s made 

money th a t  way f o r  so many years, th a t  research, OK, pay a 

s u b s c r ip t io n ,  keep a few s c ie n t i s t s  o f f  the s t r e e t s . . . IC I are a 

research based company, t h a t ’ s the d i f fe re n c e . "

For S h e l l ,  research in ju re d  aga ins t change in  t h e i r  main business,

" I t  is  p reparing  f o r  change. What happens i f  the equation 

goes th a t  in  chemicals the re  is  a l l  the added value and 

a l l  o i l  p roduc tion  is  na t io na l ised?  What do you do? That 

is  why they d i v e r s i f y  in to  gas and m e ta ls ."

Marks had been a S i t t in g b o u rn e  researcher on the SCP p ro je c t  before h is  

move to  IC I .  He was a lso  c r i t i c a l  o f  Shell research.

"You have to  recognise th a t  the R&D f a c i l i t y  down a t 

S it t in g b o u rn e  was r e a l l y  a drop in  the ocean f o r  S h e l l .  I t  

was ju s t  a tax  b e n e f i t .  R e a lly ,  whether the th in g  went on (SCP) 

a t Shell o r  not was n e i th e r  here nor th e re ,  unless they were 

going to  commit to  b u i ld  a b ig  p la n t .  As f a r  as I  know they
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were nowhere near making a dec is ion  to  do th a t .  I  th in k  i t s  

a sad r e f le c t io n  on the research a t Shell th a t  the research in  

b io technology has been going on fo r  a very, very long t im e, 20 

odd years now to  my knowledge -n o t  one s in g le  product has come 

out o f  i t . "

Marks acknowledged th a t  S i t t in g b o u rn e  was run in  a d i f f e r e n t  way.

" . . . t h e r e  was a h e l l  o f  a lo t  o f  academic freedom in  the 

S i t t in g b o u rn e  research labs. IC I were t o t a l l y  d i f f e r e n t  and 

BP t o t a l l y  d i f f e r e n t  too . There was a major t h ru s t  on p ro je c ts  

and you were allowed very l i t t l e  academic freedom. That 

I  th in k  was r ig h t ,  and th a t  is  why Shell never got anywhere w ith  

anyth ing in the b io lo g ic a l  sc iences ."

The SCP p ro je c t  in  She ll d id  not come near to  being developed in to  the 

f u l l  sca le p la n t  stage. However, Hamer deduced an in fo rm al sen io r  

management s t ra te g y  from va r ious  events in  the company, f o r  example the 

idea th a t  development o f  p ro je c ts  took place in  Amsterdam "almost by

law o f  the company." Another example is  Hamer’ s idea th a t  Shell

fe rm en ta t ion  p ro je c ts  would be suppressed in  favour o f  cooperation w ith  

G is te  Brocades. Hamer’ s view was th a t  , even i f  the SCP p ro je c t  had

been seen as commercia lly v ia b le ,  these company " ru le s "  would have

made i t  u n l ik e ly  th a t  development would occur a t  S i t t in g b o u rn e ,  The 

b lock to  the development o f  p ro je c ts  beyond the p i l o t  p la n t  stage due 

to  an " in fo rm a l s t ra te g y "  o f  the company l e f t  the research cen tre  a t 

S i t t in g b o u rn e  to  generate i t s  own sm a ll-sca le  p ro je c ts .
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The re la t io n s h ip  between R&D and sen io r  le v e ls  o f  Shell management was 

seen to  be minimal and the board as remote. Everybody in te rv iew ed who 

had worked at S it t in g b o u rn e  f e l t  th a t  S i t t in g b o u rn e  was f a i r l y  

i r r e le v a n t  to  the company.

7.3 Hoechst and a Government "Technology S tra te g y ."

L iesser a t t r ib u te d  the idea o f  the Hoechst p ro je c t  to  Prave, who saw 

the ra te  a t which BP was advancing in  SCP and began a yeast p ro je c t  

h im se lf .  Prave worked in  the pharmaceutical d iv is io n  and t h i s  is  

where the i n i t i a l  research on p a ra f f in s  and yeast was done. By 1971 

Prave was look ing  f o r  a company to  help sca le  up to  the p i l o t  p la n t  

stage. He chose Uhde, a p la n t  c o n s tru c t io n  company owned by Hoechst.

Support was given by a government agency, the BMFT o r  Bundes 

M in is te ren  Forsch und Technologie. A s ta te  owned m ineral o i l  company 

c a l le d  G ildenburg had a lso  approached the BMFT fo r  support o f  

t h e i r  own SCP p ro je c t  and so the BMFT suggested a l i n k  between the 

two p ro je c ts  to  Prave. Th is  was agreed by Prave and the BMFT began to  

fund the j o i n t  G ildenburg, Hoechst and Uhde p ro je c t  in  1974. L iesser 

t o ld  how,

" . . . s u p p o r t  was around 50 -  60% o f  costs . Because they sa id  

i t  could be a n a t io n a l ly  im portant p ro je c t ,  we lack  experience 

th a t  English  companies a lready have, maybe the Japanese have, 

but no German companies. At th a t  t im e, because o f  the p ro te in  

gap, on ly  20% animal feed produced in  Germany, you should look 

fo r  the na t io n a l s e c u r i t y  so th a t  in  case o f  a shortage, as in  

74, the re  would be the o p p o r tu n ity  to  produce German s y n th e t ic
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p ro te in .  Very im portan t, t h i s ,  th a t  i t  was seen as o f  s t ra te g ic  

im portance."

L iesser thought i t  was d e c is ive  f o r  the Hoechst board th a t  Uhde jo ine d  

the p ro je c t .  This convinced them th a t  i t  was worth Hoechst 

supporting  the p ro je c t  as w e l l .

L iesser thought the end o f  the BP p ro je c t  in  S a rd in ia  in fluenced  

Hoechst.

"Th is  was in  favour o f  our sw itch ing  from p a ra f f in s  to  

methanol. We used t h e i r  experience to  show th a t  p a ra f f in s  were 

uneconomic."

In  1977 the BMFT announced th a t  i t  would cu t i t s  fund ing  and i t  was 

up to  Hoechst to  continue i f  i t  wished. Hoechst would not increase 

fund ing  to  make up the government’ s c o n t r ib u t io n  and so the work 

dec l ined  to  the va lue o f  Hoechst’ s c o n t r ib u t io n .

The p ro je c t  was moved to  the general research d iv is io n  in  78-79 

because i t  had become so invo lved w ith  animal n u t r i t i o n  and was not 

seen as l in ke d  to  pharmaceutical research, i t s  o r ig in a t in g  department. 

The p ro je c t  g ra d u a l ly  came to  be seen as one th a t  would never s e l l .  

I t  was the d i r e c to r  o f  the general research d iv is io n  who closed the 

p ro je c t .  Th is  was done a f t e r  c o n s u lta t io n  w i th  the p ro je c t  managers 

and s c ie n t i s t s ,  but a lso  w i th  the ICI board o f  d i re c to r s  f o r  t h e i r  

Pruteen experience.
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The p ro je c t  can be seen as one in  which the government was the 

most im portan t c o n t r o l l in g  pa r tne r .  The government agreed to  fund ing 

provided Hoechst-Uhde and Gildenburg worked c o o p e ra t iv e ly .  The 

government paid the e n t i r e  cost o f  the p i l o t  p la n t  and attached i t s  

own te ch n ica l c r i t e r i a  to  i t s  co n s tru c t io n .  The p ro je c t  was supported 

fo r  na t io na l s t r a te g ic  reasons and w ith ou t the government i t  would not 

have taken p lace, desp ite  the fa c t  th a t  Prave had the o r ig in a l  idea. 

Jasanoff (1985) considers th a t  the BMFT fund ing o f  the Hoechst SCP 

p ro je c t  was one o f  the la rg e s t  p u b l ic -p r iv a te  undertakings in  German 

b io techno logy. Although Jasanoff a lso describes the programme as 

te c h n ic a l ly  success fu l,  she considers i t  to  be o f  questionab le  value 

from the BMFT’ s s tandpo in t o f  w ish ing to  place Germany in  the fo r e f r o n t  

o f  b io te c n o lo g ic a l com pe tit ion .

7.4  RHM and Senior Management Decisions

The mycoprotein p ro je c t  was conceived by Lord Rank and Arnold S p icer, 

the RHM d i r e c to r  o f  research to  prov ide a p ro te in  r ic h  food to  t h i r d  

world  co u n tr ie s .  As described in  chapter 9, the p ro je c t  was the 

b ra in c h i ld  o f  Lord Rank. A f te r  h is  death the p ro je c t  passed through 

a per iod  when S i r  Peter Reynolds, Jack Edelman and A Spinks as 

execu tive  sponsors o f  the p ro je c t ,  p ro tec ted  i t  du r ing  i t s  e a r ly  stages 

o f  development when i t  could e a s i ly  have been closed f o r  s h o r t  term 

reasons.

The p ro je c t  was run in  c o l la b o ra t io n  w ith  Du Pont f o r  many years, but 

when Du Pont l e f t  the p ro je c t  in  the 70s the p ro je c t  managers had to  

re th in k  i t s  fu tu re  -  i f  i t  was to  be paid f o r  by RHM i t  would have to  

face board s c ru t in y .  The economics o f  a low cos t,  a l te r n a t iv e



source o f  p ro te in  f o r  the t h i r d  world meant th a t  board support was 

s t i l l  u n l ik e ly .  Treeby described the e f fe c t  o f  Du Pont’ s withdrawal 

on the p ro je c t  mangers.

“ In  f a c t ,  f u n n i ly  enough, i t  d id n ’ t  fe e l l i k e  i t  a t  the 

t im e, Du Pont leav ing  was one o f  the more p o s i t iv e  spurs to  

the p ro je c t .  I t  fo rced dramatic reappra isa l o f  the p ro je c t .

I t  caused the science and commercial base to  th in k  again about 

where they were going. To see i f  the re  were any d is c o n t in u i t ie s  

in ,  eg price-vo lum e re la t io n s h ip s ,  in  the technology th a t  m ight, 

might not be a v a i la b le . "

The research d id  change d i r e c t io n  as a re s u l t  o f  t h i s  per iod o f  

re th in k in g .

" I t  was about th a t  t ime th a t  f re s h ,  frozen h igher added value 

forms o f  the product, more su ite d  to  Western ra th e r  than g loba l 

markets (were considered) and i f  you l i k e ,  the perceived 

value o f  what the p ro je c t  was worth d ra m a t ic a l ly  improved. 

(Because). . .suddenly RHM had to  t h in k ,  so lo ,  about what i t  was 

going to  do next. The shock th a t  we had no money.. . s ince th a t  

was a very s trong  p a r t  o f  the previous reason ing . . .  i f  we 

con tinue , how do we make money? I f  we are going to  make money 

we must s e l l  i t  f o r  ra th e r  more than we th in k  we can s e l l  i t  

f o r  a t  the moment. How do you do tha t?  W ell,  you don’ t  s e l l  

a powder, you s e l l  a wet, moist form o f  the p ro te in  to  

Western Europe, not to  the 3rd w o rld , . . .s u d d e n ly  the re  

was ju s t  a sharpening up o f  the ra t io n a le  in  the pe r iod , 

72-73-74."
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The new ra t io n a le  f o r  the p ro je c t  was one th a t  Treeby and o thers  

used to  convince the board th a t  the p ro je c t  was worth supporting . 

However, they on ly  approached the board once they be lieved i t  had a 

good chance o f  being supported. Advance knowledge o f  how the board made 

commercial dec is ions  was e ss e n t ia l  in  he lp ing  them to  achieve a new 

v is io n  o f  the p ro je c t .  The p ro je c t  th a t  the board had placed before 

i t  was one th a t  had a lready met the most im portant c r i t e r i a  by which 

they were about to  judge i t .  However the board were not w i l l i n g  to  

spend the £4-£5m requ ired  to  b u i ld  t h e i r  own p i l o t  p la n t  and the 

p ro je c t  had become more expensive than had been estimated in  1972-1974 

when the new marketing v is io n  was adopted. Once the base technology

fo r  the new form o f  the product had been developed the re  was a need

f o r  a p i l o t  p la n t ,  and accord ing to  Treeby,

"we d id n ’ t  have the money and we cou ldn ’ t  f in d  a pa r tne r  on 

terms th a t  were s u i ta b le  to  us...Had they understood the f u l l  

f in a n c ia l  s ig n i f ic a n c e  o f  what they were doing, I  th in k  they 

(p ro je c t  management) would have found th a t  dec is ion  ( to  support 

the p r o je c t ) ,  much more d i f f i c u l t  to  make, much more d i f f i c u l t  

to  c a r ry  t h e i r  co lleagues on the board ."

Then in  the e a r ly  1980s RHN found IC I w i th  a spare p i l o t  fe rm en ta t ion

p la n t  on t h e i r  hands. According to  Thomas,

" . . . ru m o u r  has i t  th a t  t h e i r  te c h n ic a l d i r e c to r  met our 

te c h n ic a l d i r e c to r  a t  a conference in  Sw itze r land , o r  whatever, 

and they got to g e th e r . "
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IC I and RHM formed Marlow Foods to  coord ina te  the marketing o f  the 

food products con ta in in g  mycoprotein. The research a c t i v i t y  was s p l i t  

according to  the perceived s treng ths  o f  the two companies, process 

research ta k in g  place a t  B io lo g ic a l  Products, B i l l ingham  and te x tu r i s in g  

research s tay ing  a t High Wycombe.

Although the p ro je c t  was in i t i a t e d  a t the h ighes t le ve l the board were 

not w i l l i n g  to  fund development unless they could see how i t  would b r ing  

a commercial re tu rn  to  RHM. U n t i l  t h i s  t ime the p ro je c t  had to  r e ly  on 

ou ts ide  fund ing and in te rn a l  h igh leve l p ro te c t io n  (see chapter 9). 

I r o n ic a l l y ,  i t  was the shock o f  the w ithdrawal o f  ou ts ide  f in a n c ia l  

support th a t  t r ig g e re d  the re th in k in g  process which led to  a ra t io n a le  

f o r  the p ro je c t  which d id  promise to  b r ing  a commercial re tu rn  to  RHM, 

and so the board’ s approval f o r  development funds.

7.5 Liauichimica Management and Government Incentives

L iqu ich im ica  was the su b s id ia ry  o f  the g ia n t  I t a l i a n  company 

L iqu igas . L iqu ich im ica  sp e c ia l is e d  in  r e f in in g  normal p a ra f f in s  out 

o f  crude o i l ,  f r a c t io n a t in g  the p a ra f f in s  and s e l l i n g  them on to  end 

users. The idea o f  using SCP to  add value to  the le a s t  use fu l heavy 

p a r a f f in  f r a c t io n ,  arose w i th in  L iqu ich im ica . L iqu igas management 

were kept informed o f  L iq u ic h im ic a ’ s progress by U rs in i ,  the 

Pres ident o f  L iq u ic h im ic a ,  but took no a c t iv e  p a r t  in  the p ro je c t .

Zamgrandi described the company’ s s t ra te g y ,

"They t r i e d  to  be downstream in te g ra te d ,  in  the sense o f ,  normal 

p a ra f f in s ,  normal o le f in e ,  l in e a r  k-benzene, p e t ro -p ro te in .
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The weak p o in t  was th a t  they were not l in ked  to  the company 

supp ly ing g a s -o i l .  They had to  buy g a s -o i l  to  p u r i f y  and 

se l l . . .W hen  in troduced in to  ENI the problem was overcome."

L iqu ich im ica  bought Kanegafuchi SCP technology l icenses  before the 

Japanese government banned l ic e n s in g .  I t  was convenient to  use Japanese 

technology.

"We were supp ly ing  p a ra f f in s  m ainly to  the Japanese area a t 

th a t  t im e. Through M its u i .  So we were f a m i l i a r  w i th  the b ig  

Japanese companies l i k e  Subito  e tc .  We a lso  bought the 

s y n th e t ic  f a t t y  ac id  technology from Nippon-Soda. There was 

a p a r t i c u la r  in te n s i t y  o f  re la t io n s h ip  a t  th a t  t im e ."

L iqu ich im ica  o r i g i n a l l y  intended to  b u i ld  t h e i r  SCP p la n t  ad jacent to  

t h e i r  e x is t in g  p a r a f f in  r e f in in g  p la n t  in  Messina, S i c i l y .

"Then the government asked Dr U rs in i to  in v e s t  in  some 

southern I t a l i a n  area. But to  b u i ld  the p la n t  on the mainland 

requ ired  a u x i l i a r y  se rv ice s ,  steam produc tion , energy, water 

e tc .  This was not a fe a s ib le  investment w i th  ju s t  one p la n t .

So we looked f o r  o the r  p ro je c ts  over which to  d i s t r ib u te  

the f ix e d  c o s ts . . . s o  (we thought o f )  the c i t r i c  ac id and f a t t y  

ac id  p ro je c ts ,  the  c i t r i c  ac id  p la n t  was on ly  b u i l t  

because we were determined to  make an investment. The p o r t  

f a c i l i t i e s ,  eve ry th in g  had to  be b u i l t  from s c ra tc h ."

The in teg ra ted  p la n t  was to  be b u i l t  near Reggio d i C a lab r ia ,  20 km 

across the S t r a i t s  o f  Messina and 20km from the p a r a f f in  p la n t .  The
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c o n s tru c t io n  o f  the in te g ra te d  p la n t  was he a v ily  subs id ised, but 

Zamgrandi thought th a t  L iqu ich im ica  was exposed to  an investment o f  

between 150-200 b i l l i o n  l i r a ,  by 1973.

"They paid us, t h a t ’ s why we d id  as they wanted. The c i t r i c

acid and f a t t y  ac id p lan ts  were fe a s ib le  w ith  government 

fu n d in g . . .U rs in i  was a f in a n c ia l  man, born here. He accepted 

t h is  ro le  we were to  p lay  w ith  the s ta te ,  to  a f fe c t  the so c ia l

co n d it io n s  o f  the south o f  I t a l y . "

Zamgrandi f e l t  th a t  f o r  U rs in i ,

" . . . p r o b a b ly  h is  m istake was to  approach t h i s  h igh r is k  p ro je c t  

too ra p id ly .  I  t h in k  the re  is  a c o - re s p o n s ib i l i t y  between 

the government a;.d the te ch n ic ia n  people, the techn ic ian s  

w ith  a petrochemical m e n ta l i ty ,  not an in d u s t r ia l  

m ic ro b io lo g ic a l  m e n ta l i ty ,  gave U rs in i  dimensions o f  a p la n t  th a t  

were too b ig . "

When asked why L iqu ich im ica  management d id n ’ t  c lose the p la n t  a f t e r  the 

1973 o i l  p r ic e  r is e ,  Zamgrandi sa id th a t  the p la n t  was almost 

complete and the money had been almost complete ly spent.

"So they decided to  complete (c o n s tru c t io n )  and s t a r t  a very 

wide ranging p ro je c t  o f  research on to x ic o lo g y  in  o rder to  be 

ready to  demonstrate th a t  t h i s  product was a lso  safe f o r  human 

food. I  was supe rv iso r  o f  t h is  p r o j e c t . . . "
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The company wanted to  escape com petit ion  w ith  soya and Zamgrandi f e l t  

th a t  i t  was the rumour o f  t h is  in te n t io n  to  move in to  human food th a t  

sparked the anti-SCP consumer movement in I t a l y .  The rumours were 

w e ll founded, which is  perhaps why L iqu ich im ica  (and BP) refused to  

discuss them w ith  the media.

L iqu ich im ica  attempted to  deal w i th  the problem o f  the unlicensed SCP 

p la n t ,

"L iqu ich im ica  had planned to  have the p lan ts  completed, 75; SCP,

77; c i t r i c  ac id ,  78; f a t t y  ac ids . When the approval date was 

seen as un fo recas tab le , they changed the dates. To f i n i s h  

c i t r i c  ac id  immediately and s t a r t  manufacturing i t .  The 

problem was the  u t i 1i t i e s . . . (which) were engineered to  cover 

3 working p la n ts .  I t  was uneconomic to  run ju s t  the c i t r i c  

acid p la n t  w i th  the f ix e d  cost o f  the u t i l i t i e s .  We ran i t  f o r  

1 year producing some 20 000 tonnes o f  sodium c i t r a t e . "

L iqu ich im ica  became bankrupt in  1978 and a committee was formed by 

the c r e d i t o r  banks in  o rder to  appoint a commissioner to  decide 

whether the company could be saved in  some form. By 1979 t h i s  

commissioner had formed the op in ion  th a t  approval would never be given 

to  the product, L iqu ip ro n .  The re s u l t  was th a t  the government decided 

to  apportion  the L iqu ich im ica  p la n t  to  ENI. The p a r a f f in  r e f in in g  

process in  S i c i l y  operates as be fore , the in te g ra te d  p la n t  remains 

unused in  Montebello d i C a lab r ia .

The sen io r  management o f  the f i rm  in  the person o f  Dr U rs in i  a llowed the 

SCP p ro je c t  to  become the  basis o f  the government’ s (Cassa d i
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Mezzogiorno) so c ia l and p o l i t i c a l  o b je c t iv e s .  U rs in i* s  personal 

commitment as a southern I t a l i a n  was perceived as a fa c to r  which helped 

b r ing  about the government involvement. The board o f  L iqu igas does not 

r e a l l y  fea tu re  in  t h i s  s to ry .

7.61 IC I A g r ic u l tu r a l  D iv is io n  and the Main Board

Before the idea o f  Pruteen a r r iv e d  some managers saw A g r ic u l tu r a l  

D iv is io n  being used as a cash cow by the main IC I board. Harwin thought 

th a t ,

"For years they m ilked A g r ic u l tu ra l  D iv is io n  and the r e s u l t  

is  a t o ta l  bloody mess. I  th in k  the la s t  p la n t  to  be b u i l t  

was over 10 years ago. Things were allowed to  go on as they 

were because o f  the money i t  made. £100m p r o f i t  a year.

They got prec ious l i t t l e  back from the 

c e n t r e . . . n o th in g . "

Saxton made comments s im i la r  to  Harwin,

“Yes, in  those days f e r t i l i s e r s  were churn ing out about a 

t h i r d  o f  ( t o t a l  IC I )  p r o f i t s . . . the  amount o f  money being 

gene ra ted .. .why not spend a l i t t l e  o f  i t  here?"

So the background o f  perceived " investment neg lec t"  p a r t ly  exp la ins  

the adoption and s o l id  support o f  the Pruteen p ro je c t  by the 

A g r ic u l tu r a l  d iv is io n  board.
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The A g r ic u l tu r a l  D iv is io n  board was responsib le  f o r  the design 

parameters o f  the Pruteen p la n t .  The dec is ion  to  f i x  these parameters 

was re fe rre d  to  by Saxton.

" In  those days A g r ic u l tu r a l  D iv is io n  was very much a science and 

eng ineering company. Marketing d id  not p lay a very b ig  p a r t .

The vast m a jo r i ty  o f  the employees and the sen io r  managers and 

the d i re c to r s  had an eng ineering or research background. 

B a s ic a l ly  I  th in k  they got mesmerised a b i t  by the b e n e f i ts  

o f  sca le . For m yse lf ,  in  h in d s ig h t ,  I  would have been r ig h t ,

I  would have gone f o r  a 25 000 tpa p la n t  where you could have 

been c o n f id e n t  th a t  you could s e l l  the ou tpu t.  The engineers 

convinced themselves, and they had the power, th a t  to  get the 

u n i t  costs down, you needed an excess o f  50 000 tp a . "

Harwin described the d iv is io n a l  board as w ith o u t sa les people or even 

many s c ie n t i s t s .  Those th a t  were the re ,

" b i t t e r l y  resented the  c o n tro l o f  the chemical engineers.

There were not enough vo ices to  c rea te  a debate ."

Harwin f e l t  th a t  in  74-75 when the design parameters o f  the Pruteen 

p la n t  were se t ,

"a dec is ion  could have been taken to  stop the  development o f  

a 50 000 tpa p la n t .  Instead the debate was over b u i ld in g  a 100 

000 tpa o r a 50 000 tpa  p la n t . "
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A 100 000 tpa p la n t  was obv ious ly  more expensive than the sm alle r 

p la n t  envisaged a t t h is  t im e. But Saxton re c a l le d ,

"Even w ith  the ex tra  c a p i ta l  costs the re  were a whole l o t

o f  arguments around; many items are standard, i t  i s n ’ t  th a t

much more, we were in  a development area and there  was 52%

fre e  de p re c ia t io n  and 20% development area g ran t.  The amount 

o f  cash i t  cost you was on ly  something l i k e  28% o f  the cos t.

A l l  these arguments went along w ith  a b ig  p la n t .  I  went along 

w ith  i t  a t  the t im e. I  d id n ’ t  have the power to  do 

o therw ise , but in  h in d s ig h t  i t  would have been a sm a lle r  

p la n t .  The argument aga ins t the sm a lle r  p la n t  was th a t  i f  you 

are going to  b u i ld  a world scale business in  a market o f  10s o f  

thousands o f  m i l l io n s  o f  tonnes o f  Pruteen, you don’ t  b u i ld  

t id d le r s ;  i f  IC I were going to  be in ,  i t  should be done 

p r o p e r ly . "

The argument f o r  the sm a lle r  p la n t  was th a t  t h i s  was o f  a capa c ity ,  

25 000 tpa , which s u i te d  the s ize  o f  the c a l f  veal m i lk  rep lace r 

market. In  t h i s  market Pruteen would e f f e c t i v e l y  replace skimmed 

m i lk  powder, w i th  which Pruteen was, a t  f i r s t ,  com pe tit ive  (see 

chapter 4 ) .  However, skimmed m i lk  powder even then was being subsid ised 

by the EEC fo r  use as animal feed. In  A g r ic u l tu r a l  D iv is io n  most 

managers be lieved th a t  t h i s  was a temporary phenomenon. According 

to  Sw indal1.

"A t the time our co lleagues were w r i t in g  the c a p i ta l  

expenditure  proposals f o r  the Pruteen p la n t  the skimmed m ilk  

mountains were on ly  j u s t  s ta r t in g  to  evolve. These are now
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permanent fea tu re s  o f  the economy o f  Europe. We assumed th a t  

the mountain was a temporary fe a tu re ,  i t  would disappear and we 

would be able to  ob ta in  a premium over and above f i s h  meal 

because o f  the p r ic e  o f  skimmed m ilk  powder."

Sw indal1 be lieved I C I ’ s lack o f  experience o f  how the EEC behaves 

allowed the board t h i s  b e l ie f  th a t  skimmed m i lk  p r ices  would be we ll 

above those f o r  Pruteen. L iesser reca lled  debating these issues w ith  

IC I managers.

"And we sa id , the re  i s  no way o f  seeing the (EEC) g ive  up 

in f lu e n c in g  the skimmed m i lk  p r ic e .  A d i f fe re n c e  o f  op in ion !  We 

never thought to  compete w i th  skimmed m i lk  powder. With the 

a g r o p o l i t i c s  in  the EEC..."

Treeby has a lready been quoted (4 .4 )  as d isagree ing  w ith  the 

IC I ( A g r ic u l tu ra l  D iv is io n )  assessment o f  the soya market a t  the time 

o f  the IC I main board ’ s dec is ion  to  approve the Pruteen p la n t  

c o n s tru c t io n .  He went on to  g ive h is  own exp lana tion  o f  how the 

a g r ic u l t u r a l  d iv is io n  board was m o t iv a te d  when they proposed 

expend itu re  on the Pruteen p ro je c t .

" . . . i f  you speak to  H a rt ,  who was f r o n t  running t h i s  th in g ,  h is  

view is  q u i te  s im ple . They wanted reasons to  develop t h is  

technology because they be lieved in  i t .  They be lieved i t  was 

the basis f o r  the fu tu re .  And i f  i t  hadn’ t  been Pruteen i t  would 

have b e e n .. . th e y  would on ly  have had to  f in d  something e lse . So 

I  th in k  the re  was a p re c o n d it io n in g  th a t  sa id ,  look, the la s t  

th in g  we want to  f in d  ou t is  th a t  t h i s  is  not a very good th in g
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to  be doing a t the minute. Because i t  makes l i f e  a b i t  

ted ious  when we th in k  about the technology we w i l l  need in  the 

21st century . Just f in d  the reason th a t  says the th in g  is  

sens ib le  and get on w ith  i t . "

This idea th a t  the Pruteen technology was worth supporting fo r  i t s  own 

sake was supported by Marks, who described how he and o thers  in  

A g r ic u l tu ra l  D iv is io n  saw the technology,

" . . . t h e y ’ d recognised f a i r l y  e a r ly  on -  I  t h in k  t h i s  is  very 

im portant - t h a t  I C I ’ s process was around a very novel piece 

o f  technology, around a novel fermenter design which was c a l le d  

the pressure cyc le  fe rm ente r, which IC I patented. They’ d had 

th a t  design f o r  a number o f  years in the e a r ly  1970s. I t  was 

an extremely im portan t piece o f  te c h n o lo g y . . .what ICI 

recognised was th a t  in  the longer term, b io technology and 

fe rm en ta t ion  processes; were going to  be needed on a very la rge  

sca le . So the re  were two processes d r iv in g  i t  r e a l l y .  One was 

the technology, the fe rm enta t ion  technology they had 

developed, and the o the r  was the process i t s e l f . "

The capac ity  and o the r  design fea tu res  chosen by the A g r ic u l tu r a l  

D iv is io n  board had to  turned in to  a d e ta i le d  design document and 

submitted to  the main IC I board f o r  approval. A g r ic u l tu ra l  D iv is io n  

worked w ith  John Brown Engineering to  prepare the p la n t  design. B e t t le y  

o f  John Brown described how the d i v i s i o n ’ s proposal was e v e n tu a l ly  

approved by the main board.
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" . . . i t  took some time before the board sa id  yes. ICI came here 

(John Brown, Portsmouth) and we se t up 200 people in  a team to  

do t h i s  very complicated design eng ineering, and 6 months la t e r  

the board said no. That was in  1974. So the whole team was 

disbanded, so every one went home. 6 months la t e r  ICI sa id , w e ll 

look, send up ju s t  6 o f  your people, who were process engineers 

and have another go, devise a revamped design. I t  was dur ing  

th a t  t ime th a t  the s ize  o f  the p la n t  came down and c e r ta in  

o the r  th in g s  w ith  regard to  e f f i c ie n c ie s  came down...from  100 

000 tpa to  65 000 tpa ,  which is  what th a t  p la n t  is  capable o f  

do ing . . .w e  made i t  cheaper in  one way o r another. And they said 

no a g a in . . .w e l l ,  a year a f t e r  th a t ,  2 years a f t e r  we 

f i r s t  s ta r te d ,  the board gave the go ahead. (That was) 

1976 .. .3  years la t e r  we commissioned the p la n t .  Now th a t  was 

p r e t ty  f a s t  t ra c k  f o r  new technology and such a la rge  p la n t . "

The reason f o r  the delays was expla ined by S w in d a l! ,

"You are dea ling  w ith  a dec is ion  by the main board a t

M il lb a n k ,  making comparisons between p ro je c ts  from o the r  

d iv is io n s .  I t  is  he who g ives the most conv inc ing  s to r ie s  a t  

the t im e, combined w ith  the s t ra te g ic  view o f  the  Chairman th a t  

decides what happens. A p ro je c t  may be t o ld ,  come back in  12 

months t i m e . . . i f  you s t i l l  th in k  you want i t ,  then maybe. There 

are a whole l o t  o f  reasons why the actua l dec is ion  taken can 

vary on a t im esca le  which could be complete ly independent o f  

what an ou ts ide  assessor might th in k  is  the ac tua l investment 

case. You need to  go back and look a t the company re p o r ts ,  

s ta r t in g  in  1971-72, look a t  the c a p i ta l  investment p ro je c ts
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the main board has supported and a lso  the p r o f i t a b i l i t y ,  

which comes from d i f f e r e n t  sectors  o f  the company. Put the 

two toge the r  and then make your own judgement."

Saxton t o ld  how the main board d i re c to rs  informed themselves o f  

the background to  the proposed Pruteen p la n t .

" V i r t u a l l y  a l l  the execu tive  main board d i re c to r s  came up on 

t h e i r  own and spent a day, (a t  A g r ic u l tu ra l  D iv is io n ) ,  dur ing  

which they received a p resen ta t ion  from us. They had 

o p p o r tu n i t ie s  to  probe as much as they 1 i k e d . . . th e re  was 

p len ty  o f  o p p o r tu n ity  a t  th a t  stage f o r  the d i re c to rs  to  get to  

know what they were l e t t i n g  themselves in  f o r . "

Saxton t o ld  how the main IC I board func t ioned  in  the 1970s.

" I t  was s t i l l  t h a t  main board d i re c to rs  had r e s p o n s ib i l i t y  f o r  

one o r  two d iv is io n s ,  o r  areas o f  business. And Alan Robertson 

was r e a l l y  our l i n k  between the d iv is io n  and the main board.

A l o t  o f  the d iscuss ion  was r e a l l y  w ith  him. I f  he approved i t ,  

t h e n . . .  in  f a c t  my d i r e c to r s ,  Hart,  then Rob Margetts , were able 

to  by-pass the board (o f  a g r ic u l t u r a l  d iv is io n )  and go s t r a ig h t  

to  Alan Robertson."

Saxton described one o f  the re s u l ts  o f  the system, s u p e r f i c i a l l y

s im i la r  to  T&L’ s, where each board member was respons ib le  f o r  a 

p a r t i c u la r  d iv is io n .
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"You see, people l i k e  him tended to  be product champions. Once 

the l ik e s  o f  him thought, we’ l l  run i t  f o r  another year, and 

we’ l l  t r y  and achieve t h i s ,  once he was convinced th a t  was what 

we were going to  do, he could peddle t h a t . . . t h e r e  was no

d is s e n t ,  (on the main board)...Now the way I C I ’ s 

organised, i t s  much more dependent on a business manager 

re p o r t in g  to  a small sub-group o f  the main board, w ith  no-one 

too committed to  i t . . . I  th in k  i t  is  h e a l th ie r  now, reviewed w ith  

some frequency, so i f  they are not doing as they should, they can 

be changed."

Alan Robertson continued to  be the main l i n k  between the main board and 

the Pruteen p ro je c t  in the f i r s t  few years a f t e r  the completion o f  the 

p la n t .

"During the f i r s t  2-3 years when we be lieved we could b u i ld  

b ig  p lan ts  o r  1ic e n s e . . .A lan was supp o rt ive ,  but I  guess he 

d id n ’ t  expose too  much what we were doing to  the board. I t  

would have got maybe a couple o f  h a l f  hours a year, k ind o f  

t h i n g . "

During the f i r s t  years a f t e r  completion o f  the Pruteen p la n t

A g r ic u l t u r a l  D iv is io n  managers appeared to  remain o p t im is t ic  about the 

p r o je c t ’ s fu tu re .  Harwin commented th a t ,

" In  1981-82 they were p lann ing "Pruteen 2 " . . .2 5 0  000 tp a ! "
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The A g r ic u l tu r a l  D iv is io n  board were s t i l l  look ing  to  fu tu re  

economies o f  sca le . Saxton expla ined th a t  i t  was recognised th a t  the 

p la n t  th a t  had been b u i l t  could be improved upon second time around,

"T e ch n ica l ly  I  th in k  i t  was poss ib le  to  go from 1.9 tonnes o f 

methanol per tonne o f  SCP to  1.3 tonnes. T ec h n ic a l ly ,  i t  was 

poss ib le  to  use less re f in e d  methanol. There was not ju s t  the 

cost o f  methanol but o f  d ry ing  e tc .  The b e n e f i ts  o f  s c a le . . .w e  

c e r ta in ly  went through a phase when we be lieved th a t  w i th  300 000

tpa p la n t  we could produce good businesses provided we were

ca re fu l about the market we went to  and where we s i te d

th e m .. .b u t  a l l  th a t  was s t i l l  based on high soya."

These mega-plants were never b u i l t .  According to  P ick les ,

"The dec is io n  not to  b u i ld  a second la rge  re a c to r  was one th a t  

took i t s e l f ;  i t  became s e l f - e v id e n t  th a t  i t  would not be v ia b le . "

This dec is ion  not to  t r y  and b u i ld  a second generation o f  Pruteen

p la n t  appears to  co inc ide  w ith  another dec is io n .  When asked a t  what

p o in t  human food research began, Swindal! re p l ie d ,

"At no p a r t i c u la r  t im e. I t  ju s t  became obvious, yes,

a gradual e v o lu t io n . . .a t  no time d id  we say, r ig h t  stop 

researching animal n u t r i t i o n a l  p ro p e r t ie s  o f  Pruteen, s t a r t  human 

food research ."

This was in  c o n tra s t  to  1973-74 when the human food market was

considered and re je c te d  as a m atte r o f  p o l ic y .  I t  was decided th a t
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i t  would be a d iv e rs io n  o f  resources from what should be the 

p r i o r i t y ,  the animal feed market.

This sec t ion  is  about the dec is ion  to  fund the la rge  scale Pruteen 

p la n t .  The s t ru c tu re  o f  IC I allowed th a t  once A g r ic u l tu ra l  D iv is io n  came 

to  be l ie ve  th a t  the la rg e r  p la n t  was necessary and v ia b le ,  i t  was almost 

c e r ta in  th a t  i t  would succeed in  ob ta in in g  the fund ing from the main 

board. This was so desp ite  comments th a t  some o f  the reasons fo r  

A g r ic u l tu r a l  D iv is io n ’ s adoption o f  the p ro je c t  could be construed as 

in  the d i v i s i o n ’ s in te r e s t .  A g r ic u l tu ra l  D iv is io n  was represented on 

the board by one d i r e c to r  upon whom the board re l ie d  fo r  in fo rm a t io n .2 

I t  appears to  have been the case th a t  i f  t h i s  d i r e c to r  approved o f  the 

p ro je c t ,  the board was l i k e l y  to  fo l lo w .  I t  appears th a t  the 

A g r ic u l tu ra l  D iv is io n  reasoning was not going to  be c lo s e ly  examined by 

the board.

7.62 Reorganisation and the End of Pruteen

The r e a l is a t io n  th a t  the Pruteen p ro je c t  was not going to  r a p id ly  expand 

and th a t  the animal feed market was not going to  m a te r ia l is e  appears 

to  have come over a per iod  o f  2-3 years. There was no s in g le  p o in t  a t 

which Pruteen came to  be seen as a commercial f a i l u r e  in  A g r ic u l tu r a l  

D iv is io n .  Saxton commented on the main board’ s view o f  Pruteen in  the 

1982-83 period .

2 An arrangement rem in iscen t o f  T&L.
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" I  don’ t  t h in k  they knew what to  do w ith  i t . . . A l a n  Robertson, 

in  the l a t t e r  days, was i l l . "

Hart took e a r ly  re t ire m en t from h is  post as general manger o f  the 

Pruteen Business Area some tim e in  the e a r ly  1980s. Saxton was p a r ty  

to  the d iscuss ions th a t  fo l low ed  on what to  do w ith  the Pruteen 

p la n t  and the people working w i th  i t .  He thought th a t  Rob Margetts 

d id  most o f  the th in k in g  on how to  deal w i th  the Pruteen p ro je c t .

"Rob Margetts was brought in  as general manager o f  Pruteen, but 

then w i th in  about a year and a h a l f  he was made a d i r e c to r ,  

but he a lso  got research. He had two groups o f  people, Pruteen 

and research. Research were more or less  d iv ide d  in to  

c a ta ly s ts ,  support o f  ammonia, methanol and b io lo g ic a l . "

Rob Margetts looked a t  the fu tu re  o f  Pruteen along w i th  these 

o the r  r e s p o n s ib i l i t i e s .  Th is  review came a f t e r  Saxton had w r i t t e n  a 

re p o r t  which concluded th a t  Pruteen had no commercial fu tu re .

"We s ta r te d  from Rob being an o p t im is t .  When we re a l is e d  we 

were not going to  make i t  in  the animal feed market, h is  

reac t ion  was, C h r is t ,  we can’ t  throw away a l l  these s k i l l s .

The le a s t  we can do is  to  see i f  anyth ing can be done w i th  the 

p l a n t . . .A lthough i t  d id n ’ t  succeed we s t i l l  had a l o t  o f  

knowledge o f  how to  develop and eva luate  products and to  

get in  and understand markets. We should not throw th a t  away."

Saxton described how Rob Margetts saw the e x is t in g  s t ru c tu re  in  

A g r ic u l tu r a l  D iv is io n .
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" . . .w e  had b ig  research, b ig  eng ineering departments, q u i te  

q u ic k ly  we re a l is e d  they were working on the wrong th in g s .

When I  got invo lved the re  were 31 p ro je c ts .  Some o f  them the re  

was l i t t l e  being done on. But you could s i t  down and l i s t  31 

p ro je c ts  in  what was the b io lo g ic a l  p a r t  o f  the research 

department. What we needed was a s t ru c tu re  th a t  would get 

th a t  much more market o r ie n ta te d .  That would begin to  reduce 

th a t  31 down in to  6 o r  8 s t ra te g ic  areas, and get some 

c r i t e r i a  around which you could judge those ."

The process o f  th in k in g  out what to  do was confined to  a sm a ll,  

in fo rm a l group.

"B a s ic a l ly  he was using the few o the r people he t ru s te d  to  help 

th in k  how we could make t h i s  th in g  more e f fe c t i v e .  What was

apparent was th a t  in  t h i s  day and age you could not have a 

f re e  s tand ing research a c t i v i t y  th a t  se t i t s  own t a r g e t s . . . the  

commercial in p u t  they had was a couple o f  blokes from plann ing 

and c o o rd in a t io n ,  who looked a t  the market and assessed 

the m a rk e t . . .b u t  the re  was no real execu tive  a u th o r i ty ,  th a t  

resided w ith  the research manager and they had to  f i g h t  f o r  h is  

money each year. But a l o t  was being spent on th in g s  which

never had a hope in  h e l l  o f  seeing the l i g h t  o f  day."

Asked why, i f  the p lann ing people de fined the  market, the re  was

expenditure  on such non-commercial p ro je c ts ,  Saxton re p l ie d  th a t ,
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" they d id n ’ t  (d e f in e  the market). I t  was a cosy c lub . They 

were a l l  my good f r i e n d s . . . and s t i l l  good f r i e n d s . . .who sat 

around review meetings once every two months and reviewed a l l  

the group p ro je c ts .  But the re  was not enough s tee l or 

hardness about i t . . . t h e r e  was no-one saying, where is  t h is  ta k in g  

us? I f  we spend £200 000 in  the next year, where are we l i k e l y  

to  be and what are the options? That may seem odd fo r  a company 

l i k e  IC I ,  but i t  i s  t y p ic a l  o f  B r i t i s h  in d u s try .  I  th in k  we d id  

a f a i r  p a r t  to  sharpen th a t  whole th in g  up."

Margetts had the problem o f  how to  implement h is  ideas f o r  making 

the Pruteen business area and a g r ic u l t u r a l  research more market 

o r ie n ta te d .

"Now the re  was g rea t resentment aga ins t a c tu a l ly  imposing 

t h i s  k ind o f  th in g .  But we won them round. What you’ ve 

got to  do is  f o r  people themselves to  see th a t  t h i s  i s n ’ t  

a c tu a l ly  going to  make anyth ing . I f  you can get some c r i t e r i a  

f o r  whether a p ro je c t  has any chance o f  succeeding, you get 

people to  c lose  down t h e i r  own p ro je c ts .  But in  a way th a t  does 

not demoralise them, so th a t  they w i l l  s t i l l  look f o r  new 

t h in g s . "

One o f  the events M argetts and Saxton arranged to  help persuade

managers o f  the need to  change was th a t ,

"we arranged a 5 day session w ith  Manchester Business School, 

around the Pruteen p r o je c t . . . o n  the process o f  innova t ion . And 

we got through to  a l o t  o f  managers on my le ve l o r  a b i t  below,
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what the mechanism o f  innova tion  is  about. You have to  have

a h e l l  o f  a l o t  o f  ideas, you have to  a l low  people f re e  th in k in g ,  

but then you had to  get r id  o f  most o f  ( the  ideas). And you had 

to  spend a l i t t l e  money on a l o t  o f  th in g s .  You had to  

keep doing te s ts ,  te c h n ic a l or m arketing, w i th o u t spending too
A

much money, to  a c tu a l ly  see i f  t h is  is  something th a t  could grow 

(o r )  th a t  f i t s  w i th  your s t ra te g y .  And you’ ve got to  look at

maybe 100 to  get 2 o r  3 th a t  are worth p u t t in g  £0.25m in to .

And you shou ldn’ t  be too  hard a t th a t  e a r ly  stage. But people 

have got to  r e a l is e  th a t  when you spend rea l money you must be 

hard. With £200 000 and 8-10 people working f u l l  t im e, you

have to  be l ie ve  something worthwh ile  is  going to  come out o f  i t  

a t  the e n d . . .a t  le a s t  the macro sums must be look ing  OK. When 

you move to  spending £2-3m, you must be even harder.

Peop le .. . hate t h e i r  pet p ro je c ts  being dropped. But you’ ve got

to  persuade them th a t  they should drop them."

The Pruteen Business Area, which had been formed in  1974, f i n a l l y  

became p a r t  o f  one o f  the new business areas, B io lo g ic a l  Products. The 

Pruteen p la n t  s t i l l  e x is ts  and continues to  run in  campaigns, producing 

Pruteen a t w e ll below i t s  design capac ity  f o r  the c a l f  veal m ilk

rep lace r market. This probably  covers cos ts , but c e r ta in ly  does not

give a re tu rn  on the c a p i ta l  invested.

In  chapter 4 Payne was quoted as having the b e l ie f  th a t  the recent "W
-

(1986) f a l l  in  the o i l  p r ic e  once again over turned the economics o f  s | |

SCP. Independently o f  Payne, Swindal! re c a l le d  th a t  in  about 1986, when
-----------------------------



“ the re  was a concept la s t  year or the year before th a t  

the problems associated w ith  the economic production o f  our 

p la n t  were being removed because o f  the f a l l  in  the p r ic e  o f  

hydrocarbon fu e ls .  The s t ra te g ic  p o s i t io n  remained the same 

however. Yes, i t  would be economic to  operate the Pruteen 

p la n t  in  1985, 1986, 1987, but u l t im a te ly  the p r ices  were going 

to  go back to  what they were. So we would spend a l o t  o f  

management t ime wooing back the customers th a t  we had o r i g i n a l l y  

had, they s t a r t  to  buy our products and then in  5 years t ime we 

walk away from them. I t s  not e x a c t ly  the way to  win f r ie n d s . "

There is  an immediate p o s s i b i l i t y  o f  making money from expanding 

the e x is t in g  p la n t ’ s p roduction  to  f u l l  capa c ity .  A g r ic u l tu r a l  

D iv is io n  have decided aga ins t t h i s  by ta k in g  a long term view o f  the 

l i k e l y  development o f  methanol p r ic e s .  Th is  t im e they be l ie ve  the drop 

in  p r ice s  is  a sho r t  run hiccup in  a long term trend  o f  r i s in g  p r ic e s .  

A g r ic u l tu r a l  D iv is io n  took a number o f  dec is ions  "aga ins t  the g ra in "  

when they decided th a t  Pruteen had a fu tu re  in  the 1970s. They chose 

to  be l ie ve  the soya p r ic e  would stay h igh , apparen tly  aga ins t the 

expec ta t ions  o f  both the feed in d u s try  and IC I crop s p e c ia l is t s  (see 

chapter 4 ) .  They p re fe rre d  to  be l ie ve  th a t  the EEC would not continue 

to  subs id ise  skimmed m i lk  p r ice s  when Hoechst be lieved the EEC would 

con tinue . The p ro je c t  was approved by the board, but from the way 

the board operated a t th a t  t im e i t  appears u n l ik e ly  th a t  i t  d id  more 

than to  take A g r ic u l t u r a l  D iv is io n ’ s p ro je c t io n s  on t r u s t .  That is  

not to  say th a t  A g r ic u l t u r a l  D iv is io n  mispresented f ig u re s  to  the 

main board. They undoubtedly be lieved the p ro je c t  to  have been

w orthw h ile .  But t h e i r  reasons f o r  th in k in g  i t  w orthwh ile  may not have 

co inc ided w ith  the main board ’ s and the main board would have
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discovered t h i s  i f  they had in ve s t ig a te d  the reasoning behind Pruteen 

as they would the reasoning o f  a s im i la r  p ro je c t  submitted to  them 

today.

A s im i la r  conc lus ion can be drawn here on the use o f  marketing inpu t 

as was drawn from the T&L case. A p lanning and marketing fu n c t io n  

ex is ted  in  A g r ic u l tu r a l  D iv is io n  research to  advise on the 

commercial nature o f  research p ro je c ts ,  yet the aim o f  the post-  

Pruteen re s t ru c tu r in g  c a r r ie d  out by Margetts was to  in troduce  

s t r i c t e r  commercial c o n t ro l  in to  research. I t  could be suggested 

th a t  desp ite  the ex is tence  o f  a d is c ip l in e  provided by thorough p ro je c t  

s e le c t io n  and e va lu a t io n  procedures there  is  no abso lute standard f o r  

when research is  s u f f i c i e n t l y  market o r ie n ta te d .

7.7 BP

The BP managers in te rv iew ed  had l i t t l e  d i r e c t  con tac t w i th  the BP 

main board. When asked f o r  the board’ s m o tiva t io n  f o r  p a r t i c u la r  

dec is ions  they would r e fe r  to  the understanding o f  the board ’ s §

in te n t io n s  cu r re n t  amongst t h e i r  colleagues a t the  t im e. This leaves 

a more remote account o f  the  board’ s thought and fu n c t io n  than was the 

case w ith  IC I .

Most research and development in  BP is  done in  major stand alone s i t e s ,  

such as the Sunbury Research Centre. The businesses award c o n tra c ts  

to  these major s i t e s  f o r  p a r t i c u la r  problems. There is  a lso  research 

funded by BP In te rn a t io n a l ,  which is  more s t ra te g y  re la te d  and d i r e c t l y  

under the c o n tro l o f  the board. So the fund ing o f  research is  s im i la r  

to  th a t  o f  Royal Dutch S h e l l ,  but in the case o f  BP i t  was the
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corporate  body, BP In te rn a t io n a l ,  th a t  funded Toprina from the e a r ly  

stages o f  the p ro je c t  in  the 1960s u n t i l  the c re a t io n  o f  BP P ro te ins . 

Toprina, u n l ik e  Pruteen, was a p ro je c t  th a t  the BP main board 

a c t iv e ly  supported and pushed along the path to  com m erc ia lisa t ion .

This is  underlined by the absence o f  a Toprina champion3 a t a le ve l 

in  the company lower than the board. Bernard Laine became the most 

im portant Toprina manager. He began as p ro je c t  leader a t  Lavera and 

f in is h e d  in 1978 as general manager o f  BP P ro te ins . Yet he was never

re fe rre d  to  as o the r than a competent manager doing h is  job  and was

not seen as a "Toprina  Champion" by in te rv iew ees. He surv ived the 

demise o f  BP P ro te ins  to  become general manager o f  BP Chemicals, h is  

cu r re n t  p o s i t io n  in  SFBP, (Soc ie te  Francaise de BP).

7.71 The BP Main Board and Toprina

Payne remarked th a t  some time in  the 1960s the BP board took an

in te r e s t  in  Toprina and appeared to  i d e n t i f y  w ith  the p ro je c t .

O uts iders  such as Lewis commented on why t h i s  was should be so,

" I t  (Toprina) was a f la g s h ip  f o r  t h e i r  g e t t in g  in to  something 

o the r  than o i l .  The top management id e n t i f ie d  w ith  i t .  No 

ques tion , i t  had id e n t i t y  a t  the top o f  the company. 

Marve llous p u b l i c i t y  f o r  them. This was a l l  before t h e i r  b ig  

d iscove r ies  on the no rth  s lope o f  A laska ."

9
JSee chapter 9 f o r  comments on the d i f f e r e n t  ro le s  o f  "champions" 

in  the companies
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The BP board wanted to  id e n t i f y  the name o f  BP w ith  Toprina. As has 

been remarked upon in  chapter 4, they saw BP as making money from a 

p ro je c t  th a t  would help feed the p ro te in  hungry world . Peachey a lso  

remarked th a t  Toprina was the f i r s t  step in  a long term s t ra te g y  

to  d i v e r s i f y  away from dependence on o i l  and Toprina came before BP 

Chemicals or any o f  the o the r  major BP d iv e r s i f i c a t io n s .

7.72 The Lavera P lan t

Champagnat and Payne a t  the Lavera r e f in e r y 4 had developed two 

routes to  producing SCP, one based on alkanes and one on gas- 

o i l .  Payne and Champagnat were responsib le  f o r  the dec is ion  to  

develop the two processes in  p a r a l le l ,  Payne b e l ie v in g  th a t  SCP was to  

become so im portan t t h a t  two routes would be needed. The board must 

have accepted t h e i r  th in k in g  because i t  approved the co n s tru c t io n  

o f  both the Lavera p la n t  and the  Sarroch p la n t  to  p rov ide working 

examples o f  both types o f  technology. This is  something no o th e r  SCP 

company d id .

The Lavera p la n t  was based on the  g a s -o i l  process chosen by Payne f o r  

French development. According to  Payne the c a p i ta l  cost was two t h i r d s  

born by the EEC and one t h i r d  by the French M in is t r y  o f  A g r ic u l tu re .  

BP a lso  succeeded in  l ic e n s in g  t h i s  process to  the Japanese company K iro  

Hako. However, the p la n t  su f fe re d  from bo tt lenecks  in  p roduction  and 

Payne thought these persuaded the main board to  make Lavera a semi- 

autonomous p r o f i t  cen tre  in  the e a r ly  1970s. Lavera was unable to

4The Lavera petrochemical complex is  near Martigues in  southern 
France.
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even cover i t s  costs w i th  the 1973 o i l  p r ic e  r is e  and was closed in  

1976.

7.73 The Board Choose I t a l y  f o r  the Toprina P lan t

A l l  BP in te rv iewees were su rp r ised  by the BP board’ s choice o f  I t a l y  

as a s i t e  f o r  the Toprina p la n t .  Peachey saw the  choice as,

"Amazing. The funny th in g  is  th a t  BP O il had ju s t  withdrawn

from the I t a l i a n  petroleum market, when BP In te rn a t io n a l  went 

in to  t h i s  j o i n t  venture  w ith  ENI. The reasons ( f o r  the Toprina 

investment) were th a t  BP d id n ’ t  fe e l able to  (pay f o r )  a f u l l  

scale p la n t ,  because they were committed to  megabucks 

investment in  the North Sea, ju s t  about to  open up F o r t ie s .

There were plans to  have one b u i l t  j u s t  done the road, a t

Grangemouth. In re t ro s p e c t ,  a much b e t te r  idea. But they

decided to  go to  I t a l y  f o r  the j o i n t  venture and extremely

a t t r a c t i v e  development g ra n ts ."

Northgate o u t l in e d  some o f  the a t t r a c t io n s  o f  I t a l y  and Sarroch.

" . . . t h e  b igges t s in g le  I t a l i a n  re f in e r y  in  I t a l y ,  Sarroch 

r e f in e r y ,  was owned by ANIC, which was p a r t  o f  the ENI group.

Now i t ’ s ENI Chemicals. The feedstock to  the  Sarroch re f ie n r y  

was Libyan crude, ve ry ,  very r ic h  in  p a ra f f in s .  S a rd in ia  was

c lo s e r  to  A f r ic a  than to  I t a l y ,  w i th  deep water po r t

f a c i l i t i e s .  So from a geography and e x is t in g  trade  p o in t  

o f  view, Sarroch was a very  good source o f  p a ra f f in s .  Next door 

to  Sarroch r e f in e r y  was Sarroch Chimica. I t  was the obvious
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place to  re f in e  the crude p a ra f f in s  (from the crude o i l  in  the 

r e f in e r y ) ,  take them over the fence to  Sarroch Chimica, b u i ld  

a p a ra f f in s  r e f in in g  p la n t  a t  Chimica to  g ive you pure 

p a ra f f in s ,  then over the fence to  I t a l p r o t e in e , "

So both lo g is t i c a l  reasons and f inance were s t ro n g ly  in  favour o f  

b u i ld in g  the two p lan ts  a t  Sarroch. Le ivers thought th a t  the board f ix e d  

on I t a l y  because,

" . . . I t a l y  was a b ig  market f o r  feed. I t  was in  the common 

market, which Spain was not. Things could have been d i f f e r e n t  

i f  Spain had b e e n . . .b u t  once a product is  made in  one country  

o f  the common market, i t  can go to  a l l  the o th e rs ."

7.74 BP B u ild  the  Sarroch P lan t

Le ivers  compared BP’ s huge re tu rns  on c a p i ta l  and p r o f i t s  before  the 

o i l  c r i s i s  o f  1973 w i th  the  present day to  e xp la in  the b u i ld in g  o f  the 

p la n t .

" . . . a n d  again, we had the money to  b u i ld  i t .  I f  i t  had 

been now, i t  wouldn’ t  have been done...once you s t a r t  something 

and you have the money to  go on, why not?"

No one gave f ig u re s  f o r  the ex ten t o f  the I t a l i a n  subs id ies  o f  the 

two (alkane re f in e r y  and SCP) p la n ts ,  but Le ivers  stressed th a t  they 

were la rge  indeed, g re a te r  than 50% o f  the t o ta l  c a p i ta l  cos t.
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"On paper i t  looked good. On paper. The I t a l i a n  government was 

able to  pay fo r  the p ro je c t ,  because i t  was in the
t

Mezzogiorno*. [They were going to  pay] nea r ly  a l l ,  i t  wasn’ t  

going to  cost BP a l o t . "

As w ith  Shell and IFP, BP on ly  g radua lly  came to  in te r p r e t  the o i l  

p r ic e  r is e  as a permanent fe a tu re  o f  the world economy ra th e r  than a 

hiccup (1-2 yea rs ) .  The BP board were s im i la r  to  ICI in  on ly  being 

in te re s te d  in  t h i s  technology because they o r i g i n a l l y  saw i t  as long 

term w i th  many generations o f  p la n t .  Peachey described what would have 

been o the r stages o f  development had a l l  gone w e l l .

"As one stage was s t a r t in g  to  mature, the next stage was 

becoming obvious, being thought about and worked on. One used 

to  say, in  5 years t im e what w i l l  we be d o in g ? . . . I t  would have 

depended on jumbo methanol p lan ts  in  the Middle East f o r  us.

Then you would have had to  b u i ld  your p la n t  out in  Kuwait. 

There must have been thought l i k e  t h a t . "

The p o s s i b i l i t y  o f  l ic e n s in g  the p la n t  became the over r id in g  reason 

f o r  con t in u in g  w a it in g  in  I t a l y 6, a f t e r  the mid-70s r e a l is a t io n  th a t  

the p ro je c t  would not be v ia b le  in  Western Europe. Peachey thought 

th a t ,

6The Mezzogiorno is  the southern, impoverished h a l f  o f  I t a l y .

6 At one stage BP had advanced plans to  b u i ld  a p la n t  in  Venezuela, 
but a c o n d it io n  f o r  i t s  purchase was the demonstration th a t  the Sarroch 
p la n t  could work.
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"There was cons iderab le  in te re s t  being shown by the USSR and 

the Middle East, d e f in i t e  p o s s ib i l i t i e s  f o r  l ic e n s in g  the

process in  both areas. I  fe e l th a t  is  one o f  the reasons fo r

t h e i r  going ahead. I  t h in k  there  was a l in g e r in g  hope th a t  the

soya p r ic e  would keep on c lim b ing . W ishful th in k in g .  The

economics were always equated w ith  soya."

Peachey thought the economics were not hopeless in  the per iod a f te r  

1973. I t  depended on which economic scenario  was adopted, and there  

were a number o f  these a v a i la b le  to  the board.

"The sums worked out to  be a n e g a t iv e -p o s i t iv e  balancing ac t ,  

w i th  the high feedstock p r ic e .  I  don’ t  t h in k  anyone would have 

gone ahead w i th  a h ig h ly  negative product p r ic e .  But the re  

were these p o te n t ia l  c a r ro ts  f o r  the fu tu re  (prospect o f  

1ic e n s in g ) . ”

But Peachey thought th a t  the reasons given were s t i l l  i n s u f f i c i e n t  

to  exp la in  the board ’ s dec is io n  to  proceed w i th  the c o n s tru c t io n  

o f  the Sarroch p la n t .

"There must have been o the r  reasons, because BP doesn’ t  chuck 

th a t  s o r t  o f  money down the d ra in ,  ju s t  because they don’ t  

want to  f o ld  up a b i t  o f  research. They’ ve fo lded  up lo ts  o f  

research. Must have been reasons."

7.75 Board D iv e rs ific a tio n  Strategy A ffects Toprina Research
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As a re s u l t  o f  the o i l  c r i s i s  the board o f  BP decided th a t  the 

company needed to  d i v e r s i f y  f u r th e r .  Peachey thought th a t ,

"A t th a t  t ime they were wondering where BP was going. With 

these fo re cas ts  o f  o i l  running out in  1 9 9 9 .. .There was a 

general worry th a t  i t  m ight. I t  was a l l  over the company.

The d i v e r s i f i c a t io n  phase was the most in te re s t in g  time f o r  

ideas. There were a l l  s o r ts  o f  th ing s  we could do w i th  Toprina.

We went through po lyhydroxybu tyra tes , you could make 

p r a c t i c a l l y  any o rgan ic  chemical, a l l  the th in g s  the Japanese had 

patented. Or take the p ro te in ,  dry i t  and make buttons from 

i t .  We looked a t  the semi-moist animal food market, to  g ive 

to  people l i k e  S p iT ie rs  who would put i t  in to  Kennomeat meaty 

chunks. That fo lded  up .. .w e  had a whole meaty chunk se t up a t 

Grangemouth th a t  must have cost a whole l o t  o f  money...We were 

look ing  f o r  o the r  product a re a s . . .a  very c e n tra l  idea, to  

d i v e r s i f y . "

When asked what came out o f  the d i v e r s i f i c a t io n  e f f o r t ,  Peachey re p l ie d ,

" I  don’ t  know, a good question . I  suspect th a t  someone d id  

some sums, looked a t  the m arke t. . .and  knocked them on the head.

W ith in  the research department there  has always been a group 

f o r  economic a p p ra is a l .  E i th e r  something can be knocked on the 

head by a simple b i t  o f  d e lv in g ,  or i f  i t s  promoted a l i t t l e  b i t  

more i t  w i l l  be knocked on the head a f t e r  a b i t  o f  research ."

As described in  chapter 4, once the Sarroch p la n ts  had been b u i l t  BP 

on ly  wanted to  demonstrate th a t  the process worked in  order to  be able
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to  l icense  the technology to  coun tr ie s  such as Venezuela. This the 

I t a l i a n  m in is t r y  o f  hea lth  never allowed them to  do. Le ivers and De 

Fabiani thought th a t  a t  the very end, when the board had t i r e d  o f

w a it in g  f o r  approval in  1978, the board may even have been pleased to

use the m in is t r y  o f  hea lth  ban on production as an excuse to  get 

out o f  the p ro je c t .  They were then able to  suggest, w ith ou t naming 

companies, th a t  the soya in d u s try  in te re s ts  had caused 

d i f f i c u l t i e s .  But Le ivers was c e r ta in  th a t  in  BP,

"No-one in  BP w i l l  admit to  a m istake. No-one a t the top  w i l l  

break t h is  r u l e . "

There were rumours cu r re n t  in  the o i l  in d u s t ry  about why BP withdrew 

from SCP in  I t a l y .  Payne be lieved what Lewis saw as a rumour, th a t  the 

American fede ra l government had made an in fo rm al deal w i th  the BP 

board. BP could e x p lo i t  the Alaskan o i l  reserves i f  they gave up t h e i r  

SCP a c t i v i t i e s .  When t h i s  was suggested to  Lewis he commented t h a t ,

"W ell,  the re  was some t a l k  a t  the time th a t  they could on ly

get American government approval i f  they d id n ’ t  continue w i th  

SCP. But on ly  someone in  BP could t e l l  you, you hear rumours, 

when you mention what Payne sa id , I  have heard the rumour, from 

elsewhere, th a t  was in  the 70s .""

With the end o f  the Toprina p ro je c t  BP withdrew from a l l  fe rm en ta t ion  

and most m ic ro b io lo g ic a l  research. F ish lock  (1982) wrote th a t  the BP 

board were in  a s ta te  o f  emotional shock a f t e r  the end o f  the  Toprina 

p ro je c t  and th a t  t h a t  was why they withdrew from the fe rm enta t ion  

technology associated w i th  Toprina. Others who have t r i e d  to  t a l k  to
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sen io r  BP managers have come to  a s im i la r  conc lus ion , f o r  example Sharp7 

commented th a t  he had succeeded in  o b ta in in g  meetings w ith  former 

board members and he be lieved the board was embarrassed by i t s  

involvement and re lu c ta n t  to  d isc lo se  t h e i r  past th in k in g  on Toprina. 

The on ly  p o s i t iv e  long term b e n e f i t  th a t  BP gained from the Toprina 

p ro je c t  was the c re a t io n  o f  BP N u t r i t io n .  BP N u t r i t io n  was

o r i g i n a l l y  pa r t  o f  BP P ro te ins  which was the d iv is io n  set up by BP 

In te rn a t io n a l  to  manage the development o f  Toprina. BP N u t r i t io n  was 

o r i g i n a l l y  p a r t  o f  BP P ro te ins  and had the fu n c t io n  o f  acq u ir in g  feed 

companies in  order to  g ive BP P ro te ins  in-house n u t r i t i o n  e x p e r t is e .  

Cooper N u t r i t io n  and Hendrix were feed companies bought and managed 

by BP N u t r i t io n .  BP N u t r i t io n  turned out to  be p r o f i t a b le  in  i t s  own 

r ig h t  and when BP P ro te ins  was run down a f t e r  1978, BP N u t r i t io n

remained and continued to  grow. According to  Peachey, BP is  now the 

second b igges t animal feed company in  the world .

I t  can be seen th a t  the BP board c o n t ro l le d  the SCP p ro je c ts  q u i te

s t r i c t l y  and were invo lved  in  the d e ta i l  o f  the dec is ions  taken. The 

s to ry  o f  the p r o je c ts ’ development is  a s to ry  o f  the board’ s d ec is io ns ,  

but the managers in te rv iew ed  were in te rp re t in g  and guessing the reasons 

f o r  the dec is ions  they made.

7.8 Conclusions

7.81 R e la t io n sh ip  between R&D and the board

^Priva te  conve rsa tion , 1988. David Sharp was ga thering  m a te r ia l 
f o r  h is  forthcom ing book on SCP.
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This chapter has examined the re la t io n s h ip  between R&D and the board, 

m ostly from the R&D pe rspec tive . On the whole the board appears to  be 

perceived as a conserva tive  in f luence  and in  most cases a remote 

in f luence . There appeared to  be very l i t t l e  in te ra c t io n  between R&D and 

the board as a group in  any o f  the cases, however they d id  have a sense 

o f  how im portant they were w i th in  the company. This sense ranged from 

an excep tiona l view o f  the R&D department spearheading the 

d i v e r s i f i c a t io n  o f  the company as in  T&L, to  the view th a t  R&D was a 

mere ho ld ing  ope ra t ion  which would on ly  be turned to  in  a t im e o f 

c r i s i s .  This suggests the fo l lo w in g  synop tic  ta b le .

She ll R&D a ho ld ing  opera tion

Research e x is ts  " in  case

company ever decides to  use i t

BP/LQ R&D supports commercially based

p ro je c ts ,  a necessary supporting

fu n c t io n

RHM R&D va luab le  fu n c t io n  o f  company

IC I R&D a v i t a l  and commonplace

a c t i v i t y  th a t  provides fu tu re  businesses
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T&L R&D w ith  very high s ta tus  and w ith

r e s p o n s ib i l i t y  f o r  changing core 

business o f  company

The R&D managers o f te n  re fe r re d  to  how parts  o f  government in f luence  the 

board or h igher management dec is ions . In two cases, Hoechst and 

L iqu ich im ica ,  the government was he a v ily  invo lved in  c re a t in g  and 

fund ing  the p ro je c t .  In  the o thers governments were g iv in g  grants  to  

support p la n t  c o n s tru c t io n  and e x e r t in g  an in f lu e n ce  on the board.

7.82 The Commercial Role o f  R&D

There appeared to  be va r ious  perspectives on the commercial ro le  o f  the 

R&D department. There was a tens ion  between the ou ts ide  view o f  R&D as 

a cos t,  a " p i t  in to  which we keep throw ing money" and the R&D 

departments b e l i e f  th a t  in  the long term the company re l ie d  on them to  

develop new business.

This chapter a n t ic ip a te s  chapter 9 which deals w i th  the spec ia l ro le  o f  

in d iv id u a ls  in  promoting SCP whereas in  t h is  chapter i t  can be seen th a t  

powerful groups w i th in  companies can perform the same fu n c t io n .
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CHAPTER 8_______ TECHNICAL CHOICES IN THE DEVELOPMENT OF THE NOVEL

FERMENTATION PROJECTS

In tro d u c t io n

This chapter examines the key te ch n ica l choices th a t  the R&D department 

were faced w ith  as they developed the novel fe rm enta t ion  technology. 

U n t i l  a f u l l  scale p la n t  was b u i l t  the m a jo r i ty  o f  the personnel 

employed and money spent was in  the R&D department o f  each f i rm .

8.1 The Costing o f  the P ro je c t

I t  was not poss ib le  to  cost SCP development before some o f  the key 

choices were made. As a p a r t i c u la r  process took m ate ria l form a 

progress ive  s h i f t  in to  more exact q u a n t i ta t iv e  estim ates could be 

made. For SCP A k in in  (S h e l l )  described the i n i t i a l  basic c a lc u la t io n ,

"The e q u a t io n . . . is  made up o f  a number o f  d i f f e r e n t  b i t s . . . t h e  

changes in  the world  p r ic e  o f  p ro te in  is  one. You can do a 

c a lc u la t io n  which shows th a t  in  order to  achieve a c e r ta in  

p r ic e ,  assuming you can operate on a la rge  sca le , you’ ve got 

to  achieve a c e r ta in  growth ra te  o f  organism, you’ ve got to  

operate at c e r ta in  c e l l  d e n s i t ie s  w i th in  the l i q u id .  The heat 

generated by the process must be w i th in  a c e r ta in  le v e l ,  

because i t  becomes very expensive to  cool beyond a c e r ta in  

p o in t .  The oxygen demand has to  be capable o f  being s a t is f ie d  

by technology th a t  e x is ts ,  ch e a p ly . . . and so on ."
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The R&D department might cost a p ro je c t  and want to  proceed, but the re  

could always be disagreements w ith  the business. Thomas described how 

he worked w ith  the business side on the IC I end o f  the mycoprotein 

p ro je c t .

" I ’ l l  w r i te  programmes then people w i l l  c r i t i c i s e  and say, w e l l ,  

t h a t ’ s a more press ing problem. So I  then say to  the business, 

w e ll you de f ine  to  me what the p r i o r i t i e s  should be and I ’ l l  

research them. There ’ s always arguments the re  because the re  

are so many p r i o r i t i e s  to  the business, th a t  g e t t in g  1 2  3 4 is  

q u i te  d i f f i c u l t .  And as soon as you th in k  you’ ve got one o f  them 

down, i t  j u s t  s l i p s  through your f in g e r s . . . s o  i t ’ s never bo r ing , 

never b o r in g . "

In t h i s  way the p ro je c ts  took on d i f f e r e n t  forms. The subs tra te  and 

organism d i f f e r e d  but so d id  much o f  the d e ta i l  o f  o the r  

technology such as the fe rm en ta t ion  and ha rves t ing  technology. The 

fo l lo w in g  sec t ions  descr ibe  some o f  these d i f fe re n c e s  and the managers 

views on them.

8.2 Novel Food Research as a Fashion

Work on novel foods and SCP was in  fash ion  from the la te  1960s u n t i l  the 

end o f  the 1970s. A p a r t  o f  t h i s  idea o f  a " fash io n "  in  s c i e n t i f i c  

work was th a t  research was done s imply because everyone e lse  was doing 

i t .  Solomons (1983), ex-BP SCP researcher and research d i r e c to r  a t  RHM, 

thought th a t ,
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"Once SCP research became fash ionab le  and because i t  is  a very 

easy sub jec t in  which to  s t a r t  research, a p le th o ra  o f  ideas 

appeared in  the l i t e r a t u r e  over the la s t  12 years o r  so ."  

(Solomons, 1983 p31)

Solomons uses the idea o f  fash ion  w ith ou t being h ig h ly  c r i t i c a l  o f  

the SCP research f i e l d .  The more c r i t i c a l  Moses and Rabin r e fe r  to  

a "bandwagon" e f f e c t ,

"Once the bandwagon began to  r o l l  i t  gained so much momentum 

as to  become unstoppable by ra t io n a l  arguments based on the

unrep len ishab le  nature o f  reserves o f  l i q u id  f o s s i l  f u e ls . "

(Moses and Rabin, 1982 p68)

Cowen (T&L) d id  not t h in k  such a bandwagon e f fe c t  was novel to  SCP,

"P a r t ly  t ru e ,  a bandwagon e f fe c t  in  any area o f  science.

I f  a u n iv e rs i t y  s t a r t s  work, appears to  be success fu l,  then 

lo ts  o f  people jump on the bandwagon."

In  the case o f  SCP i t  was the de te rm ina tion  and success o f  BP in

developing the technology th a t  convinced many f i rm s  to  s t a r t  t h e i r  own 

research. Peachey (BP) sa id th a t  BP encouraged SCP conferences to  

promote SCP and the  BP SCP p ro je c ts .  The conferences and the in d u s t r ia l  

e f f o r t  going in  to  SCP research made the f i e l d  a t t r a c t i v e  to  

hundreds o f  u n iv e r s i t y  and government research in s t i t u t e s .
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Q aro ffa lo  and Marks a lso  agreed th a t  there  had been a bandwagon 

e f fe c t  w i th  novel food research and Marks l inked  SCP to  o ther m ic rob ia l 

research to p ic s ,

" I  th in k  t h a t ’ s r ig h t ,  i t  wasn’ t  ju s t  SCP, i t  was a whole

lo t  o f  o the r m ic rob ia l processes, a t the same time SCP people 

were ta lk in g  about using polymers fo r  t e r t i a r y  o i l  recovery 

by fe rm e n ta t io n . . . they  were ta k in g  about updating 

p rocesses...1  ike  c i t r i c  ac id  and about going back to  processes 

which h i s t o r i c a l l y  had been used in  the second world war to  

produce a lcohol e t c . . . s o  i t  was a whole combination o f  th in g s  

th a t  were happening. But a t  the heart o f  i t  was a wish to  

develop s o p h is t ic a te d  fe rm en ta t ion  te c h n o lo g y . . . "

SCP had c e r ta in  p o t e n t ia l i t i e s ,  c e r ta in  s c i e n t i f i c  

a t t r a c t io n s  to  m ic ro b io lo g is ts .  They saw i t  as a complete

a l te r n a t iv e  to  the models o f  e x is t in g  a g r ic u l t u r a l  p ra c t ic e  and

th e re fo re  e x c i t in g  as a research to p ic .  A k in in  gave an example o f

t h i s  when he described how SCP technology could avoid n a tu re ’ s "n i t ro g e n  

c y c le " .

" I t s  simple and i t s  bas ic . You’ ve got your n i trogen  in  the 

atmosphere, youv’ e got routes by which th a t  is  f ix e d  and in  the 

s o i l  i t  i s  ox id ise d  to  n i t r a t e ,  and th a t  is  w e ll known. But 

the im portant s tep is  b io syn thes is ,  in  a green p la n t ,  to  make 

p la n t  p r o t e in . . . t h a t  is  what man wants. You are a b so lu te ly  t ie d  

to  th a t  b i t  which is  the green p la n t  growing in  the f i e l d  

ta k in g  ino rg an ic  n i t roge n  from the s o i l  and making p ro te in .

But i t s  p e r fe c t ly  o b v io u s . , . th e re  is  another way o f  upgrading
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these th in g s  to  p ro te in  and th a t  is  because the re  are a h e n  

o f  a l o t  o f  organisms, b a c te r ia ,  yeast and moulds, th a t  are 

capable o f  g e t t in g  t h e i r  energy, not from s u n l ig h t  but from 

a whole se r ies  o f  o the r  chemical reac t ion s ,  whether they are 

growing on sugars o r  whether they are grown on inorgan ic  

m a te r ia ls  which they are o x id is in g  to  release energy."

Most o f  these organisms could synthes ise t h e i r  p ro te in s  from ino rgan ic  

n i trogen  using chemical energy. SCP technology would g ive man the 

a b i l i t y  to  by-pass the green p la n t  p ro te in  syn thes is  step. Th is , 

combined w i th  the world  food shortage fo re ca s ts  was the source o f  

many s c ie n t i s t s ’ enthusiasm f o r  the SCP and novel food p ro je c ts ,  and 

hence a p a r t ia l  exp lana tion  f o r  the bandwagon e f fe c t .  What could 

generate s c i e n t i f i c  enthusiasm was the ex is tence  o f  a simple 

te c h n ic a l model which could d isp lace  a more complex na tu ra l one.

According to  F ish lock  (1982), the Pruteen p ro je c t  accounted f o r  over a 

t h i r d  o f  a l l  IC I spending on "b io techno logy" and Antebi and F ish lock  

(1986) r e fe r  to  the  IC I venture  as the la rg e s t  investment made by a 

s in g le  f i rm  in  b io techno logy research. Despite t h i s  h i s t o r i c  importance 

o f  SCP in  in d u s t r ia l  b io techno logy , the number o f  references to  SCP and 

novel food research drops to  near zero a f te r  1984. For example many 

general b io techno logy te x ts ,  S i lv e r  (1986), Knorr and Sniskey (1986) 

and Olson (1987), f a i l  to  re fe r  to  SCP or novel food fe rm en ta t ion  a t 

a l l .  P re n t is  (1984) mentions SCP, but on ly  to  say th a t  i t  "obv ious ly  

makes good sense" s ince SCP provides an a l te r n a t iv e  to  dependence on 

green p la n t  p ro te in  syn thes is .
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Daly (1985 p14) does re fe r  to  the RHM work, but as a fu r th e r  

development o f  SCP technology and as a "fungal SCP." As Treeby has 

sa id , (See Chapter 4 ) ,  RHM do not want Quorn associated w ith  SCP and 

he be lieves  i t  is  te c h n ic a l ly  wrong to  re fe r  to  i t  as SCP since i t  

is  m u l t i c e l lu la r .  D a ly ’ s comments confirm  the view th a t  SCP and Quorn 

have been c lo s e ly  associated during t h e i r  development and have 

shared so much basic science th a t  they can be regarded as a group o f 

fe rm enta t ion  in n o v a t io n s .1

The lack o f  re ferences to  novel food fe rm enta t ions a f te r  1984 shows 

th a t  the fash ion  f o r  SCP and novel fermented foods was mostly over, but 

w h ile  i t  was in  fash ion  some in te rv iewees claimed t h e i r  companies 

gained b e n e f i ts  s im ply by being seen to  be a c t iv e  in  such a 

s o c ia l l y  b e n e f ic ia l  technology. Cowen thought th a t  T&L bene fited  in  

t h i s  way.

"One major value f o r  T&L, we d id  i t  when i t  was q u i te  popular, 

q u i te  a "w ith  i t "  th in g  to  be doing. We d id  acqu ire  a p re t ty  good 

rep u ta t io n  as a r e s u l t  o f  t h i s ,  and t h i s  undoubtedly helped the 

o v e ra l l  image o f  research w i th in  T&L. No question a t  a l l ,  

on th a t  basis a lone, the money was w e ll spen t."

In  Dansk B io p ro te in  (1988a), V i l la s e n  re fe rs  to  the enthusiasm among 

academics th a t  the  p ro je c t  engendered,

In f a c t  the 1984 B r i t i s h  B iotechnology D ire c to ry  which l i s t s  
c u r re n t  b io technology research in  the UK re fe rs  to  the Rank Hovis work 
under the heading " funga l s in g le  c e l l  p ro te in " .  I t  has on ly  been since 
Marlow Foods was created th a t  the re  has been an attempt to  d is tance 
mycoprotein from SCP.
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" I t  has probably a lso  been important th a t  the p ro je c t  w i th  i t s  

q u i te  obvious s o c ia l  perspectives has in sp ired  s c ie n t i f i c  

researchers a t the U n iv e rs i ty  o f  Odense."

V i l la s e n  a c tu a l ly  l in k s  t h is  enthusiasm to  what he c a l ls  the 

a s to n is h in g ly  rap id  progress o f  the Dansk B iop ro te in  p ro je c t .

The pa t te rn  o f  a c t i v i t y  w i th in  the novel food p ro je c ts  a lso  changed 

over time and an example o f  t h is  was " v i l la g e  techno logy ,"

fe rm en ta t ion . Peachey to ld  o f  the time when t h i s  was in  fash ion ,

"There was t h i s  da ftness o f . . . t h e r e  was an era where we went 

through v i l la g e  technology. You could chop up your lo cus t beans, 

s t i c k  them in  a fe rm ente r, in  A f r ic a ,  make p ro te in .  I f  you look 

a t some o f  the o ld e r  SCP tomes, they t a l k  about SCP from a l l  

s o r ts  o f  b iomass.. .bagasse .. .b u t  you r e a l l y  can’ t  run th a t  s o r t  

o f  fe rm en ta t ion  w ith o u t  r e a l l y  high technology. The s t u f f  has 

to  be made safe f o r  the  animals to  ea t,  i t ’ s got problems."

The fash ion  and the enthusiasm f o r  SCP was based on i t s  perceived so c ia l 

b e n e f i ts .  Commercial m o tiva t ion s  may have been paramount in  the 

companies, but even here and e s p e c ia l ly  in  the academic i n s t i t u t i o n s ,  

the re  was a non-commercial motive to  the development o f  the technology.

8.3 S c ie n tif ic  Networks
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The common s k i l l  base o f  the SCP p ro je c ts  resu lted  in  many o f  the 

s c ie n t i s t s  in  the R&D departments being f r ie n d s .  Marks ( IC I )  re fe rre d  

to ,

" . . . a  group o f  people in the UK who had been working on areas 

h ig h ly  re leva n t to  SCP production and they a l l  knew each o the r 

from the academic community. Then a l l  o f  a sudden, they went 

to  work, over a per iod o f ,  3 ,4 ,5  years in  the S h e lls ,  the IC Is  

the BPs o f  t h i s  world . C le a r ly  they s t i l l  knew each o the r .  So 

the re  was in te ra c t io n  between them, because they s t i l l  went 

to  the same s c i e n t i f i c  meetings. But the commercial aspects 

are never d iscussed ."

G a ro ffa lo  expressed the  same idea,

"T e ch n o lo g ica l ly  i t s  a small world . I  knew the people in

S h e l l . . . I  worked w i th  the people in  IC I and so o n . . .n o t  on 

those p a r t ic u la r  p ro je c ts  n e c e ssa r i ly .  Yes, w i th  Hoechst I  had 

s p e c i f i c  dea lings  w i th  them, o r  some o f  t h e m . . .a l l  the people in  

the UK th a t  have been invo lved in  i t  (SCP), know a l l  the 

o th e rs . . .w e  went to  the same u n iv e r s i t ie s . "

The personal network o f  con tac ts  had i t s  base in  shared s c i e n t i f i c  

in te re s ts  and in  B e t t le y ’ s view the in form al personal con tacts  were more 

im portan t than o f f i c i a l  t i t l e s .  When ta lk in g  about the personnel

changes th a t  occurred when the Pruteen p ro je c t  ended he commented th a t ,

" . . . t h a t ’ s r a t io n a l is a t io n .  What companies c a l l  themselves and 

how they appear to  the world  is  one th in g ,  the  people are the
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same and they have to  a la rge  ex ten t remained the same in  both 

JB and I C I . . . I ’ m s t i l l  t a lk in g  to  the same people, but our job  

t i t l e s  change re g u la r ly ,  i t  doesn’ t  mean much."

8.4 S e lec t ion  o f  Organism

8.41 The Organism Screening Process and the S e lec t io n  C r i t e r ia

This was the im portan t f i r s t  step f o r  a l l  the p ro je c ts .  Marks thought 

th a t  the c h a r a c te r is t ic s  o f  the organism were,

"probab ly  90% respons ib le  f o r  d ic ta t in g  what the product was 

going to  b e . . .b u t  the re  were ways o f  m an ipu la ting  growth to  ju s t  

tweak up a few o the r  th in g s . "

Small v a r ia t io n s  in  organism c h a ra c te r is t ic s  were expected to  have 

a la rge  impact on p r o f i t s ,  so the s e le c t io n  process v . ; more 

r igo rous  than any p re v io u s ly  performed f o r  in d u s t r ia l  purposes. The 

t im e spent on t h i s  phase o f  the p ro je c ts  could be up to  6 years, (see 

Treeby above).

Johnson (1982) be l ie ves  th a t  the techniques f o r  s e le c t io n  had to  

evolve w i th  the research. The s e le c t io n  c r i t e r i a  th a t  most s u i te d  the 

company had to  be f ix e d  and then a t ra w l f o r  a l l  poss ib le  organisms 

could be c a r r ie d  ou t ,  then the s e le c t io n  c r i t e r i a  could be t igh tene d  

to  w h i t t l e  the candidate organisms down to  one. Treeby described how 

RHM chose i t s  fusarium  fungus.
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"When we decided th a t  what we needed was te x tu re  and th a t  was 

synonymous w ith  some member o f  the mushroom fa m i ly ,  we 

id e n t i f ie d  up to  3000 organisms world wide as poss ib le  

candidates to  p rov ide the combination o f  s t ru c tu re ,  te x tu re  and 

high g row th . . .O u t o f  th a t  i n i t i a l  c h a ra c te r is a t io n  came a 

handful o f  organisms th a t  seemed to  meet the c r i t e r i a . . .and then 

on ly  two o f  th a t  hand fu l.  One was a p e n i c i l l i n ,  which are 

probably the best understood f ib ro u s  organisms. A f te r  3 or 4 

years o f  research the re  ju s t  wasn’ t  any way th a t  i t  was going 

to  give us the high y ie ld  growth c h a ra c te r is t ic s  th a t  we were 

in te re s te d  in .

An organism was se lec ted  by c r i t e r i a  which were supposed to  p re d ic t  how 

i t  would ferment on a la rge  sca le . But t h i s  could not be Known u n t i l  

i t  was fermented on such a sca le , and a t t h i s  p o in t  i t  would not be 

poss ib le  to  change the organism. Swindall described the problem,

" I t ’ s a b i t  o f  a chicken and egg s i t u a t io n ,  because you s e le c t  

the organism on c r i t e r i a  which are based on the des ired 

product s p e c i f i c a t io n . . . ( then) you learn  more about i t  a t  the 

p i l o t  p la n t  stage and so on. You get to  a stage where you are 

committed to  the organism which you have chosen r e la t i v e ly  e a r ly  

in  th a t  development p ro c e s s . . .  i t ’ s necessary to  choose e a r ly  

because o f  the need to  do a l l  th a t  to x ic o lo g ic a l  w o rk . . .you  

are te s t in g  organisms f o r  c h a ra c te r is t ic s  which you th in k  

w i l l  be im portan t in  the la rge  scale process but you need to

£Seven years a f t e r  t h e i r  p ro je c t  began RHM changed from the 
p e n i c i l l i n  to  the A3/5 fusarium s t ra in  w ith  which they have worked ever 
s ince.
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know the c h a r a c te r is t ic s  o f  the la rge  scale process to  do th a t .

I t s  based very much on how you conceptua lise  the  process a t an 

e a r ly  s tage ."

So the end product s p e c i f ic a t io n  was used to  determine the 

s e le c t io n  c r i t e r i a  dur ing  the organism screening phase. When product 

conceptions changed so d id  the c r i t e r i a  f o r  a "bes t"  organism and t h is  

is  what happened in  the RHM research. Sp icer (1971) ta lk s  o f  the 

advantageous amino ac id  p r o f i l e s  o f  fung i compared to  those o f  yeast 

and b a c te r ia .  This q u a l i t y  was on ly  advantageous i f  the product was 

being developed to  p rov ide  a t h i r d  world p ro te in  supplement, not a 

f i r s t  world a l te r n a t iv e  to  meat. In  the l a t t e r  case a good amino acid 

p r o f i l e  is  almost i r r e le v a n t  to  success. Weight f o r  weight 

mycoprotein is  h igher in  e s s e n t ia l  amino acids than chicken, but t h is  

is  not expected to  increase consumer sa les , a lthough i t  m ight have 

persuaded t h i r d  world  governments to  l icense  RHM technology ra th e r  than 

another company’ s.

The RHM organism is  now grown on the Pruteen p i l o t  p la n t  and t h i s  

was not designed f o r  a f i lam en tous  fungus. The fungus grows, but 

IC I and RHM are having to  in v e s t ig a te  how changing fe rm en ta t ion  

parameters might change the product c h a ra c te r is t ic s .  Thomas described 

the s i t u a t io n ,

“ . . . o p t im a l  growth f o r  the organism might not g ive you the raw 

m a te r ia l a t  the end o f  i t  th a t  is  optimal f o r  food q u a l i t y .  And 

t h i s  is  what we don’ t  know a t  the moment, th a t  is  what a l l  the 

research is  going in  to ,  how to  cha ra c te r ise  i t ,  how to  make i t  

o p t im a l . "
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T&L and the sm a lle r waste-SCP companies d id  not screen so many 

organisms as IC I ,  BP, RHM, Hoechst, and IFP and the s e le c t io n  o f  

organisms was more ad hoc. T&L chose a fungus because fung i can grow 

on a range o f  subs tra te s ,  could be harvested by simple f i l t r a t i o n  and 

had r e la t i v e ly  low RNA con ten t. Fungi a lso to le r a te  acid pH, something 

th a t  b a c te r ia  are s e n s i t iv e  to ,  and so T&L could use an acid 

fe rm en ta t ion  which approximated to  s t e r i l i t y .  However when T&L t r i e d  

to  operate t h e i r  p i l o t  p la n t  in  B e lize  the fermenter was f re q u e n t ly  

in fe c te d  w i th  o the r  organisms, in  p a r t ic u la r  a yeast which grew a t 

temperatures over 46 C and competed w i th  the T&L fungus, 

A s p e rg i l lu s  N iger. This fo rced T&L to  move to  a s o l id  s ta te  

fe rm en ta t ion  ra th e r  than a l i q u id  fe rm en ta t ion .

The key c r i t e r i a  by which organisms were judged were given by B e tt 

(S h e l l )  and by Hamer e t  al (1976 p67) as the fo l lo w in g :

Produces to x in s ,  pathogenic?

Y ie ld ,  eg in  grams o f  product/grams o f  m a te r ia l consumed

Concentration o f  organisms in  medium, eg in  g ra m s / l i t r e

Growth ra te  eg as c e l l  mass doubling time

P ro d u c t iv i t y  eg in  g ra m s / l i t re /h o u r

S t a b i l i t y  o f  the c u l tu re

Resistance to  contam ination

Thermo-tolerance

There were o the r  c r i t e r i a  such as the percentage o f  c e l l  mass which was 

n u c le ic  ac id ,  the percentage o f  c e l l  mass th a t  was made up o f  useless 

mineral s a l t s ,  (described as ash).
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A c o n d it io n  f o r  g ran t in g  a patent f o r  the organism was th a t  a c u l tu re  

c o l le c t io n  was f i l e d  w ith  the patent o f f i c e .  The re s u l t  o f  pa ten t ing  

was th a t  the organism was g en e ra l ly  a v a i la b le  and most o f  the SCP 

companies ran comparative te s ts  on each o thers  patented organisms. 

This tended to  re in fo rc e  confidence in the o r ig in a l  choice, because 

the d i f f e r e n t  organisms matched each company’ s idea o f  i t s  own process 

and product requ irem ents '.

8.42 Some S e lec t ion  C r i t e r ia  Problems

For an SCP process to  have a chance o f  being economic many o f  the 

"accepted" values o f  these c r i t e r i a  had to  be r a d ic a l ly  improved. Hamer 

(S h e l l )  gave an example,

" . . . a  l o t  o f  the  research went on g e t t in g  h igh p ro d u c t iv i t y  

c u l tu re s ,  remember, very  few [people had grown organisms to  any 

sens ib le  d e n s ity  a t  th a t  t im e. Most people regarded 1 o r  2 

g / l i t r e  as a h igh de n s ity  o f  organism. Before you could ever 

th in k  o f  being economic you had to  have 20-30 g / l i t r e ,  an 

order o f  magnitude g re a te r . "

Hamer thought the re  was an over emphasis on y ie ld  c o e f f ic ie n ts  in  the 

l i t e r a t u r e  as a means o f  comparing the r e la t iv e  worth o f  d i f f e r e n t  

organisms. This was because y ie ld  c o e f f ic ie n ts  va r ied  f o r  the same

3For example, Marks po in ted out th a t  I C I ’ s organism had the 
h ighes t growth ra te  and y ie ld  o f  any company and th a t  t h i s  tended to  
show th a t  IC I had the  b e t te r  process.
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organism under d i f f e r e n t  co n d it io n s .  For methane o r North Sea Gas 

based processes the problem was the waste o f  feedstock.

" I t ’ s very hard to  get a high feedstock co n v e rs io n . . .everyone 

t e l l s  you what the y ie ld  c o e f f i c ie n t  is ,  how many Kg product 

f o r  how many Kg o f  subs tra te  u t i l i s e d .  But subs tra te  or 

feedstock supp lies , the s to ry  is  very d i f f e r e n t .  In fa c t  you

have to  achieve something l i k e  80% conversion o f  the

methane.. .most processes w i l l  on ly  give you 30-40%, some 

cons iderab ly  less than th a t .  A ser ious  problem."

Hamer pointed out t h a t  t h i s  was the major b lock to  a l l  the a lg a l and 

hydrogen based SCP processes, s ince they a lso  re l ie d  on gaseous

subs tra te s ,  (carbon d iox id e  in  the a lga l cases). At 80% conversion

o f  subs tra te  to  c e l l  mass i t  was poss ib le  to  e n r ich  the wasted gas and

burn i t  in  the spray d r ie r ,  o r  to  dry i t ,  remove carbon d io x id e  and

recyc le  i t  to  the ferm enter. I t  i s  in te re s t in g  th a t  Hamer thought 

t h i s  problem so acute, and the methane to  methanol s tep so

d i f f i c u l t  f o r  the organisms, th a t ,

" . . . a t  the end o f  the day, IC I probably had the best 

hydrocarbon o r ie n ta te d  ro u te ."

IC I had begun to  in v e s t ig a te  the na tu ra l gas route  t o  SCP in  1967, but 

on ly  a year la t e r  they chose the methanol rou te . T he ir  reasons f o r

doing so are e s p e c ia l ly  in te re s t in g  now th a t  Dansk B io p ro te in  have 

chosen to  continue w i th  such a rou te . S w in d a l l ’ s exp la ined I C I ’ s reasons 

as,
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1 The s o l u b i l i t y  o f  methane in  water was very low.

2 The organism ox id ised  methane to  methanol anyway, but s low ly  and

in e f f i c i e n t l y .

3 The low feedstock u t i l i s a t i o n  required the re c y c l in g  o f  a i r  and 

methane, a p o te n t ia l l y  exp los ive  m ix ture .

Both Shell a t  t h i s  t ime and Dansk in  the 1980s have used mixed c u l tu re s  

o f  methane u t i l i s i n g  b a c te r ia  to  increase the ra te  o f conversion o f 

methane to  methanol. There are necessary because the methane u t i l i s i n g  

b a c te r ia  can produce to x in s ,  fo rm ic  acid and formaldehyde as w e ll as 

methanol. These to x in s  are responsib le  f o r  s lowing the ra te  o f  

fe rm enta t ion  down. In  the mixed c u l tu re s  the re  are b a c te r ia  th a t  

consume these to x in s  and so a l low  the ra te  o f  fe rm en ta t ion  to  increase.

IC I chose not to  go down the mixed c u l tu re  rou te , but i t  would be 

in te re s t in g  to  know whether t h e i r  feedstock conversion ra tes were the 

t y p i c a l l y  low values th a t  Hamer re fe rs  to ,  i f  so they would have been 

fo rced to  face up to  research on re c y c l in g  t h e i r  subs tra te4. They saw 

th a t  t h i s  would be something o f  an eng ineering nightmare, as d id  S h e l l .  

But they had the "easy op t io n "  o f  chem ica lly  produced methanol on s i t e  

which was unava ilab le  to  She ll and which drew them in to  the methanol 

rou te .

8.43 The Search f o r  Thermo T o le ran t Organisms

4Dansk B io p ro te in  are able to  ferment around 80% o f  t h e i r  na tu ra l 
gas in  one fe rm en ta t ion  cyc le .  The remaining 20/% they arrange to  be 
burn t as fu e l  in  an a d jo in in g  process in  another company. They 
th e re fo re  replace the eng ineering  problem o f  how to  recyc le  w ith  the 
p a r t l y  o rg a n is a t io n a l problem o f  f in d in g  another company to  take the 
waste na tu ra l gas.
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Another major aim o f  research was to  f in d  the rm o - to le ra n t  organisms. 

A success here would have enabled the p ro jec ted  c a p i ta l  investment to  

be lower because the re  would be less need f o r  c oo l in g  the ferm enters.

The organisms produced waste heat from t h e i r  metabolic  processes and 

t h i s  would have to  f low  out o f  the fermenters to  the environment. The 

Dansk B iop ro te in  organism had an optimum growth temperature o f  46 C, 

high by the standard o f  the researchers o f  the 1970s. The Dansk 

process s t i l l  requ ires  co o l in g ,  but less than the BP organism

requ ired . The BP organism had an optimal growth temperature o f  30 C 

and t h i s  was so l i t t l e  d i f f e r e n t  to  room temperature th a t  the costs 

o f  coo l in g  were r e la t i v e l y  la rge  and a question hung over how the p la n t  

would operate in t y p ic a l  Mediterranean temperatures o f  + 30C. BP 

a c tu a l ly  found a s t r a in  which would grow a t  a h igher temperature

which they could not use because the p la n t  was a lready being 

cons truc ted . According to  Peachey t h is  was a shame but,

"The economics weren’ t  c r i t i c a l ,  but i t  was a t the stage where 

we were honing the process and were in te re s te d  in  1% 

improvements in  p roduc tion . That was a margin th a t  could 

c o n t r ib u te  to  p r o f i t s . "

Most organisms have an optim al growth temperature in  the range 

15-45 C. According to  Hamer, P h i l l i p s  Petroleum found a thermo- 

t o le r a n t  organism w i th  an optim al growth temperature above 50 C» Hamer

re c a l le d  th a t  the re  was something o f  a te c h n ic a l debate a t  the t im e

over whether these th e rm o - to le ra n t  organisms could be used e f f e c t i v e ly .
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"Everyone used to  say, oh, w e l l ,  the s o l u b i l i t y  o f  methane or 

oxygen goes down w i th  tem p e ra tu re . . . but o f  course i f  you put 

pressure on the system i t  doesn’ t  make th a t  much d i f fe re n c e . -  

What everyone a lso  fo rg o t ,  was the d i f f u s i v i t y  o f  gases in  

l iq u id s  w i l l  increase w ith  temperature and t h is  almost 

compensates f o r  the loss o f  s o l u b i l i t y . "

Nevertheless, the e f f o r t  put in to  the search f o r  such organisms was 

la rge .

" IC I  put in ,  a 100 man years maybe, I  suppose Shell put in  20,

30, 40 man years o f  e f f o r t  look ing  f o r  these organisms. Everyone 

sa id , t h i s  is  a fa ls e  c la im  in  the pa tent l i t e r a t u r e  by 

P h i l l i p s .  I t  wasn’ t  a fa ls e  c la im , I  can t e l l  you th a t .  I  

had a t  le a s t  10 o r  12 methanol u t iU s e r s  th a t  grew w e ll a t  

50-55 C here ( ie  Zur ich  P o ly te c h n ic ) . "

Hamer be lieved th a t  the search techniques in  general use a t th a t  time 

were not capable o f  showing up the th e rm o - to le ra n t  organisms, 

although P h i l l i p s  Petroleum must have been using a more innova t ive  

procedure.

Some research paths were not fo l low ed by a l l  the companies. An example 

was the aim o f  understanding the organisms’ biochemical pathways. 

IC I ,  P h i l l i p s  Petroleum and BP in ve s t ig a te d  such pathways and Peachey 

described the BP p o s i t io n .

"We s ta r te d  from z i l c h  knowledge. In  1964 the re  was very 

l i t t l e  pub lished. I  mean to  the end we s t i l l  d id n ’ t  know the
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d e ta i ls  o f  the m etabolic  pathways. ICI had a to x ic  subs tra te  so 

they had to  be c a r e fu l . "

ICI and P h i l l i p s  used t h e i r  knowledge o f  pathways to  g e n e t ic a l ly  

engineer more y ie ld  e f f i c i e n t  organisms, but such a p o s s ib i l i t y  was not 

open to  BP a t  any time because o f  the absence o f  gene m anipu la tion 

techniques u n t i l  the mid 1970s.

8.44 The Choice o f  an Asep tic  Fermentation Process

An asep tic  fe rm en ta t ion  is  one which is  r e s is ta n t  to  in fe c t io n  by 

fo re ig n  organisms. The novel food production processes had to  be 

r e l i a b ly  f re e  o f  pathogenic organisms to  produce a s t e r i l e  product. 

There were a number o f  approaches to  o b ta in in g  a co n s is te n t  and safe 

product.

1 Fungi t o le r a te  ac id  pH but b a c te r ia  do not. Since most 

pathogens are b a c te r ia  the choice o f  a fungus in  an a c id ic  

medium would tend to  exclude the p o s s i b i l i t y  o f  b a c te r ia l  

in fe c t io n .  The fe rm en ta t ion  could then be open to  the 

environment, as was the T&L process.

2 Choosing a s ubs tra te  upon which microorganisms grew w ith

d i f f i c u l t y .  The She ll and Dansk B iop ro te in  processes based

on methane are the p r in c ip a l  examples o f  t h is .

3 Engineering to  s t e r i l e  standards. BP and IC I used t h i s  

method to  guarantee th a t  no fo re ig n  organisms could en te r  t h e i r  

ferm enters.
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T o x ico lo g ica l m on ito r ing  o f  the product was a p a r t  o f  the process, 

e s p e c ia l ly  f o r  the f i r s t  two op t ions .

S t e r i l e  eng ineering was expensive. Both Jorgensen and Dansk 

B iop ro te in  (1988 p9) claimed th a t  the n o n -s te r i le  nature o f  t h e i r  

process was one o f  the fa c to rs  th a t  enabled them to  reduce co n s tru c t io n  

costs o f  a f u l l - s c a le  p la n t  to  10% o f  the cost o f  " e a r l i e r  

des igns", by which they mean the ICI B i l l ingham  p la n t5.

B e tt le y  (John Brown) expla ined th a t ,

"E s s e n t ia l ly  IC I could see th a t  they were going to  get very 

high carbon convers ion, but they could on ly  do th a t  w i th  t h is  

p a r t i c u la r  organism, and i t  was s e n s i t iv e  to  in fe c t io n s .  

S t e r i l i t y  was not the requirement o f  the product, but o f  the 

organism. The high dependence on feedstock cost made i t  

im portant to  have high conversion e f f i c ie n c y . "

S e lf r id g e  (IFP) described how IFP worked w ith  both yeast and b a c te r ia ,

" . . . a n d  we f i n a l l y  chose yeast. We continued to  keep our view 

th a t  i f  we worked w ith  b a c te r ia  we would be ob liged  to  work in  

s t e r i l e  c o n d it io n s ,  w i th  yeast you worked w i th ,  c lean, but not 

t r u l y  s t e r i l e  c o n d it io n s .  I t  would have been easy to  keep t h i s  

[b a c te r ia  based] la b o ra to ry  process s t e r i l e ,  but not a p la n t  

o r even a p i l o t  p la n t . "

A l th o u g h  Hacking (T&L) and P ick les  ( IC I )  found t h i s  hard to  
b e l ie v e ,  (see appendix 8)



There was another reason f o r  choosing the most r ig o ro u s ly  s t e r i l e

process. This was the need to  convince scep t ics  th a t  the novel

product was com plete ly sa fe . Among m ic ro b io lo g is ts  the re  was some doubt 

th a t  a process th a t  re l ie d  on routes 1 o r  2 (above) was above susp ic ion . 

There was always the chance th a t  some organism p re v io u s ly  unknown 

and rare  would f in d  i t s  way in to  the ferm enter and su rv ive  to  

contaminate ou tpu t.  Then s a fe ty  would r e ly  on the de te c t io n  o f  

contam ination by the f i r m .  S t e r i l i s a t i o n  o f  inpu ts  to  the ferm enter

combined w ith  s t e r i l e  eng ineering would remove a l l  doubt about

contam ination and i t  was a guarantee o f  the  absence o f  contam inating 

in fe c t io n s .  The issue o f  s t e r i l i t y  was e s p e c ia l ly  s e n s i t iv e  f o r  IC I 

because they had seen how minor s c i e n t i f i c  doubts had been e x p lo i te d  to  

BP’ s disadvantage in  I t a l y .

R iv ie re  (1977) descr ibes how the  BP Lavera process used c o n tro l o f  

pH, temperature and d i l u t i o n  ra te  to  c o n tro l  s t e r i l i t y  and Payne 

thought th a t  the importance o f  high standards o f  s t e r i l i t y  was over 

emphasised by some b a c te r io lo g is ts  and m ic ro b io lo g is ts .

"You see i t ’ s p s y c h o lo g ic a l. .  .we d id  i t  in  Lavera (s e p t ic

fe rm en ta t ion )  and i t  worked! At the very beginning I  enquired 

about contaminants a t  the p i l o t  p la n t .  I  decided to  see i f  

the b a c te r ia l  contaminants were to x ic  and i f  i t  was s ta b le  o r  

not. I t  was innocuous and the b a c te r ia l  popu la tion  was

a b so lu te ly  s ta b le .  So why bother w i th  asepsis?"

Payne suggested why the s c i e n t i f i c  community continued to  have 

doubts on n o n -s te r i le  biomass fe rm en ta t ion ,
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"Biomass p roduction  is  a unique problem. Usually  companies 

producing m etabolic  p roducts , b io te chno log ica l processes, 

op t im ise  t h e i r  s t r a in  by genetic  eng ineering , m utation and 

so on, f o r  them i t  is  esse n t ia l to  be a se p t ic .  The on ly  

exception is  when you want to  produce biomass."

The common in d u s t r ia l  experience was o f  a need f o r  asepsis and so 

the re  was a c r i t i c a l  a t t i t u d e  to  non-aseptic  processes.

8.45 A Mixed o r  Pure Cu lture?

Payne described another d iv is io n  among s c ie n t i s t s  a t  the time which was 

l in ke d  to  the need f o r  s t e r i l i t y  and may have a f fe c te d  the research 

p ro je c ts .  This was the question over whether a pure c u l tu re  

fe rm en ta t ion  was b e t te r  than a mixed c u l tu re  fe rm en ta t ion . Payne 

remembered a conversa tion  he had once had w ith  an eminent 

b a c te r io lo g is t .

" . . . t h e  fa th e r  o f  p e n i c i l l i n ,  Ernest Chaim, he to ld  me th a t  

any in d u s t r ia l  process using b a c te r io lo g y  should have a pure 

c u l tu re .  I  asked him why, he sa id  i t  i s  obvious, but I  t o ld  him 

you are denying the ex is tence  o f  cheese. In  my coun try  peasants 

produce Camembert every day and i t  never turned out th a t  the 

next morning they have Cheddar. Cheese shows th a t  a mixed 

c u l tu re ,  when very c a r e fu l l y  se t up, is  a b so lu te ly  s a fe . . .y o u  

know, b a c te r io lo g is ts  spend a l l  t h e i r  t ime w ith  te s t - tu b e s  and 

have no im a g in a t io n . . . "
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B ett described the d i f fe re n c e s  among s c ie n t is t s .

"One o f  the b ig  debates o f  those days was whether a monoculture 

was necessary o r  no t.  A supposed danger o f  m utations. I f  the 

process was e i th e r  s t e r i l e  o r  w i th  one e x tra  c u l tu re ,  the re  was 

a high c e r ta in ty  o f  the ou tpu t. However th a t  would be very 

expensive, s topping and s ta r t in g  the process to  r e f i l l  e t c . "

The susp ic ion  o f  mixed c u l tu re s  was th a t  perhaps genetic  m a te r ia l 

could be exchanged between the separate s t ra in s  o r  th a t  over 

t ime the r e la t iv e  p ropo rt ion s  o f  one s t r a in  to  another would change 

as m utations occurred. I t  could not be proved th a t  such th in g s  

would never happen so the debate could not be resolved. According 

to  Jorgensen, another m ic ro b io lo g is t  who supported the in d u s t r ia l  use 

o f  mixed c u l tu re s ,  s c i e n t i f i c  susp ic ion  o f  mixed c u l tu re s  p e rs is ts  

today. Le ive rs  gave the p r in c ip a l  reason f o r  b e l ie v in g  th a t  m utations 

were not a se r ious  problem,

"When the co n d it io n s  f o r  p roduction are s t r i c t  the re  is  no 

reason f o r  a m u ta tion , i f  the re  is  one i t  is  maladapted so i t  

d i e s . "

The two p r in c ip a l  mixed c u l tu re  processes were the methane based 

p ro je c ts  o f  She ll and Dansk B io p ro te in .  IC I ,  RHM, Hoechst, IFP and 

BP a t  Sarroch used pure c u l tu re s .  I f  the BP Lavera process was not 

s t e r i l e  the o the r  organisms present dur ing  fe rm en ta t ion  were very few 

and not e s s e n t ia l  f o r  the process to  take p lace. A k in in  described how 

researchers a t She ll t r i e d  to  ob ta in  a pure c u l tu re  th a t  could grow on 

methane.
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“ We made a number o f  f a i r l y  basic d iscove r ies  and one o f  the 

im portant ones was t h a t . . . y o u  d id  indeed get c u l tu re s  th a t  

u t i l i s e d  methane, but as you p u r i f ie d  them more and more, they 

would reach a p o in t  where they became much less a c t i v e . . . i t  

proved to  be very d i f f i c u l t  to  get any s o r t  o f  pure c u l tu re  

o f  a bacterium th a t  would use methane th a t  would grow a t any 

s o r t  o f  presentab le  ra te .  But ju s t  before you got to  th a t  

p o in t  you got a mixed c u l tu re  th a t  grew extremely w e l l . "

She ll found th a t  the methane u t i l i s i n g  b a c te r ia  produced methanol as 

a f i r s t  step and th a t  methanol in h ib i te d  i t s  growth. So a second 

organism was necessary to  mop up the methanol and a l low  rap id  growth, 

(and o the r  organisms were necessary to  consume by-products such as 

aldehydes). She ll is o la te d  several s y n e rg is t ic  mixed c u l tu re s  o f  

t h i s  s o r t ;  the Dansk B io p ro te in  mixed c u l tu re  is  another example, 

(see Bushel! (1983) f o r  a d e s c r ip t io n  o f  the She ll mixed c u l t u r e ) ) .  

She ll were in v e s t ig a t in g  these b a c te r ia  w ith o u t  hope o f  deve lop ing an 

SCP process.

“ More o r less up to  th a t  p o in t  we had been th in k in g  o f  

ta k in g  methane and making some a t t r a c t i v e  chemicals, ra th e r  than 

SCP, the reason being th a t  i f  you looked a t  the growth ra tes  th a t  

were reported in  the l i t e r a t u r e ,  they were p a th e t ic ,  the 

y ie ld s  were very , very  low. I t  d id n ’ t  seem th a t  SCP production  

was a t a l l  r e a l i s t i c .  But when we discovered t h i s  

in te r a c t iv e  th in g . . .w e  re a l is e d  we were g e t t in g  growth ra tes  

in  the r ig h t  b a l l  park to  make SCP a p o s s i b i l i t y . "
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On a methane subs tra te  a mixed c u l tu re  o f fe re d  the on ly  poss ib ly  

economic route to  SCP produc tion . The o the r  companies were using 

subs tra tes  w ith  a wealth o f  poss ib le  organisms, and so could choose 

a pure c u l tu re ,  avo id ing  some o f  the doubts about the r e l i a b i l i t y  o f  

such processes.

8.5 Fermentation Choices

The low p r o f i t  margins on the SCP products requ ired  th a t  continuous 

fe rm en ta t ion  be achieved. "Continuous" fe rm en ta t ion  meant longer 

fe rm enta t ion  runs than were a t th a t  t ime common in  the brewing and 

pharmaceutical in d u s t r ie s .  The p re v a i l in g  mode o f  fe rm en ta t ion  

apparen tly  led to  the b e l ie f  th a t  t h is  k ind o f  fe rm en ta t ion  was 

not poss ib le .  Northgate thought th a t  t h i s  was,

" . . .w h e re  a l o t  o f  w o o lly  th in k in g  came in ,  and the 

pharmaceutical companies had a l o t  to  answer f o r .  In  

form ing a t t i tu d e s .  F i r s t  to  continuous fe rm en ta t ion , then 

to  continuous asep t ic  fe rm e n ta t io n ."

Treeby commented on what these a t t i tu d e s  were and the RHM research 

team’ s achievement,

" . . . t h e y  app lied  some f r o n t i e r  breaking, f r o n t  rank science.

Had you asked anyone in  1970, can you grow anyth ing in  a 

continuous c u l tu re ,  everybody said no. Nobel P r ize  winners sa id  

fo rg e t  i t ,  s tu p id  idea th a t .  We d id  i t . "
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The form o f  the ferm enter va r ied  between p ro je c ts .  The major choice 

fa c in g  the SCP producers appeared to  be between the t r a d i t io n a l  

s t i r r e d  tank o r an a i r  l i f t  ferm enter. B e tt described S h e l l ’ s 

comparison o f  the two types o f  ferm enter.

"A major eng ineering study fo r  scale was performed and there  

was an oxygen d e l iv e r in g  prob lem .. . the  economics came out f o r  

a s t i r r e d  tank , what th e y ’ ve been using in  brewing f o r  

hundreds o f  years, but i t  has much g rea te r  f l e x i b i l i t y

than I C I ’ s. I f  we had scaled up we would have had a 

dedicated p la n t  w i th  a s t i r r e d  ta n k . ”

Dansk B io p ro te in  have chosen to  use a s e r ie s  o f  50m s t i r r e d  tank 

fermenters ra th e r  than a ttem pting  to  scale up to  the capac ity  o f  the

BP, IC I o r  planned She ll fe rm enters. The 50m3 ferm enter can be bought

from equipment s u p p l ie rs  whereas the la rge  scale fermenters have to  be 

designed and b u i l t  to  o rde r.

BP chose the s t i r r e d  tank f o r  the g a s -o i l  and normal alkane

fe rm en ta t ions . Northgate commented th a t  compared to  IC I ,  the BP Sarroch 

p la n t  had,

"A t o t a l l y  d i f f e r e n t  fe rm en ta t ion  s ty le ,  but BP were doing 

massive sca le  fe rm en ta t ion  5, 6 , 7  years before  IC I ,  2000 hour 

runs. T o ta l ly  uncontaminated, monoseptic, t r u l y  continuous. The 

ferm enter was based on the t r a d i t io n a l  Rushton s t i r r e d  tank , S- 

bars, a g i ta to r  d r iv e n .  The o ld  equipment brought up to  the 

h ighes t le v e ls  o f  a se p t ic  ope ra tion  by BP eng ineers ."
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Peachey commented th a t ,

"P e rsona lly  I  get a b i t  s n i f f y  when people go on about the ICI 

fe rm e n te r . "

Peachey expla ined th a t  t h i s  was because the t o ta l  fermenter capac ity  a t 

Sarroch was g rea te r than th a t  o f  I C I ’ s s in g le  ferm enter. Each o f  

the th ree  Sarroch ferm enters was o f  1000m3 capa c ity ,  served by th ree  

compressors, e q u iva len t  in  power to  a Boeing 707 engine. This 

arrangement worked as w e ll as the IC I process in  th a t  i t  too 

produced a safe p ro te in  product. Her im p lied  c r i t i c i s m  was whether the 

advanced technology o f  the IC I fermenter was r e a l l y  necessary as p a r t  

o f  the process to  produce a safe and economic SCP product.

L iqu ich im ica  chose the same type o f  s t i r  tank ferm enter as BP but 

w i th  the d i f fe re n c e  th a t  they had two fe rm en ta t ion  stages, f o r  economic 

reasons. This meant th a t  the yeast was allowed to  continue to  ferment 

in  a second ferm enter w ith ou t the a d d it io n  o f  f u r t h e r  n- 

alkanes . One r e s u l t  o f  t h i s  was th a t  in  the to x ic o lo g ic a l  debate in  

I t a l y  t h i s  fe a tu re  o f  t h e i r  product ought to  have been to  t h e i r  

advantage. Zamgrandi d id  remark th a t  the Health A u th o r i t ie s  had made 

o f f i c i a l  d ep os it io ns  no t ing  th a t  L iqu ip ron  contained less res idua l 

n-alkane than Toprina when used as a feed.

8.6 The IC I Fermenter

6So conve rt ing  more n-a lkane to  c e l l  mass.
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The IC I ferm enter was the most complex o f  those used f o r  SCP 

fe rm en ta t ion . I t  was c a l le d  a pressure cyc le ,  or a i r l i f t  ferm enter and 

B e t t le y  (John Brown) described i t  as,

"60m h igh, the la rg e s t  continuous fermenter in  the w o r ld . . . s t i 11 

is .  So we are t a lk in g  o f  the s o r t  o f  technology th a t  verges 

on atomic reac to r  technology in  terms o f  the amount o f  metal 

and the accuracy w ith  which i t  had to  be put toge the r .  

Monoseptic ope ra tion  w ith  guaranteed continuous fe rm en ta t ion  f o r  

a year a t  a t im e. What th a t  meant was th a t  nowhere could 

the re  be a hole o f  equ iva le n t  diameter to  1 micron. The 

s t e r i l e  envelope d id n ’ t  j u s t  c o n s is t  o f  the fe rm enter, which 

is  la rge  and complex eno ugh .. . the  metal th a t  went in s id e  the re  

weighed 600 tonnes, because the re  was something l i k e  100 Km 

o f  pipe in  the re  to  in je c t  the methanol, in  about 20 000 

d i f f e r e n t  p laces. A l l  in te rn a l  to  the ferm enter enve lope."

The reason f o r  b u i ld in g  a la rge  ferm enter o f  1000 m ca pa c ity  was 

given by Marks ( IC I ) ,

" I t  was 75 000 t / a ,  the th in g  th a t  d ic ta te d  th a t  was, one, 

the re la t io n s h ip  between sca le  and c o s t -e f fe c t iv e n e s s .  Once 

(past a c e r ta in  s c a le ) ,  you are not going to  get any more cost 

b e n e f i t  form i t ,  no m atte r how b ig  you b u i ld  the p la n t .  So 

IC I took a p o in t  on th a t  curve (p r ic e  per u n i t  production  

versus fe rm enter c a p a c ity )  which was d ic ta te d  by the f a c t  th a t
q

we’ d run a p i l o t  p la n t  f o r  many years a t  45m and we wanted to
q

go up to  1 500 nr and th a t  scale up fa c to r  was the most 

com fortab le  th a t  people were w i l l i n g  to  take a r i s k  on ."
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B e tt le y  described how ICI designed the ferm enter,

"They had in t h e i r  m idst q u i te  a b r i l l i a n t  mathematician, 

who was able to  devise a mathematical model f o r  the idea l way 

in  which a micro organism could th r i v e  on methanol, which 

is  to x ic  a t  any g rea te r  than very small concen tra t ions .

So what was necessary, they soon found out in  the la b o ra to ry ,  

was to  feed a microorganism w ith  a carbon l im i t a t i o n  in  order to  

achieve a high carbon conversion e f f i c ie n c y  a t very low 

concen tra t ion  o f  the subs tra te ,  but w i th  no r e s t r a in ts  w ith  

regard to  oxygen o r heat t r a n s fe r .  Now th a t  was a t a l l  order 

and i t  r e a l l y  meant a new approach to  ferm enter design. And t h is  

fe l lo w  devised e s s e n t ia l l y  the p ro to type  o f  the pressure cyc le  

ferm enter, in  which a i r  is  in je c te d  a t the base and because o f  

the very h igh head, the re  is  a very high d r iv in g  fo rc e  to  

d isso lve  oxygen in to  the s o lu t io n .  Provided the re  is  good 

m ix ing and i t  is  present in  s u f f i c ie n t  concen tra t ion  th a t  

organism can take up the oxygen very ra p id ly .  I t ’ s g e t t in g  

the oxygen in  t h a t  i s  the problem, always has been w ith  

fe rm e n te rs ."

The ferm enter cons is ted  o f  e s s e n t ia l l y  two columns o f  l i q u id ,

"A r i s e r  column o f  a m ix tu re  o f  gas and l iq u id  and a 

descender column. P rov id ing  you keep on in je c t in g  a i r  a t  the 

r i s e r  base then the power you put in  is  q u i te  e f f i c i e n t l y  

converted to  c i r c u la t i n g  movement in  the ferm enter, which
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provides a l l  o f  the power f o r  oxygen t ra n s fe r  and m ix ing. So 

m ixing was the o the r  problem."

The m ixing problem requ ired  more exceptiona l mathematics,

"Deguraniss, the mathematician, devised a modular concept in  which 

the l i q u id  would have to  go through o r i f i c e s  such th a t  la rg e r  

bubbles would be broken up w ith ou t form ing very f in e  bubbles th a t  

would be d i f f i c u l t  to  disengage a t the top . At the same time 

the re  was a p o in t  ju s t  below each o r i f i c e  a t which methanol could 

be in je c te d  and e f f i c i e n t l y  mixed."

The bubbles were th e re fo re  constra ined to  the optimal s ize  f o r  gas 

exchange to  the l i q u id  and f o r  disengagement a t  the top  o f  the r is e r .  

As the l iq u id -g a s  m ix tu re  approached the top  the w id th  o f  the r is e r  

increased so th a t  the re  was,

"an enlarged area w i th  b a f f le s  th a t  I  won’ t  even attempt to  descr ibe 

because i t  takes too lo n g ."

In  t h i s  area the l i q u id  f lowed more s lo w ly ,  the  shear in  the l i q u id  

decreased and the bubbles coalesced and f i n a l l y  disengaged from the 

1iq u id .

Greenshields and Rothman (1986) remark th a t  foaming was a problem 

in  the IC I fe rm enter. This would have resu lted  from the bubbles 

o f  gas not having coalesced s u f f i c i e n t l y  by the time they reached 

the top o f  the fe rm ente r, so th a t  they d id  not disengage from the 

l i q u id .  The o r i f i c e s  which were designed to  cons tra in  bubble s izes  were 

probably redesigned to  so lve the foaming problem a t  the same time as the
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methanol m ixing problem was solved. Bu’ Lock ( IC I & BP fe rm en ta t ion  

co n su lta n t)  was most c r i t i c a l  o f  these te ch n ica l problems.

"A major and very te c h n ic a l c la n g e r . . . e a r ly  on in  the IC I scale 

u p . . . i t  could have been a n t ic ip a te d  from the small scale 

experiments, but i t  wasn’ t  and i t  resu lted  in lo ts  o f  work 

which norm ally  you would have expected to  have been done at the 

beg inn ing. Now i t  had to  be done h a l f  way through, 

many m o d if ic a t io n s  to  the ferm enter were necessary, and i t  

was a lready b u i l t .  U l t im a te ly ,  these were s c i e n t i f i c  

o v e rs ig h ts . "

Warsop ( IC I )  described the main problem as poor m ix ing o f  methanol and 

water, which slowed the ra te  o f  fe rm enta t ion  in  c e r ta in  pa r ts  o f  the 

ferm enter and B e t t le y  described the te ch n ica l s o lu t io n ,

" I  t h in k  i t  would be f a i r  to  say, and t h i s  is  c o n f id e n t ia l  to  

some e x te n t ,  t h a t  they went from 1000 to  20 000 n o z z le s . . . from 

a la rge  number to  an even la rg e r  number...and th a t  invo lved a 

lo t  o f  d e ta i le d  work o f  cost o p t im is a t io n ;  the cost 

o p t im is a t io n  comes in  what techniques do you use f o r  fa b r ic a t in g  

a nozzle , techn iques f o r  s i t i n g  a nozzle and p ip in g  up a 

nozzle. And how to  cu t the holes and b a f f le s . . .w e  looked a t  

a whole range o f  f a b r ic a t io n  techno log ies  and put them toge the r  

in  a way th a t  hadn’ t  been done be fo re ."

However B e t t le y  remarked th a t  the p la n t  was commissioned in  3 years, 

which was on ly  6 months longer than o r i g i n a l l y  planned. He considered 

t h i s  to  be a " f a s t  t ra c k "  performance cons ide r ing  the  nove lty  o f  the
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technology invo lved.There  was more novel technology in  the design o f  the 

s t e r i l i s i n g  equipment ( f o r  s t e r i l i s i n g  the ferm enter in p u ts ) ,  which was 

engineered to  h igher s t e r i l e  standards than any achieved before .

"When we f i r s t  got invo lved (John Brown), we knew th a t  we needed 

k i l l  r a t io s  o f  10 to  the power o f  23. In  s t e r i l i s e r s  you can’ t  

in  fa c t  t o t a l l y  and ab so lu te ly  k i l l  a l l  in fe c t io n s  coming 

through. What you can do is  to  design f o r  a r a t io  o f  how many 

come in  and how many get through. And our r a t i o  was about 

a m i l l i o n  times b e t te r  than anyone e lse  norm ally  a t tem pts ."

The com plex ity  o f  the technology added to  the reasons f o r  b u i ld in g  b ig .

" I t  was recognised t h a t  the re  would be an economy o f  scale w i th  

such ferm enters and in  o rder to  produce SCP in  q u a n t i t ie s  to  

s a t is f y  the feed market fermenters would have to  be q u i te  la rge .

That would r e s u l t  in  h igh c a p i ta l  investment and a demand th a t  

the p la n t  should be kept running f o r  very long campaigns."

The energy consumption was huge and added g re a t ly  to  costs when the 

p r ic e  o f  hydrocarbons rose in  the  la te  1970s.

"We had a 10 MW compressor pushing a i r  in to  t h i s  fe rm enter.

What we were doing was im part ing  the momentum equ iva len t  

to  a Concorde moving s u p e rs o n ic a l ly . . . th e  same amount o f  

momentum was in  t h e r e . . . o v e r  a 1000 tonnes o f  l i q u id  moving a t 

3 m /s ."

8.7 Harvesting the Biomass
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Harvesting was the process o f  separa ting the c e l ls  from the ferm enter 

l iq u o r .  For the yeast and fungal processes t h is  was r e la t i v e ly  simple 

s ince yeast c e l ls  were la rge  enough to  c e n t r i fu g e  out o f  s o lu t io n .  

They could then be spray d r ied  and were ready fo r  packing and 

sa le1. Harvesting b a c te r ia  was a more d i f f i c u l t  task  because the c e l l  

s ize  was so much sm a lle r  than th a t  o f  yeast c e l l s .  IC I and Hoechst 

devised new ways to  separate the b a c te r ia l  c e l l s  from t h e i r  growth 

medium. B e t t le y  described how the ICI process adm in istered a 

temperature and pH shock to  the c e l ls .

"You can’ t  ju s t  put them in  a c e n t r i fu g e  o r a f i l t e r ,  

noth ing w i l l  happen.. . they  are about a micron and a h a l f  long 

and h a l f  a micron w id e . . .  So you’ ve got to  make f lo e s ,  which are 

perhaps 0.1 mm. The idea was th a t  the temperature shock 

would open up the c e l l s  to  some e x te n t . . .a n d  the pH shock 

would change the i s o e le c t r ic  p o in t  whereby the c e l l  p ro te in s  

would tend to  c o a g u la te . . .and the a d d it io n  o f  ac id  and 

d e p re s s u r is in g . . .meant a l o t  o f  the C02 would come out in  the 

form o f  very f in e  bubbles toge the r  w ith  the populated biomass, 

which would form a f l o a t . "

This f l o a t  was scraped o f f  the surface o f  the growth medium in  a 

s t e r i l e  fe rm en ta t ion  tank , degassed, c e n tr i fu g e d  and then d r ie d .  I t  was 

t h is  trea tm ent o f  the  b a c te r ia l  p ro te in s  w ith  ac id ,  and then heat in  

the d ry ing  stage which rendered them almost in s o lu b le  in  water. This

 ̂ In  ha rves t ing  yeast and fu n g i ,  Peachey re c a l le d  th a t  the main 
problem was educating engineers to  design equipment such as the 
c e n tr i fu g e s  f o r  the minimum chance o f  in fe c t io n  o f  the biomass.
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prope rty  was usefu l when the p ro te in s  were to  be animal feed, when 

the re  was a need f o r  feed to  r e s is t  ra in  and w e tt in g ,  but i t  rendered 

them useless as a human food p ro te in .  Thomas ( IC I )  commented th a t  

when ICI were working on human food a p p l ic a t io n s  o f  Pruteen, a major 

aim was to  make the p ro te in s  so lub le  once more by hyd ro lys ing  the 

p ro te in s  w ith  enzymes.

Hoechst were t r y in g  to  develop human food p ro te in s  from t h e i r  

b a c te r ia l  fe rm en ta t ion  process from the beginning o f  t h e i r  p ro je c t  and 

so tack led  ha rves t ing  d i f f e r e n t l y .  A major a d d it io n a l  problem, i f  the 

p ro te in  was to  be used as human food, was the removal o f  the 

b a c te r ia l  n u c le ic  ac ids , f o r  which Schlingmann (Hoechst) developed the 

"Schlingmann process" which Hoechst patented. L iesser (Hoechst) 

described t h i s  as,

"Th is  process he invented, very s imple, much, much b e t te r  than 

any o the r  k ind o f  way o f  des troy ing  the n u c le ic  ac ids th a t  o the r  

patents  d id .  He t re a te d  the c e l ls  w i th  a methanol-ammonia 

s o lu t io n ,  t h i s  opened the c e l ls .  The n u c le ic  ac ids were 

so lub le  in  the methanol s o lu t io n ,  the p ro te in s  were no t,  so 

the  n u c le ic  ac ids could be washed ou t. . .W e had 90% t o ta l  p ro te in  

a f t e r ,  compared to  70% b e fo re . . . less than 1% n u c le ic  a c id s ."

Hoechst and IC I discussed the p o s s i b i l i t y  o f  using the Schlingmann 

process on the Pruteen biomass.

I t  was s ta ted  e a r l i e r  th a t  the gas-based processes had a problem w i th  

feedstock u t i l i s a t i o n .  Shell and Dansk B io p ro te in  achieved
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near 80% u t i l i s a t i o n ,  but t h i s  l e f t  the question o f  what to  do w i th  the 

remaining 20% o f  gas. Hamer described the eng ineering p o s s i b i l i t i e s .

"Recyc ling the methane f o r  reuse to  avoid the low u t i l i s a t i o n  ra tes  

cost money, and you compressed a m ixture  o f  methane and oxygen. You 

can do t h i s ,  but the re  is  the p o s s ib i l i t y  o f  exp los ion , you have 

to  e x t ra c t  the C02, need to  dry i t . . . y e s ,  you can, we worked on 

methane re c y c l in g ,  o bv ious ly ,  you can do i t  e a s i ly  on the lab

sca le , but on the scale o f  a commercial p l a n t . . . b u t  a l l  these

c o s t s . . . "

Because o f  the costs  o f  re c y c l in g  Dansk B io p ro te in  are apparen tly  not 

working on re c y c l in g  the  unused 20% but instead e i th e r  vent the gas 

to  the  atmosphere, f l a r e  the gas o f f  or pass i t  on to  another u t i l i t y

f o r  use as a f u e l .  T h e ir  documentation s ta te s  th a t ,

"Less than 20% o f  the in je c te d  na tu ra l gas in je c tp „  is

released to  the env ironm ent."  (Dansk B io p ro te in  1988 p19).

The Dansk B io p ro te in  p la n t  w i l l  in co rp o ra te  c e n t r i fu g in g  

equipment from A lfa -L a v a l which is  capable o f  separa ting  b a c te r ia  from 

s o lu t io n  and so avoid the f lo c c u la t io n  step. I t  is  l i k e l y  th a t  these 

c e n t r i fu g e s  were not a v a i la b le  to  IC I a t the t im e the Pruteen p la n t  was 

cons truc ted . The c e n t r i fu g e s  g ive a 10% dry m atte r  concentra te  which 

is  then f i l t e r e d  to  g ive a 30% dry m atter suspension, which is  heat 

t re a te d  and then spray d r ie d .  The Dansk B io p ro te in  spray d r ie r s  

in co rpo ra te  scrubbers to  m inimise the re lease o f  m ic rob ia l dust to  the 

environment, a temporary problem w ith  the BP Lavera spray d r ie r s  th a t

BP had to  so lve on s i t e .  Jorgensen describes the spray d r ie r
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equipment manufacturers as having adapted to  a "general t ren d "  in 

demand.

8.8 Toxico logy

The companies th a t  b u i l t  f u l l  scale p la n t  wanted to  be sure t h e i r  

products would be considered safe when they were ready to  produce 

them. They had two major problems.

1 There were no standard government procedures f o r  the te s t in g  

o f  novel foods.

2 The m ic ro b ia l nature o f  the foods led to  g rea te r  doubts o f  the 

s a fe ty  o f  these foods compared to  a g r ic u l t u r a l  sources o f  food.

This made the t o x i c i t y  t e s t in g  o f  the products more d i f f i c u l t .  Treeby 

put the cost and t im e th a t  RHM was invo lved in  to x ic o lo g ic a l  and 

n u t r i t i o n  te s ts  a t  £20m over 13 years. Sw indall put the cost o f  

t o x i c i t y  t r i a l s  a t  a t h i r d  o f  the t o ta l  research cost on the Pruteen 

p ro je c t .

8.81 Test Design A f fe c ts  conclus ions on T o x ic i t y  o f  Product

An example o f  how te s t  design a f fe c te d  re s u l ts  was the 

potassium (K+) d e f ic ie n c y  o f  Pruteen.

"For example.. . th e re  is  no K+ in  Pruteen, but conventiona l feeds 

con ta in  1% o f  K+. We need a base in  p roduc tion , but the cost 

d i f fe re n c e  between sodium and potassium hydroxide is  so huge
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th a t  we use sodium hydroxide. This doesn’ t  m atte r a t  a l l  

provided the m inera l balance o f  the d ie t  is  ad justed to . . .h a v e  

the same concen tra t ions  o f  both m inera ls . I f  no K+ is  added to  

Pruteen i t  w i l l  f a i l  to  perform s a t i s f a c t o r i l y  in  feeding 

t r i a l s .  This is  very s p e c i f i c  knowledge, but we convey i t  

to  p o te n t ia l  purchasers and these precautions are norm ally  

ta k e n . "

A s c i e n t i f i c  conception o f  the product enabled ICI to  f o r e s t a l l  

c r i t i c is m s  o f  P ruteen ’ s performance.

The IC I t o x i c i t y  and n u t r i t i o n  te s ts  las ted  8 years. Swindall t o ld  how 

i t  was im portant th a t  the product they had shown was safe was seen 

to  be the same product th a t  IC I produced.

"As the process was perceived to  change, e i th e r  because 

o f  eng ineering  requirements o r  n u t r i t i o n a l  reasons, we would 

c a r ry  out f u r t h e r  t o x ic o lo g ic a l  te s ts  to  compare the new product 

w i th  the o ld  to  demonstrate whether any s ig n i f i c a n t

b io lo g ic a l  changes had taken place which would a f fe c t  

product s a fe ty . "

8.82 The Choice Between In  House o r  Contract Testing

BP had most o f  i t s  t e s t in g  performed in  independent research 

in s t i t u t e s  w h ile  IC I d id  i t s  te s ts  in-house. Northgate commented on the 

BP s t ra te g y ,
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"B P . . .s e t  up vas t animal and to x ic o lo g ic a l  te s t in g  f a c i l i t i e s  

a t Vaagen Ingen, Netherlands. That was a small independent 

te s t in g  o rg a n is a t io n ,  but by the time BP went in  w ith  i t s  

requirements i t  had grown massively. I t  was independent, 

desp ite  o the r  peop le ’ s question ing  o f  th a t .  A no win 

s i t u a t io n ,  i f  BP had done i t  themselves th e y ’ d have been 

c r i t i c i s e d ,  e qu a lly  when they funded and b u i l t  up a b ig  

independent la b o r a to r y . . . a l 1 new and massive f a c i 1i t i e s . . . you 

are ta lk in g  about m u lt i -g e n e ra t io n  chickens and p ig s . "

P r iv a te  te s t in g  f a c i l i t i e s  were ju s t  not la rge  enough to  cope w i th  the 

q u a n t i ty  o f  work th a t  was necessary. IC I and RHM had an 

a l te r n a t iv e  s t ra te g y  o f  developing a good re la t io n s h ip  w i th  the 

re g u la to ry  a u th o r i t ie s  and perform ing t o x i c i t y  te s ts  in-house. Swindall 

compared the e f fe c ts  o f  t h i s  s t ra te g y  to  the Hoechst method o f  farm ing 

out te s t in g  to  o th e r  research bodies.

"They had to  share out work to  government i n s t i t u t i o n s  and 

labs, Hoechst not having the r ig h t  exp e r t ise  and so they were 

not able to  d iscuss w ith  the U n iv e rs i t ie s  how t h e i r  product 

m ight be te s te d .  A s p e c i f i c  example was a se r ie s  o f  te s ts  

c a r r ie d  out by the I n s t i t u t e  o f  N u t r i t io n  o f  the V e te r in a ry  

School o f  Munich. They included Probion and Pruteen in  f i s h  

d ie ts  up to  70% as the so le  p ro te in  source and showed a 

subsequent depression in  the f i s h  growth ra te .  This was 

published as a b io lo g ic a l  d e f ic ie n c y  in  the product, and i t  was 

the f i r s t  p u b l ic a t io n  on Probion. However the re  were 2 o r  

3 previous IC I p u b l ic a t io n s  which a lready admitted th a t  about 

10% a d d it io n  to  d ie t  was OK f o r  f i s h ,  but g rea te r  than 70% led
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to  depressed growth. This was im portant because i t  es tab lished  

I C I ’ s re p u ta t io n  f o r  v e ra c i ty .  Also because the FDR would be 

re ce iv ing  repo r ts  from t h e i r  own in s t i t u t io n s  , not Hoechst, th a t  

were c r i t i c a l  o f  the product. Bad f o r  the government-Hoechst 

r e la t io n s h ip . "

8.83 A New Testing  Regime has to  be Estab lished f o r  Novel Feeds

The t e s t  regimes f o r  the novel food p ro te in s  were recognised to  be f a r  

tougher than those th a t  a g r ic u l t u r a l  fo o d s tu f fs  had to  contend w ith .  

Sherwood (1974) observed th a t  the EEC Commission r e s t r ic te d  the le v e ls  

o f  copper and z inc  allowed in  yeast feeds, but made no such 

r e s t r i c t i o n  f o r  animal feeds in  genera l. Another general 

observa tion  was th a t  i t  was common f o r  soya and f i s h  feeds to  con ta in  

a f lo to x in s  and le v e ls  o f  b a c te r ia l  in fe c t io n  unacceptable in  SCP feeds, 

which were e f f e c t i v e l y  s t e r i l e .  Saxton remarked th a t  IC I ,

" . . . d i d  more f o r  the animal food te s ts  than are done f o r  most 

human foods you ea t.  We were ju s t  thorough. The re g u la to ry  

people around the  world  d id  not know how to  t e s t  Pruteen.- Most 

drugs, you look f o r  a minimum o f  residue in  t is s u e s .  With SCP 

you want a maximum."

IC I and BP were not s im ply n e g o t ia t in g  te s t  procedures in  a 

neu tra l environment, they had to  show th a t  the assumptions behind te s ts  

f o r  drugs were in a p p ro p r ia te  f o r  novel foods. Sw indall s tressed th a t  

the design o f  t o x i c i t y  te s ts  was c r i t i c a l  g iven the absence o f  t e s t  

p ro to co ls .
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" I t  a l l  b o i le d  down to  t h i s ,  th a t  w i th  a novel product you 

must look a t i t  c a r e fu l l y  before te s t in g .  I f  i t  d i f f e r s  

s ig n i f i c a n t l y  from conventiona l foods you cannot t e s t  i t  

c o n ve n t io n a lly .  You w i l l  get poor r e s u l ts ,  not due to  the 

m a te r ia l ’ s q u a l i t y  but due to  incompetence in designing the 

expe rim en t."

The RHM te s t in g  procedure was even more r igo rous  than fo r  the animal

feeds. Treeby described the d i f fe re n c e s  between the two.

“ . . . i t ’ s easy w i th  animals. You ju s t  g ive  i t  to  them 

and see what happens.. . Before you could get permission to  

t e s t  on experimenta l vo lun tee rs  you had to  show a much w ider 

range o f  te s ts  running through l i fe s p a n  s tud ie s  to  many species, 

m u lt i -g e n e ra t io n  te s ts ,  across a number o f  d i f f e r e n t  species.

At the t im e, not requ ired  anywhere e lse ,  but something we had 

invo lved ourse lves in ,  was the whole te ra to lo g ic a l  te s t in g  on the 

unborn. A s e r ie s  o f  te s ts  th a t  t r i e d  to  cha r t  the e qu iva len t  

b io lo g ic a l  va lue o f  the food, in  terms o f  the d ie t  th a t  a

human being would have, not ju s t  a bu lk  b u i ld in g  d ie t  you

might g ive to  an an im a l. . .  i t ’ s a l l  very  standard now...one o f  

the th in g s  th a t  come out o f  t h i s  p ro je c t  was to  help the 

government de f in e  i t s  se t o f  te s ts  f o r  new and novel foods. 

Much o f  the Committee on Novel and I r r a d ia te d  Foods has as i t s  

genesis the mycoprotein p ro je c t .  That is  one o the r  b ig

b e n e f i t  th a t  I  t h in k  has come out o f  t h i s  p ro je c t  f o r  UK L td . "

The b e n e f i t  to  RHM o f  t h i s  a t t i t u d e  to  te s ts  was a c e r ta in  re p u ta t io n

w ith  the government.
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"Having got clearance we could p o in t  to  su b s ta n t ia l  

c learance. And a re p u ta t io n  w ith  MAFF th a t  is  s u b s ta n t ia l .

And obv ious ly  th a t  has helped our o the r food in te re s ts .  We 

have shown ourse lves to  be a major, r e l ia b le ,  e th ic a l  food 

company, who is  prepared to  do w ith  food the r ig h t  th ing s  in 

the r ig h t  way. D i f f i c u l t  to  put a value on th a t ,  but I t h in k  i t  

has a v a lu e . "

With an es tab lished  t e s t  regime f o r  novel food products, i t  is  eas ie r  

f o r  Dansk B io p ro te in  to  t e s t  t h e i r  product. Jorgensen (Dansk 

B io p ro te in )  described h is  comapany’ s approach to  the Danish reg u la to ry  

a u th o r i t ie s  as one o f  "n e g o t ia t in g  f o r  supplementary approval to  

P ruteen." In  t h e i r  documentation Dansk B io p ro te in  l i n k  the on ly  

completed t o x i c i t y  te s ts  done on t h e i r  product by Steingass a t  the 

West German U n iv e rs i ty  o f  Hohenheim, to  I C I ’ s work.

" IC I has produced b a c te r ia l  p ro te in  b a s ic a l ly  from the same raw 

m a te r ia l . . . the  re s u l ts  o f  Dr. H Steingass are in  c lose agreement 

w i th  r e s u l ts  o f  an ex tens ive  experimental programme c a r r ie d  out by 

IC I in  Germany and England and in v o lv in g  more than 300 000 animals. 

From t h i s  we conclude th a t  B iop ro te in  and the IC I product are 

immediate ly comparable." (Dansk B io p ro te in ,  1988b p6)

Long term feed ing  t r i a l s  have been s ta r te d  w ith  a Danish fe e d s tu f f  

company, but Dansk B io p ro te in  are making an in s ig n i f i c a n t  e f f o r t  

compared to  IC I in  terms o f  cost and t im e , because they are not having 

to  e s ta b l is h  the bas is  o f  the te s ts  themselves. In  a d d i t io n ,  i f  they 

a lso  succeed w i th  t h e i r  argument th a t  t h e i r  product is  comparable to
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Pruteen, they w i l l  have cu t out research th a t  was a major p a r t  o f  

I C I ’ s costs.

8.84 The T o x ic i t y  o f  the Substra te  and o f  Nucle ic  Acids

There were two issues in  p a r t i c u la r  th a t  were im portant in  the te s ts .  

One was the t o x i c i t y  o f  the subs tra te  and the o the r  was the e f fe c t  o f  

n uc le ic  acids on animals or human beings. Most managers be lieved

th a t  a pure subs tra te  was d e s ira b le  f o r  an SCP process, the on ly

exception to  t h is  was Payne who defended the Lavera process based 

on g a s -o i l .  Even Peachey (BP) had doubts about using such a 

subs tra te ,  although the re  were no s p e c i f ic  in c id e n ts  f o r  which SCP 

from the Lavera p la n t  could be c r i t i c i s e d .  Peachey agreed th a t  the 

Lavera product was sa fe , but thought th a t  using a mixed subs tra te

"wasn’ t  the done t h in g . "  S e l f r id g e  (IFP) expressed these doubts,

"When you in troduce  a new product in to  the human food chain 

I  be l ie ve  i t  is  always necessary to  s t a r t  from we ll defined 

s ta r t in g  m a te r ia ls .  And i f  the re  is  a product th a t  is  not w e ll 

de f ined , i t  i s  g a s -o i l .  I t  is  a m ix tu re  o f  products o f  

d i f f e r e n t  f a m i l ie s  and th a t  poses great problems

The n u c le ic  ac id  problem was on ly  a ser ious problem in  I t a l y ,  where i t  

was another issue used to  a t ta c k  the sa fe ty  o f  Toprina and L iqu ip ro n .

I t  is  in te r e s t in g  to  note th a t  SCP from Lavera was approved by 
the French government and consumed f o r  3-4 years by French farm ers, but 
the I t a l i a n  p la n ts ,  based on the purer p a r a f f in  subs tra tes  were p u b l ic ly  
attacked because p a ra f f in s  con ta in  t i n y  p ropo rt ion s  o f  carcinogens 
remaining a f te r  t h e i r  r e f in in g  from the t r u l y  mixed subs tra te  o f  crude 
o i 1.

289



There was a whole l i t e r a t u r e  on human and animal response to  d i f f e r e n t  

le v e ls  o f  n u c le ic  ac id in take ,  the problem being th a t  the by product 

( u r i c  ac id )  o f  nu c le ic  ac id  metabolism causes gout in  people i f  i t  is  

produced in  la rge  enough q u a n t i t ie s .  Payne commented th a t ,

"The famous problem o f  nu c le ic  a c id s . . . t h a t  is  a complete 

nonsense. Nuc le ic  ac ids are a lready being metabolised by a l l  

animals. I t  may be a problem fo r  d i r e c t  human consumption."

Treeby said th a t  UNPAG e v e n tu a l ly  se t an adv isory maximum o f  nu c le ic  

ac id content f o r  human food products o f  2% by we igh t, a l i m i t  which was 

exceeded by a l l  the novel food fe rm enta t ion  products. Hoechst solved 

t h i s  problem w i th  the Schlingmann process, but RHM had a more d i f f i c u l t  

problem in  th a t  they needed to  preserve the te x tu re  p rope rty  o f  t h e i r  

product. Treeby l ikened  the problem o f  g e t t in g  the n u c le ic  ac ids out 

o f  the c e l ls  w ith o u t  des troy in g  the product to  g e t t in g  a car engine out 

through the g r i l l  in  the f r o n t  w ith ou t opening the bonnet and he 

thought RHM had succeeded in  doing t h i s .

I f  SCP was used as an animal feed, h igher n u c le ic  ac id  le v e ls  could be 

to le ra te d  because SCP would on ly  be used mixed w i th  o the r  feeds. No 

e x t ra c t io n  o f  n u c le ic  ac ids was necessary. However, some t o x i c i t y  te s ts  

were designed to  examine the response o f  animals to  high percentage 

SCP d ie ts ,  and then t o x ic  e f fe c ts  could occur. B e tt  (S h e l l )  thought 

Shell had found something amiss w ith  Pruteen,

" . . .  in  the t r i a l s  the re  was a major h ic c u p . . . th e re  was a problem 

w ith  Pruteen, i t  caused l i v e r  necros is  in  ch ickens, due to  the 

n u c le ic  ac ids . We pub lished t h is  f in d in g  in  an obscure jo u rn a l
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to  avoid embarrassing IC I .  For lega l reasons we pub lished. You 

know you p ick  a l i t t l e  read, second ra te  jo u rn a l ,  you give the 

a r t i c l e  an obscure t i t l e ,  no-one’ s ever going to  f in d  i t .  We 

ta lke d  to  IC I about i t ,  they had missed i t  somehow."

Marks ( IC I )  commented th a t ,

" . . . t h e r e  was worry about the acids in  the company, but then we 

d id  a h e l l  o f  a l o t  o f  t o x i c i t y  t r i a l s  to  show there  wasn’ t  a 

problem."

8.9 New O p p o r tu n it ie s  Open Through the Development o f  Novel Foods 

 Technology

As the companies b u i l t  up t h e i r  science and technology base in  the 

p u rs u i t  o f  a commercial SCP process, o the r  te c h n ic a l and commercial 

p o s s i b i l i t i e s  arose. Companies d i f f e r e d  in  whether and how they 

e x p lo i te d  these avenues. Whether o r  not they decided to  develop such 

s ide issues, which were not s t r i c t l y  necessary to  the development o f  

SCP, the re  was always a legacy o f  fe rm en ta t ion  re la te d  s k i l l s  and 

e x p e rt is e .

8.91 A General C o n tr ib u t io n  Towards the Development o f  B iotechnology

There was a consensus among managers th a t  t h e i r  SCP work had 

helped to  develop the in d u s t r ia l  s k i l l s  and the p ro je c ts  t h a t  form 

today ’ s b io techno logy in d u s t ry .  Saxton, Peachey and Marks thought so.
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C|
S e lf r id g e ' (IFP) expressed the same view f o r  b io technology in  France.

" I  be l ie ve  th a t  the development o f  SCP has allowed the 

development o f  b io technology in  France. Because many o f  the 

teams th a t  were created a t th a t  time have gone on working. 

B iotechnology is  a small world , and one person in ten has 

worked on SCP. I t  allowed the development o f  t h is  sec to r  by 

t r a in in g  people. From t h i s  time the manufacturers were look ing  

to  develop e lec trodes  re s is ta n t  to  s t e r i l i s a t i o n ,  pH 

e lec trod es ,  e lec trodes  f o r  oxygen, e tc ,  s ince oxygen was the 

main l im i t i n g  fa c to r  in  y ie ld .  A huge amount o f  eng ineering 

work, to  crea te  huge fermenters and s t e r i l e  c o n d i t io n s . . .we 

le a rn t  much about the s c a l in g  up o f  fe rm en te rs ."

Hamer be lieved the Kuw a it is  gained from t h e i r  e f f o r t s  to  b u i ld  up 

enough independent research e xp e rt ise  to  be able to  judge the var ious  

SCP processes on o f f e r  from IC I ,  BP, S he ll .

"They have not closed down what SCP r e a l l y  gave them. The 

research f a c i l i t i e s  s t i l l  e x is t  w i th  the personnel and the 

e x p e r t is e ,  they have a reso u rce . . .They are now o r ie n ta te d  

towards making b io s u r fa c ta n ts  f o r  in  s i t u  c lean ing  o f  la rge  o i l  

tanks. They would never have got in to  b io s u r fa c ta n ts  i f  they had 

not had the phys ica l and the manpower s i t u a t io n  on the ground."

Although the s k i l l s  th a t  the companies b u i l t  up were seen to  b e n e f i t  

b io technology in  a general way, companies d i f f e r e d  in  the way they

9The researcher ’ s t r a n s la t io n

292



managed the s k i l l s  th a t  were l e f t  to  them.

8.92 Shell -  B iotechnology as a New Research Topic

Brewed (S h e l l)  f e l t  th a t  a re o r ie n ta t io n  o f  research in to  the 

b iotechnology area was a gain,

" I ’ m not sure what, when you come to  the crunch, what the 

experience gain was, more im portant was a fe e l in g  t h a t . . . a  

knowledge th a t  b io technology was in te re s t in g .  Not a bad 

word, q u i te  a good word. SCP got us in te re s te d  in  

b io technology. I t  gave b iotechnology a coat hanger.. . c a ta ly s ts ,  

enzymes e tc .  I t  could have gone the o the r  way i f  the re  had been 

costs o f  £50m, they would have wanted to  d isassoc ia te  as ra p id ly  

as p o s s ib le ."

8.93 BP Runs Down i t s  M ic ro b io lo g ic a l S k i l l  Base

BP p ro je c t  d i f f e r e d  from the o thers in  th a t  few successful or 

con t in u in g  developments evolved out o f  i t 10. The idea th a t  the BP board 

reacted aga ins t the idea o f  b io technology was re fe rre d  to  in  chapter 

7, but i t  took some years before BP disengaged t o t a l l y .  Peachey and 

Northgate thought th a t  a f t e r  the end o f  I ta lp r o te in e  and the t ra n s fe r  

o f  most o f  the R&D personnel to  the BP Sunbury research cen tre , the 

b io technology s k i l l s  were p rog ress ive ly  lo s t .  The f i r s t  e f fe c t  was 

th a t  a B io lo g ic a l  Sciences group was set up to  hold the researchers, 

many o f  whom had been seconded out to  the Epinay research cen tre  in

10 Although many f i rm s  on ly  entered the technology because o f  BP’ s 
example.
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P aris .  Peachey thought the re  7 or 8 m ic ro b io lo g is ts  in  t h i s  group at 

the Sunbury research cen tre .

"For a number o f  years we ran a much broader rem it ,  w ith  2 or 

3 colleagues a t  Grangemouth, but f o r  the f i r s t  5 years a 

fe rm enta t ion  p ro je c t  remained. The remnants o f  the b a c te r ia  

methanol process, we kept an in te re s t  in  th a t .  We were 

in te re s te d  in  a biopolymer, same as Shell had done. Then 

we got in te re s te d  f o r  a couple o f  years in  m ic rob ia l 

p ro d u c ts . . . and f u e l - e th a n o l , because a l l  round the world people 

were saying, make fu e l  from renewable resources. So BP 

decided, we need to  suss t h i s  ou t.  We sa id , you need to  do some 

research, and 2 o r  3 years o f  n ice in te re s t in g  work 

fo llow ed . S t i l l  fe rm en ta t ion ,  but d i f f e r e n t  systems. But in  

the la s t  4 o r  5 years th a t  has a lso  gone."

The r e s u l t  o f  the research on fu e l-e th a n o l was th a t  no p ro je c t  was 

found to  be economic. Th is  l e f t  a dearth o f  poss ib le  p ro je c ts  th a t  

l in ked  BP’ s core business to  m ic rob io logy  and by 1983 the p o s i t io n  f o r  

b io technology in  the company looked b leak. Peachey described BP a t 

th a t  time as a company which knew where i t  was going.

"BP N u t r i t io n ,  doing n ic e ly ,  no need f o r  research. No 

easy niche f o r  b io techno logy , which was what m ic ro b io lo g is ts  

were now c a l le d .  There i s n ’ t  a BP b iotechnology process. What 

do they want w ith  su r fa c tan ts?  Enhanced o i l  recovery? W ell,  

we have to  compete aga ins t chemical products. We looked a t 

enhanced o i l  recovery, but i t ’ s not on f o r  the k ind o f  w e l ls  BP
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has. Only f o r  watered ou t, shallow f i e l d s ,  where i t  doesn’ t  

m atte r i f  i t  goes wrong."

The B io lo g ic a l  Sciences group was f i n a l l y  disbanded in  1987. Peachey 

was the la s t  m ic ro b io lo g is t  and now has a l i t e r a t u r e  m on ito r ing  ro le .  

She f e l t  th a t  i f  they licensed the p la n t  tomorrow to  Russia,

" . . .p e rh a p s  we could get 3 o r  4 engineers back, i f  we paid 

them enough. My God, th e y ’ d have to  pay me a lo t .  A f te r  10 

years i t ’ s too d i f f i c u l t . . .They could have put i t  toge the r  again 

a f te r  2 yea rs ."

A f te r  the l i q u id a t io n  o f  I ta lp r o te in e  BP had made the te ch n ica l designs 

f o r  the Sarroch p la n t  in to  a c o l le c t io n  which they s t i l l  o f f e r  f o r  

sa le a t £100 000. Peachey commented on t h i s  c o l le c t io n ,

"The real innova tions  o f  the BP process were chemical 

eng ineering ones. The m ic rob io logy  was r e la t i v e l y  simple. But 

f o r  those times the re  was the newest t h i s ,  the b iggest th a t .

And a l o t  o f  th a t  has s t i l l  not been pub lished, i t  s t i l l  

c o n s t i tu te s  what BP considers i t  might s t i l l  s e l l .  The 10 

volume tome. I t ’ s a p i t y ,  they would have been b e t te r  to  donate 

i t  to  a sens ib le  chemical eng ineering department 5 years ago.

I t  would have helped b iotechnology a b i t . . . h o w  the whole 

th in g  was se t about, how you a r r iv e  a t  t h is  a b s o lu te ly  

amazing, huge p la n t . "

8.94 IC I -  Waste Treatment, Biopolymers, Genetic Engineering and the 

Creation of a New Department
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The Pruteen p ro je c t  was seen by a l l  ICI in te rv iewees as the e sse n t ia l 

base from which emerged B io lo g ic a l  Products, the e x is t in g  base fo r  

b io te ch n o lo g ica l research and some o f  the former Pruteen researchers 

continue to  work w i th in  t h i s  group. ICI were a lso v igorous in  fo l lo w in g  

up p o te n t ia l  "sp in  o f f ” technology. An example was the "Deep Shaft"  

p ro je c t  which Swindall described as,

" . . . a  Pruteen ferm enter bur ied in  the ground, using a m u l t ip le  

c o l le c t io n  o f  organisms as a c u l t u r e . . .which c a r r ie s  on a non­

s p e c i f i c  fe rm en ta t ion  which has a high mass t r a n s fe r . "

Warsop ( IC I )  thought th a t  Deep Shaft had been q u i te  success fu l,

" . . . a b o u t  a 100 licensed . Now we do a l i t t l e  research to  

prov ide in fo rm a tion  to  the licensees. The r ig h ts  have been sold 

to  another company invo lved in  the e f f lu e n t  d isposa l business.

B e tte r  to  leave i t  to  an es tab l ished  waste trea tm ent 

company than to  put in  a l l  the management t ime invo lved in  

le a rn ing  about a new bus iness ."

P ick les  saw Pruteen as having b u i l t  up a team who then s ta r te d  

developing o the r  o p p o r tu n i t ie s ,  one o f  which was PHB, 

po lyhyd roxybu ty ra te , used as a biodegradable p la s t i c .  Swindall and 

Smissen thought th a t  t h i s  development began because Peter Harwin had 

done a PhD on PHB and brought t h i s  in te r e s t  in to  the company, where i t

296



remained when Harwin l e f t 11. The PHB work has now been "spun o f f ” in to  

a development company c a l le d  Marlborough Polymers.

IC I and P h i l l i p s  Petroleum chose to  experiment w ith  the genetic

i?engineering o f  t h e i r  organisms and the I s r a e l i  SCP researcher Goldberg 

ca l le d  t h is  the la rg e s t  scale a p p l ic a t io n  o f  genetic  eng ineering to  

date, (Goldberg 1988).

Marks described the IC I work.

"The programme was implemented about 1978 when the main p la n t  

had a lready been b u i l t  and people were on ly  j u s t  r e a l is in g  

what the im p l ic a t io n s  o f  genetic  eng ineering were...We d id 

more research on th a t  organism probably than any company has 

done on any ore anism. We understood i t  very w e l l ,  i t s  

b iochem is try ,  i t s  phys io logy , and we found p r e t ty  e a r ly  on th a t  

the re  were 1 o r  2 th in g s  in  the organism, which had they been 

the a l te r n a t iv e ,  you would have seen an increase in  the 

y ie ld . . .S o  what we d id  was to  e s ta b l is h  a f a c i l i t y  a t  Le ice s te r  

U n iv e rs i ty ,  the IC I Le ice s te r  Lab. I t ’ s s t i l l  going. Where 

the genetics  o f  the organism would be worked on. We a lso 

es tab l ished  a f a c i l i t y  a t  IC I Corporate Lab, Runcorn, f o r

^The te c h n ic a l l i n k  to  SCP is  th a t  c e r ta in  b a c te r ia ,  
e s p e c ia l ly  h y d ro g e n -u t i l i s in g  species, can be fermented to  form 

granules o f  PHB in  t h e i r  c e l ls  i f  t h e i r  growth is  oxygen, n i t roge n  o r 
phosphate l im i te d .

12In the BP p ro je c t  Solomons ( l a t e r  head o f  R&D, RHM) was a p ro je c t  
leader who wanted to  begin work on the genetics  o f  the BP yeasts. 
Peachey described the BP conception o f  where the research was going as 
very c le a r  and d i f f i c u l t  to  d e f le c t  down odd a l le y s ,  a lthough t h i s  was 
an a ttem pt. A f te r  a year and a h a l f  Solomons l e f t  to  jo in  RHM, who 
would fund gene tic  research on t h e i r  organism.
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genetics  work on the organism. We a lso placed a co n tra c t  

ou ts ide  w ith  a genetic  eng ineering company. In f a c t  ICI 

succeeded in  doing i t . . . i t  was published in  Nature in  1980,

I  th in k .  This newly g e n e t ic a l ly  engineered organism was 

produced. I t  never went in to  the commercial p la n t  because 

i t ’ s one th in g  to  produce i t ,  another to  t e s t  i t . "

Work continued on t h is  organism in to  the 1980s eg B u l l ,  H o lt  and L i l l y  

(1982) report  the successfu l t r a n s fe r  o f  an energy conserving gene from 

E Co li to  the ICI b a c te r ia .  According to  Warsop, even had a more 

e f f i c i e n t  bacterium been used i t  would have increased dry mass y ie ld  

by on ly  1-2%.

B e t t le y  be lieved John Brown Engineering bene fited  from the Pruteen 

p ro je c t .  They had gone on to  design, but not b u i ld ,  fermenters even 

la rg e r  than the Pruteen ferm enter f o r  o the r  companies. T he ir  

b io techno logy s k i l l  base had been b u i l t  up in  a l l  the key chemical 

eng ineering s k i l l s ;  p ro je c t  eng ineering, s t e r i l e  equipment design, 

ins trum ents , p ip in g  and to  B e t t le y  (John Brown),

" E f f e c t i v e ly  what t h a t  means is ,  you can wrap up a l l  the 

technology in  l e g a l i t y . . . but you can’ t  take away people ’ s 

experience. We have w e ll over 100 people in  t h i s  o f f i c e  w ith  

dozens o f  years o f  b ioprocess ing experience each, m ainly 

s ta r t in g  w ith  SCP, th a t  have gone on to  o the r  th in g s . "

8.95 RHM -  Process Contro l and Sensory Eva lua tion
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Treeby saw the mycoprotein p ro je c t  as the v e h ic le  which had brought 

process co n tro l in to  RHM.

"Most o f  i t  s ta r te d  the re ,  i t  was the need to  co n tro l 

the p a r t i c u la r  fe rm en ta t ion  process, an order o f  magnitude 

tougher than any o the r  process, which was the basis o f  a l l  

th a t  lea rn ing .  That le a rn ing  and those people who are now are 

app ly ing i t  to  o ther in d u s t r ie s  in RHM are guys who cu t t h e i r  

te e th  on the mycoprotein p r o je c t . "

Other techniques s p e c i f i c  to  the food in d u s try  were brought in to  RHM 

w ith  the mycoprotein p ro je c t ,

"The p o in t  a t  which sensory e v a lua t io n ,  as a f r o n t  rank 

technique w i th in  RHM, and w ith  i t  ta s te  p a n e l l in g ,  ta s te  

p r o f i l i n g ,  r e a l l y  s ta r te d ,  i t  was t h i s  p ro je c t ,  because we 

had to  say, what w i l l  people th in k? "

8.96 Hoechst -  a T h ird  World N o n -S te r i le  Fermenter, and the Use o f  

Fermentation S k i l l s

Uhde, the eng ineering  c o n s tru c t io n  company cooperating w i th  Hoechst, 

suggested a 3rd world a p p l ic a t io n  o f  t h e i r  SCP technology. Th is  would 

be a n o n -s te r i le  ferm enter u t i l i s i n g  a v a r ie t y  o f  na tu ra l carbon 

sources, such as sugar cane and molasses. The ferm enter cons is ted  o f  

a paddle wheel in  a t ra n s p o r ta b le  tub , to  which the subs tra te  and 

in ocu lan t  would be added. Then the fermented mass would be decanted 

and fed to  animals. L iesser thought you could end up w ith  a good 

q u a l i t y  yeast.
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Uhde hoped th a t  i f  i t  was run in 3 o r  4 d i f f e r e n t  places in  the 3rd

World they might get some orders . This p ro je c t  was again funded by

the West German government,

"The whole u n i t  was so ld  to  the German M in is t r y  o f  Foreign 

Development. They wanted to  use t h is  p la n t  as a p o l i t i c a l  t o o l .  

T he ir  r e s p o n s ib i l i t y ,  not ours. They wanted to  give help to  sugar 

cane p roduction  on the upper N i le .  And Sudan would have been 

the next step. You could move i t  from place to  place as the 

ha rves t ing  is  done and examine the co n d it io n s  f o r  fe rm enta t ion  

in  d i f f e r e n t  p laces ."

However the p ro je c t  was not a success.

" I t  ended in  the f i r s t  p lace. I t  was mismanagement and a 

wrong dec is ion  to  g ive  i t  to  Cairo U n iv e rs i ty .  Because an 

Egyptian p ro fesso r w i l l  never touch an engine l i k e  th a t .  Never.

Too academic. So i t  was a n ice toy  to  look a t ,  but i t  was never 

used ...N o, r e a l l y ,  i t  was ju s t  b u i l t  in to  the sand, so the next 

sandstorm th a t  came along, i t  was not working any m o re .. . then  

they needed an a i r  pressure gauge f o r  something on a d i f f e r e n t  

p la n t ,  so they took i t  o u t . . .  i t  was a very simple to o l  o f

development a id ,  th a t  was misused."

The Hoechst p i l o t  fe rm enter had been funded by the West German 

government p a r t l y  as a means o f  e xp lo r in g  ferm enter technology. From 

the beginning o f  the p ro je c t  Hoechst were using t h i s  p la n t  to  

in v e s t ig a te  fe rm en ta t ion  as a means o f  producing enzymes, although the
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main purpose was always to  in v e s t ig a te  SCP p roduc tion . From

L ie s s e r ’ s im p re s s io n is t ic  account i t  would seem to  have been an 

unusua lly  innova t ive  p ro je c t  f o r  i t s  sca le . I f  t h i s  was p a r t ly  due 

to  government in te n t io n s ,  i t  was a lso l in ke d  to  growth in  the 

b iotechnology department in  the la te  1970s.

"A t th a t  t ime the department o f  b io technology o f  which Prave 

was head, was growing and we were th in k in g ,  we should not 

th in k  in  terms o f  on ly  producing SCP, but to  use t h i s  p i l o t

p la n t  f o r  o the r  purposes a lso . I t  could be used to  break down

the n u c le ic  ac ids in to  t h e i r  nuc leo t id es ,  which could a fte rw ards 

be used as sp ices. Another was l i p i d s .  What could we do w ith  

them?...We had a l o t  o f  d i f f e r e n t  c le v e r  ideas coming from 

the chemists and m ic ro b io lo g is ts  working on the u n i t . "

Hoechst embarked on the same path th a t  BP and ICI fo l low e d , f o r  

d i f f e r e n t  reasons, o f  look ing  f o r  a l te r n a t iv e  uses f o r  the m ic rob ia l 

biomass. They, too , produced p ro te in s  which could be used as 

g e l l i n g ,  foaming and v is c o s i t y  inc reas ing  agents. They had a 

p ro te in  extender f o r  a d d i t io n  to  hamburgers and even began t e x tu r i s in g  

the biomass through the development o f  a sp inn ing  process. They 

used the in d u s t r ia l  contac ts  o f  two o f  t h e i r  food chemists to

approach Nestle and o the r  food companies to  f in d  out whether these 

p ro te in s  were o f  in te r e s t .  Just as BP and IC I had done before them, 

Hoechst found th a t  the re  were always lower p r iced  a l te rn a t iv e s .

L iesser be lieved the re  had been some real fe rm en ta t ion  s p in - o f f  

a p p l ic a t io n s  in  Hoechst’ s a n t ib io t i c  business. L iesser doubted whether
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the aspects o f  tank design which were t ra n s fe r re d  would have taken place 

w ith o u t the SCP p ro je c t .

8.97 T&L -  Advances in  Fermenter Design

Cowen thought the ou ts tand ing  s p in - o f f  from the T&L SCP p ro je c t  

was the development o f  a new type o f  fe rm enter, the tower fe rm ente r. 

I t  was,

"T&L’ s money, my energy, th a t  took i t  from being ju s t  a n u t ty

idea to  a genuine a l te r n a t iv e  method o f  fe rm enting . I t  is  now

in  use commercia lly in  the manufacture o f  th in g s  l i k e

v inegar,  c i t r i c  ac id .  And in  Japan, many a n t ib io t i c s .

I  don’ t  c la im  personal c r e d i t  f o r  any o f  t h a t ,  except th a t  I  was 

one o f  the c a ta ly s ts ,  w i th  Haydn-Davies and a guy c a l le d  

Garreth M orr is .  There are a se r ie s  o f  key papers on the use o f  

the tower ferm enter f o r  SCP, we got i t  to  grow A s p e rg i l lu s  N iger 

as p e l le ts .  B a s ic a l ly  i t ’ s a tube on end, you pump your 

subs tra te  up a t  the ra te  i t  is  consumed. A steady s ta te  re a c to r .

The mathematics is  fearsome and I  don’ t  pretend to  understand 

i t ,  but we had a chemical engineer who d id .  That work led 

d i r e c t l y  to  a l o t  o f  those commercial processes, not by us, but 

by those o the r people. In  the o v e ra l l  sense, not the T&L sense, 

i t  had a l o t  o f  economic b e n e f i t . "

8.10 Conclusions

8.101 The Socia l C ons truc t ion  o f  Technology
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This chapter takes us beyond the debate about the synop tic  model 

re fe rre d  to  in  chapter 1 where the fu n c t io n  o f  the research department 

is  to  "app ly  science" to  a market need and so produce technology. In  

no company was innova tion  s imply a m atter o f  "app ly ing " the basic 

science o f  m ic rob io logy  to  an in d u s t r ia l  problem to  produce new 

technology. The m a te r ia l o f  the chapter ra th e r  shows how technology has 

been s o c ia l l y  construc ted  by the in d u s t r ia l  s c ie n t i s t s  and managers o f 

the R&D department.

In  each example where the re  was techn ica l cho ice, non-techn ica l and 

te c h n ic a l concepts were being used by the managers to  guide the 

co n s tru c t io n  o f  the technology. In the case o f  mixed c u l tu re s  (8 .4 4 ) ,  

asep tic  fe rm en ta t ion  (8 .5 ) ,  the te s ts  requ ired to  "prove" the sa fe ty  o f  

the products (8 .8 ) ,  i t  was what c o n s t i tu te d  safe p ra c t ic e  th a t  was a t 

issue. S e lec t io n  o f  organisms on c r i t e r i a  o f  y ie ld ,  growth ra te ,  

p r o d u c t iv i t y  and c e l l  d e n s ity  (8 .4 ) ,  was a process o f  matching organism 

c h a ra c te r is t ic s  w i th  economic o b je c t iv e s .  The fe rm en ta t ion  technology 

was a r e s u l t  o f  a combination o f  choices r e la t in g  so c ia l and economic 

assumptions to  what was te c h n ic a l ly  poss ib le  o r  a v a i la b le ,  and in  I C I ’ s 

case p a r t ly  the r e s u l t  o f  the b e l ie f  th a t  developing the fe rm en ta t ion  

technology beyond the immediate requirements o f  SCP would be o f  fu tu re  

b e n e f i t .

8.102 The Pa tte rn  o f  S e lec t io n

There is  a p a t te rn  and a s t ru c tu re  to  the debates and the s e le c t io n  o f  

the technology. Th is  s t ru c tu re  derived from s o c ia l  s t ru c tu re s ,  t h a t  is  

o f  the company and i t s  resource and the ex te rna l environment, which 

d i re c te d  the s c ie n t i s t s  to  c e r ta in  te ch n ica l areas and c e r ta in  debates,
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but not o the rs . S h e l l ,  f o r  example, had huge gas resources and S h e l l ’ s 

ownership o f  t h i s  resource d ire c te d  R&D to  developing an SCP process 

based on gas, which presented them w ith  a d i f f e r e n t  s e le c t io n  o f 

te c h n ic a l ,  soc ia l and economic choices to  o the r  SCP p ro je c ts .  Shell was 

not going to  develop a methanol based SCP process, -  no choice here fo r  

R&D and so the debate on pure and mixed c u l tu re s  became c ru c ia l  to  them. 

In  IC I ,  which had access to  both methane and methanol, they could choose 

between the two and t h e i r  choice o f  methanol was guided by the debate 

on mixed c u l tu re s ,  s t e r i l i t y ,  speed o f  fe rm en ta t ion , a l l  te ch n ica l 

c r i t e r i a  which have so c ia l and economic values.

8.103 Commercial M o t iva t io n  Results  in  the Creation o f  New Knowledge

In t h i s  chapter i t  can be seen th a t  commercial m o tiva t ions  led to  the 

c re a t io n  o f  technique and knowledge and hardware th a t  d id  not p re v io u s ly  

e x is t .  The examples range from the techniques f o r  s e le c t in g  organisms 

to  the design o f  fe rm enters. In  these examples there  is  reason to  

be l ie ve  th a t  academic m ic rob io logy  would not have been cap[ab le  o f  

developing some o f  t h i s  knowledge. These reasons range from the simple 

m atte r o f  fund ing to  the  te ch n ica l p o s s i b i l i t y  o f  avo id ing  mixed 

c u l tu re s ,  which always e x is ts  f o r  the academic m ic ro b io lo g is t ,  but not 

the in d u s t r ia l  m ic ro b io lo g is t  seeking to  work w i th in  bounds such as 

those described f o r  S h e l l .

8.104 People Form the Knowledge Base o f  the Firm

In chapter 1 the re  was some d iscuss ion  o f  Teece’ idea th a t  the f i rm  

represented a knowledge base embedded inn a techno log ica l 

t r a je c to r y .  Part o f  t h i s  th in k in g  was th a t  i t  was d i f f i c u l t  f o r  the
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f i rm  to  change i t s  knowledge base, and th a t  the techno log ica l t r a je c to r y  

served to  de fine  the f i r m ’ s a c t i v i t y .

In  t h i s  chapter i t  has been seen how the a c q u is i t io n  o f  people w ith  

m ic ro b io lo g ic a l s k i l l s  and the in te g ra t io n  o f  m ic ro b io lo g ic a l knowledge 

in to  the standard knowledge base o f  chemical eng ineering represents a 

s h i f t  in  the f i rm  knowledge base and the movement onto a d i f f e r e n t  

t r a je c to r y .  As t h is  s h i f t  took place many o f  Teece’ c h a ra c te r is a t io n s  

o f  techn ica l knowledge were ev iden t.  The most obvious one was how 

knowledge was t ra n s fe r re d  through t r a n s fe r r in g  people, as B e tt le y  

commented (8 .9 4 ) ,  "you can wrap the technology up in  l e g a l i t y  but you 

can’ t  take away people ’ s experience ,"  and in  John Brown’ s case t h is  

meant th a t  they were able to  use the Pruteen experience to  help them on 

o the r  p ro je c ts  no m atte r what the lega l agreements w ith  ICI were.

Peachey gave an example which showed how the re s u l t  o f  t h i s  t rans fe rence  

d i f f e r e d  from the combination o f  two sets o f  fo rm a l,  w r i t t e n  knowledge. 

Her ro le  in  BP was to  educate the engineers. This invo lved working out 

when m ic ro b io lo g ic a l  cons ide ra t ions  should a f fe c t  eng ineering design. 

The re s u l t in g  knowledge is  a s e le c t io n  from the two d i s t i n c t  d is c ip l in e s  

th a t  preceded. The process o f  s e le c t in g  out the re levan t p a r ts  o f  the 

knowledge bases can on ly  be done by people. The c re a t io n  o f  a m odif ied 

f i rm  knowledge base requ ires  the id e n t i f i c a t io n  and s o lu t io n  o f  

problems not p a r t  o f  e i th e r  the o ld  f i rm  knowledge base o r  the academic 

science.

8.105 The Value o f  an R&D Department
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Treeby c i te d  the s te re o ty p ic a l  commercial view o f  R&D, to  show th a t  

companies th a t  spent money on R&D surv ived w h ile  those th a t  d id  not, 

s low ly  w ithered . This is  an example o f  a b e l ie f  th a t  leads to  

u n d i f fe re n t ia te d  support o f  R&D a c t i v i t y ,  but Peachey described how each 

p ro je c t  run by BP c e n tra l R&D had to  be paid f o r  by a BP business 

d iv is io n  and i f  a p a r t i c u la r  techn ica l or s c i e n t i f i c  f i e l d  was not 

able to  c o n t r ib u te  to  cu r re n t  commercial needs, i t  tended to  

w i th e r ,  as d id  m ic rob io logy . S i t t in gbou rne  people commented both on 

t h e i r  academic freedom on the one hand and the u n l ik e l in e s s  o f  any 

p ro je c t  being developed on the o the r .  R&D does not have i n t r i n s i c  

m e r i t ,  but i t s  m e r i t  depends on the d e ta i l  o f  what i t  i s  doing and how 

t h i s  connects to  the commercial a c t i v i t y  o f  the company.

8.106 Physical A r te fa c ts  Embody Human Knowledge

The s t ru c tu re  given to  a r te fa c ts  by people represents t h e i r  thought in 

phys ica l form. In  a sense knowledge is  t ra n s fe r re d  from people to  the 

s t r u c tu re /p a t te rn  o f  th in g s .  Buying the a r te fa c t  in  e f f e c t  buys 

embodied knowledge. This can then be changed, the knowledge can be 

increased. When Dansk B io p ro te in  bought spray d r ie r s ,  sensors and 

c e n t r i fu g e s ,  they were buying embodied knowledge th a t  had not been 

a v a i la b le  to  IC I o r  BP. They needed accurate sensors f o r  m on ito r ing  

ferm enter oxygen le v e ls  and spray d r ie r s  in c o rp o ra t in g  e f f i c i e n t  

m ic rob ia l dust removing apparatus. BP had had to  redesign and modify 

i t s  spray d r ie r s  in  the 1970s because they d id  not e x t ra c t  s u f f i c ie n t  

p o l lu t in g  dust form the exhaust gases' . I t  i s  d i f f i c u l t  to  see how

13I t  would a lso  be fa s c in a t in g  to  in v e s t ig a te  the reasons f o r  the 
equipment s u p p l ie rs  innova tions  in  b io te chno log ica l processes. At le a s t  
in  the case o f  spray d r ie r s ,  Jorgensen f e l t  t h a t  the 
b io te ch n o lo g ica l " l i n e "  o f  research (we might say t r a je c t o r y )  had 
been es tab l ished  a f t e r  the s u p p l ie rs  became aware o f  the needs o f  the
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a company organised as a c a p i ta l  venture company l i k e  Dansk B iop ro te in  

could have attempted to  produce SCP 15 years ago, s ince they would not 

have had the in-house resources to  produce t h e i r  own equipment 

innova tions .

The development o f  new technology p a r t ly  depends on the embodiment o f  

knowledge in  phys ica l form.

Of course new technology a lso  cons is ts  o f  new technique and new 

knowledge. In the chapter i t  was seen th a t  the new re g u la t io n s  

represented technique developed from the to x ic o lo g ic a l  work o f  BP and 

IC I .  The thermo to le r a n t  s e le c t io n  techniques th a t  were f i n a l l y  

developed and used by the Max Planck I n s t i t u t e  represented more 

innova t ive  techn ique. In  both cases, Dansk B io p ro te in  b e n e f i t te d  from 

t h i s  knowledge, t h i s  t ime expressed in  language.

F in a l ly ,  in  t h i s  sec t ion  we have been ta lk in g  about the s o c ia l ,  economic 

and te c h n ic a l cons ide ra t ions  which d r iv e  R&D, but o f  course i t  is  the 

people invo lved who b r in g  these ideas toge the r .  Throughout t h i s  chapter 

(and indeed the th e s is ) ,  the comments o f  the managers show t h e i r  

enthusiasm fo r  the p ro je c t  and t h e i r  commitment to  t h e i r  o b je c t iv e s .  

They were not invo lved in  " ju s t  a job " but o f te n  a c re a t iv e  process in 

which they were e m o t ion a lly  invo lved.

SCP processes.
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CHAPTER 9 -  PRODUCT CHAMPIONS AND PRODUCT PATRONS

In t ro d u c t io n

In the present research i n i t i a l  a t te n t io n  was drawn to  the idea th a t  

the re  were p ro je c t  champions by the frequent references by ICI

managers to  the ro le  o f  Hart in  the Pruteen p ro je c t .  The idea o f

"champions" was then pursued in  in te rv ie w s  concerning o the r 

p ro je c ts ,  from which the idea o f the "pa tron" developed. Chapter

9 is  an ana lys is  o f  what the term "p ro je c t  champion" meant to  the 

in te rv iewees and how the champion a ffe c ted  p ro je c t  development.

9.1 Product Champions. Product Patrons

Harwin ( IC I )  f i r s t  re fe r re d  to  the in f luence  o f  Hart on the Pruteen 

p ro je c t  as very im portan t. When the idea th a t  Hart was a champion o f 

Pruteen w i th in  IC I was ra ised w ith  o the r  ICI managers they supported 

the importance o f  the champion idea and s p e c i f i c a l l y  o f  H a r t ’ s having 

s u c c e s s fu l ly  promoted the development o f  Pruteen. Smissen ( IC I )

thought Hart and the Pruteen p ro je c t  represented perhaps an extreme 

case where the champion was very c lo s e ly  pe rsona lly  id e n t i f ie d  w i th  the 

p ro je c t  and i t s  technology. He defined a product champion in  t h i s  way,

"...someone who works and f ig h t s  f o r  a p ro je c t  and takes every 

o p p o r tu n ity .  He becomes id e n t i f ie d  w ith  i t .  Most p ro je c ts  

need championing o r  the in e v i ta b le  d i f f i c u l t i e s  w i l l  squash them 

in to  o b l iv io n .  They are needed from very e a r ly  on."
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There is  an idea here th a t  the emotional commitment o f  in d iv id u a ls  is  

necessary to  ove rr id e  d i f f i c u l t i e s  th a t  less motivated people would 

a l low  to  end the p ro je c t .  This d e s c r ip t io n  a lso  suggests th a t  p ro je c t  

d i f f i c u l t i e s  do not have s t ra ig h t fo rw a rd  e f fe c ts  on a p ro je c t ;  the 

s ig n i f ic a n c e  o f  a " d i f f i c u l t y "  has to  be in te rp re te d  by managers and 

th a t  in te rp re ta t io n  depends p a r t ly  on t h e i r  emotional commitment to  

the p ro je c t .  The idea th a t  p a r t ic u la r  in d iv id u a ls  can d e c is iv e ly  a f fe c t  

a p r o je c t ’ s development recurred in  many in te rv ie w s ,  here from R 

P ick les ,

"Who champions what is  immensely im portan t. Things happen 

because they are made to  happen...no t because they are r ig h t  or 

wrong."

This comment a lso  suggests th a t  i f  the re  is  a sense in  which a p ro je c t  

can be seen as " r i g h t  o r  wrong" (good or bad f o r  the company) th a t  

may not be s u f f i c i e n t  grounds f o r  i t s  development to  take place. 

Development on ly  occurs because in d iv id u a ls  commit themselves to  a 

p ro je c t ,  not because a p ro je c t  is  s e l f - e v id e n t ly  a good p ro je c t  f o r  the 

company.

The idea o f  a champion and i t s  importance has now impinged on the 

question o f  what m otiva tes  in d iv id u a ls ,  and champions. Th is  was 

commented upon by D S w inda ll ,

" . . . g u y s  l i k e  Hart want to  move in to  an area o f  technology 

t h a t ’ s g ro w in g . . .o r  they get f r u s t r a te d .  His in te rn a l  

m o t iva t io n  was, he wanted to  leave a mark. I  argued w i th  him 

o f te n ,  but respected him as an enormous d r iv e r  and m o t iv a to r ,  a
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leader o f  men. We were very ta rge ted  and very m otivated, we 

had a great product champion.. . he motivated us ."

H a r t ’ s personal ambitions invo lved doing something out o f  the o rd in a ry ,  

beyond the usual requirements o f  the company; to  leave a mark. He

was able to  communicate h is  b e l ie f  in  the value o f  the Pruteen 

p ro je c t  to  many o f  those around him, but he was seen as the o r ig in  

o f  the b e l ie f ,  the m o t iv a to r ,  which made him the p ro je c t  champion.

There is  no evidence from the in te rv iew s  th a t  a product champion was

someone who was easy to  id e n t i f y  or c o n s is te n t ly  im portant a t  a l l  

stages o f  a p ro je c t ,  o r  th a t  the re  need be on ly  one champion f o r  a 

p ro je c t .  The next sec t ion  examines some o f  the ty p ic a l  p ro je c t  

fea tu res  where in d iv id u a ls  were able to  make a personal c o n t r ib u t io n  

and so begin to  become associated by name w ith  a p ro je c t .

9.2 The C o n tr ib u t io n  o f  a Product Champion

A champion was described as the o r ig in a to r  o f  ideas, as someone

who gave d e c is ive  support when a p ro je c t  might otherw ise have closed 

down, as someone who by changing the o rgan isa t ion  o f  the company enabled 

the  p ro je c t  to  develop. A p ro je c t  champion "emerged" the more 

f re q u e n t ly  they were seen to  have in d iv id u a l ly  c o n tr ibu ted  to  

i t s  success. These c o n t r ib u t io n s  can be charac te r ised  as the s o r t  

o f  c o n t r ib u t io n  th a t  the formal s t ru c tu re  o f  the company could not 

guarantee. They are e x tra o rd in a ry  c o n t r ib u t io n s  and so are l in k e d  to  

the names o f  those who made them.

9.21 O r ig in a to rs
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Lord Rank (RHM) in i t i a t e d  and then pro tected the mycoprotein p ro je c t  f o r  

economic and p h i la n th ro p ic  reasons. According to  Treeby (RHM),

" In  t r u t h ,  the real reason RHM got in to  t h i s  area was because i t s  

chairman Lord Rank e s s e n t ia l ly  combined two views o f  the world .

The f i r s t  view was attached to  the fa c t  th a t  he had something 

o f  a p h i la n th ro p ic  view o f l i f e .  He and the Rank fa m i ly  had 

made s ig n i f i c a n t  investments in  var ious methodist c h a r i t ie s  a t 

home and abroad. One o f  the areas th a t  made an impact on 

him was what he be lieved to  be an impending world food 

shortage, which he in te rp re te d  as a p ro te in  sh o r ta g e . . . He had 

an emotional commitment to  doing something about th a t .  The 

o the r th in g  was th a t  he was a very , very hard nosed commercial 

in d iv id u a l  who appreciated th a t  he had a se r ie s  o f  f l o u r  m i l l  

in ves tm en ts .. . the  l ik e l ih o o d  was th a t  they would be producing 

surp lus  s ta rch . He was look ing  fo r  a use f o r  t h i s  s ta rc h ."

Because o f  h is  a u th o r i ty  in  RHM Lord Rank might b e t te r  be re fe rre d  

to  as a p ro je c t  "p a t ro n ."  I t  was the use o f  t h is  a u th o r i ty  to  

favour the mycoprotein p ro je c t  th a t  earns him h is  t i t l e  o f  "p a t ro n ."

Thomas commented on the e f fe c t  o f  the pa tro n ’ s support,

" I t  was Lord Rank’ s pet. I t  wasn’ t  somebody a t the bench 

w r i t in g  a p ro je c t  proposal and saying, have a look a t  th a t ,  

i t  was a c tu a l ly  the chairman, h is  hobby horse, and once i t  

evolved, once i t  got past a c e r ta in  t im e, i t  probably took a 

great deal o f  guts to  say, no more, back!"
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Treeby not on ly  a t t r ib u te s  the o r ig in  o f  the mycoprotein p ro je c t  to  

Lord Rank but exp la ins  Rank’ s personal m o t iv a t io n ,  p a r t  o f  

which was c e r ta in ly  non-commercial.

Lord Rank then approached the research department w ith  h is  idea and the 

head o f  the department, Arnold Sp icer, took i t  up w ith  enthusiasm. 

J Treeby l in k s  S p ic e r ’ s enthusiasm to  h is  background.

" . . .A r n o ld  Sp icer wasn’ t  b a s ic a l ly  a s c ie n t i s t ,  he had a PhD but 

i t  was an honorary PhD, he was a c tu a l ly  a businessman who had 

made money ta k in g  c le v e r  b i t s  o f  science th a t  no-one e lse  

seemed to  understand and make them se rv ice  a product 

requi rement."

Lord Rank and Arnold Sp icer then p ro tec ted  the mycoprotein p ro je c t  

in  i t s  e a r ly  stages and S p ic e r ’ s p a r t  in  p ro te c t in g  the p ro je c t  earned 

him the labe l o f  co-champion from Treeby. Th is  same p ro te c t iv e  ro le  

was taken up by Edelman and Reynolds, the next research d i r e c to r  and 

chairman o f  RHM.

Champagnat (BP) is  re fe r re d  to  by many press a r t i c le s  as the 

o r ig in a to r  o f  the BP yeast-hydrocarbon processes, (Laine and S n e l l ,  

1976). His name is  a lso  o f te n  re fe rre d  to  by managers r e c a l l in g  the 

s t a r t  o f  the Toprina p ro je c t .  However Payne suggests th a t  i t  was BP’ s 

des ire  to  m inimise h is  ro le  in  the e a r ly  stages o f  the research th a t  

led BP to  present Champagnat in  t h i s  way. BP would see Payne as a non- 

BP s c ie n t i s t  and th e re fo re  would not do h is  ro le  ju s t i c e .  Payne would
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see h im se lf  as the general fa th e r  o f  SCP, s ince i t  was BP’ s example

th a t  drew so many o i l  f i rm s  in to  SCP research.

"From the very beginning I  never patented my ideas, because i f  I  had 

done so, I  was a f ra id  they would put i t  in  a drawer and never go 

ahead w ith  i t .  And they were a f ra id  I  would do so. One day an 

im portant person to ld  me, we don’ t  want a new Mr Gulbenkian, a Mr 

5%, who claimed to  have 5% on a l l  o i l  produced in  the Middle East.

Then one day Champagnat wrote a book saying the idea came from 

h im .. .h e  had never heard about m ic rob io logy  b e fo re ."  (Payne BP)

The accepted BP ve rs ion  o f  the s to ry  has Champagnat as inven to r  o f  the

idea when he was working on ways o f  dewaxing crude o i l .  This was the

view o f  a l l  those in te rv iew ed except f o r  Payne. Payne be lieves  th a t  

Champagnat had the idea from h im se lf  dur ing  a long luncheon a f te r  

the successful conc lus ion o f  some c o l la b o ra t iv e  work on b io lo g ic a l  

waste d isposa l.  C e r ta in ly  both men were im portant to  BP in  the i n i t i a l  

stages o f  the research.

The d i f f e r e n t  views o f  BP managers and Payne are s im i la r  to  academic 

s c i e n t i f i c  d ispu tes  over p r i o r i t y  o f  d iscovery  and de r ive  from much 

the same motives o f  personal ambition and the des ire  to  be associated 

w ith  a success. Payne id e n t i f i e s  h im se lf  as the fa th e r  o f  SCP and 

fe e ls  th a t  BP went to  e x t ra o rd in a ry  lengths to  minimise h is  ro le .  

Whether o r  not he is  be l ie ved , h is  views are im portant here, because 

l i k e  the comments in  the re s t  o f  the chapter they use the  power o f  

in d iv id u a ls  to  e xp la in  company behaviour. Payne be lieved th a t  BP b u i l t  

a t h i r d  research cen tre  a t  Epinay, P a r is ,  which,
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" . . .w a s  the idea o f  Champagnat. I t  was always im portant f o r  BP 

not to  depend too much on me. Hence E p in a y . . . I  have no resentment 

aga inst th a t .  I d id  not belong to  the s t a f f  o f  BP, I  was 

independent. You can understand th a t  they wanted a s epa ra t ion ."

Lei vers (BP France) confirmed th a t  any s c ie n t i s t s  who were not a p a r t  

o f  BP would q u ic k ly  be out o f  any p ro je c t  they were working on and 

claimed th a t  Payne was o f  l i t t l e  importance a f te r  the f i r s t  few years 

o f  the p ro je c t .  But she was a lso  b r is k  in  d ism iss ing  Payne’ s c la im s to  

have been the o r ig in a to r  o f  the idea o f  SCP.

I f  Payne is  r ig h t  then BP "rom antic ised" the s to ry  o f  the o r ig in s  o f 

Toprina to  re ta in  the c r e d i t  o f  d iscovery . This "o r ig in s  s to ry "  is  

q u i te  fa s c in a t in g  and appears to  g ive an in s ig h t  in to  how 

s c i e n t i f i c  d iscovery  is  made, rem in iscent o f  the anecdote o f  

Fleming’ s d iscovery  o f  p e n i c i l l i n .  This s to ry  recurs in  many 

d i f f e r e n t  a r t i c le s ,  (See f o r  example, Laine and Sne ll (1976). Payne’ 

view is  a t  le a s t  c o n s is te n t  w i th  BP’ s des ire  to  l i n k  themselves to  

the p ro je c t  and use i t  f o r  p u b l i c i t y  purposes, something they were 

keen to  do in  the 1960s. However BP managers and s c ie n t i s t s  l i k e  

Peachey and Lei vers d id  not see Payne as having played more than a 

minor ro le  in  the development o f  the BP p ro je c ts .  Payne saw th a t  e a r ly  

ro le  as c r i t i c a l  and th e re fo re  h is  personal ro le  as c r i t i c a l .  

There are d i f f e r e n t  perspec tives  o f  Payne’ s importance from the BP 

managers and the independent researcher Payne.

9.22 Decis ive Support from Product Champions
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A number o f  p ro je c ts  would have been closed i f  not f o r  the 

p ro te c t io n  o f  a patron o r a champion. Treeby describes how Edelman 

and Reynolds p ro tec ted  the mycoprotein p ro je c t  in s ide  RHM.

"These two guys shared the v is io n ,  th a t  w ith ou t being able 

to  say ex a c t ly  what the market would be, w ith ou t being able to  

say e x a c t ly  what the economics would be and why the h e l l  they 

should be doing i t ,  they had an innate fe e l in g ,  o r  b e l ie f ,  th a t  

t h i s  p ro je c t  was d i f f e r e n t ,  was worth con t in u in g .  And they ju s t  

pro tec ted  i t  from a l l  comers f o r  15 years. Nobody got near 

enough to  cancel i t .  Had we asked the Board, "What do you guys 

th in k ,  should we continue w ith  th is ? "  They’ d a l l  have sa id no. 

Boards are the g rea t bast ions o f  conservatism, as you know. These 

two guys sa id ,  w e l l ,  we ju s t  won’ t  t e l l  them."

Treeby d id  not cons ider t h i s  kind o f  behaviour unusual.

"You go anywhere near the o the r b ig  dec is ions  and you’ l l  f in d  

somebody who put themselves in  f r o n t  o f  i t  and sa id ,  " t h i s  is  

mine, you are not going anywhere near i t . "

Treeby used P i lk in g to n  and the f l o a t  g lass process as another example 

where the champion, P i lk in g to n ,  defended h is  research aga ins t 

in te rn a l  c r i t i c i s m  and because P i lk in g to n  was powerful enough, he 

succeeded in  p ro te c t in g  the f l o a t  g lass p ro je c t .

This example shows how powerful in d iv id u a ls  are able to  impose t h e i r  

judgements over company ru le s  and the formal decis ion-m aking
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s t ru c tu re .  The fa s c in a t in g  question o f  what was t h e i r  personal 

m o t iva t io n  remains unanswered.

The SCP p ro je c t  on carob bean husk subs tra te  was kept a l iv e  by Chuck 

F in lay  (T&L). Cowen re c a l le d  th a t ,

" I  in h e r i te d  a SCP p ro je c t .  I  entered a s i t u a t io n  w ith  a new 

job  where i t  was very c le a r  th a t  I  could not stop i t .  So I 

t r i e d  to  modify i t .  C e r ta in ly ,  s c i e n t i f i c a l l y ,  th a t  was a 

successfu l s t ra te g y .  Economically and p o l i t i c a l l y  the numbers 

don’ t  change. No market f o r  the th in g  from the b e g in n in g . . . "

The p ro je c t  e v e n tu a l ly  faded away, but,

" . . .w e  could have decided th a t  e a r l i e r ,  had Chuck not been such

a champion. Almost as i f  you have to  accept, when you run the 

p e rs o n a l i ty  c u l t ,  which is  what we are ta lk in g  about, th a t  the man 

a t the top , p re c is e ly  because he is  so dominant, p re c is e ly  because 

he can get the fund ing , can be your champion, a t  the same t im e , 

w i l l  have h is  own pet p ro je c ts ,  they may be non-runners. You ju s t

have to  count t h a t  as p a r t  o f  the cost f o r  the w inne rs ."

So the reverse s ide  o f  the champion who f ig h t s  f o r  successful p ro je c ts  

is  the champion who re ta in s  hopeless cases, p ro te c t in g  these w ith  h is  

a u th o r i ty  in  e x a c t ly  the same way as he can p ro te c t  those th a t  tu rn  out 

to  be successes. In  t h i s  case Cowen be lieved th a t  the carob p ro je c t  

was e v id e n t ly  non -v iab le  e a r ly  on. He suggests t h a t  F in la y ’ personal 

m o t iva t io n  f o r  re ta in in g  SCP was connected to  h is  personal

r e la t io n s h ip  w ith  a Greek Professor, M itracos , who was an expert on
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Mediterranean a g r ic u l tu re .  They were both o f  Greek e x t ra c t io n  and 

s c i e n t i f i c  co lleagues. When F in la y  became head o f  research,

" . . . o n e  o f  the f i r s t  th in g s  he d id  was to  go and see M itracos 

and more or less on a back sc ra tch ing  basis said w e l l ,  OK, I ’ d 

l i k e  to  put some money in  here to  help the U n iv e rs i ty ,  what can 

we do?"

F in lay  was adding a personal m o tiva t ion  to  help a co lleague or 

f r ie n d  to  h is  aims f o r  T&L research. F in la y ’ view o f  how companies 

choose p ro je c ts  was as fo l lo w s ,

"You see I  th in k  te x t  book analyses are o f te n  too s tereotyped. 

Things don’ t  happen in  companies according to  s t r i c t  r u le s . . .a n d  

we decide we’ re going to  do t h i s  and th e re fo re  th a t  happens... i t  

doesn’ t !  I t s  very o f te n  the p layers and the game -  the p layers  

in  the company decide these th in g s  and then the p layers  change, 

p e rs o n a l i t ie s  change, and companies r e a l l y  r e f l e c t  the people 

who are running them."

The ex ten t  o f  T&L’ s help to  the Greek u n iv e r s i t y  was the donation 

o f  some fe rm en ta t ion  equipment and the loan o f  two te ch n ic ia n s .

Hart ( I C I ) was an a g r ic u l t u r a l  board d i r e c to r  and im portant in  the 

process by which a g r ic u l t u r a l  d iv is io n  won approval f o r  co n s tru c t io n  

o f  a f u l l  sca le p la n t  from the main IC I board. Sw indall described t h is  

process,
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"The c r i t i c a l  days were in  74 and 75 when the c a p i ta l  

expenditure  proposals were made and the re  was a con t inua l 

v i s i t a t i o n  o f  Main Board d i re c to rs  to  B il l ingham . They came in 

t h e i r  ones, twos, a t monthly in te rv ie w s ,  you are c o n t in u a l ly  

g iv in g  them the s to ry ,  the background behind i t ,  and i t  was 

o rches tra ted , John was the f i r s t  b u t t  o f  any questions, i t  was he 

who had to  eva luate  the pros and cons. So by 76 when the 

expenditure proposal went forward he presented the case which 

represented the m a jo r i ty  o f  the views o f  the people who were 

working on the p ro je c t .  He represented those views to  the Board, 

a l l  the p resen ta t ions  from 74 onwards."

Hart was c ru c ia l  to  the development o f  Pruteen by h is  rea l in te r e s t  

in  a l l  aspects o f  the p ro je c t .  Swindall commented on how he took a 

c lose in te r e s t  in  the to x ic o lo g ic a l  research f o r  which Swindall was 

respons ib le .

"Hart was in te re s te d  in  our research. In 24 hours he would

know the r e s u l t  o f  our meetings even i f  he wasn’ t  present

h im se lf .  He would get the s t a f f  to  sum up re s u l ts  in  a 5 minute 

c o n v e rs a t io n ."

H a r t ’ s c lose in te r e s t  p a r t l y  exp la ins  the m o tiva t io n  o f  managers 

working on Pruteen. Hart d id  not have the a u th o r i ty  to  take an

investment dec is ion  h im s e lf ,  but h is  enthusiasm and commitment to  the

p ro je c t  were thought to  have helped persuade main board members to  

support Pruteen. W ith in  a g r ic u l t u r a l  d iv is io n  he would have been able
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to  support and p ro te c t  Pruteen, but there  were no " l i f e - th r e a te n in g "  

obstac les to  i t s  development w i th in  the d iv is io n .

Rothsch ild  (S h e l l )  made SCP research poss ib le  in  S h e l l ,  according to  

A k in in ,

" . . . h e  o f  course came from a b io lo g ic a l  background and had a l o t  

o f  contac ts  in  the b io lo g ic a l  f i e l d s .  His idea was c e r ta in ly  

to  upgrade the le ve l o f  basic s c i e n t i f i c  research in  S h e l l . "

This he d id  by b u i ld in g  up two research centres ,

"the  one down a t S i t t in g b o u rn e  was very much o r ien te d  

towards enzymology, b io techno logy, m ic rob io logy ,

b iochem is try , and yes, he saw obvious o p p o r tu n i t ie s  f o r  

developing the b io lo g ic a l  sciences in  S h e l l . "

Work on the methane fe rm en ta t ion  p ro je c t  was c a r r ie d  out a t  

S i t t in g b o u rn e .  R o thsch ild  was described by A k in in  as ta k in g  a c lose 

personal in te r e s t  in  the SCP p ro je c t ,  as encouraging i t .  But he 

played no p a r t  in  the  research dec is ions  themselves, nor was he 

needed to  p ro te c t  i t  w i th in  S it t in g b o u rn e ,  as a research p ro je c t .  

Managers disagreed on whether he was a champion o r  i f  the re  was anyone 

who championed t h i s  p ro je c t .  When asked i f  Ro thsch ild  was a 

champion, A k in in  agreed e n th u s ia s t ic a l ly .  B e tt  had doubts about who 

was a champion and l in k e d  the need f o r  champions to  the time when 

a p ro je c t  should leave the research stage,
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" they w i l l  on ly  a l low  you to  nurtu re  a p ro je c t  f o r  so long before 

they begin to  ask q u e s t io n s . . .we had to  f in d  a home f o r  

i t . . . a  l o t  depended on having champions. I  suppose 

Rothsch ild  was one, but you need to  have one a t a lower le v e l .

Probably no-one a f t e r  R o thsch ild . Even i f  R o thsch ild  had been 

here he would have asked questions. He was in  no p o s i t io n  to  

au tho r ise  investment in  any case."

So R othsch ild  was c r i t i c a l  in  c re a t in g  an enab ling  environment f o r  SCP 

research a t S h e l l ,  but he wasn’ t  seen to  commit h im se lf  pe rsona lly  to  

i t s  development. He can be seen as a " p a r t ia l  p ro je c t  p a tro n ,"  and 

t h i s  example demonstrates th a t  many personal c o n t r ib u t io n s  are necessary 

f o r  any p ro je c t .

9.3 Loss or Replacement of a Champion

Sometimes the champion would move on from a p ro je c t ,  sometimes the 

p ro je c t  would be closed desp ite  h is  personal involvement and he would 

leave. Lewis (S h e l l )  was c e r ta in ly  id e n t i f ie d  w i th  the Shell p ro je c t  

but was unable to  s top i t s  c losu re . According to  Lewis,

" I  l e f t  because I  had fought so hard f o r  the p ro je c t ,  I  was 

known as Mr SCP. I f  SCP d id  not e x is t ,  i t  was ra th e r  hard to  

m ain ta in  th a t  ex is tence . I  l e f t  because the re  were no career 

o p p o r tu n i t ie s  w i th in  the company. They t re a te d  me, always 

extremely w e l l ,  I  could never complain about s a la ry ,  but where 

do you go?"
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Lewis should perhaps be seen as having the commitment but not the 

a u th o r i ty  o f  a champion. His being so c lo s e ly  id e n t i f ie d  w i th  a 

f a i le d  p ro je c t  gave Lewis some career problems, s ince he was unable to  

convince the company th a t  he was more than ju s t  an SCP s p e c ia l is t  and 

worthy o f  promotion. In order to  progress he f e l t  he had to  leave the 

company. This was not an easy op t io n ,  because o f  what he described as 

the a t t i t u d e  o f  academic in s t i t u t i o n s  to  S h e ll ,

"Whenever I  app lied  f o r  a job  in  the academic sector people 

sa id , you can’ t  p o ss ib ly  want to  come here, the resources you 

have are second to  none in  the world . A l l  you are doing coming

here is  to  get us to  g ive you an o f fe r  so you can b id  up your

sa la ry .  They wouldn’ t  even make an o f f e r ,  ( the  academic 

i n s t i t u t i o n s ) . ”

So Lewis found i t  very d i f f i c u l t  to  escape SCP. John Hart was a lso  

someone who was w ide ly  perceived to  have su f fe red  from the f a i l u r e  o f  

the p ro je c t  w i th  which he had come to  be id e n t i f i e d ,  w i th  one manger 

from ou ts ide  IC I commenting th a t ,

"John Hart c a r r id  Pruteen through and when i t  f a i l e d ,  he got i t  in  the 

neck. He was booted out on h is  backside and made the  P res ident o f  the 

CIS. I f  you speak to  John Hart now, he’ l l  say, i t  was the r ig h t  

dec is io n .  Because w ith o u t  i t ,  IC I would not be in  B io lo g ic a l  Products. 

Yes i t ’ s t ru e ,  people sponsor abso lute lu lu s . "

Harwin thought th a t  Hart had had ambitions to  become a main board

d i r e c to r  and th a t  he had thought the success o f  Pruteen would 

ensure h is  success, so i f  Pruteen had succeeded Hart m ight w e ll  have
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remained in  the company. The id e n t i f i c a t io n  o f  a p e rs o n a l i ty  w ith  

a p ro je c t  appears to  t i e  the career o f  th a t  in d iv id u a l  to  the p ro je c t  

very c lo s e ly .

The T&L carob p ro je c t  gives an example o f  the converse: a p ro je c t

dying away when the sponsor moves on to  new tasks . Fraser Cowen had 

f e l t  th a t  he had no choice but to  run the carob p ro je c t  he had 

in h e r i te d  from h is  head o f  department, Chuck F in la y .  He m odif ied 

i t  so th a t  i t  was a s c i e n t i f i c a l l y  in te re s t in g  p ro je c t  f o r  h im se lf  

and h is  s t a f f ,  but,

"What r e a l l y  happened to  SCP was th a t  long before T&L said we 

are c lo s in g  down a l l  t h i s  i t  died the death anyway. The 

champion in  the shape o f  myself was busy doing something e ls e . "

He was sure th a t  the carob p ro je c t  would have gone in  the great 

squeeze on research a f t e r  1979, but i t  happened anyway because,

" the  man who took over from me w ith  r e s p o n s ib i l i t y  f o r  the 

fe rm en ta t ion  p ro je c t  was a guy I  had re c ru i te d ,  Renton G a ro f fa lo ,  

and Renton was a d i f f e r e n t  k ind o f  m ic ro b io lo g is t  from me. He 

had come from G la xo . . .h e  was l e f t  w i th  SCP. He de-emphasised 

i t  r a p id ly .  He had to  f i n i s h  h is  commitment, he d id  a f in e  job  

on the B e lize  p ro je c t ,  w r i t in g  i t  a l l  u p . . . I  was not going 

to  be a s c ie n t i s t  any more so he imposed h is  own research 

th in k in g .  W ith in  Chuck’ s framework. Renton was p ick in g  up the 

le f to v e rs ,  and the la s t  th in g  he wanted was SCP."
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According to  Cowen the great research run down in  T&L prompted 

F in la y ,  the champion o f  the research d i v e r s i f i c a t io n  p o l ic y ,  to  leave 

the company,

" . . .C hu ck  F in lay  l e f t  a year la te r ,  a consequence o f  t h i s  

surgery, since he had been the champion, and s ince people l i k e  

me had a lready gone, I  th in k  he took the view th a t  he would take 

honou rab le  re t  i rement. "

9 .4 The Socia l Context o f  Champions

Managers m odif ied the prominence o f  the champions they were 

d esc r ib ing  by accounts o f  the network o f  adv isors they used, 

p a r t  in fo rm al and p a r t  fo rm a lised .  Hart took an unusually  c lose 

in te r e s t  in  the research on Pruteen, but he a lso  had a more formal 

network o f  adv iso rs .  Marks ( IC I )  spoke o f  t h i s ,

"There was a team adv is ing  him, he had a team o f  people on a l l  

aspects o f  the p ro je c t .  They met re g u la r ly  to  d iscuss i t .  He 

took a very , very c lose , day to  day in te r e s t  in  the p ro je c t .

So he was not making dec is ions  in  is o la t io n ,  but on the basis o f  

what he was t o ld  by research, business area, economics, 

eng ineers, everyone."

Arn i (C e l lu lose  A t t i s h o lz ,  see appendix 1) a lso  re fe r re d  to  the need 

f o r  good supporting  advice to  the key person when ta lk in g  o f  the 

founder o f  C e llu lose  A t t i s h o lz ,  Dr S ieber. He con tras ted  t h i s  to  the 

p o s s i b i l i t y  th a t  a group o f  shareholders could have made the 

same dec is ions  as S ieber,
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" . . . y o u  need someone w ith  the fo re s ig h t ,  who is  in fluenced  by 

o thers from R&D and marketing. But the man a t  the top has to  

choose the r ig h t  people to  have around him. Needs a v is io n .  I t  

is  poss ib le  th a t  a group o f  shareholders could have chosen 

someone as good as Mr S ie b e r . . . "

The q u a l i t y  o f  the group adv is ing  the champion is  im portan t. Few

o f  the dec is ions  o f  the champion w i l l  be un in fluenced by those 

around him, even i f  these adv isors  have less prominent names and lower 

p r o f i le s .

The importance o f  the champion’ s soc ia l con tex t erodes the idea o f  the 

champion as a unique and remarkable in d iv id u a l .  I t  suggests th a t  the

champion can a lso  be a c o l la t o r  and a centre  f o r  the exchange and

s o r t in g  o f  in fo rm a tio n  ra th e r  than a "h e ro ic "  leader fo rg in g  dec is ions  

from h is  own resources.

9.5 Concluding Comments

P ro jec ts  are on ly  given form by human ac t io n  and th a t  ac t io n  is

taken by in d iv id u a ls .  Product champions are managers who become 

p e rson a lly  i d e n t i f i e d  w i th  a p ro je c t ,  perhaps because they exceed the 

expected le ve l o f  commitment. Patrons are l ik e w is e  id e n t i f ie d  w i th  a 

p ro je c t  because they use t h e i r  a u th o r i ty  and power in  the f i r m  to  

encourage i t s  development and to  p ro te c t  i t .

Product champions are im portan t not on ly  a t  the "g ia n t  p ro je c t "  le v e l ,  

as w i th  Pruteen. The case o f  Cowen and the carob bean p ro je c t
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suggests th a t  the re  is  o f te n  a degree o f  personal support requ ired  fo r  

a p ro je c t  to  continue on the experimenta l, low cost le ve l and th a t

t h i s  w i l l  vary depending on who is  in  charge o f  a group o f  p ro je c ts  or

a department.

Champions are probably b e t te r  thought o f  as "emergent," th a t  is  they 

cannot be sa id to  be champions o the r than in  connection w ith  a 

p a r t i c u la r  p ro je c t .  On t h i s  p ro je c t  they come to  be seen as s tronger 

champions the more f re q u e n t ly  they use t h e i r  in f luence  to  advance the

in te re s ts  o f  the p ro je c t .  So the process o f  becoming a champion is

a gradual one which requ ires  th a t  the p ro je c t  advances w i th in  the 

o rg a n isa t io n  and th a t  the champion continues to  give support f o r  

the p ro je c t .  There can be in te rm ed ia te  le v e ls  o f  commitment and 

" p a r t i a l "  champions.

However Swindall ( IC I )  re fe r re d  to  Hart as a p e rs o n a l i ty  type who 

would look f o r  a p ro je c t  to  champion. There would seem to  be two 

reasons f o r  a manager developing in to  a champion. One is  the 

Sw indall view, th a t  the re  is  something fundamental about the champion- 

to -b e ’ s cha rac te r ,  f o r  example a high leve l o f  personal am b it ion . The 

o the r  is  th a t  the champion’ s world view o r ,  in  Weick’ s (1979) terms, 

h is  causal map d i f f e r s  from o the r  members o f  the f i rm .  This cannot 

be e n t i r e l y  separated from the "cha rac te r"  idea, s ince personal 

m o t iva t ion  w i l l  be necessary i f  the champion is  to  f i g h t  f o r  h is  

world  view w i th in  the o rg a n is a t io n .  I t  is  in  the champion’ s causal 

map th a t  we can expect to  f in d  the reasons f o r  the champion’ s s e le c t io n  

o f  a p a r t i c u la r  p ro je c t  to  champion.
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The champion is  committed to  a p ro je c t  because they see th a t  p ro je c t  

as high value compared to  o the r p ro je c ts .  The commitment fo l lo w s  from 

the high degree o f  match between the champion’ s ru les  o f  thumb fo r  

the s e le c t io n  o f  a successful p ro je c t  and the agreed c h a ra c te r is t ic s  

o f  the p ro je c t .  Because o the r  managers have d i f f e r e n t  causal maps, 

ie  d i f f e r e n t  s e le c t io n  ru le s  fo r  high value p ro je c ts ,  they are not 

the champions o f  t h i s  p a r t i c u la r  p ro je c t .

In the case o f  Hart we can l i s t  th ree  s ty l is e d  b e l ie fs  th a t  predisposed 

him to  choose Pruteen to  champion. These were,

1 methanol would become an a l te r n a t iv e  world chemical

feedstock to  ethene w ith  consequent long term drop in  p r ic e

2 a p ro te in  c r i s i s  would develop in  the  long term as

p ro te in  demand o u ts t r ip p e d  supply

3 fe rm en ta t ion  technology was a key p a r t  o f  the

deve lop ing c lu s te r  o f  b io techno log ies  and the development o f  

an e a r ly  lead could lead to  huge business o p p o r tu n i t ie s  f o r  

IC I in  the fu tu re .

Some o f  these were common to  o the r  managers, but the combination was 

unique. We can a lso  add the one personal m o t iva t io n  th a t  has been 

id e n t i f ie d  th a t  led Hart to  commit h im se lf  to  the propagation o f  h is  

world view and h is  choice o f  Pruteen.
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4 A des ire  to  become a member o f  the main board which 

required him to  have been seen to  have made an ex tra o rd in a ry  

c o n t r ib u t io n  to  the company’ s w e lfa re .

Many o the r  c r i t e r i a  e x is t  which a f fe c t  the champion’ s th in k in g ,  but 

most w i l l  be common to  many o the r  managers, eg a background t r a in in g  

in  m ic rob io logy , an acceptance o f  commonly a v a i la b le  market s ize  

estim ates fo r  the new product, soya market, a knowledge o f  how a 

p ro je c t  is  perceived by sen io r  management.

However these are arranged in  the champion’ s causal map in  a unique or 

a t  le a s t  rare way. In  these fo u r  s ty l is e d  b e l ie fs  and personal 

aims we have the beginning o f  an a n a ly t ic a l  understanding o f  why 

Hart emerged as a champion o f  Pruteen.

This exp lana tion  does undermine the idea th a t  champions are s o le ly  

p e rs o n a l i ty  types and the re la te d  idea th a t  they could be se lec ted  by 

psycho log ica l te s t in g  and then given a p ro je c t  " t o  champion." I t  

a l lows fo r  the "emergence" o f  champions as a p ro je c t  develops th a t  

f i t s  w i th  t h e i r  p ic tu re  o f  the  world and t h e i r  personal am bit ions. I t  

is  a lso  compatib le w i th  E ig e r ’ s (1975) p ic tu re  o f  the o rg a n is a t io n a l 

world as based on a m ic r o p o l i t i c a l  process where the champion i s  seen 

as a champion on ly  when he t r i e s  to  convince o the rs  in  the f i r m  th a t  h is  

way o f  seeing the world  is  r ig h t ,  o r  b e t te r  than the a l te rn a t iv e s .  This 

view a lso  g ives us an in s ig h t  in to  the d i f fe re n c e  between champion 

success and p ro je c t  success. A successful champion w i l l  have persuaded 

h is  company to  develop h is  p ro je c t ,  but th a t  does not imply the 

p ro je c t  w i l l  be commercia lly  success fu l.  I t  o n ly  t e l l s  us something 

about the m ic r o p o l i t i c a l  process in  the company. The p ro je c t  may go on
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to  f a i l  commercially and by doing so a f fe c t  the champion’ s p o s i t io n  in  

the company.

Weick (1979) a lso re fe rre d  to  t h is  m ic r o p o l i t ic a l  process when 

he suggests how n e g o t ia t io n  w i th in  the f i rm  tended to  homogenise the 

f i r m ’ s view o f  the world , ie  e s ta b l is h  a common in te r p r e ta t io n  o f 

events, a common causal map. Part o f  the evidence above is  th a t  t h i s

process is  never completed, nor is  i t  l i k e l y  to  be. I t  is  ev iden t from

Harwin’ s comments and o thers  th a t  H a r t ’ s view o f  the Pruteen p ro je c t  

was not shared by a l l  managers, but they accepted H a r t ’ s view as one 

which was gu id ing  t h e i r  work. A shared causal map is  not necessary 

f o r  one causal map to  come to  dominate the o rg a n isa t io n  o f  a company 

a c t i v i t y .

This model o f  the champion’ s place in  the f i rm  makes i t  easy to  

imagine how p ro je c ts  would develop w ith ou t a champion. Some o f  the

co n d it io n s  f o r  the emergence o f  a champion are pu re ly  in te rn a l  f i rm

c h a r a c te r is t ic s ,  f o r  example the d i f fe re n c e  between the champion’ s view 

o f  the best s e le c t io n  o f  p ro je c t  and o the r views. These in te rn a l

co n d it io n s  might be absent, as i t  appears they were in  BP. The

example o f  BP suggests t h a t  when the h ighest le v e ls  o f  the company back 

a p ro je c t  from i t s  e a r l i e s t  stages, in d iv id u a ls  do not tend to  become 

prominent a t lower management le v e ls .  To a degree the champion e x is ts  

because the re  is  the o p p o r tu n ity  f o r  persuading s c e p t ic s ,  perhaps 

s c e p t ic a l sen io r  management o f  i t s  va lue. I f  t h i s  is  done 

s u c c e s s fu l ly  i t  g ives him increased s ta tu s  and prominence w i th in  the

company. The dec is ion  to  develop Toprina was a board dec is ion  and

requ ired  no lower le ve l in d iv id u a l  to  argue and push f o r  the h igher 

le v e ls  to  support the p ro je c t .  This view is  re in fo rce d  by the
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prominence o f  Laine on the Toprina p ro je c t .  He was recognised as 

a high q u a l i t y  manager who went out o f  h is  way to  do a good jo b ,  but

he was not seen as a champion because he d id not have to  commit

h im se lf  pe rsona lly  to  defend o r advance the p ro je c t .

There is  no reason to  expect champions to  be independent o f  company

s t ru c tu re  and c u l tu re ,  but too few examples have been s tud ied  here 

to  comment on how these fa c to rs  might encourage the emergence o f  

id e n t i f i a b le  champions. The comments o f  a number o f  managers stressed 

the importance o f  the soc ia l contex t to  the fu n c t io n in g  o f  the 

champion. For example, Hart in  the s oc ia l con tex t o f  IC I ,  could 

promote Pruteen as the v e h ic le  f o r  the development o f  a s t r a te g ic  se t 

o f  techno log ies . I t  is  l i k e l y  th a t  such an argument would on ly  be 

accepted in  a company l i k e  IC I .  We can extend th a t  reasoning and 

suppose th a t  many o f  the  champion’ s b e l ie fs  w i l l  have been formed 

through a process o f  s o c ia l i s a t io n  w i th in  the f i r m .

9.51 Champions and Patrons in  the  Innovation  L i te ra tu re

The understanding o f  the product champion o u t l in e d  above and summarised 

in  the f ig u r e  9.1 can be contras ted  w ith  the “ he ro ic "  entrepreneur 

model o f  innova tion  development. This idea has been re fe rre d  to  as 

prominent in  c e r ta in  types o f  business and economic h is to r y  in  chapter 

1. Schumpeter’ s "mark 1" model o f  innova t ion , summarised by Freeman 

(1982) a lso  r e l ie d  on t h i s  uncomplicated idea o f  human behaviour to  

exp la in  innova tion  through en trepreneursh ip .

W ithout a prolonged d iscuss ion  o f  the development o f  t h i s  idea, 

probably re la te d  to  ra t io n a l  concepts o f  the nature o f  man from
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c la s s ic a l  economics, we can p o in t  to  some major f a i l i n g s  which have 

been p a r t ly  remedied by what we might c a l l  the “ o rg a n is a t io n a l 

champion" model o f  the la s t  se c t io n ,  ie  the champion who works in s ide  

a la rge  e n te rp r is e  and who is  p a r t ly  formed by th a t  e n te rp r is e .  These 

f a i l i n g s  a re : -

1 The personal m o t iva t io n  o f  the entrepreneur is  simply the 

d es ire  to  make a p r o f i t

2 How the entrepreneur comes to  p ick  one innova tion  over another 

is  not d e a l t  w i th

3 There is  very l i t t l e  a t te n t io n  paid to  the "o rg a n is a t io n a l 

en trepreneur"

In  the "o rg a n is a t io n a l champion" model the re  is  both an exp lana tion  

o f  how o rg a n is a t io n a l champions se le c t  p ro je c ts  over o the rs  and 

a more f l e x i b le  in te r p r e ta t io n  o f  why they champion these p ro je c ts  

w i th in  the f i rm  -  ie  t h e i r  personal m o t iva t ion  can be re la te d  to  

in te rn a l  f i rm  fa c to rs .

The o rg a n is a t io n a l champion model a lso im p l ies  a r e d ire c t io n  o f  

a t te n t io n  from look ing  f o r  champions to  place in  charge o f  p ro je c ts ,  

to  a study o f  b e l i e f  systems and more e f fe c t i v e  ways o f  t e s t in g  and 

r e f in in g  these. I t  is  p ro je c t  success th a t  is  most va luab le  to  the 

f i rm  and a t  a s o c ia l  le ve l and we have found th a t  the ex is tence  o f  

champions is  not u n p ro b le m a t ic a l ly  connected to  p ro je c t  success.
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The opposite  o f  the b e l ie f  in  the he ro ic  entrepreneur as the 

agent o f  innovatory  change is  framed by G i l f i l l a n  (1963), as one o f  

h is  p r in c ip le s  o f  in ve n t io n .

"There is  no in d ic a t io n  th a t  any in d iv id u a l ’ s genius has been 

necessary to  any in ven t ion  th a t  has had any importance. To the 

h is to r ia n  and so c ia l s c ie n t i s t  the progress o f  in ven t ion  appears 

im personal."  ( G i l f i l l a n ,  1963 p10)

This comment is  made in  connection w ith  the observa tion  th a t  

many key inven t ions  appear to  have been made s im ultaneous ly  and 

independently by d i f f e r e n t  in ven to rs ,  This suggests th a t  the re  is  a 

common so c ia l e v o lu t io n  o f  te c h n ic a l problem f o r  economies a t the  same 

stage o f  development and th a t  o f te n  s im i la r  s o lu t io n s  w i l l  be proposed.

This view does not c o n t ra d ic t  the o rg a n is a t io n a l champion model, 

which es ta b l ish e s  a framework o f  why p a r t ic u la r  in d iv id u a ls  become 

im portan t on p ro je c ts .  I t  does o f fe r  us a guide to  the l im i t s  on 

the champions poss ib le  causal maps o f  the world , a l i m i t  to  the 

number o f  p ro je c ts  th a t  could be supported .. A l l  innova to rs , whether 

entrepreneurs o r  o rg a n is a t io n a l champions o r  boards o f  d i r e c to r s ,  have 

on ly  a f i n i t e  range o f  choices open to  them a t  one t im e. They are 

a l l  invo lved in  a s o r t in g  process, t r y in g  to  f in d  the 

c h a r a c te r is t ic s  o f  successfu l innova t ion . G i l f i l l a n ’ s comments re tu rn  

us to  the idea o f  long term " t r a je c t o r i e s , "  w i th in  which choice o f  

p ro je c ts  is  guided. The m ic r o p o l i t ic a l  process in  the  R&D

department concerns the s e le c t io n  o f  the te c h n ic a l c r i t e r i a  which
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w i l l  guide p ro je c t  s e le c t io n .  The champion merely represents an 

in d iv id u a l  w i th  a dev ian t set o f  s e le c t io n  c r i t e r i a .

I f  we re tu rn  to  the m ic r o p o l i t ic a l  process in s id e  the f i rm ,  

Freeman has re fe rre d  to  the use o f  fo re c a s t in g  methods and p ro je c t  

estimates in  such a p o l i t i c a l  process.

"Em pir ica l evidence confirm s th a t  decis ion-making in  r e la t io n  

to  R&D p ro je c ts  or general s t ra te g y  is  u su a lly  a m atte r o f  

controversy  w i th in  the f i rm .  The general u n c e r ta in ty  means th a t  

many d i f f e r e n t  views may be held and the s i t u a t io n  is  

t y p i c a l l y  one o f  advocacy and p o l i t i c a l  debate in  which 

p ro je c t  estim ates are used by in te re s t  groups to  b u t t re s s  a 

p a r t i c u la r  p o in t  o f  view. Eva lua tion and techno log ica l 

fo re c a s t in g ,  l i k e  t r i b a l  war dances, p lay  a very im portant p a r t  

in  ene rg is ing  and o rg a n is in g ."  (Freeman, 1982 p167)

The use o f  such formal cost c o n tro l  methods is  e n t i r e l y  c o n s is te n t  

w i th  a m ic r o p o l i t i c a l  process. This process g ives r is e  to  product 

champions. The case f o r  f i rm -s u p p o r t  o f  a p a r t i c u la r  p ro je c t  may never 

a t ta in  the s ta tu s  o f  a consensus, but support may be given because o f  

the ascendancy o f  a champion o r  a c o a l i t io n  o f  in te r e s t  groups.

However the re  has been some w r i t in g  on product o r  p ro je c t  champions 

th a t  has im p lied  th a t  they are a necessary c o n d it io n  f o r  p ro je c t  

success. For example one o f  the re s u l ts  o f  P ro je c t  Sappho (SPRU 1972) 

was th a t  commercia lly successfu l p ro je c ts  were l in ke d  to  the a c t i v i t y  

o f  a champion more o f te n  than commercia lly unsuccessful 

innova t ions . This chapter has d is t in g u is h e d  between success in  ga in ing
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the support o f  the f i rm  f o r  a p ro je c t ,  which is  l in ked  to  the presence 

o f  a champion, and eventual commercial success which may o r  may not 

fo l lo w .  The fo l lo w in g  is  probably as s trong a statement as is  

poss ib le  about p ro je c t  success and champions from the evidence here.

"a necessary c o n d it io n  fo r  p ro je c t  success is  th a t  a p a r t  o f  

the f i rm  w ith  a u th o r i ty  (board, patron o r champion) be l ieves 

in  a p ro je c t  so th a t  they w i l l  support i t  aga ins t sho rt  term set 

backs ."

Our f i n a l  comment must be th a t  the concept o f  the product champion 

should be t re a te d  w ith  care. I f  a p ro je c t  is  success fu l,  someone 

w i l l  have had to  in vo lve  themselves in  i t  -  but are they a t ru e  

champion? The "champion" is  the extreme case where one in d iv id u a l  

makes an outs tand ing  c o n t r ib u t io n  to  the f i g h t  f o r  a p ro je c t  in s id e  

the f i r m ,  but in d iv id u a ls  are always making c o n t r ib u t io n s  towards 

p ro je c ts .  P ro je c ts  are se lec ted  and developed through a m ic r o p o l i t ic a l  

process in  which the reasoning and b e l ie f  system o f  those ta k in g  p a r t  

is  more im portant as a guide to  p ro je c t  commercial success than 

the question o f  whether the re  is  a champion o r  not. I f  a p ro je c t  has 

a convinc ing lo g ic  behind i t  the re  w i l l  be no shortage o f  "champions" 

w i l l i n g  to  support i t .
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Fig Q,i PRODUCT PATRONS AND
CHAMPIONS

patrons may use t h e i r  power in  a company to  advance a p ro je c t ,  they 
take "personal in te r e s t "  in  a p ro je c t
champions commit t h e i r  time and careers to  advance a p ro je c t  by 
persuading o thers  in  the company th a t  i t  is  worth supporting 
champions and patrons are id e n t i f ie d  w ith  a p ro je c t  because they 
work fo r  i t  more a c t iv e ly  than is  expected
they are seen to  be pe rson a lly  responsib le  f o r  advancing a p ro je c t  
and gain o r  lose p e rson a lly  w ith  the p r o je c t ’ s commercial success or 
f a i 1ure

Reasons f o r  a champion’ s personal commitment

p e rs o n a l i ty  -  they may have personal ambitions or personal reasons 
fo r  t h e i r  commitment to  the p ro je c t
t h e i r  personal in te r p r e ta t io n  o f  the p r o je c t ’ s nature and value to  
the company ( t h e i r  causal map) may d i f f e r  from t h e i r  co l leagues ’ 
in te rp re ta t io n s

Nature o f  a champion’ s b e l i e f  s t ru c tu re

" b e l ie f "  in  a p ro je c t ,  or le ve l o f  personal commitment mediated by 
ru les  o f  thumb and s e le c t io n  ru les  which c o n s t i tu te  t h e i r  causal map 
the g rea te r  the matching between the causal map ru les  o f  thumb and 
the p r o je c t ’ s na ture , the g rea te r  the personal commitment to  the 
p ro je c t

Champions are emergent

they do not n e ce ssa r i ly  e x is t  as "p e rs o n a l i ty  types" before being 
l in ke d  to  a p a r t i c u la r  p ro je c t  ie  they emerge as champions as a 
p ro je c t  continues
they need not be dominant throughout l i f e  o f  p ro je c t  
the re  could be severa l ou ts tand ing  and id e n t i f ie d  personal 
c o n t r ib u t io n s  made to  a p ro je c t  in  i t s  l i f e t im e ,  or one, o r  none 
i f  the value o f  the p ro je c t  is  w ide ly  accepted in  the f i rm  then no 
in d iv id u a l  may be ou ts tand ing  in  t h e i r  commintment to  the p ro je c t ,  

hence no champion
s e le c t io n  and championing o f  p ro je c ts  is  p a r t  o f  the con t inu ing  
m ic r o p o l i t ic a l  process in s id e  the f i rm

Morals o f  the champion phenomenon

a wide range o f  p o te n t ia l  p ro je c ts  can on ly  be conceived, o r  brought
in to  the f i rm  f o r  d iscuss ion  by in d iv id u a ls  w i th  d ive rse  ways o f
seeing the world , ie  a d i v e r s i t y  o f  causal maps
b e l ie f  in  a p ro je c t  by the board, a subgroup w i th in  the f i rm  o r  a
champion is  a necessary c o n d it io n  f o r  the p ro je c t  to  be developed by
the f i rm ,  i r r e s p e c t iv e  o f  commercial success o r  f a i l u r e
i t  is  the q u a l i t y  o f  the reasoning behind the s e le c t io n  o f  a p ro je c t
th a t  is  re la te d  to  i t s  success or f a i l u r e
commercial success o r f a i l u r e  is  pa r t  o f  the feedback process th a t  
leads to  m od if ied  causal maps and a d i f f e r e n t  range o f  b e l ie f  
s t ru c tu re s  w i th in  the f i rm
these m odif ied  causal maps lead to  a change in  the p rospec tive  
fu tu re  s e le c t io n  o f  p ro je c ts  and champions
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CHAPTER 10 -  CONCLUSIONS

In t ro d u c t io n

This chapter begins as an examination o f  the f in d in g s  o f  the th e s is  as 

a whole, a review o f  some o f  the major chapter conclusions and an 

e x p lo ra t io n  o f  some o f  the connections between these and the l i t e r a t u r e  

re fe rre d  to  in  chapter 1. In  10.2 there  is  development o f  a general 

model o f  innova tion  w i th in  the  f i rm  which is  cons is te n t  w i th  the f in d in g s  

o f  the th e s is  and which is  l in ked  to  some o f  the fea tu res  o f  the 

macroeconomic models o f  te c h n ic a l change which were discussed a t the 

s t a r t  o f  chapter 1.

10.11 Methodology

In s ig h ts  have been gained in  t h i s  study which j u s t i f y  the choice o f  novel 

food fe rm en ta t ion  as a case study and the use o f  sem i-s truc tu red  

in te rv ie w s  to  exp lo re  i t .  I t  was poss ib le  to  a l low  people to  describe 

how they construc ted  the  technology in  t h e i r  own words and so the 

managers own p r i o r i t i e s  emerged. The use o f  e a r ly  in te rv ie w s  to  

c o n d it io n  la t e r  in te rv ie w s  allowed a focus and then in v e s t ig a t io n  o f  

issues th a t  the managers themselves ra ised and the ana lys is  re ta ined  

these p r i o r i t i e s .

The m a te r ia l th a t  was gathered was very r ic h ,  and t h is  r ichness is  

re ta ined  in  the th e s is  and re f le c te d  in  the many items and themes which 

appear, but are not developed, f o r  example the recu rren t  themes o f  

p o l i t i c s ,  (4 .7 ,  7 .3 , 4 .133),  government in f lu e n c e ,  (appendix 1 and 2, 

4 .7 ) ,  management emotional involvement in  the p ro je c ts ,  (4 .82 , 7 .61 ) ,
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na t iona l c u l tu re ,  (8 .96 , 4 .7 ) .  These issues were not found to  be common 

in f luences  on innova tion  and so do not command chapters o f  t h e i r  own, but 

appear sca tte red  throughout the th e s is  as secondary issues. The pa t te rn  

in  the m a te r ia l is  a r e s u l t  o f  the focus on how innova tion  occurs in  the 

f i rm ,  w ith  a d i f f e r e n t  focus o the r  m ate r ia l would have been c o l le c te d  

and comparative an a lys is  would have y ie lded  d i f f e r e n t  ca tegories  

addressing o the r  issues.

10.12 The Reference Market

The p r in c ip a l  concept to  emerge from chapter 4 was the idea o f  the 

reference market, ( 4 .8 ) .  This came as a r e s u l t  o f  probing in to  how the 

market f o r  a novel product can be conceived by management before the 

product i s  a c tu a l ly  marketed. In  the case o f  SCP i t  was seen th a t  the 

market was b a s ic a l ly  the e x is t in g  market o f  animal feed but w ith  

a d d it io n a l  "elements o f  understanding" added to  d e f in e  the market f o r  

novel p ro te in s .  Hence the idea o f  the reference market, a market which 

a lready e x is ts  and approximates to  the innova tion  market, but which 

requ ires  m o d if ic a t io n  to  f i t  the innova tion  e x a c t ly .  I t  requ ires  the 

a t t r ib u te s  from e x is t in g  market concepts ( the re  may be seve ra l)  to  de f ine  

the idea o f  the new market and in  the case o f  SCP, the a t t r ib u te s  o f  the 

animal feed market were used to  s t ru c tu re  the new technology. Th is  idea 

o f  the reference market could have general v a l i d i t y .

10.13 Competition as a S o c ia l ly  Negotiated Concept

In chapter 5 we were look ing  f o r  examples o f  how f i rm  com petit ion  and 

cooperation in f luenced  the p ro je c ts .  What was s t r i k in g  was the lack  o f  

a c le a r  mechanism by which the idea o f  "com pe tit ion "  could in f lu e n ce  the
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p ro je c ts .  There was no s t ra ig h t fo rw a rd  "cu t  th ro a t"  market share 

com petit ion  in  SCP development, ra th e r  com petit ion  occurred a t the same 

time as cooperation d id  on o the r  issues, (5 .1 ) .  On s p e c i f ic  issues 

companies would compete and be se c re t iv e ,  (5 .3 1 ) ,  on o thers  they would 

cooperate. Managers were having to  nego tia te  an understanding o f  which 

o f  t h e i r  a c t i v i t i e s  should be secre t,  which could b e n e f i t  from

cooperation, (5 .3 3 ) .  These are grounds fo r  th in k in g  th a t  what is  thought

to  be o f  com pe tit ive  s ig n i f ic a n c e  is  a m atter f o r  n e g o t ia t io n  and

in te r p r e ta t io n .

10.14 Firm C u ltu re  and R&D

The idea o f  f i rm  c u l tu re  gathered toge the r  those values th a t  served to  

cha rac te r ise  a f i rm  and i t s  approach to  the novel fe rm en ta t ion  p ro je c ts  

were not p a r t  o f  the formal s t ru c tu re  o f  the f i r m ,  (6 .1 3 ) .  The

background t r a in in g  o f  managers and researchers was perceived to  

in f luence  how they approached the p ro je c t ,  (6 .2 )  and to  ch a ra c te r ise  the 

f i rm  as a u n i t .  There was a lso  a perception th a t  d i f f e r e n t  f i rm s  

approached p ro je c ts  w i th  s im i la r  technology in  d i f f e r e n t  ways, (6 .3 2 ) ,  

based on t h e i r  in d u s try  o f  o r ig in  and f i rm  experience.

The R&D department’ s percep tion  o f  i t s  ro le  w i th in  the f i rm  va r ied  

g re a t ly  between the f i rm s .  A common theme was the tens ion  between the 

c le a r ly  commercial o b je c t iv e s  o f  the f i rm  and the percep tion  th a t  the R&D 

department had o f  i t s e l f  as having a long term ro le  and r e s p o n s ib i l i t y  

f o r  the fu tu re  development o f  the company. The l a t t e r  was always the 

case, whether the commercial s ide  o f  the f i rm  accepted the view, (T&L, 

7 .1 ) ,  or not (S h e l l ,  7 .2 ) .  The boards as a group c o n t ro l le d  R&D and 

p ro je c ts  f i n a n c ia l l y ,  and t h e i r  understanding and judgements o f  the
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commercial value o f  the p ro je c t  was cond it ioned by the in fo rm a tion  they 

received from R&D management, (7 .4 ) .  The boards d id  not make the choices 

which brought the te c h n ic a l and commercial o b je c t iv e s  toge the r ,  (8 .41) 

but they could sponsor and back a p ro je c t ,  (7 .7 )  as could a s in g le  

patron, (9 .2 1 ).  Sponsorship was ev ident w i th in  lower le v e ls  o f  

management, w i th  the emergence o f  product champions, (9 .2 2 ).

10.15 Technology as a Form o f  S o c ia l ly  S truc tu red  Knowledge

In t h i s  chapter the te c h n ic a l choices necessary f o r  the p ro je c ts  were 

examined. They were found to  be c lo s e ly  re la ted  to  commercial and so c ia l 

cons ide ra t ion s ,  (8 .4 1 ) ,  so th a t  managers and s c ie n t i s t s  were g iv in g  

s t ru c tu re  to  the p ro je c t  technology. For example, the techn ica l design 

op t ions  f o r  the fe rm en ta t ion  p lan ts  were not unique and obvious, but they 

had to  be negotia ted  and defined by the managers on the p ro je c ts ,  (8 .5 ) .  

The re s u l t in g  d i f f e r e n t  te c h n ic a l approaches taken to  p la n t  design w i th in  

the d i f f e r e n t  companies showed th a t  the re  were many ways in  which the 

technology could be given s t ru c tu re  by the f i rm .  S tru c tu re  was given to  

technology by drawing on f i r m  c u l tu re ,  s t ra te g y ,  conception o f  the 

market, the te c h n ic a l base o f  the f i rm  and even in f luenced  by the 

background and experience o f  c e r ta in  in d iv id u a ls ,  (8 .6 ) .  Another way o f  

phrasing t h i s  idea o f  g iv in g  s t ru c tu re  to  technology is  to  say th a t  the 

technology is  s o c ia l l y  construc ted .

10.16 The Process o f  Innova t ion

The chapters as a whole support the idea th a t  the process o f  innvoa tion  

is  one where market and te c h n ic a l cons ide ra t ions  are brought toge the r  to  

s t ru c tu re  new technology by the managers o f  the f i rm .  Chapters 4 and 8
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toge the r  show th a t  managers ob ta in  t h e i r  ideas o f  what is  te c h n ic a l ly  

poss ib le  from the te c h n ic a l base o f  the f i rm  w h ile  t h e i r  market idea are 

se lected  form a range o f  e x is t in g  market concepts. I t  is  the assembly 

o f  these ideas th a t  de f ines  the p ro je c t .

However, the s e le c t io n  o f  these ideas is  cond it ioned by o ther in f luence s ,  

such as the c u l tu re  and s t ru c tu re  o f  the f i rm  and the com petit ive  

environment. These form the framework w i th in  which the process o f  

matching te ch n ica l p o s s i b i l i t y  and market need continues. In chapter 1 

reference was made to  Gold’ s c r i t ic is m s  o f  the synop tic  model o f  

innova tion  and how i t  was an o v e r s im p l i f ic a t io n ,  (1 .5 1 ) .  In t h i s  th e s is  

i t  has been shown th a t  the process o f  innova t ion  is  complex, but 

comprehensible. I t  i s  complex because there  are m u l t ip le  in f luence s  on 

innova to rs ,  but understandable because ca tegor ies  can be developed to  

perm it ana ly s is ,  as has been done in  the th e s is .

The process o f  innova t ion  could be put in  terms o f  c o g n it io n s  and 

co g n it io n  c lasses. The idea th a t  people use t h e i r  own th e o r ie s  to  

in te r p r e t  and understand the world was discussed in 2,2 and in  2.4 

Turner, (1981) suggested th a t  theory  generation is  a process o f  

assembling new c o g n it io n s  in to  a coherent framework. The process o f  

innova t ion  as described above can be described in  terms o f  these two 

ideas. Innovators  con t inuous ly  s e le c t  c o g n it io n s  from the market and 

te c h n ic a l base o f  t h e i r  f i r m  and con t inuous ly  c rea te  a coherent p ro je c t ,  

whose technology w i l l  l i n k  te c h n ic a l knowledge to  market need. They are 

aware o f  c o n s t ra in ts  on t h e i r  freedom to  do so, in  terms o f  c o g n it io n s  

such as elements o f  f i r m  c u l tu re ,  s t ru c tu re  o f  the f i rm  e tc .  This 

argument is  expanded in  10.2 to  form a model o f  the innova t ion  process 

in  the f i rm  based on people.
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F in a l ly ,  t h is  th e s is  has been a study o f  what the innovators  say, how the 

s c ie n t i s t s  and managers who work w ith  innova t ive  technology see t h e i r  

own work. No h i s t o r i c a l  s tudy, no set o f  graphs could po r tray  so c le a r ly  

th a t  technology is  created by people.
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10.2 A Micro Model o f  Innova tion  w i th in  the Firm

The conclusions in  10.1 can be fu r th e r  developed to  provide a micro 

model o f  innova tion  in  the f i rm  based on an understanding o f technology 

as s o c ia l l y  construc ted  knowledge. The argument w i l l  be th a t  the process 

o f  soc ia l c o n s tru c t io n  o f  technology is  one o f  assembling c o g n it io n s ,  

which are ideas, in to  coherent groups, where coherence is  judged by 

ru les  o f  thumb which come from experience.

10.21 People are C ogn it ive  T he o r is ts

In chapter 2 we adopted Weick’ s view th a t  in d iv id u a ls  had to  model the 

world around them which meant th a t  each in d iv id u a l  has, to  an 

ex te n t ,  a unique understanding o f  the world . In d iv id u a ls  act as t h e i r  

own th e o r is t s  s ince they are con t inuous ly  engaged in  in te r p r e t in g  new 

events by t h e i r  o ld  understanding, or in  Weick’ s language they 

enact t h e i r  environments and s e le c t  and re ta in  in  t h e i r  causal maps 

events o f  s ig n i f ic a n c e .

In chapter 2 i t  was claimed th a t  t h is  model requ ired the idea o f

u n i ts  o r  elements o f  thought which were re fe rre d  to  as c o g n it io n s .

Cognitions are the s in g le  events o r  ob jec ts  which are enacted by the 

mind and a s e le c t io n  o f  which make up the causal map.

Fig 10.1 shows how a c o g n it io n  can simply be an o b je c t ,  a spray d r ie r .

As an idea in  the head i t  doesn’ t  m atter whether t h i s  is  represented by 

the word or an image or something e lse . The "c o g n it io n "  is  s im ply the 

l i n k in g  o f  some mental device to  the phys ica l o b je c t .  What is  then
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Spray D r ie r

Fan blades

Dust t ra p

C o lle c t  Bags

Spray nozzles

Casing

E le c t r ic  motor

Machined parts

Winding
technique

Electromag
theory

Machined
parts

Fig 10.1 Cogn itions as elements o f  thought.

The c o g n it io n  o f  a spray d r ie r  can be broken down in to  o ther co g n it io n s .  
As a phys ica l o b je c t  the spray d r ie r  embodies the knowledge represented 
by a l l  these component co g n it io n s .  This diagram shows two o f  the 
p ro p e r t ie s  o f  c o g n it io n s ,

1 Cognitions can con ta in  vary ing  amounts o f  knowledge

2 Cogn itions can re fe r  to  phys ica l ob jec ts  o r  technique
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done w ith  the c o g n it io n  depends on soc ia l a c t i v i t y  in  which people using 

i t  are invo lved . A manufacturer might have a mental map o f  how the 

spray d r ie r  can be broken down in to  c o n s t i tu e n t  c o g n it io n s ,  as shown in 

f i g  10.1, w h ile  an SCP p la n t  designer would be aware o f what the spray 

d r ie r  could do re la te d  to  the o the r parts  o f  the SCP process, but not 

how to  manufacture i t ;  so d i f f e r e n t  in d iv id u a ls  l i n k  c ogn it ion s  in  

d i f f e r e n t  ways, depending on the soc ia l s i tu a t io n  and the cogn it ion s  and 

t h e i r  linkages represent knowledge. This is  l i t t l e  more than a 

restatement o f  Weick’ s (1979) view, on ly  here there  is  s tress  on the 

d is c re te  components o f  thought which make up Weick’ s idea o f  a causal 

map. Some o f  the la t e r  arguments w i l l  in vo lve  using c ogn it ion s  as 

rep resen ta t ives  o f  te c h n ic a l knowledge, so i t  w i l l  now be necessary to  

de f ine  technology in  terms o f  knowledge.

10.22 Technology

A simple d e f in i t i o n  is  th a t  technology is  knowledge re la ted  to  some 

phys ica l o b je c t ,  o r  more p re c is e ly ,  i t  is  the s o c ia l l y  cond it ioned  

knowledge o f  use o f  an o b je c t  o r  t o o l ,  th a t  i s  to  say technique. So 

even “ simple" ob jec ts  l i k e  a ta b le  o r  c h a ir  requ ire  people to  have the 

knowledge o f  how to  use them, which is  a p a r t  o f  a soc ia l c u l tu re ,  

(abo r ig ines  o r Japanese would not know what to  do w ith  a c h a ir  before 

le a rn ing  from the c u l tu re  th a t  produced them). I f  an o b je c t  were o f  

b io lo g ic a l  o r ig in  t h i s  d e f in i t i o n  would s u f f i c e ,  but most ob jec ts  in  

our environment are manufactured, which requ ires  production  

technology. Production technology cons is ts  o f  the production  hardware, 

eg machine to o ls ,  and, once again, associated knowledge o f  use, or what
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can be ca l le d  p roduction  technique. I t  is  techn ique1, ( s o c ia l l y  

cond it ioned knowledge o f  use), and production technique, ( s o c ia l l y  

cond it ioned knowledge o f  use o f  production hardware) which is  " s o c ia l l y  

owned" in  the form o f  causal maps c o n s is t in g  o f  l inked  co g n it io n s .  

However manufactured goods and the associated production  hardware also 

represent knowledge, because they have been given s t ru c tu re  by people 

w ith  the purpose o f  r e la t in g  these products to  people ’ s technique, ie  

people ’ s knowledge o f  how to  use them. This knowledge can be thought 

o f  as "embodied" in  manufactured ob je c ts ,  or represented in  the 

s t ru c tu re  given to  these o b je c ts ,  (See f i g  10.2).

10.23 The Firm Defined bv i t s  Technology

In  chapter 1 we used Teece’ s d e f in i t i o n  o f  the f i rm  as an o rg a n isa t io n  

which could be defined by i t s  possession o f  s p e c i f i c  technology 

re la ted  to  a techno log ica l t r a je c to r y .  The reason t h is  ownership 

o f  technology de f ines  the f i rm  is  because f i rm s  ra re ly  change t h e i r  

te c h n ic a l base and p re fe r  to  e x p lo i t  te ch n ica l o p p o r tu n i t ie s  where

te c h n ic a l  knowledge has a t a c i t  component which makes i t s  t r a n s fe r  
d i f f i c u l t  by o ra l o r  w r i t t e n  means and so i t  can on ly  be p a r t ly  acquired 
through the purchase o f  p roduction  hardware and the associated manuals. 
I t  tends to  be more e a s i ly  t ra n s fe r re d  through the t ra n s fe r  o f  people who have 
te c h n ic a l knowledge. Just as the abo rig ines  would have had t ro u b le  le a rn in g  
how to  use ch a irs  from a manual w r i t t e n  by someone w ith  t a c i t  knowledge o f  the 
soc ia l circumstances o f  western use o f  c h a irs ,  the te ch n ica l manual is  w r i t t e n  
by someone who has the t a c i t  knowledge o f  use o f  an a r te fa c t .  The knowledge 
th a t  is  not communicated in  the manuals is  t a c i t .  This is  q u i te  a simple 
c h a r a c te r is t ic  o f  te ch n ica l knowledge, as anyone might agree who has t r i e d  
to  descr ibe to  another how to  perform simple te ch n ica l tasks , such as how to  
change a b ic y c le  d e r a i l l e u r .  There may be several t a c i t  ru les  which go 
unexplained f o r  every in s t r u c t io n  in  a manual. These can be le a rn t ,  through 
p ra c t ic e ,  o r  by an e x t r a o r d in a r i ly  thorough manual -  I  am assuming th a t  t a c i t  
knowledge has the p o te n t ia l  to  be t ra n s fe r re d  through language, a lthough the 
task  becomes in c re a s in g ly  d i f f i c u l t  as a shared vocabulary dwindles.

344



■

Physical o b je c t  Technique o f use

Technology is  knowledge re la te d  to  a phys ica l o b je c t ;  i t  is  the 
knowledge o f  how to  use a s p e c i f i c  o b je c t .

Production hardware

■ I !

r
Production technique

Physical o b jec t

.1
i1

Technique o f  use

Manufactured o b je c ts  are given t h e i r  form through the use o f  production  
hardware and techn ique. These are then used by people who have the 
necessary technique o f  use.

Fig 10.2 Technology as Knowledge
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they a lready have s p e c ia l i s t  knowledge.'

In  f i g  10.2 the d e f in i t i o n  o f  technology in  terms o f  knowledge is  

combined w ith  the d e f in i t i o n  o f  the f i rm  in  terms o f ownership o f 

p roduction  technology. This diagram shows how production technology 

resides in  the f i rm  w h ile  the knowledge o f  use o f  the product is

possessed by those who make up the market. The in d iv id u a ls  who make up

the f i rm  c a rry  and express a l l  the b e l ie fs ,  va lues, cogn it ion s  and ru les  

th a t  have been described by the preceding chapters and these systems 

o f  b e l ie f  are l inked  to  how the f i rm  organises i t s e l f  around i t s

production  technology.

10.24 Technical Innova t ion  in  the Firm

So f a r  we have described how technology is  knowledge which p a r t ly  

res ides in  phys ica l form and is  p a r t ly  possessed by the in d iv id u a ls  who 

make up f i rm s .  Now we need to  look at the why techn ica l innova t ion  

occurs and how i t  happens.

When the f i rm  is  the p r in c ip a l  u n i t  o f  soc ia l ownership then te c h n ic a l 

innova t ion  w i l l  on ly  be in troduced when i t  serves the perceived 

in te re s ts  o f  the f i rm .  Technical innova tion  is  a means to  these soc ia l

2The d i f f i c u l t y  o f  changing the  te ch n ica l base o f  the f i rm  is  due to  the 
cost o f  a cq u ir in g  new production  equipment and the cos t o f  a cq u ir in g  new 
te c h n ic a l s k i l l s ,  which are p a r t l y  t a c i t  in  nature , (see chapter 1). Firms 
th e re fo re  tend to  " s t ic k "  w ith  a p a r t ic u la r  set o f  te ch n ica l s k i l l s  and 
phys ica l p roduction  hardware.

2"Firm in te re s ts "  could be sa id to  be the n o n - te c h n ic a l , " s o c ia l"
o b je c t iv e s  o f  f i rm  s u rv iv a l ,  growth and p r o f i t a b i l i t y .  These in te re s ts  have 
to  r e la te  to  the in te re s ts  o f  the in d iv id u a ls  in  the f i rm  whose support o f  
such " in te r e s ts "  is  l i k e l y  to  be c o n d it io n a l and to  vary between in d iv id u a ls
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ends and w i l l  not be made to  happen unless i t  is  perceived to  serve 

these ends. This percep tion  may govern the support o f  innova t ion , but 

actua l innova tion  may have unintended consequences and w i l l  not 

ne ce ssa r i ly  b e n e f i t  o the r  soc ia l groups ( i t  is  c e r ta in ly  not meant 

to  b e n e f i t  r i v a l  f i r m s ) ,  the w ider soc ie ty  or even the f i rm  i t s e l f .  

In a d d it io n ,  the c re a t io n  o f  the spec ia l ised  R&D department h ig h l ig h ts  

the problem o f  how to  choose p ro je c ts  th a t  best meet the perceived needs 

o f  the f i rm ,  and in troduces the p o s s ib i l i t y  o f  the R&D department 

s e le c t in g  p ro je c ts  f o r  in te r n a l ,  departmental reasons4.

The one common so c ia l c o n s t ra in t  which may encourage the f i rm  to  

adopt innova tions  o f  b e n e f i t  to  those outs ide  the f i rm  is  the p o s i t io n  

o f  the f i rm  in  the com pe tit ive  market system, which separates the f i rm  

from co n tro l o f  i t s  market. This should re s u l t  in  the f i rm  tend ing  to  

in troduce  te c h n ic a l innova t ion  which i t  be l ieves  w i l l  b e n e f i t
5user groups.

The question o f  why the f i rm  should innovate has been discussed and i t  

has been said th a t  innova t ion  is  made to  happen when in d iv id u a ls  in  the 

f i rm  be l ie ve  i t  w i l l  b r ing  them b e n e f i ts ,  which may o r  may not be the 

same as b e n e f i ts  to  the f i r m  as a group. The innova tion  process i t s e l f

and sub-groups in  the f i r m .  Firm in te re s ts  do not e x is t  as unambiguous 
statements o r  goals, but they have to  be re la ted  to  courses o f  a c t io n .  I t  is  
how the f i rm  w i l l  achieve the aims o f  growth, p r o f i t a b i l i t y  e tc which is  
p rob lem atic  and which is  the sub jec t  o f  p o l i t i c k i n g  w i th in  the f i rm .

4For example S h e l l ’ s S i t t in g b o u rn e  R&D centre  versus Shell sen io r  
management on the value o f  fe rm en ta t ion  research, as w e ll  as a l l  the o the r  
examples where p ro je c ts  were in f luenced  f o r  p o l i t i c a l  reasons and reasons 
in te rn a l  to  R&D or sub d iv is io n s  o f  the f i rm ;  T&L, B e lize  dec is io n ,  Ag 
D iv is io n  and IC I e tc .

5This is  perhaps the most e x c i t in g  and va luab le  fe a tu re  o f  the f re e  
market system.

347



w i l l  now be described as a process o f  s o c ia l l y  c o n s tru c t in g  technology.

The personnel engaged in  managing an innovatory  p ro je c t  are involved 

in  s e le c t in g  the app rop ria te  cogn it ion s  and ru les  o f  thumb to  

de f ine  the p ro je c t  in  r e la t io n  to  the f i rm  and the f i r m ’ s 

o b je c t iv e s ,  and these co g n it io n s  and ru les  o f  thumb are drawn from 

a wide range o f  "c o g n it io n  c la sses ."  These classes range from the 

environment and market to  s t ra te g y ,  c u l tu re  and the p e rs o n a l i t ie s  o f  

in d iv id u a ls  in  the f i rm .  These are o f  course the c la s s i f i c a t io n s  

developed in  the th e s is .  Cognitions from any o f  these classes may be 

se lected  as re leva n t to  the development o f  the p ro je c t  by managers, 

the s e le c t io n  de f ines  the p ro je c t  and evolves through time as co n d it io n s  

change and the p ro je c t  develops. The p ro je c t  d e f in i t i o n  has a degree 

o f  coherence between in d iv id u a ls  because they nego tia te  a consensus 

on such d e f in i t io n s .

The p ro je c t  begins as something which is  e n t i r e l y  a se r ie s  o f  l inked  

mental c o g n it io n s .  As i t  develops and as the re levan t c o g n it iv e  

re la t io n s h ip s  are brought toge the r  to  enable estim ates o f  the degree 

o f  so c ia l need f o r  the new product, some o f  the mental co g n it io n s  are

assembled in phys ica l form. There is  a process o f  buying in  e x is t in g

knowledge, such as th a t  contained in ,  f o r  example, a spray d r ie r ,  where 

the c o g n it io n  e x is ts ,  but the company does not have the organised 

te c h n ic a l p roduction  knowledge to  produce a spray d r ie r .  There is

a lso  the process o f  genera ting  new co g n it io n s  and ru les  o f  thumb o f

which co n s is ts  the new knowledge o f  innova to ry  products. These new 

c o g n it io n s  and ru le s  o f  thumb are developed as p a r t  o f  the p ro je c t  and 

added in to  the ensemble o f  co g n it io n s  which de f ine  the p ro je c t .
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The managerial process o f  s e le c t io n  o f  co g n it io n s  and ru les  o f  thumb 

can be re la ted  to  our base d e f in i t i o n  o f  technology. In f i g  10.3 the 

f i rm ,  product and market correspond to  p roduction technology, a r te fa c t  

and knowledge o f  use o f  the product. When the f i rm  embarks on an 

innovatory  p ro je c t  i t  is  w i th  a developing understanding o f the l i k e l y  

changes in the market, which invo lves  understanding the changes in  how 

the product may be used. At the same time the f i rm  must adapt i t s

te ch n ica l base to  these perceived needs o f  the market. I t  is  an

i t e r a t i v e  process o f  d e f in i t i o n  o f  the m arket-technology re la t io n s h ip ,  

managers using a market d e f in i t i o n  to  s e le c t  the development o f  new 

te ch n ica l routes and r e f in in g  how the market w i l l  be a f fe c ted  by t h e i r  

choice o f  te c h n ic a l development. However the choice o f  technology and 

o f  market is  cond it ioned  by those o the r fe a tu re s  picked out in  the 

th e s is ,  such as f i rm  c u l tu re ,  s t ra te g y  and government.

This is  the process o f  te c h n ic a l innova tion  in  the f i rm  which combines 

the ideas o f  in d iv id u a ls  th in k in g  c o g n i t iv e ly ,  technology as knowledge 

and the f i rm  defined through i t s  possession o f  production  technology, 

to  describe how managers develop ra d ica l te c h n ic a l innova t ion .

10.3 The Consistency o f  the Micro Model o f  Innova tion  w ith  the Macro

Level Features o f  Techno-economic Paradigms

The previous sec t ion  has described a c o g n it iv e  micro-model o f  innova t ion  

which deals w ith  how p ro je c ts  are se lected and defined by the managers * .v ;. 

w i th in  the f i rm .  I t  is  based on the idea th a t  technology is  s o c ia l l y  

cons truc ted , which is  not a new idea but which in  the th e s is  f lows

n a tu r a l ly  from the m a te r ia l and the way i t  is  presented. I t  i s  rare  to
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Fig 10.3 R e la t ion  between f i rm ,  product and market 
in  terms o f  technology
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t h a t  an attempt is  made to  l i n k  such ideas w ith  economics, but i f  t h i s  

model o f  in te rn a l  f i rm  behaviour is  usefu l i t  should be cons is te n t  w i th  

some o f  the economic observa tions upon which are based the "macro 

models" o f  te ch n ica l innova tion  discussed in  chapter 1. In t h i s  sec t ion  

i t  w i l l  be shown th a t  a b e l ie f  in  the soc ia l c o n s tru c t io n  o f  technology 

is  cons is te n t  w i th  two im portant fea tu res  o f  long term economic change, 

the r is e  in the m a te r ia l standard o f  l i v in g  in  the OECD c o u n tr ie s  and 

the pa t te rn  o f  long "waves" o f  economic development.

10.31 The Long Term Increase in  Standard o f  L iv in g

This is  a t  le a s t  poss ib le  w ith  our micro model. In  the model technology 

is  s o c ia l l y  cons truc ted , the c o n s tru c t io n  d e ta i l  being se t by the 

s e le c t io n  o f  co g n it io n s  and ru le s  made by managers, constra ined by the 

f i rm  c u l tu re  and s t ra te g y .  The standard o f  l i v i n g  is  re la te d  to  the 

degree o f  c o n tro l  o f  the na tu ra l environment and an increase in  the 

standard o f  l i v in g  requ ires  an increase in  human knowledge in  the form 

o f  technology, ie  models and ru le s  fo r  desc r ib in g  the environment and 

phys ica l hardware th a t  embodies t h i s  understanding. This process is  

l im i te d  by the a b i l i t y  o f  human beings to  s to re  inc reas ing  amounts o f  

te c h n ic a l knowledge, but is  f a r  less l im i te d  by the a b i l i t y  o f  

s t ru c tu re d  phys ica l o b je c ts  to  act as s to res  o f  knowledge5. Now the 

s t ru c tu r in g  o f  phys ica l a r te fa c ts  is  equ iva len t  to  the t r a n s fe r  o f  

knowledge from human beings in to  phys ica l form? and i t  is  t h is

^Increases in  pop u la t ion ,  leng th  o f  l i f e  and the d iv is io n  o f  labour 
increase the s o p h is t ic a t io n  o f  the knowledge s tored in  people.

7Such s t ru c tu re d  phys ica l ob jec ts  act as a "knowledge s in k "  th a t  can 
s to re  g rea te r  amounts o f  knowledge w h ile  the people th a t  created i t  have more 
l im i te d  capac ity  to  s to re  knowledge.
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progress ive embodiment o f  knowledge in  phys ica l form th a t  a llows the 

standard o f  l i v in g  to  go on r is in g .  The r is e  in  standard o f  l i v in g  is  

equ iva len t  to  an increase in  t o ta l  knowledge stored per head o f 

popu la t ion , where much o f  the increase in  knowledge stored is  in  the 

form o f  phys ica l a r te fa c ts .  I t  can be said th a t  the r is e  in  l i v in g  

standard is  a lso  accompanied by an increase in  the p ropo r t ion  o f  

knowledge stored in  phys ica l form to  th a t  s tored in  people.

In c e r ta in  instances o f  innova tion  t h is  is  c le a r ly  what is  happening. 

Labour d is p la c in g  automation s u b s t i tu te s  c a p i ta l  f o r  labour and the 

process o f  automation can be sa id  to  be one whereby techn ica l knowledge 

is  p rog re ss ive ly  embodied in to  phys ica l form. Radical innova tions  such 

as SCP may a lso increase the com plex ity  o f  p h y s ic a l ly  embodied knowledge 

compared to  the processes which they rep lace, in  t h is  case an 

a g r ic u l t u r a l  system o f  p roduc tion .

In  e i th e r  o f  these cases the re  has been an increase in  the knowledge 

embodied in  phys ica l form. The c o n t in u a t io n  o f  t h i s  process over t ime 

and repeated in  many f i rm s  would re s u l t  in  in c re a s in g ly  complex and 

so p h is t ic a te d  production  technology and a r te fa c ts ,  adm it ted ly  w i th  a 

necessary evo lv ing  knowledge o f  product use in  the user p o p u la t io n s .8

This argument shows th a t  the idea th a t  technology is  s o c ia l l y  

construc ted  is  c o n s is te n t  w i th  a long term r is e  in  l i v in g  standards. 

I t  has not been shown th a t  such a r is e  would n e ce ssa r i ly  occur, o r  under

At the same time i t  could be argued th a t  the te c h n ic a l production  
knowledge (knowledge possessed by people) has increased in  com plex ity , ( the  
d i f fe re n c e  between a g r ic u l t u r a l  techniques and the technique o f  ope ra t ing  a 
g ia n t  process p la n t )  but provided the knowledge embodied in  phys ica l form 
increased by more than th a t  learned by human beings, the average m a te r ia l 
standard o f  l i v in g  could r is e .
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what cond it ion s  i t  would occur and these questions w i l l  not be d e a lt  

w i th  here -  i t  is  enough to  observe th a t  in  the la s t  th ree  hundred or 

so years there  has been such a r is e  in the m a te r ia l standard o f  l i v i n g . 5

10.32 The Discreteness o f  Long Waves

Another fe a tu re  o f  the s t r u c t u r a l i s t  models o f  macro leve l change is  the 

d is c re te  nature o f  the long waves. There have been fo u r  f a i r l y  d i s t i n c t  

waves and each is  associated w ith  a c h a ra c te r is t ic  pa tte rn  o f  te ch n ica l 

innova tion  and t h i s  d i s t i n c t  character o f  a wave can be re la ted  to  the 

s o c ia l co n s tru c t io n  o f  technology. The s t r u c t u r a l i s t  models described 

in  chapter 1 l i n k  c lu s te rs  o f  c h a r a c te r is t ic  o rg a n isa t io n a l and

5However, a reason f o r  t h i s  p rogress ive  s h i f t  o f  knowledge in to  phys ica l 
form could be suggested as due to  the com petit ive  s t ru c tu re  o f  the f i r m  
environment. The sec t ion  on the so c ia l  c o n s tru c t io n  o f  technology by the f i rm  
suggested th a t  the f re e  market system tended to  encourage f i rm s  to  adopt 
progress ive  te c h n ic a l innova t ions  and t h i s  was l inked  to  the f i r m ’ s commercial 
o b je c t iv e s ,  where te c h n ic a l change was one means o f  inc reas ing  co n tro l over 
markets and in tro d u c in g  products which more p re c is e ly  met percep tions o f  user 
need. I t  is  p a r t ly  the degree o f  constancy through time o f  t h is  ’'soc io ­
commercial" m o t iva t ion  o f  the f i rm  which re s u l ts  in  the systematic  and 
p rogress ive  accumulation o f  knowledge in  physica l form. The f i rm  is  not 
o f fe re d  a s t r a ig h t  choice between c a p i ta l  and labour f o r  perform ing se t 
p roduction  tasks -  the phys ica l c a p a b i l i t ie s  o f  human beings are set 
b io lo g ic a l l y  and do not change g re a t ly .  The phys ica l c a p a b i l i t ie s  o f  
p roduction  hardware however, are s o c ia l l y  s t ru c tu re d  and th e re fo re  less 
l im i te d ,  s ince they depend on the c r e a t i v i t y  o f  the people who design and 
co n s tru c t  them ra th e r  than on the phys ica l a t t r ib u te s  o f  people. The 
embodiment o f  knowledge in to  phys ica l form th e re fo re  s u f fe rs  fewer c o n s t ra in ts  
than the reverse process, which is  the s u b s t i tu t io n  o f  labour f o r  c a p i ta l .  
There are c o n s t ra in ts ,  p r in c ip a l l y  on the c re a t iv e  p o s s i b i l i t i e s  a v a i la b le  to  
innovators  and these w i l l  be discussed in  the next sec t ion .

To sum up the argument, p h y s ic a l ly  embodied hardware is  s o c ia l l y  s t ru c tu re d  
and th e re fo re  is  l im i te d  by c re a t iv e  p o s s i b i l i t i e s ,  w h ile  p roduction v ia  human 
beings is  l im i te d  by t h e i r  f ix e d  phys ica l s t ru c tu re .  While the te c h n ic a l 
knowledge l in ked  to  phys ica l hardware may grow w ith  successive innova tions  i t  
is  th e re fo re  u n l ik e ly  to  o u t s t r i p  the ra te  a t which knowledge is  embodied in to  
phys ica l form.
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te ch n ica l innovation  to  changes in  the volume o f  investment, which in  

tu rn  changes the the p a t te rn  o f  employment in  the economy.10

P r iva te  investment is  " t r ig g e re d "  when economic o p p o r tu n i t ie s  are 

perceived by f i rm s .  These economic o p p o r tu n i t ie s  are l i k e l y  to  co n s is t  

o f  combinations o f  cog n it io n s ,  as were the novel food fe rm enta t ion  

p ro je c ts 1 , and these c o l le c t io n s  o f  cogn it ion s  which de f ine  a p ro je c t  

w i l l  be re fe rre d  to  here as "ensembles,” see f i g  10.4. However, the 

number o f  perceived economic o p p o r tu n i t ie s  in  the economy as a whole may 

depend on r e la t i v e ly  few, but h ig h ly  im portant cogn it ion s  in  the 

"ensemble" o f  p ro je c t  d e f in in g  co g n it io n s ,  when these key co g n it io n s  

change, investment can be t r ig g e re d  in  "se ts "  o f  p ro je c ts .  The p ro je c t  

d e f in in g  c o g n it io n s  and ru les  d i f f e r  from each o the r  in  th a t  some are 

general c o n d it io n s  in  the economy, some are s p e c i f i c  to  the f i rm  o r  to  

in d iv id u a ls .  Many o f  these cogn it ion s  and ru les  w i l l  apply to  o the r 

sectors  o f  the economy, and w i l l  have cond it ioned the so c ia l 

c o n s tru c t io n  o f  o ld  technology, as w e ll as many cu rre n t  innovatory  

p ro je c ts .  I t  is  as an ensemble th a t  these co g n it io n s  and ru les  de f ine  

a p a r t i c u la r  p ro je c t  -  a p ro je c t  is  not made up o f  unique d e f in in g  

c o g n it io n s ,  as was seen w ith  the case o f  the novel fe rm en ta t ion  

techno log ies .

°This argument is  nece ssa r i ly  shortened and w i l l  not exp la in  a l l  the 
economic ideas on which i t  depends. B r ie f l y ,  a number o f  economic in d ic a to rs  
are used to  show the long term v a r ia t io n  which de fines the separate waves, but 
volume o f  investment is  probably the key economic v a r ia b le .  Changes in 
employment s t ru c tu re  are probably a r e s u l t  o f  changes in  investment pa t te rn s  
and we th e re fo re  need an exp lana tion  f o r  long term changes in  the volume o f  
investment, (see Freeman, 1984 f o r  arguments about the long waves and 
inves tm en t) .

That is ,  assumptions about the e v o lu t io n  o f  f a c to r  p r ic e s  such as 
p ro te in ,  o i l ,  methanol, assumptions about how fe rm enta t ion  technology could 
be advanced by the f i rm  e tc
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An ensemble o f  co g n it io n s  de fines  a p ro je c t .  Innovatory  p ro je c ts  are 
defined by one or some o f  the cogn it ions  being innova tions, o r  i f  a 
combination o f  o ld  c o g n it io n s  is  o r ig in a l .

.....................     environment
* ........................................... ............  market

. * *   s t ra te g y
.................  c u l tu re

. *  * ................................................  technology

.. * * .............................
* ...................................................

ENSEMBLE

Changes in  key co g n it io n s  can create  the p o s s ib i l i t y  o f  a se t o f  
innovatory  p ro je c ts ,  which may lead to  a se t o f  innovatory  products and 
processes. Investment in  these p ro je c ts  may lead to  the economic 
co n d it io n s  c h a r a c te r is t ic  o f  a long wave upturn .

* . * 
*

Key c ogn it ion s  can 
t r i g g e r  sets o f  
p ro je c ts

*  *  
*

Fig 10.4 Innova to ry  p ro je c ts  are composed o f  c o g n it io n s ,  long 
waves can be t r ig g e re d  bv changes in  key cog n it io n s .
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I f  we continue w ith  the example o f  the novel food fe rm en ta t ions , there 

were base assumptions esse n t ia l to  the c re a t io n  and co n t in u a t io n  o f  a l l  

the p ro je c ts .  The most obvious were the assumption o f  the con t in u a t io n  

o f  low hydrocarbon p r ice s  and the assumption o f  a forthcom ing r is e  in 

bulk p ro te in  p r ice s .  Although necessary c ond it ion s  f o r  the attempt to  

commercialise SCP, the hydrocarbon cond it ion  is  a lso  a common component 

o f  th in k in g  in  many o f  the innovations o f  the fo u r th  wave -  eg i t  is

common to  a l l  the s y n th e t ic  f i b r e  and p la s t i c  innova tions . The p ro te in

p r ic e  a f fe c ted  a sm a lle r  sec to r  o f  the economy, but fo re ca s t  changes in  

p ro te in  p r ices  s t im u la ted  innova tion  in  a range o f  a l te rn a t iv e  p ro te in  

sources besides SCP. The contemporary s ta te  o f  the a r t  in  fe rm enta t ion  

technology was f ix e d  by the a c t i v i t y  o f  the bakery, brewing and

pharmaceutical in d u s t r ie s ,  and t h is  "s ta te  o f  the a r t "  served as a

s ta r t in g  p o in t  f o r  the SCP and novel food innova tions . To repeat t h is

p o in t ,  a lthough a p a r t i c u la r  p ro je c t  is  made up o f  a unique ensemble o f  

co g n it io n s  and ru le s  o f  thumb, most o f  these recur throughout the

economy in o the r ensembles, a lthough to  d i f f e r i n g  degrees.

I t  is  as an ensemble o f  co g n it io n s  th a t  a p o te n t ia l  ra d ica l innova tion  

w i l l  be judged as worthy o f  investment o r  not. I t  is  poss ib le  th a t  

e v o lu t io n a ry  o r  dram atic  changes in  a few c o g n it io n s  which are general 

and p a r t  o f  most ensembles could make whole sets  o f  innovatory  ensembles 

econom ically  v ia b le .  This could t r i g g e r  la rge  scale investment w ith  the 

consequent economic and so c ia l  e f fe c ts  o f  a long wave. Changes in

co g n it io n s  which are inc luded in only a minor p ropo r t ion  o f  the

ensembles o f  the whole economy are associated w i th  ra d ic a l innova tions  -  

such as SCP, (a n t ic ip a te d  changes in  p ro te in  p r ic e s ) ,  see f i g  10.4 f o r  

diagrammatic i l l u s t r a t i o n .

356



The argument so f a r  has been th a t  periods o f  i r r e g u la r  investment may 

re s u l t  from changes in  r e la t i v e l y  few, but common, c o g n it iv e  elements 

in  the range o f  p ro je c t  proposals in  the economy. The range o f  

a v a i la b le  elements changes as a re s u l t  o f  innova t ion . I t  has been said 

above th a t  key c o g n it io n s  can be p r ice  fa c to rs  (eg o f  hydrocarbons) or 

products (eg spray d r ie r s ) .  In both these cases techn ica l change has 

been p a r t ly  respons ib le  f o r  the c rea t ion  o f  the c o gn it ion  in i t s  modern 

form. In genera l, one wave’ s ensembles w i l l  become embodied in  a range 

o f  products and processes, which change the co g n it io n s  a v a i la b le  f o r  new 

ensembles in  the next wave, f o r  example by p rov id ing  new commodities, 

(as SCP would have been) or new p rodu c ts .12 We have returned to  the idea 

th a t  i t  i s  the process o f  embodiment o f  c ogn it ion s  or knowledge in 

phys ica l form th a t  a llow s a new wave o f  investment to  have r a d ic a l l y  

d i f f e r e n t  c h a r a c te r is t ic s  from the previous wave.

This d iscuss ion  has l in ked  two o f  the most im portant fea tu re s  o f  long 

wave models o f  te c h n ic a l change to  the m icro model o f  innova tion  

described in  the la s t  se c t io n .  In summary the connections are as 

f o l lo w s : -

2I f  t h i s  were not the case i t  would be poss ib le  t h a t ,  say, a long term 
o s c i l l a t i o n  in the hydrocarbon p r ic e  could t r i g g e r  repeated bouts o f  
investment, each bout separated by several decades, which change the economy 
from a syn the t ics -base  to  a na tu ra l product base and back again. Investment 
and employment would o s c i l l a t e  w i th  each bout o f  investment but no m a te r ia l 
r is e  in  l i v i n g  standard need take place and the wave c h a ra c te r is t ic s  would be 
the same fo r  each sw itch . The progress ive  t ra n s fe r  o f  knowledge in to  phys ica l 
form a l low s successive waves to  d i f f e r  from each o the r.
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1 Macro -  The long term r is e  in  the m ate r ia l standard o f  l i v in g

Micro -  Progressive embodiment o f  knowledge, in  the form o f  techn ica l 
and non-techn ica l c o g n it io n s ,  in to  phys ica l hardware o f  p roduction 
technology and associated product

2 Macro -  Long waves o f  economic development associated w ith  a techno- 
economic paradigm are d is c re te .

Micro -  C lus te rs  o f  innovations associated w ith  a TEP are composed o f  
cog n it io n s ,  many based on former waves. Key co g n it io n s ,  common to  
c lu s te r  serve to  de f ine  charac te r o f  innova tions  and so de f ine  the 
wave. E vo lu t iona ry  or ra d ica l changes in  the key cogn it ion s  can be 
responsib le  f o r  t r ig g e r in g  la rge  scale investment in  a range o f 
ra d ica l innova t ion .
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APPENDIX 1 -  SCP FROM WASTE SULPHITE LIQUOR

APPENDIX 1A -  THE PEKILO PROCESS. FINLAND

Based on telephone conversa tions w ith  Dr Forss, F inn ish  Pulp and Paper 

I n s t i t u t e ,  Dr A Kolsaker o f  Boregaard and Dr Ted Be tto rn  o f  Metsa Selva, 

another pulp processing f i rm  in  F in land and company l i t e r a t u r e .

Ste inkraus (1980) in  a review o f  SCP production  from waste sources, 

re fe rs  to  1ig n o c e l lu lo s e  as,

"the w o r ld ’ s la rg e s t  reserve supply o f  renewable 

ca rboh yd ra te .” (S te ink raus , 1980 p137)

L ig n o ce llu lo se  is  b a s ic a l ly  wood, and the by-products o f  pulp 

processing f o r  paper p roduction  o f f e r  the la rg e s t  p o te n t ia l  o f  any waste 

carbohydrate m a te r ia l f o r  SCP production . The by-product o r  waste 

termed " s u lp h i te  l iq u o r "  is  produced by on ly  one type o f  pulp 

processing p la n t ,  the " s u lp h i te "  wood pulp p la n ts .  S u lp h ite  l iq u o r  

t y p i c a l l y  conta ins 28% sugars by weight. I t  is  the major tonnage 

carbohydrate waste produced in  Scandinavia where the P ek ilo  

process was developed. The P e k ilo  process is  the most im portant SCP 

process to  be based on 1 ig n o c e l lu lo s ic  wastes in  Western Europe. A 

major advantage o f  1 ignocel lu lo s ic  wastes is  th a t  they are 

co n s is te n t  in  q u a l i t y  and are produced a t a constant ra te .  This makes 

a co n s is te n t  q u a l i t y  SCP product a p o s s ib i l i t y .
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The P ek ilo  process was developed by the F inn ish  Pulp and Paper 

Research I n s t i t u t e  a t H e ls in k i ,  w ith  25% support from the F inn ish  

government. This is  a p r iv a te  c o l la b o ra t iv e  R&D in s t i t u t e  th a t  is  

headed by Dr Forss, who a lso headed development o f  the P ek ilo  process.

" A l l  R&D a t the I n s t i t u t e  is  p r iv a te ly  funded. We had 26 

member companies a t th a t  time (1960s). We have to  o f f e r  our 

in ven t ions  to  these member companies. Six companies decided to  

sponsor t h is  research on P e k i lo . "

The research was begun in  1963-1964 and sponsorship o f  development 

work began in  1968. The 6 companies a l l  owned s u lp h i te  m i l l s ,  but on ly  

two P ek ilo  p lan ts  were e v e n tu a l ly  b u i l t .  During the development phase 

a new another pulp producing technology had become a more economic 

p ro p o s it io n  than the s u lp h i te  process. Pulp companies began to  b u i ld  

the new K ra f t  m i l l s  and c lose  t h e i r  s u lp h i te  m i l l s ,  so the in te r e s t  

in  the P e k ilo  process began to  wane. Although two P ek ilo  p la n ts  were 

in s ta l le d ,  on ly  one s t i l l  operates, producing 8 000 t / a  yeast fodder. 

This p la n t  is  operated by the Tampella company a t Jamsankoski, 

F in land , and uses s u lp h i te  l iq u o r  from a nearby United Paper M i l l s  

p la n t .  The Tampella company was a lso responsib le  f o r  c o n s tru c t in g  the 

p la n ts .

This P e k ilo  p la n t  encountered some unexpected te ch n ica l problems. The 

c e n tra l tube fe rm enter func t ioned  a t on ly  60% capac ity  f o r  a time 

because o f  "dead spots" where the ra te  o f  fe rm enta t ion  slowed down. 

There was a lso a problem w i th  heat exchange, lead ing to  a redesign 

o f  t h i s  equipment, Romantschuk and Lehtomaki (1978). Forss commented
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th a t  the p la n t  was commissioned a year la te r  than planned and was 

probably an economic d isappointment.

Romantschuk (1975) performs an elementary economic c a lc u la t io n  whih 

shows th a t  the p la n t  could ju s t  break even w ith  the v a r ia b le  costs , 

repeated here.

Value o f  P ek ilo  p ro te in  

Cost f o r  loss o f  heat value o f  l iq u o r  

to  pulp m i l l  plus power and steam consumed 

in  process 

N u tr ie n ts  

U t i 1i t i e s  

Labour

Maintenance and packaging 

Tota l costs

Power consumption 1250 kWhr/tonne 

Source: Romantschuk (1975 p348)

There was no government s u b s id is a t io n  o f  p la n t  c o n s tru c t io n

In the a lk a l in e  K ra f t  process the s u lp h i te  l iq u o r  is  evaporated to  a 

dry waste and then bu rn t .  This supp lies  more than enough energy to  

run the p la n t ,  so th a t  a K ra f t  m i l l  i s  more economic than a s u lp h i te  

m i l l  w i th  a P e k ilo  p la n t  in s ta l le d .  K ra f t  m i l l s  are a lso  la rg e r  and 

more automated, t y p i c a l l y  producing 400 000 t / a  o f  pulp compared to  100 

000 t / a  f o r  a s u lp h i te  m i l l .

$110/tonne

$50/tonne 

$18/tonne 

$11/tonne 

$11/tonne 

$20/tonne

$110/tonne
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There was a second reason f o r  the Pek ilo  process having w ider use. 

This was th a t  ethanol and SCP were r iv a l  fe rm en ta t ion  products from 

carbohydrate r ic h  wastes. Boregaard is  a Norwegian pulp and chemicals 

company th a t  in s ta l le d  an ethanol p lan t based on yeast fe rm enta t ion  

o f  s u lp h i te  l iq u o r  before the second world war. Kolsaker described 

how Boregaard had repeated ly  examined the b e n e f i ts  o f  SCP production  as 

an a l te r n a t iv e  to  ethanol p roduction ,

"Every time the ethanol p r ic e  tumbles we have considered using 

some kind o f  SCP process. When the referendum on jo in in g  the 

EEC was negative in  1972 we found the ethanol p r ic e  (went) very 

low, s ince the re  is  l i t t l e  demand f o r  ethanol o f  te ch n ica l 

q u a l i t y  in  Scandinavia. Import d u t ie s  on ethanol prevent 

us expo rt in g  ethanol to  the EEC."

Even w ith  these spec ia l co n d it io n s  the economics were aga ins t SCP 

produc tion . Boregaard produced f e a s a b i l i t y  s tud ies  on SCP production  

in  1950, 1973 and 1979, each time the r e s u l t  was th a t  SCP would not

be economic, desp ite  a tendency f o r  ethanol to  be cheaper in  Norway 

than w i th in  the EEC and desp ite  the f e a s a b i l i t y  s tud ies  o ccu rr ing  a t 

ethanol p r ic e  lows. So ethanol has c o n s is te n t ly  o f fe re d  a b e t te r  

re tu rn  than SCP as a product from ferm enting  wastes s ince s h o r t ly  

a f t e r  the second world war.

Some SCP is  produced as a by-product o f  the ethanol fe rm en ta t ion . 

(Aerobic fe rm en ta t ion  y ie ld s  biomass, anaerobic y ie ld s  m ain ly ethanol 

but in e v i ta b ly  some yeas t) .  Boregaard produce 16 000 t / a  ethanol using 

a Sacchoromyces yeast and about a 1000 t / a  o f  fodder yeast.
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Boregaard’ s experience o f  the economics is  probably rep resen ta t ive  o f  

the m a jo r i ty  o f  carbohydrate waste producers in  Europe. Kolsaker 

thought th a t  even the ethanol p la n t  would not be economic to  i n s t a l l  

now, given the need to  pay back c a p i ta l  costs .

However, the re  is  another reason fo r  ferm enting s u lp h i te  l iq u o rs .  

There is  a s p e c ia l i s t  use f o r  l ignose sulphate as an o i l  we ll

d r i l l i n g  lu b r ic a n t .  This use requ ires  the lignose  su lphate to  be 

complete ly f re e  o f  the s u lp h i te  l iq u o r  sugars and fe rm enta t ion  is  one 

way o f  g e t t in g  r id  o f  them. Kolsaker l inked  Boregaard’ s unusual 

combination o f  in d u s t r ia l  in te re s ts  to  the fa c t  th a t  they used 

fe rm en ta t ion  in  t h i s  way.

"We are a combination o f  a pulp and chemicals f i rm  and t h i s  is  

a f a i r l y  unusual combination. I  th in k  w ith  Metsa Selva in  

Tampella, F in land, we are the on ly  two companies in  Europe

w ith  such a combination o f  in te re s ts .  Metsa Selva a c tu a l ly  

commissioned a P e k ilo  p la n t ,  but the economic performance was 

below expec ta t ions . I t ’ s t ru e  th a t  i t ’ s because o f  our 

chemical ope ra t ions  th a t  we are in te re s te d  in  removing sugars 

from lignose  su lpha tes ."

A f i n a l  reason f o r  using the P ek ilo  process was in order to  reduce the 

BOD o f  e f f lu e n t .  Forss thought the in ce n t ive  to  use the process was 

g rea tes t in  the 1960s when F inn ish environmental le g is la t io n  was 

t ig h te n in g  up. This trend  was c i te d  by Forss as a spur to  the 

development o f  the P e k ilo  process, as was the trend  o f  r is in g  p ro te in  

p r ic e s .  At le a s t  one o f  the p lan ts  appears to  have been construc ted
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during  the p ro te in  p r ic e  r is e s  o f  1973-1975. There was a lso  some- 

idea lism  involved a t the Pulp and Paper I n s t i t u t e .

"We thought, why should wood be converted only to  t o i l e t  paper, 

what about food f o r  the s ta rv ing?  At th a t  time there  was lo ts  

o f  idea lism . The d is a s te r  in  Peru, 1972, anchovy d is a s te r ,  

p ro te in  p r ices  were sky h igh. I t  boosted a c t i v i t i e s  here. 

United Paper M i l l s  ( l a t e r  merged w ith  Metsa Selva) b u i l t  the 

f i r s t  p la n t  on the basis o f  these high p ro te in  p r ic e s . "

Ted Be tto rn  thought he was the manager who had got Metsa Selva 

in te re s te d  in SCP produc tion . He had worked in  the US in  one o f  the 

St Regis Paper Company m i l l s  th a t  had in s ta l le d  an SCP p la n t ,  and t h is  

is  where h is  in te r e s t  in  SCP came from. Metsa Selva was s im i la r  to  

Boregaard in  s t ru c tu re  and in te re s ts .  Be tto rn  described the company 

as always having been in te re s te d  in  the l i g n in  s ide o f  t h e i r  

business. Be tto rn  gave the p r in c ip a l  reason f o r  i n s t a l l i n g  t h e i r  

P ek ilo  p la n t  as environm enta l. Metsa Selva had a two stage 

fe rem enta t ion  f o r  t h e i r  s u lp h i te  l iq u o r .  The f i r s t  stage produced 

ethanol by anaerobic fe rm en ta t ion  o f  the hexoses in  the l iq u o r .  The 

second stage consumed the pentose sugars and produced SCP. The 

on ly  reason f o r  the second, SCP stage was a need to  lower the BOD o f  

the e f f lu e n t  which the p la n t  discharged.

"Since the 1970s we have become h ig h ly  BOD conscious,

le g is la t io n  is  passed d a i ly  here, so no salmon in  our lakes 

anymore, and a c e t ic  ac id  is  one component o f  t h is  p rob lem .. .Water 

a u th o r i t ie s  are b rea th ing  down your neck a l l  the t im e ."
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The yeast fe rm en ta t ion  had the advantage th a t  i t  consumed the a c e t ic  

acid in  the e f f lu e n t  which made a d isp ro p o r t io n a te  c o n t r ib u t io n  to  the 

BOD.

When asked why Metsa Selva b u i l t  a SCP p la n t  when Boregaard were 

dec id ing  not to ,  Be tto rn  answered,

“ I ’ m not sure how much I  can d isc lose ,  but the p ro te in  market 

was somewhat p ro tec ted  in  F in land, in th a t  the re  were some 

l im i t s  on the consumption o f  imported soya feeds. The p r ic e  

was h igher than in  the EEC. This made a s ig n i f i c a n t  

d i f fe re n c e  to  the economics. Also the Norwegians had t h e i r  

f is h in g  in d u s try  and cheap f i s h  meal."

Forss d id  not be l ie ve  th a t  any more P ek ilo  p lan ts  would be b u i l t  

in  the fu tu re .

APPENDIX 1B THE LAST SULPHITE PAPER MILL IN SWITZERLAND

Oral m a te r ia l from meeting w ith  Dr A r n i , marketing manager and Dr 

H oo lie , R&D manager C e llu lose  A t t is h o lz ,  S w itze r land .

Environmental re g u la t io n  on a i r  p o l lu t io n  is  tougher in  Sw itzer land and 

Germany than i t  is  in  F in land , according to  Hoolie . The r e s u l t  is  

th a t  the re  are no K ra f t  m i l l s  in  e i th e r  Germany or S w itze r land . 

K ra f t  m i l l s  dry  and then burn the l i g n in  c e l lu lo s ic  wastes from pulp 

p roduction  and so convert su lphur to  the a e r ia l  p o l lu ta n t  su lphur 

d iox ide  gas. Whereas F in land has a problem w ith  water p o l lu t io n ,  

Sw itze r land  and Germany a lso  have a problem w ith  acid ra in  and hence
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sulphur d iox ide  p o l lu t io n .  Contro ls  over a l l  types o f  emissions 

have made investment in  pulp m i l l s  o f  any kind u n l ik e ly  in  these two 

c o u n t r ie s .

However the re  were many s u lp h i te  m i l l s  th a t  were es tab lished  before 

p o l lu t io n  c o n t ro ls  began to  increase the costs o f  pulp production 

in  Germany and Sw itzer land compared to  elsewhere. Most o f  these have 

been closed down by the re g u la to ry  a u th o r i t ie s .  Only one s u lp h i te  

m i l l  su rv ives  in  S w itze r land , the C e llu lose  A t t is h o lz  p la n t  in  the 

Canton o f  Berne and the fo l lo w in g  represents a l i s t  o f  t h i s  p la n t ’ s 

major BOD reduction  systems s ince i t  was b u i l t  in  1881.

1881 pulp p roduction  begins based on s u lp h i te  process.

1914 Sacchoromyces ethanol p la n t  in s ta l le d ,  waste l iq u o r  burn t

1947 Candida U t i l  is  s t r a in  used to  produce yeast fodder, waste 

l iq u o r  bu rn t.

1970s 220 OOOt/a waste water trea tm ent p la n t  in s ta l le d

1976 Human food grade yeasts produced on a l te rn a t in g  basis w ith  

fodder yeast, in  response to  "deve lop ing m arket."

1986 P i lo t  p la n t  b u i l t  to  recover S02 from burn t waste emissions.
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U n t i l  the ethanol p la n t  was in s ta l le d  in  1914 there  was 100% 

discharge, w ith  p o l lu t io n  worse than today desp ite  increases in  pulp 

production from 30 000 t / a  in  the 1920s to  125 OOOt/a today.

The in s ta l la t i o n  o f  the fodder yeast p la n t  co inc ided w ith  the immediate 

post war shortage o f  animal feeds, when the real p r ic e  o f  feed made such 

an in s ta l la t i o n  economic. The 1976 upgrading o f  fodder in to  human food 

represents an attempt to  increase the value added to  a product whose 

process c a p i ta l  costs have been w r i t te n  o f f .

The te ch n ica l reason fo r  the yeast fodder p la n t  in s t a l l a t i o n  o f  

1947 was th a t  the Sacchoromyces yeast used to  produce ethanol d id  not 

consume the pentose sugars, which were being burnt and C e llu lose  

A t t is h o lz  were pioneers in  removing the pentose sugars from e f f lu e n t .  

At t h i s  t im e, the 1940s, the yeas t- fodder technology was the 

best techn ica l op t ion  a v a i la b le  f o r  removing pentose sugars and lowering 

the BOD o f  e f f lu e n t .  The yeast fodder process and ethanol process were 

s u f f i c ie n t  to  c o n tro l  the BOD o f  e f f lu e n t  u n t i l  the 1970s.

C e llu lose  A t t is h o lz  designed and b u i l t  these p lan ts  using t h e i r  own 

R&D and eng ineering resources. Research continued over 30 years

o f  opera tion  to  improve the e f f i c ie n c y  o f  the p la n t  and severa l 

such p lan ts  have been licensed to  fo re ig n  s u lp h i te  pulp m i l l s .  The 

p r in c ip a l  fea tu re s  o f  the yeast production process are as fo l lo w s : -

Thermal pre trea tm ent o f  spent s u lp h i te  l iq u o r  in  degas ify ing  column

N e u tra l is a t io n  and a d d it io n  o f  yeast n u t r ie n ts
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A i r  l i f t  fe rm en ta t ion  w ith  cen tra l va t surrounded by c i r c u la to r y  

tubes fo r  a i r  in je c t io n ,  (homogenises m ix tu re , coo ls , oxygenates 

and a llows carbon d iox id e  degassing)

Continuous ove rf low  o f  yeast from fermenter

Separation

M u lt i -s ta g e  washing

2 stage evaporation p la n t ,  the rm o lys is  and p a s te u r is a t io n

Spray d ry ing  o f  yeast cream (22% s o l id s )  to  marketable powder,

7 000 t / a

Source: C e llu lose  A t t is h o lz  (1977)

The C e llu lose  A t t is h o lz  in fo rm a tion  sheets claimed th a t  yeast 

p roduction  could prov ide  an economic s o lu t io n  to  environmental co n tro l  

problems f o r  companies in  1977.

The waste water t rea tm ent p la n t  was designed and b u i l t  by C e llu lose  

A t t is h o lz  over 4-5 years, a t  a cost o f  80m FCH. The company patented the 

design and sold 100-200 s im i la r  u n i ts  f o r  sewage trea tm ent. This 

trea tm ent p la n t  supp lies  25% o f  the p la n t ’ s e l e c t r i c i t y  and 60% o f  the 

energy requirements o f  an adjacent waste in c in e ra to r  p la n t  b u i l t  to  

take the excess steam. The experience w i th  designing yeast
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fe rm enta t ion  p la n t  aided A t t is h o lz  in the dec is ion  to  b u i ld  t h is  

trea tm ent p la n t .

Arni described the company th in k in g ,

" . . .T h e  eng ineering companies were marketing poor p la n t .

They were not designed to  cope w ith  the requirements o f  

microorganisms, they were eng ineering companies w ith  a poor 

app re c ia t ion  o f  the chemical and b io lo g ic a l  processes t h e i r  

p lan t  was supposed to  be c a te r in g  f o r .  So using our 

knowledge o f  the c h a ra c te r is t ic s  o f  yeast on waste, we 

designed the p la n t  ourse lves; i t  was tw ice  as e f f i c i e n t  (a t  

lowering the BOD) and h a l f  the p r ic e  o f  our co m p e t ito rs ’ , 

so we sold one or two hundred."

Hoolie  thought the management o f  C e llu lose  A t t is h o lz  a n t ic ip a te d  

fu r th e r  t ig h te n in g  o f  the d ischarge re g u la t io n s  and so i n i t i a t e d  

the waste water t rea tm ent p la n t  research. The sewage trea tm ent 

system was a s imple ve rs ion  o f  the s u lp h i te  waste trea tm ent p la n t  

they were working towards, but the eng ineering companies w ith  whom 

they were competing argued w ith  the Cantonal a u th o r i t ie s  th a t  

C e llu lose  A t t is h o lz  were a p o l lu t io n  problem. The a u th o r i t ie s  then 

gave the p la n t  4 years to  decrease t h e i r  e f f lu e n t  BOD, o r  the p la n t  

would be c losed. C e llu lo se  A t t is h o lz  were able to  comply because 

they were a t an advanced stage w ith  t h e i r  research. C e llu lose  

A t t is h o lz  now f a r  exceed the reg u la to ry  requirements by c u t t in g  the 

BOD o f  e f f lu e n t  th a t  f low s  in to  the R iver Aare by 96%.
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The company had never t r i e d  to  comply s t r i c t l y  w i th  environmental 

le g is la t io n ,  e i th e r  w ith th e  yeast or water trea tm ent p lan ts .

"The trend is  to  become s t r i c t e r  in  t im e. I f  you meet one set 

e x a c t ly ,  you are soon asked to  improve on them, (a lthough) 

Sw itzerland has the s t r i c t e s t  regu la to ry  environment in 

Europe."

This b e l ie f  underlay the con t inu ing  research and development in to  

reducing the BOD o f  e f f lu e n t .  Before the 20m FCH d e su lph u r isa t ion  p la n t  

was b u i l t  C e llu lose  A t t is h o lz  was producing 10% o f  the t o t a l  S02

emissions in  Sw itze r land .

The ex is tence o f  the yeast and ethanol p lan ts  represent previous

economic and te c h n ic a l c o n d it io n s ,  since Hoolie  thought th a t  n e i th e r  

p la n t  would be economic under present economic c o n d it io n s .  Because 

o f  the progress ive  nature o f  the investments in  waste trea tm ent p la n t ,  

each stage had been economic a t the time i t  was b u i l t .  I f  a l l  the 

investments were considered a fresh a t the present t im e, A rn ie  be lieved 

i t  would be uneconomic. The v i a b i l i t y  o f  each stage depended on 

the e x is t in g  p la n t  having been w r i t te n  o f f  in  accounting terms.

C e llu lose  A t t is h o lz  R&D are developing a non-su lphur, non -ch lo r ine  

pu lp ing  process, the on ly  op t ion  fo r  new pulp p la n t  in  S w itze r land . 

This R&D a c t i v i t y  has been essen t ia l to  the s o lu t io n  o f  the

e f f lu e n t  problem and w i l l  be essen t ia l f o r  the s u rv iv a l o f  pulp

production in  Sw itze r land . Hoolie said the re  were 40 people in  the 

R&D la b o ra to r ie s  compared to  the usual 7 o r  8 techn ic ian s  fo r  

m on ito r ing  purposes in  a standard pulp m i l l .  The founder o f  the
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company, Dr S ieber, had been a chemistry PhD and i t  was he th a t  

es tab lished  the t r a d i t i o n  o f  an a c t iv e  and p ioneering R&D department. 

The department had continued to  be h ig h ly  regarded because i t  was 

c re d ite d  w ith  the p la n t ’ s s u rv iv a l in  a d i f f i c u l t  reg u la to ry  

envi ronment.
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APPENDIX 2 -  SCP BASED ON LACTOSE SERUM -  BEL INDUSTRIE. FRANCE

Based on company m a te r ia l and conversation w ith  Dr Dinsdale, R&D 

manager, Bel In d u s t r ie ,  P a r is .  T ranslated from the French

The fo l lo w in g  summarises the major yeast- fodder re la ted  events in  the 

h is to r y  o f  Bel In d u s t r ie .

1955 research in to  s t ra in s  begun in  c o l la b o ra t io n  w ith  Professor 

K e i l l in g  o f  the Labo ra to ire  National Agronomique de Pa ris . (LNAP).

1956 P i lo t  p la n t  b u i l t  a t Vendome and a lready producing 300 t / a  

o f  yeast by continuous fe rm en ta t ion .

1966 Main p la n t  b u i l t  a t  Vendome o f  1 500 t / a  capac ity ,  consumes 

e n t i r e  ou tpu t o f  serum from Vendome d a i ry ,  produces c a t t l e  fodder 

and p ro te in  concentra tes . Yeast is  f lo c c u la te d  and f i l t e r e d  in  

ha rves t ing  process.

1964-1974 Research shows yeast can be used as p ro te in  and v itam in  

supplement in  human food. 90% output going to  animal feed market.

1974 P lan t b u i l t  a t  Sable sur Sarthe. U l t r a  f i l t r a t i o n  process 

incorpora ted  to  rep lace f lo c c u la t in g  process. P ro te in  now so lub le  

and commands h igher p r ic e ,  more human food uses.

Bel has always been in te re s te d  in  having a continuous fe rm en ta t ion  

process and has worked w ith  the Assoc ia t ion  des Souches, the
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French Yeast A sso c ia t io n , to  t h is  end. The two o rgan isa t ions  developed 

a mixed c u l tu re  f o r  t h e i r  lactoserum which depended on th ree  yeast 

s t ra in s  working toge the r  to  consume the separate products o f  the 

subs tra te  and the yeas ts ’ own by-products.

Lactoserum Byproducts

lactose . . . . . . . .  s t r a in  1 a lcoho ls  .............  s t r a in  3

la c t i c  acid ......... s t r a in  2

They co l lab o ra ted  w ith  a p ro fessor Galdeze a t M o n tp e l l ie r  U n iv e rs i ty  

to  show th a t  when the c u l tu re  was contaminated w ith  a fo re ig n  s t r a in ,  

then fermented con t in uous ly ,  the same s ta b le  mixed c u l tu re  was always 

the r e s u l t .  A stream o f  minor process adjustments continued over the 

years. The re s u l t  o f  more than a decade o f  fe rm en ta t ion  process 

innova tions was an increase in  y ie ld  from 42% to  53%, ( t h i s  r a t i o  gives 

the weight o f  yeast produced per u n i t  weight o f  s u b s tra te ) .

Bel produce 18 000 t / a  lactoserum annua lly , which makes them one o f  the 

b iggest producers in  the world . They have t r i e d  to  market t h e i r  

p la n t  technology, through Speichim, but w ith ou t success because 

Dinsdale thought o the r  d a i r ie s  were ju s t  too small f o r  the c a p i ta l  cost 

to  be worthw h ile .

I t  is  the more recent h is to r y  o f  Bel I n d u s t r ie ’ s l a c t i c  yeast 

th a t  is  in te re s t in g  s ince i t  is  one o f  the few m ic rob ia l products 

to  be a c t iv e ly  marketed. I t  is  not e n t i r e l y  unique o f  course, since 

the brewers’ yeasts and bakery yeasts are i t s  na tu ra l com petito rs  in  

the market p lace. Whereas these yeasts are by-products in  themselves,
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l a c t i c  yeast is  based on lactoserum, the by-product o f  the d a iry in g  

in d u s try .  The major change in  marketing s tra tegy  occurred a f te r  the 

1974 o i l  p r ice  r is e .

Yeast production requ ires  enormous amounts o f  energy fo r  the ae ra t io n ,  

d ry ing , separa tion processes. The hydrocarbon p r ic e  r is e  t ra n s la te d  

in to  an energy p r ic e  r is e  l e f t  Bel In d u s t r ie  unable to  compete in  t h e i r  

c a l f  feed market. The p r ic e  o f  t h e i r  yeast roughly t r i p le d  due to  the 

increase in energy costs alone. This is  e s p e c ia l ly  in te re s t in g  since 

Bel was using a zero cost subs tra te , u n l ik e  the hydorocarbon based 

processes.

The o i l  p r ic e  r is e  prompted Bel to  begin a search f o r  h igher value 

added markets. In  78-79 they developed a product ca l le d  Sassiyen 

which was a m ilk  rep lace r  ra th e r  than a crude yeast fodder. This was 

v ia b le  when sold in to  the c a l f  veal market. The d a i r y - f re e  food 

market a lso began to  develop, where yeast could be s u b s t i tu te d  fo r  

m ilk  products in  human food.

They now have two fa c to r ie s ,  one producing Sassiyen, one producing 

human food and both the animal and human food markets have become 

in c re a s in g ly  p r o f i t a b le  in  these la s t  years. Despite t h e i r  w ithdrawal 

in  74-75, the c a l f  feed market is  once again o f  value to  Bel. In  

t h i s  market the yeast has value as an amino acid and v itam in  supplement. 

Bel replace about 40% o f  m ilk  p ro te in s  w ith  t h e i r  yeast product 

Sassiyen.

Dinsdale thought t h i s  replacement market f o r  animal feed was about 

50-60 000 t / a  o f  which Bel were p o te n t ia l l y  capable o f  producing 10%

375



o f  t h is  form one o f  t h e i r  two fa c to r ie s .  Bel have a t o ta l  capac ity  

o f  10 -  12 000 t / a  o f  l a c t i c  yeast, but t h is  capac ity  is  not f u l l y  

used. According to  company l i t e r a t u r e ,  Fromageries Bel (1986), several 

thousand tonnes o f  P ro t ib e l  are produced every year.

Bel examined the domestic animal food market and found th a t  the re  was 

a sm all,  p r o f i t a b le  niche fo r  yeast as a v itam in  supplement fo r  

improving dog coats. They a lso have a market f o r  f i s h  feed which is  

im portant in  Germany. Dinsdale thought th a t  both these markets had high 

p o te n t ia l  value in  the fu tu re ,  but th a t  development p a r t ly  

depended on Bel demonstrating the sa fe ty  o f  t h e i r  product. Other 

openings th a t  Bel are a c t iv e ly  cons ider ing  are aquaculture o f  f i s h  

and prawns in  Japan.

T he ir  most p r o f i t a b le  market is  in  producing d a i ry  f re e  products 

f o r  human consumption and the most developed market is  th a t  f o r  d a iry  

f re e  choco la te , so ld  in  Germany, France and the US. Another human food 

market is  as a v i ta m in  supplement. Bel s e l l  t h e i r  yeast to  be 

produced in to  ta b le ts  f o r  c h i ld  d ie t  supplements, but here the re  is  

much com petit ion  from breweries and bakr ies  s e l l i n g  t h e i r  waste yeast 

mass. The advantage o f  the Bel yeast over brewery yeast is  th a t  i t  

has a sweet ta s te  due to  the lac tose  subs tra te .  Brewers yeast tends 

to  be more b i t t e r  and have the c h a r a c te r is t ic  "yeasty" ta s te .  Some 

o f  the o the r human food a p p l ic a t io n s  are in  c h a rc u te r ie ,  where the water 

absorbent q u a l i t i e s  o f  the yeast can be used to  bind p ro te in s  in  

sausages.

Dinsdale judged the human food market to  be la rg e s t  in  the US, then in  

the UK. However the UK was the most d i f f i c u l t  market because o f  the
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vast q u a n t i t ie s  o f  surp lus brewery yeast th a t  was produced and i t  was 

in the UK th a t  Bel were le a s t  we ll known. The US market was worth 33 

000 t / a ,  but the problem w ith  a l l  the human food uses was th a t  there  

were already com petito r products in place, Bel a lso had the problem 

th a t  l a c t i c  yeast was r e la t i v e l y  unknown and had to  win acceptance. 

The major problem was to  f in d  markets where i t s  d i f f e r e n t  ta s te  

would be a p o s i t iv e  advantage.

Dinsdale described the te ch n ica l d i f fe re n c e s  between l a c t i c  and 

brewer’ s yeast as small but im portan t.  The organisms were the same but 

the production  process changed the q u a l i t y  o f  the p ro te in s  and la c t i c  

yeast was the on ly  yeast to  conta in  v itam in  0. On the o the r  hand 

brewer’ s yeast contained s l i g h t l y  more v itam ins  B1 and B2. L a c t ic  

yeast has a c le a r  advantage over brewer’ s yeast in  c h a rc u te r ie ,  where 

i t s  water re ta in in g  p io p e r t ie s  are l inked  to  the presence o f  galactose 

in the yeast c e l l  membranes.

In a l l  t h e i r  marketing a c t i v i t y  Bel have been concerned to  preserve a

number o f  small markets ra th e r  than have one la rge  market. In  a l l

cases they s e l l  t h e i r  yeast on fo r  o the r companies to  market and they

have kept in d iv id u a l  market s ize  down to  around 1 000 t / a ,  desp ite

o f fe rs  to  buy supp lies  o f  yeast a t  3 000 t / a .

A major market change to  the b e n e f i t  o f  l a c t i c  yeast has been the EEC

dec is ion  to  cu t m i lk  quotas. This has led to  a doubling in  the

p r ic e  o f  powdered skimmed m ilk  to  11-12 F/Kg (August 1988) as an 

animal feed supplement. Dinsdale be lieved i t  would go on r is in g  and 

veal c a l f  producers would be forced to  look f o r  a l te r n a t iv e  m ilk  

rep lace r products.

377



Dinsdale was aware o f  Pruteen and considered th a t  l a c t i c  yeast had 

been a competing product. Bel and ICI had both had the same economic 

problems w ith  t h e i r  products.
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APPENDIX 3 -  SCP IN THE SOVIET UNION

Based on Anthony Rimmington’ s p u b l ic a t io n s ,  conversa tion w ith  Anthony 

Rimmington and an a r t i c l e  in  "Pravda" reported by M art in  Walker in  "The 

Guardian" and comments on the Sovie t Union made by the managers 

in te rv iewed in  Western Europe

Anthony Rimmington is  a unique source fo r  in fo rm a tion  on SCP in  the 

Sovie t Union because he is  the on ly  person to  have c o l la te d  and 

t ra n s la te d  indigenous Sov ie t m a te r ia l on SCP as p a r t  o f  h is  work f o r  a 

PhD a t  the U n iv e rs i ty  o f  Birmingham. However, h is  work tends to  r e f l e c t  

the " o f f i c i a l "  Sov ie t view o f  SCP in  the Sov ie t Union. Western managers 

and a recent press a t ta ck  on one SCP p la n t  are very c r i t i c a l  o f  Sov ie t 

achievements.

I t  is  not in  doubt th a t  the Sov ie t Union has become the w o r ld ’ s la rg e s t  

producer o f  m ic rob ia l p ro te in ,  w i th  over 1 100 000 t / a  capac ity  in  1985, 

Rimmington (1985). The e n t i r e  ou tpu t is  used f o r  animal feed.

According to  Rimmington the o r ig in  o f  the s ta te  d ire c te d  expansion o f  

SCP production  was the co incidence o f  a shortage o f  l iv e s to c k  production  

w ith  the problem o f  high p a r a f f in  wax o i l  in  the Vo lga-U ra ls  f i e l d s .  

The i n i t i a l  idea was to  dewax the o i l  and produce much needed animal 

feed in  one process; the same conception th a t  BP used a t the s t a r t  o f  

i t s  p ro je c ts .

The f i r s t  p la n t  o f  1 500 t / a  capac ity  was b u i l t  in  1964 a t  Krasnodar. 

Rimmington (1985a) be l ieves  th a t  the p la n t  used a g a s -o i l  subs tra te  

aw ith separa tion  o f  the yeast and feedstock a f t e r  fe rm en ta t ion .
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Rimmington repo r ts  th a t  the Sovie ts  found the feed to  be contaminated 

w ith  p o ly c y c l ic  hydrocarbons, and th a t  t h is  persuaded them to  b u i ld  a 

second experimental p la n t  a t  Ufa w ith  a capac ity  o f  12 000 t / a  based on 

a p u r i f ie d  n-alkane subs tra te .  T o x ico lo g ica l te s t in g  apparently  led to  

confidence in  the sa fe ty  o f  the n-alkane based product and a se r ie s  o f 

g ia n t  p lan ts  were b u i l t  in  the succeeding years, a l l  using p u r i f ie d  

p a ra f f in s  as a subs tra te .

Ufa 100 OOOt/a 1968

Gorki 200 OOOt/a 1970

K i r i s h i  100 OOOt/a 1972

Six o the r  n -p a ra f f in  p la n ts  o f  s im i la r  capac ity  have probably been 

completed, w h ile  a f u r t h e r  3 w ith  a combined capac ity  o f  540 000 t / a  

were "nearing  com ple tion" in  1985. B e t t le y  (John Brown) commented th a t  

the Sov ie t 5-year plan o f  1980 s ta ted  a ta rg e t  o f  5 m i l l io n  tonnes 

capac ity  o f  SCP by 1985, but th a t  a t  most they were capable o f  producing

1.5 m i l l i o n  tonnes. Th is  im p lied  techn ica l problems or change o f  heart 

over the value o f  SCP. I t  is  not c le a r  why unambiguous announcements 

have not been made about when p lan ts  have opened and what percentage o f  

capac ity  is  being used.

There appears to  have been a debate over whether the le v e ls  o f  

carcinogen in the n-alkane SCP product should preclude i t s  use as a 

human food supplement. Rimmington (1985a) re p o r ts  th a t  the Sov ie t 

I n s t i t u t e  o f  N u t r i t io n  has so f a r  refused to  a l low  i t s  use in  human 

food. The fu ro re  over the K i r i s h i  p la n t  has resu lted  in  the opp os it io n  

to  the p la n t  c la im ing  th a t  the Sov ie t SCP from n-alkanes has in  f a c t  had 

very poor t o x ic o lo g ic a l  re s u l ts .
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These Sov ie t SCP ventures have f re q u e n t ly  been c r i t i c i s e d  by western 

companies l i k e  ICI who were invo lved in n e g o t ia t io n s  to  l icense  t h e i r  

SCP technlogy to  the USSR. Rimmington re fe rs  to  an "informed source" 

in ICI th a t  described meat th a t  had come from animals fed on Sov ie t SCP 

as having "an unpleasant ta s te  and sm e ll ,"  (Rimmington 1985b p37). 

Rimmington has a lso found references to  Sovie t s c ie n t is t s  worr ied about 

the p o s s i b i l i t y  o f  la rge  scale epidemics t r ig g e re d  by the ven ting  o f  

yeast- laden dust from these p la n ts .  He repo r ts  th a t  dust ca tch ing  

devices w ith  c a p a c it ie s  o f  1 150 000 cubic metres a i r /h o u r  were being 

in s ta l le d  in  1985.

The advent o f  g lasnost allowed some o f  the problems w ith  these p lan ts  

to  be discussed in  the press. An a r t i c l e  in  the Guardian by M art in  

Walker summarised a Komsomolyska Pravda a r t i c l e  in  1988 on hea lth  

problems in  the town o f  K i r i s h i ,  popu la tion  60 000. Some o f  the key 

admissions fo l lo w .

-  the deaths o f  12 c h i ld re n  have been a t t r ib u te d  to  K i r i s h i  p la n t  

emissions

-  100 permanent in v a l id s  in  the town h o s p ita ls

-  inc idence o f  b ronch ia l asthma is  10 times h igher than the Sov ie t 

average

-  " the  most a p p a l l in g  account o f  Sovie t in d u s t r ia l  p o l lu t io n  s ince the 

Chernobyl d is a s te r , "  t ra n s la te d  by Walker (1988)

-  12 000 people have demonstrated aga inst the p la n t ,  1st June, 1987

-  300 de fec ts  found by hea lth  and sa fe ty  o f f i c i a l s .

-  4 000 s u f fe r in g  from "degenera t ive" a l le r g ie s  l in ked  to  p la n t
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Pravda reported th a t  over 2 tonnes o f  p o l lu ta n t  was s e t t l i n g  on the town 

every day th a t  the c lean ing  equipment was shut down. The a i r  

p u r i f i c a t io n  equipment had apparently  f a i le d  and the scrubbers c lean ing  

the fa c to ry  exhaust system had been d e l ib e ra te ly  shut down w h ile  the 

p lan t  continued to  operate f o r  a year and a h a l f .  Throughout t h i s  period 

demonstrations by the populace had continued w ith  the e f fe c t  th a t  

K i r i s h i  was repeated ly  v is i t e d  by the m in is te r  f o r  b io in d u s t ry  and given 

promises th a t  the p o l lu t io n  would stop. This m in is t r y  was o r ig i n a l l y  

given the task o f  p lanning SCP production and SCP remains the p r in c ip le  

Sov ie t b io in d u s t ry .

A meeting o f  doctors  from the surrounding region has condemned the p la n t  

w h ile  the a u th o r i t ie s  have responded in  a confused manner. Those who 

have spoken aga ins t the p la n t  have been repeated ly  c r i t i c i s e d  and t h is  

a r t i c l e  claimed th a t  attempts had been made to  s i le n c e  p ro te s te rs ,  

( Komsomolskaya Pravda, 1988). The Pravda a r t i c l e  a lso  re fe rs  to  20 year 

o ld  t o x ic o lo g ic a l  te s ts  on the p la n t ’ s product, "Paprine" which showed 

th a t  2nd and 3rd generations o f  animals fed la rge  doses su f fe red  from 

reduced f e r t i l i t y  and disease immunity. Another repo r t  from a h o s p ita l  

a u th o r i ty  descibed meat from animals fed on Paprine as undes irab le  f o r  

human beings, w i th  stomach and bowel d iso rde rs  common amongst people fed 

on such meat. Pravda a lso  conta ins  the cost o f  the attempts a t  lowering 

p la n t  emissions -  500 m i l l i o n  roubles, approxim ate ly £500 m i l l i o n ,  

apparen tly  to  reduce emissions from t h i s  one p la n t  by a fa c to r  o f  6. 

(Komsomolskaya Pravda, 1988)

Pravda a lso  repo r ts  a re luc tance  by farmers to  use the p ro te in  

concentrates from the p la n t ,  w i th  the farm ing m in is t r y  o f  the 

Byelorussian re p u b l ic  banning t h e i r  use as feedstock. Apparently
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thousands o f  animals have died from ea ting  food yeasts from the K i r i s h i  

p la n t .  A c o l le c t iv e  farm in  the Leningrad area had banned the use o f 

"BBK," another name fo r  a form o f  the yeast feed, in  sp r ing  1987. The 

response o f  the p la n t  a u th o r i t ie s  to  t h is  loss o f  consumption has been 

to  d i r e c t  t h e i r  product to  f u r  farms. Once again, there  were animal 

deaths, supposedly re la te d  to  the yeast product and the K i r i s h i  p la n t  

b iochemists were sued, unsuccess fu lly ,  f o r  £60 000 by the c o l le c t iv e  

a u th o r i t ie s  o f  the f u r  farm.

Peachey (BP) had read the Guardian a r t i c l e ,  which was ra th e r  m ild  

compared to  the o r ig in a l  Russian.

"My God! They must be doing something bloody aw fu l,  t o t a l l y  

incom petent."

She a lso  commented on the BP-Soviet n e g o t ia t io n s  f o r  the BP technology

and what BP found the S ov ie ts  were asking f o r .

"They d id n ’ t  seem to  be able to  do simple th in g s  l i k e  pour out

la rge  s labs o f  concre te . [A lthough] i t  was d i f f i c u l t  to  f in d  out

anyth ing about the l ic e n s in g  n e g o t ia t io n s .  But they seemed to  

be needing inpu ts  in  some a s to n is h in g ly  simple th in g s .  L ike 

making decent s ta in le s s  s t e e l . . .  apparently  they cou ldn ’ t  do 

i t . . .O n e  has doubts about t h e i r  a b i l i t y  to  operate.

There is  o the r  evidence th a t  the Sovie ts  have had t ro u b le  w i th  the 

opera tion  o f  t h e i r  p roduction  technology. Rimmington (1984) c o l le c ts  

var ious repo r ts  o f  S ov ie t approaches to  western equipment manufacturers 

where the nature o f  the purchase im p lies  they are not s a t is f ie d  w ith
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indigenous equipment in  t h e i r  SCP p la n ts ,  in  p a r t i c u la r  c e n t r i fu g in g  and 

separa tion  equipment. There have also been suggestions th a t  the Soviets 

used t h e i r  n e g o t ia t io n s  w ith  BP to  p ick  up te ch n ica l in fo rm a tion  they 

should have been buying. According to  Northgate (BP) the Russians d id  

not e x a c t ly  "p inch" anyth ing because,

"they d id n ’ t  have to .  A l l  the Russians kept doing was saying, 

we’ re very in te re s te d  in  your SCP technology, i t  w i l l  requ ire  a 

b id and a process design from y o u . . .s o  we designed a number o f 

process p lan ts  f o r  the Russians. And every t ime i t  wasn’ t  q u i te  

what they wanted, so the re  was a redesign. At the end o f  the 

day the Russians had got chapter and verse on the SCP p la n t ,  

supp lied  by BP. 3 years la t e r  they announce to  the world th a t  

they are fe rm enting p a ra f f in s  a t a m i l l i o n  tonnes a year by a 

process th a t  is  remarkably s im i la r  to  the BP process."

But Northgate was as contemptuous as o the r  managers were o f  the Russians 

a b i l i t y  to  operate such p la n t ,

" I t ’ s not BP te c h n o lo g y . . . i t ’ s BP s ty le  o f  eng ineering and 

fe rm en ta t ion . I t ’ s t y p ic a l  o f  massive Russian in d u s t ry ,  i t ’ s no 

d i f f e r e n t ,  ju s t  as in e f f i c i e n t  as the re s t  o f  t h e i r  

in d u s t r y . . .whether th e y ’ l l  ever pub lish  e f f i c ie n c y  data is  

another t h i n g . . . i f  they on ly  got one gram o f  yeast out o f  i t  they 

would say they had a process f o r  making ye a s t . "

In the e a r ly  1980s the Sov ie t p lanners were concerned th a t  they should 

develop a l te r n a t iv e  subs tra tes  as the supp lies  o f  n -p a ra f f in  were 

thought to  be l im i te d .  There was a concen tra t ion  o f  a t te n t io n  on
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methanol and na tu ra l gas, w i th  the f i r s t  experimental p la n t  using 

na tu ra l gas completed in  1983. Rimmington re fe rs  to  Pravda a r t i c le s  

ta lk in g  o f  nearly  1980 ta rg e ts  o f  b u i ld in g  many p lan ts  o f  

"unprecedented" capa c ity ,  o f  350 000 t / a  to  500 000 t / a ,  based on the 

new subs tra tes .

I t  was t h is  in te r e s t  in developing na tu ra l gas as a feedstock th a t  led 

to  the approach to  ICI to  nego tia te  over the t ra n s fe r  o f  Pruteen 

production technology. Kostandov, the then deputy prime m in is te r ,  

v is i t e d  the ICI p la n t  a t  B i l l ingham  and Harvey-Jones had t a lk s  w ith  

Tikhonov, the prime m in is te r ,  in  Moscow, but no deals came out o f  these 

t a lk s .  B e t t le y  thought th a t  t h is  was because the Russians had developed 

t h e i r  own technology f o r  fe rm enting na tu ra l gas to  p ro te in  which was 

akin to  the Shell process in  conception and he commented,

"Now, I  don’ t  want to  be anywhere near t h e i r  p la n t  when they t r y  

to  s t a r t  i t  up. You can go on and on about Russia and the 

problems they have .. . because o f  in e f f i c ie n c ie s  o f  one s o r t  or 

a n o th e r . "

Tomng had v is i t e d  the Sov ie t Union and had a lso  c r i t i c i s e d  the 

" p r im i t i v e  techno logy ,"  w h ile  P ick les  re fe rre d  to  these p lan ts  as,

" . . .e c o n o m ic a l ly  grotesque, very low methane e f f i c ie n c y ,  they 

want cheap c a p i ta l  cos ts ,  not the most modern techno logy ."

The Sovie ts  have reconstruc ted  one o f  the Ufa p la n ts  to  operate on 

ethanol a t  100 000 t / a  SCP capac ity .  Other im portan t SCP processes are 

SCP from hydrolysed wood ch ips , 500 000 t / a ,  Rimmington (1984) and SCP
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from s u lp h i te  waste l iq u o r ,  140 000 t / a .  Experimental subs tra tes  have 

included r ic e  husks, corn cobs, co tton  h u l ls  and bagasse. Rimmington has 

suggested in  a l l  h is  a r t i c le s  th a t  the Sovie ts  were about to  launch an 

expansive programme o f  p la n t  b u i ld in g ,  poss ib ly  based on methanol or 

na tu ra l gas. For example,

"A massive increase in  SCP production can now be expected over 

the next 10 years. N -p a ra f f in  p lan ts  c u r re n t ly  being constructed 

w i l l  come on stream, new fa c to r ie s  w i l l  be b u i l t  to  u t i l i s e  

na tu ra l gas as subs tra te  and i t  is  l i k e l y  th a t  methanol u t i l i s i n g  

p lan ts  w i l l  a lso be purchased from ICI in  the  near fu tu re .  

Undoubtedly, i f  these developments take place the S o v ie ts ’ c la im  

to  be world leaders in  in d u s t r ia l  b io technology would be 

strengthened. And perhaps more im p o r ta n t ly ,  Sov ie t purchases 

o f  g ra in  from north  America might be c u r ta i le d . "  (Rimmington, 

1985b p 37).

This may r e f l e c t  over o p t im is t ic  Sovie t expec ta t ions  o f  meeting the next 

5-year plan ta rg e ts .

The economics o f  n-alkane SCP production appear to  be as marginal in  the 

Sov ie t Union as they have been elsewhere. The reason f o r  con t in u in g  

co n s tru c t io n  o f  such p la n ts  can on ly  be a p o l i t i c a l  dec is ion  to  reduce 

dependence on western g ra in  supp lies  f o r  animal feed, o r  the 

in e f f ic ie n c y  o f  the p lann ing apparatus in  i t s  reac t ion  to  the o i l  p r ic e  

r is e s .  However Rimmington re fe rs  to  Sov ie t animal feed consumption 

requirements f o r  over 250 m i l l i o n  animals and i t  is  c le a r  th a t  even a t

1.5 m i l l io n  t / a  SCP would be on ly  a small c o n t r ib u t io n  towards Sov ie t 

needs. Rimmington (1984 p8) In  a d d it io n  Rimmington re fe rs  to  f ig u re s
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th a t  suggest on ly  85% o f  the raw p ro te in  requirement per animal is  being 

supp lied , and th a t  t h i s  s i t u a t io n  has pe rs is ted  f o r  over 15 years, 

Rimmington (1984).

Le ivers  (BP) had wanted the BP Lavera p la n t  to  continue to  operate a f te r  

1976 because i t  was economic when on ly  v a r ia b le  costs were considered 

and the re  was a chance th a t  the Soviets would be in te re s te d ,

"because fo r  some s o c ia l i s t  coun tr ie s  economics doesn’ t  mean 

a n y th in g . "

The Sov ie ts  were in te re s te d  in  very la rge  con trac ts  f o r  p la n t  

c o n s tru c t io n ,  Zamgrandi t o ld  how L iqu ich im ica  were asked to  put in  a b id  

f o r  the co n s tru c t io n  o f  ten 100 000 t / a  p la n ts .  Le ive rs  described the 

reasons f o r  the Sov ie t in te r e s t  in  these processes.

"There was a t e r r i b l e  lack  o f  p ro te in  f o r  animal feed in  the 

Sov ie t Union. I t ’ s s t i l l  the case, they use co tton  feed meal o f  

bad q u a l i t y .  They have always used much high p ro te in  food o f  

poor q u a l i t y .  They s ta r te d  research on alkane yeasts more o r 

less l i k e  us, but e i th e r  they were unlucky, o r  were not good 

engineers o r  b io lo g is t s  , I  don’ t  know what. There were a l o t  

o f  problems w ith  the q u a l i t y  o f  the yeast. Ed ib le ,  but w i th  

problems, problems th a t  could not be accepted in  a developed 

coun try ,  so they were very in te re s te d  in  our process."
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APPENDIX 4A -  SAMPLE LETTER

This is  a sample o f  one o f  the la s t  le t t e r s  to  be sent, when many issues 

had already been id e n t i f i e d .  The f i r s t  in te rv ie w s  were arranged by 

telephone and d id  not in vo lve  le t t e r s ,  but in the in te rv ie w  I  would have 

a sho rt  l i s t  o f  issues f o r  d iscuss ion , which I  would ra ise  when 

app rop ria te .  Towards the la s t  o f  the in te rv ie w s  i t  proved usefu l to  

show the p rospective  in te rv iew ee th a t  I  had some understanding o f  the 

issues, so th a t  sub jec ts  such as the p ro te in  gap and economics o f  the 

process could be skipped over. The best way was to  send a l e t t e r  in 

advance o f  the in te rv ie w .  In the in te rv ie w ,  the l e t t e r  would serve as 

a " re fe re n c e ,"  in  th a t  we never worked through the questions 

mechanica lly  from beginning to  end, but had a f re e  ranging d iscuss ion  

which o c ca s io n a l ly  used the l e t t e r  to  ensure th a t  a l l  to p ic s  had been 

covered.

Dear Dr Swindall

Thank you f o r  agreeing to  meet me on Wednesday 30th September. What 

fo l lo w s  are some o f  the general questions th a t  are in  my mind about 

I C I ’ s experience a f t e r  having ta lke d  to  o the r  people invo lved in  scp.

I haven’ t  concentrated on questions r e la t in g  to  to x ic o lo g y  because I ’ m 

assuming you w i l l  cover th a t  issue b e t te r  than I  can here. Of course, 

i f  you fe e l I  am m issing anyth ing which you consider to  be im portan t, 

please b r ing  i t  up when we meet. The names o f  any o the r con tacts  who 

would y ie ld  a d i f f e r e n t  view o f  the whole a f f a i r  would be p a r t i c u la r l y  

welcome.
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What was the ro le  o f  to x ic o lo g ic a l  te s t in g  in dec is ions  to  progress w ith  

a commercial s ize  p lant?  What were the p a r t ic u la r  problems in  g e t t in g  

UN and Government approval f o r  Pruteen?

What was the exact ro le  o f  "u n ive rsa l t ru th s "  in  dec id ing  ICI to  develop 

scp, and were these in te n s iv e ly  researched by IC I independently o f  the 

FAO, UN etc? (eg fo re cas ts  f o r  human food p ro te in  shortages in the 3rd 

world)

How fa r  was scp s imply a " s t r a ig h t  forward business o p p o r tu n i ty " ,  to  

undercut p r ic e  o f  soya? Can you give your exp lana tion  o f  how the 

q u a l i t a t i v e  fa c to rs  such as s t ra te g ic  advantages o f  developing 

fe rm enta t ion  technology, were combined w ith  more q u a n t i ta t iv e  fa c to rs  

such as p r ic e  fo re ca s ts  to  produce decis ions?

Was the re  a bandwagon e f fe c t  in  scp, w ith  so many people invo lved and 

researching i t ,  th a t  i t  became something r i v a l s  had to  consider g e t t in g  

invo lved in  themselves? Was t h i s  e f fe c t  confined to  UK/Germany? Why 

d id n ’ t  French companies get invo lved in  i t  on the same scale? Could 

t h i s  be because o f  c u l tu r a l  a t t i tu d e s  to  food?

Why was b io technology re ta ined  by IC I as an in te r e s t  a f t e r  Pruteen 

whereas BP d itched  a l l  in te re s ts  in b iotechnology?

How were re la t io n s  between R&D and the Main Board conducted.. how d id  PP 

Hart advance the p ro je c t?

Did the BP and Kanegafuchu experiences a f fe c t  dec is ions  on Pruteen a t 

a l l?
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To what ex tan t were there  com petit ive  re la t io n s h ip s  and cooperative  

re la t io n s h ip s  between BP, S h e l l ,  IC I ,  and o ther scp producers? Did they 

cooperate on e s ta b l is h in g  UN sa fe ty  gu ide l ine s  etc?

Would you agree th a t  S h e l l ,  ICI and BP d i f f e r  gen e ra l ly  in  the degree 

o f  academic freedom they grant t h e i r  s c ie n t is ts ?

What was the importance o f  the in fo rm a l,  personal re la t io n s h ip s  amongst 

the researchers or managers in  d i f f e r e n t  companies in  t ra n s m it t in g  

enthusiasm or in fo rm a tion  between companies?

What were the changes in what was considered to  be h ig h ly  c o n f id e n t ia l  

in fo rm a t io n . . .was a good example o f  t h i s  growth ra tes  fo r  organisms? 

Was t h is  o f  decreasing importance as time passed? To what ex ten t was scp 

an unusua lly  coopera tive  commercial research f ie ld ?

What were the d i f fe re n c e s  between S h e l l ,  Hoechst, ICI and BP approaches 

to  scp p ro jec ts?  How f a r  were these d i f fe re n c e s  re la ted  to  the 

d i f fe re n c e s  in  company c u l tu re ,  ra th e r  than d i f fe re n c e  in  process 

technology?

Dates o f  major changes o r  dec is ions  made? Costs o f  var ious pa r ts  o f  the 

p ro je c t?  Of te s t in g  Pruteen?

Is  the d i f fe re n c e  between S h e l l ,  IC I and BP’ s f in i s h in g  dates pu re ly  due 

to  d i f fe re n c e s  in  technology? What was I C I ’ s view o f  Hoechst’ s 

continued involvement? Of Hoechst? Have you any knowledge o f  Exxon- 

N e s t le ’ s p ro je c t?
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How d id  the debate proceed on what capac ity  to  b u i ld  the f i r s t  p la n t  to? 

Can you describe the debate on whether to  b u i ld  a second p la n t  o f  300

000 t /a ?

What was the purpose and actua l e f fe c t  o f  the Hoechst technology

exchange agreement?

Can you give me a sho r t  career o u t l in e ,  w i th  formal t i t l e s  and

re s p o n s ib i1i t ie s ?

How fa r  can one say th a t  A g r ic u l tu r a l  D iv is io n  was remote from the Main 

Board and able to  make dec is ions  on Pruteen th a t ,  e f f e c t i v e ly ,  could not

be judged by the Board?

1 hope these questions are answerable, or in te r e s t in g ,  or b o th . . .a n d  I  

look forward to  seeing you in  September.

Yours s in c e re ly

John Howells
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APPENDIX 4B -  SAMPLE TRANSCRIPTION OF DR SAXTON, MARKETING MANAGER

72-84/5. PRUTEEN PROJECT. INTERVIEW ON 19.04.88

T e l l  me about your ro le ,  you were in  the marketing group, what does

th a t  mean?

I came in to  the p ro je c t  in  72 when we were a t the p i l o t  p la n t  

s ta g e . . .where we fed 3 lo ts  o f  pigs and discovered th a t  they would 

eat i t .  But we had very l i t t l e  n u t r i t io n a l  evidence, nor had we 

much knowledge o f  the European market, o r  even the UK feed market. 

My i n i t i a l  job  was to  see i f  the re  was a market, who would buy, a t 

what p r ic e .  From 72 to  82, I  progressed from marketing 

development manager, where we were meeting most Euro feed 

m anufacturers, to  understand how they evaluated p ro te in  feed 

in g re d ie n ts ,  what te s ts  were l i k e l y  to  be done to  prove i t s  va lue,

to  de r ive  a values f o r  the product. I  was then marketing

manager then commercial manager, thought op about 81, when I  

moved to  o the r  b io techno log ies  in  / IC I .

HOw d id  the market in fo rm a tion  a f fe c t  R&D ?

Well the re  were two aspects o f  R&D. one is  how you make the 

product, I  th in k  , . . . a  few examples? The market wanted a product

h ig h ly  c o n s is te n t  in  a n a ly s is , .  We has to  feed in to  R&D the need to

produce a product th a t  had a s p e c i f ic a t io n  w i th in  q u i te  narrow l im i t s .  

We began to  understand the r e la t iv e  values o f  the p ro te in ,  n i t ro g e n ,  

energy le v e ls ,  in d iv id u a l  amino ac ids . I  t h in k  amino acids in  

p a r t i c u la r  had a l o t  o f  in f luence  had a l o t  o f  in f lu e n ce  on how we

d r ie d  the product, and the s o r t  o f  exposure to  chemicals and heat
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th a t  you could expose the product to  in  ha rves t ing . I f  you over heat 

p ro te in s ,  c e r ta in ly  in the d ry ing  s ta te ,  you degrade a l o t  o f  the 

lys in e  and meth ion ine, esse n t ia l amino acids. One o f  the markets th a t  

turned out to  be the most a t t r a c t iv e  was the c a l f  m ilk  rep lacer market. 

One had to  feed b a c k . . . .  a la rge  programme emerged, o f  how to  t a i l o r  the 

product to  s u i t  th a t  market. How f in e  should the p a r t i c le  s ize  be/ 

What s o r t  o f  w e tt ing  agents should you use to  mix i t  in to  m ilk? Same

s o r t  o f  work th a t  had to  go in to  Coffee Mate. We found you could

produce a dust, which fo r  some people could produce adverse e f fe c ts ,  

we then had to  put some cooking o i l  in  to  make i t  acceptable. So

those were the s o r t  o f  th in g s  th a t  fed back in to  research. The o the r

pa r t  o f  research was how do you evaluate the product to  show animals 

would eat i t .  WE in  the marketing side had a very la rge  in f luence  on 

th a t ,  we changed the ground com plete ly, instead o f  saying , we’ d l i k e  

to  do a few th in g s  w i th ;  jc h ic k s  and pigs and th in g s ,  we decided 

what the markets w ith  the best va lue ;e  were going to ;  be, we ta lked  

to  the companies about the t r i a l s  and evidence they needed. We had 

the t r i a l s  done across the world and received evidence from 

companies doing t h e i r  own t r i a l s .  We put toge the r  a package o f  i t  

being a very e f f ic a c io u s  product.

Was i t  ju s t  ro u t in e  f o r  R&D to  f i t  the products to  the market?

There were m,any c o n s t ra in ts ,  we were a c tu a l ly  very lucky th a t  

t h i s  microorganism produced a p ro te in  th a t  has very ; good balance o f  

p ro te in  to  energy to  m inera ls  to  amino ac ids . But i t  was very 

s p e c i f i c ,  we harvested the dead bodies o f  the microorganisms and i t  

was typecast in  these r a t io s .  You could vary i t  a b i t  by how you va r ied  

the oxygen and methanol and o the r  n u t r ie n ts  in  the system. What we
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had to  do was minimise the number o f  adverse changes we had by how

we ran the ferm enter o r  how we harvested the product. We 

discovered th a t  i t  was q u i te  d e f ic ie n t  in selenium. At le a s t  the 

amount o f  selenium th a t  i t  needed to  grow on, we d id n ’ t  put in  much 

selenium, so the product was low in  selenium, so we added a b i t  o f  

selenium a t one stage to  make i t  r ig h t  f o r  the feed market. We had 

o ther te s t  products where we added ly s in e  and pushed i t  about a

l i t t l e . ,  but we never developed them f u l l y . . .

Was th a t  a problem w ith  Pruteen, th a t  i f  you fed a very 

concentrated Pruteen d ie t  to  chickens they would get d e f ic ie n c y  

problems ra th e r  than a to x ic  e f fe c t?

Well selenium is  one o f  those th ings  th a t  ch icks and p igs have to  

have, but i f  the re  is  too much or l i t t l e  i t  k i l l s  them. What we found 

was th a t  people got the r ig h t  amount from f i s h  meal t r a d i t i o n a l l y ,  

so they d id n ’ t  have to  t h in k  about i t ,  but i f  they replace th a t  w i th  

Pruteen i f  we d id n ’ t  make i t  r ig h t ,  they could have a s l i g h t  

d e f ic ie n c y .  Then they had to  s t a r t  p u t t in g  selenium in  as m ine ra ls ,  

and th a t  caused them problems, so i t  was e as ie r  f o r  us to  do i t .  But 

Pruteen was remarkably f re e  from imbalances. The o the r  th in g  we had to  

put a l o t  o f  e f f o r t  in  to  was the source o f  our phosphate. Th is  comes 

from phosphate rock. Some o f  the phosphate rocks around the world 

can conta in  heavy metals l i k e  coba lt  , th a t  i f  you get too h igh a 

concen tra t ion  i t  caused problems, so we had to  be very s p e c i f i c

about our s o u rc in g . . . th a t  was another example o f  how g e t t in g  to  

understand the market led to  feedbacks on research.
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Does th a t  mean you a n t ic ip a te d  i t  o r d id  you come across i t  from the 

feed producers?

W ell, you g ra d u a l ly  accumulate knowledge. The f i r s t  time you meet 

the animal feed in d u s t ry  and t a l k  to  n u t r i t i o n i s t s ,  you know very 

l i t t l e ,  but you don’ t  get in to  the business very lo n g . . .w e  were 

t a i l o r i n g  the product to  s u i t  the market needs. So you n a tu r a l ly  

get in to  conversa tions w ith  te ch n ica l managers and n u t r i t i o n i s t s  

about what t h e i r  s p e c i f ic a t io n s  are. I t s  a na tu ra l e v o lu t io n .  I  came 

from the f e r t i l i s e r  and chemical business over in  ; I r e la n d .  Although 

I had a degree in  a g r ic u l tu re  and a reasonable amount o f  n u t r i t i o n ,  I  

had been away from i t  f o r  15 -20 years, I  came to  i t  w i th  an open 

mind, you learn  very q u ic k ly .

Did IC I buy feed companies?

No. We considered i t  , we wrote papers and we looked a t i t ,  i t s

very s imple, i f  you are a s u p p l ie r  o f  one in g re d ie n t  going in to  one

market, you can’ t  b u i ld  a business, i f  you want a high pen e tra t io n  o f  

th a t  market, by buying your customers. I f  you buy a feed company you 

begin to  understand more o f  the market. But you have to  l e t  i t  stand

alone and run l i k e  a feed company, i f  you fo rce  i t  to  use your

p r o d u c ts . . i t  may go bust. BP, they bought Coopers Animal Health , and 

Shell bought C , , , , , .  That c e r ta in ly  gave them in-house resources. 

Shell sold out o f  i t ,  BP formed a b ig  business out o f  i t .  They did 

the lo g ic a l  th in g ,  having bought Hendrix and Hollad and var ious  o the rs , 

i t  is  now a major p a r t  o f  t h e i r  business. ICI never saw going in to  

the ;feed business as p a r t  o f  t h e i r  business. They owned SAI who had
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a feed business in  Scotland. THey a c tu a l ly  d id n ’ t  l i k e  the look o f  the 

feed business.

They thought you could understand the feed business ju s t  by ta lk in g  

to  the people invo lved .

Yeah. We re c ru i te d  D S w ind a ll ,  who was w i th  U n ileve r  and Derek 

W aterford came from D ibb ies. I  don’ t  th in k  any f a i l u r e  w ith  Pruteen 

were to  do w ith  not understanding the products r e la t io n  to  the market.

I t  was the d i f fe re n c e  between the energy p r ic e  and th a t  o f  p ro te in s .  

We got , in  the market p lace, the p r ic e  we had fo re c a s t  r e la t iv e  to  

soya and f i s h  meal. WE got th a t  r ig h t .  We d id  n t get the 

macroeconomics r ig h t .  The fa c t  th a t  p ro te in  has continued f o r  5 or 

6 years a t what is  something l i k e  a 50 year low in  rea l terms. We got 

th a t  wrong.

But is n t  th a t  a f a i r l y  small percentage o f  what p r ices  have been

fo r  a decade. A marginal s h i f t ?

There was the b ig  h ike in  72, then i t  dropped, then up again when 

we were b u i ld in g  the p la n t .  Our p ro je c t io n s  were somewhere around.The 

s tud ies  we d id  were as good as anyone d id  . I  d id n ’ t  do them , but got

a lo t  o f  them done. We ta lk e d  to  the World Bank, The USDA, a l o t  o f

U n iv e rs i t ie s .  A l o t  o f  d iscuss ions in Europe. B a s ic a l ly  I t h in k  what 

we d id n ’ t  be l ieve  was th a t  the world would a l low  so many m i l l io n s  

to  go hungry and to  s ta rve . The p r o d u c t iv i t y  o f  soya has been 

reasonable, but i t  has not been reductions in  cost th a t  has a f fe c te d  

i t ,  i t  has been th a t  what exports  are done are subs id ised, and the
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f a c t  th a t  the world is  prepared f o r  a l o t  o f  very hungry people 

to  d ie .  We got th a t  wrong.

What about the increased p la n t in g  o f  soya in  the la s t  decade. Couldn’ t  

th a t  have been p red ic te d  in  72-73?

I ’ m 3 o r  4 years out o f  date, o the r than look ing  a t p r ic e s ,  and they 

are s t i l l  along the bottom. I don’ t  know what has happened to  

production  le v e ls .

B r a z i l ,  A rgen tina e tc  the S ta te s . . .

At the soya p r ic e  when we were b u i ld in g  the p la n t ,  f o r  two years, i f  we

had been running the p la n t  a t  the e f f i c ie n c ie s  o f  81, we would have 

made a f a i r  b i t  o f  money. I f  you take methanol p r ice s  and p ro te in  

p r ic e s .

What is  the d i f fe re n c e  between what you expected the p r ic e  to  be and 

what i t  is  now?

You would need a doub ling  o f  the p r ic e  o f  soya now, probably 

about $450/tonne, but to  make i t  r e a l ly  a t t r a c t i v e  , $1000/tonne , you 

should be able to  get a b i t  over 2 times soya, but th a t  requ ires  soya 

a t $ 4 5 0 / t .

When i t  became c le a re r  th a t  Pruteen was not going to  be economic, how

did  th a t  a f fe c t  marketing a c t iv i t y ?
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We viewed the animal feed markets around the world in  terms o f  a 

pecking order o f  r e a l is a t io n s .  There was an inverse re la t io n s h ip  to  

volume, something l i k e  th a t .  I f  you feed i t  to  g o ld f is h  you get high 

p r ic e s .  There is  the la b o ra to ry  animal market, then the c a l f  m i lk  

rep lace r market. Once you move down to  b r o i le r s  and tu rkeys and p ig le ts  

e tc ,  a t the top end o f  th a t  you can get 2-3 times soya p r ic e .  We were 

a t the stage w ith  the s u p p l ie rs  o f  M&S, where they l ik e d  the product

so much th a t   you know th a t  M&S get in to  s p e c i fy in g  what goes

in to  feeds. I t  has no fishmeal t a i n t ,  very c o n s is te n t.  One

o f t h e i r  producers bought 8000 tonnes from us in  one year. I f  the

economics had been r ig h t  they would have l ik e d  to  have moved a l l

t h e i r  s u p p l ie rs  o f  tu rke y  and p ig  meat to  using Pruteen instead

o f  f ishm ea l. So i t  was a h ig h ly  regarded product. The l i k e s  o f  M&S 

were not so cos t-consc ious , i f  the q u a l i t y  was r ig h t ,  they would have 

been prepared to  pay maybe 2.5 times soya in  o rder to  be able to  

put 4% Pruteen in to  meals. But once in to  t h i s  low soya p r ic e ,  when 

w ith  every tonne we made we were going to  lose money, not even covering 

marginal costs , we ju s t  had to  come out o f  th a t  market. fOu are l e f t  

w i th  m ilk  rep lace rs , some s p e c ia l i t y  f i s h  tank th in g s .  We had 2-3 years 

where we looked a t th in g s  we could do the f r a c t io n a te  i t ,  as a content 

o f  chemicals. I t  looked q u i te  promising f o r  a w h i le .  P o te n t ia l l y  the 

lowest cost n u c le ic  ac id producers. We had a l o t  o f  d iscuss ion  w ith  

the Japanese and Koreans who were g e t t in g  w orr ied  about t h e i r  own

sources o f  those. A l o t  o f  t h e i r  production depended on waste from

the paper in d u s try .  That was 82-84. We had a p ro je c t ,  we produced 

n u c le ic  ac id ,  a c la s s ic  s o r t  o f  marketing th in g ,  ta k in g  samples to  

the Japanese, fo u r  o r  f i v e  t im es, g e t t in g  a fe e l f o r  what they thought 

o f  i t  and then they g ra d u a l ly  re f ined  i t ,  could we do t h i s  to  i t  

, then th a t  and th a t . . .w e  met v i r t u a l l y  a l l  t h e i r  needs. At the  la s t
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minute they a c tu a l ly  took co ld  fe e t .  They got worr ied because there  

had been a f a i r  b i t  o f  d iscuss ion  about the SCP in d u s try  in  Japan, 

there  was a l o t  o f  emotional s t u f f  whenever they had wanted to  

e s ta b l is h  t h e i r  own SCP in d u s try  around sa fe ty  and th a t  aspect. 

They had given up in  72.

you were dea ling  w ith  the companies th a t  had been involved w ith  SCP 

anyway, shouldn’ t  they have known from the s t a r t  whether they were 

serious?

Yes, but the re  was emotion around SCP. They were p u t t in g  these 

nuc leo t ides  in to  food, as a c o n s t i tu e n t  o f  Japanese food every day. 

They ju s t  took co ld  fe e t  a t  the idea th a t  they might have marketing 

problems. The way the Yen has gone i t  would have been o f  tremendous 

b e n e f i t  to  them.

Wouldn’ t  you have d isp laced t h e i r  own in d u s try  because o f  your 

huge capacity?

Oh yeah. This is  t r u e . . . b u t  we were th in k in g  in  terms o f  a modest 

s ized p la n t  to  do t h i s  and i t  depended on what we d id  w ith  the p ro te in  

s ide . We d id a l o t  o f  work t a i l o r i n g  th a t  p ro te in  as a human food 

p ro te in .  What need ed to  be done in  terms o f  fu n c t io n a l  p ro p e r t ie s  , 

ta s te ,  t e x t u r e . . .Some o f  these would have gone to  animal use. An 

in teg ra ted  p la n t  producing a b i t  f o r  the top end o f  the animal feed 

market, a b i t  f o r  the human food , a b i t  f o r  n u c le ic  ac ids , would have 

looked a t t r a c t iv e .  But 2 th in g s  emerged. I f  you are s ta r t in g  to  make 

a human food, I  don’ t  t h in k  you would have s ta r te d  w ith  Pruteen. I t  

had few fu n c t io n a l  p luses, a yeast would have been b e t te r .  But
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nuc le ic  a c id . . . a  b a c te r ia  was id e a l .  The harvesting  process were 

idea l f o r  the animal n u t r i t i o n ,  but no good fo r  the fu n c t io n a l

p ro p e r t ie s .  I  f i n a l l y  came to  the conclus ion, and in i t i a t e d  the paper 

th a t  sa id , we’ ve give t h i s  a good go. But there  are not enough 

fea tu res  o f  market p u l l  and a t t r a c t io n  in the human food p ro te in .

The Japanese are l i k e l y  to  squeeze us out i f  they found a b e t te r

use ...and  we cant see these s o r t  o f  macroeconomic th ing s  changing 

enough to  make i t  a t t r a c t i v e . . . time to  c a l l  i t  a day.

The n u c le ic  ac id  th in g  needed the human food market to  go along side i t .

Had you done the to x ic o lo g y  f o r  human food which showed th a t  you I 

th in k  i f  the product had been commercially acceptable, I  t h in k  we 

hadn’ t  too f a r  to  go w i th  a few more...we£d done some o f  the human 

a c c e p ta b i l i t y  te s ts ,  maybe another 2-3 years and another £0.25 m to  

spend on th a t .  NO real concern about th a t .

Did you s t a r t  human food to x ic o lo g y  when you re a l is e d  the animal

market was no good?

We d id  more f o r  the animal food te s ts  than are done f o r  most human 

foods you ea t. We were ju s t  thorough. The re g u la to ry  people around 

the world d id  not know how to  t e s t  Pruteen. Most drugs, you look

f o r  minim al residues in  t is s u e s .  With SCP you want a 

maximum...we had a p a r t  in  adv is ing  the p ro toco ls  around the world

The Japanese emotional r e a c t io n . . . I ’ d have thought they would have 

refused to  consider Pruteen as a food source, ra th e r  than o f  going 

along f o r  a number o f  y e a rs . . .
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I t  was 2 yea rs .. .w e  made very rap id  progress, i t  was ra the r  e x c i t in g ,  

to  work w ith  the Japanese. I  don’ t  know whether they a c tu a l ly  said 

"no” , but they d id n ’ t  g ive us enough assurances f o r  us to  f in d  i t  

worthwh ile  to  go ahead w ith  the next phase o f  development,we thought 

there  was a r is k  th a t  i f  we spent another 2 years and film , they

would not go along w i th  i t .  They had real problems in sourcing t h e i r

n uc le ic  acid needs. The paper in dus try  was in  d e c l in e ,  many companies 

were coping bust. They had a tremendous e f f lu e n t  problem. 

B a s ic a l ly  they grew yeast on paper waste , but then threw away most 

o f  th a t  and had a huge e f f lu e n t  problem, they ju s t  ex trac ted  the b i t s  

they wanted. They had real needs. I  th in k  we got to  the  top 

people q u i te  q u ic k ly ,  we d id n ’ t  waste too much time d iscuss ing  

the te ch n ica l th in g s .  Maybe we were a b i t  n a i v e . . . I  don’ t  know. 

Nucle ic  acids were inc reas ing  in  Yen terms, we got a good fe e l  o f  

what t h e i r  cost s t ru c tu re  was.. .  we could have m ade...no t enough 

to  throw away the p ro te in ,  . . . b u t  one o f  them ta lke d  about the 

p o s s i b i l i t y  o f  a j o i n t  venture to  produce i t  over t h e r e . . .these were 

the s o r t  o f  d iscuss ions going on.

The skim m ilk  market when the submission was made to  the board Was 

i t  im portant

I t  was discovered about 3 months before I  jo ine d  the p ro je c t ,  most 

o f  the th in k in g  had been around feeding p igs up t i l l  then, in  the 

autumn o f  71 my predecessor had done a b i t  o f  work on skim m ilk  I t  

became an in te g ra l  p a r t  along from 72 u n t i l  the 76 d ec is io n .  I t  

depended on p a r t  o f  i t  going to  th a t  and p a r t  to  what we c a l le d  the

g ranu la r  market. The debate was around the p ropo rt ion s  o f  the 2,
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obv ious ly  there  was some e x tra  cost in making a m ilk  rep lacer product. 

One, you had to  keep a low iro n  le v e l .  You had to  run the fermenter 

w i th in  t ig h t e r  l im i t s ,  then g r ind  and o i l  the product. Should you 

have a 100 000 t / a  p la n t  w i th  maybe 15 or 20 OOOt/a going in to  skim 

m i lk ,o r  whether you should have a 30 OOOt/a p la n t  w i th  maybe h a l f  going 

to  m ilk  rep lace rs . At the dec is ion  o b u i ld  the p la n t . . .a n d  I ’ ve got 

to  be ca re fu l or I  may seem to  be a b i t  c r i t i c a l  o f  my own colleagues. 

In those days Ag DIv was very much a science and eng ineering company. 

Marketing d id  not p lay a very b ig  p a r t .  The vas t m a jo r i ty  o f  the 

employees and the sen io r  managers and the d i re c to r s  had 

eng ineering or research background. B a s ic a l ly  I  th in k  they got 

mesmerised a b i t  by the b e n e f i ts  o f  sca le . For m yse lf ,  in  h in d s ig h t ,  

I  would have been r ig h t ,  I  would have gone f o r  a 25 000 t / a  p la n t  

which one would have been con f id en t  you could have so le  the ou tpu t.

The engineers convinced themselves and they had the power, th a t  to  get 

the u n i t  costs down, you needed n excess o f  50 000 year. Even w i th  the 

e x tra  c a p i ta l  costs  the re  were a whole lo t  o f  arguments around, many 

items are standard and i t  i s n t  th a t  much more, we were in  a development 

area , and the re  was 52% f re e  d e p re c ia t ion  and 20%c development area 

g ran t.  The amount o f  cash i t  cost you was on ly  something l i k e  28% 

o f  the cos t.  With a l l  these arguments.. .went along w ith  a b ig  p la n t .

I  went along w ith  i t  a t  the time Id id n t  have power to  do o therw ise , 

but in  h in d s ig h t  I  c e r ta in ly  had in  my gut a t  the time . . i t  would have 

been a sm a lle r b u s in e s s . . . but an argument aga ins t the sm a lle r  one, was 

the argument th a t  i f  you are going to  b u i ld  a world  scale business, 

in  a market o f  10s o f  thousands o f  m i l l io n s  o f  tonnes o f  Pruteen 

you don’ t  b u i ld  t id d le r s ,  i f  ICIwere going to  be in  i t  they should 

be in  i t  p rope r ly .
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gas but they a c tu a l ly  d id  n ;o u t ;  use i t  to  develop gas using 

in d u s t r ie s ,  but we looked a t Rotterdam, where the world p ro te in  markets 

is ,  th e re fo re  lower d i s t r ib u t i o n  costs , a t I re la n d ,  where we would have 

had high development g rants . A combination o f  the fa c to rs  th a t  

i t  was a b ig leap and we needed to  be where the technology was and 

w ith  the people th a t  could so lve the problems, w ith  the methanol p lan ts  

w ith  the gas from the N Sea, . . . i f  you had to  do i t  in  Europe 

B il l ingham  was as good as any We spent a year and a h a l f  working 

w ith  the Iran ian s  and got q u i te  a way towards b u i ld in g  a p ro je c t .  

The way t h e i r  demand f o r  fishmeal and p ro te in  has developed th a t  

f o r  them i t  could a c tu a l ly  have been q u i te  a good dea l. And a t one 

stage we d id  th in k ,  should we ju s t  use I ra n ia n  money and b u i ld  i t  out 

the re  w ith  a l l  the d i f f i c u l t i e s  o f  s e r v ic in g . ,  i f  i t  had been b u i l t  

th e re ,  w i th  the p r ic e  they had put gas on, i t  m ight have been the 

best bet. Mexicans were very keen, but then they ran out o f  money.

But you were t r y in g  to  l icense  technology to  Mexico?

Yes, and the I ra n ia n  one was a p o te n t ia l  p a r a l le l  to  B i l l ingham , or 

instead o f  the B il l ingham  one. I  would l i k e  to  r e i t e r a te  the fa c t  

t h a t . . .  in  my la s t  3 o r  4 years w ith  IC I I  t r i e d  to  s o r t  out the 

b io technology p o r t f o l i o .  I  t h in k  you can say we were in  terms o f  

te ch n ica l and marketing knowledge we s ta r te d  o f f  w i th  very l i t t l e  

o f  each. To so lve te c h n ic a l problems, we d id n ’ t  know the marketing 

s ide a t  a l l .  But i t  so happens th a t  because o f  the time scale and 

the e f f o r t  put in ,  we f a i l e d  because o f  the p ro te in  and energy p r ic e  

wrong. We were sop c lose to  so may o f  the European feed manufacturers. 

Me and my s t a f f ,  we got to  know them very w e l l .
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How about t h is  o rg a n is a t io n a l change, leading to  a more commercial 

a t t i tu d e .

I  was very c lose to  Rob M a rg e t ts . . . we spent lo ts  o f  time in  planes, 

in meetings, d iscuss ing  what we were going to  do. I  woudnt cla im 

th a t  I  was a major p la ye r ,  but c e r ta in ly  pa rty  to  a l l  those d iscuss ions.

Were they based on how can we use our Pruteen p lant?

WE s ta r te d  from Rob being an o p t im is t . . .when e re a l ise d  we were not 

going to  make i t  in  the animal feed market, h is  reac t ion  was . C h r is t ,

we cant throw away a l l  these s k i l l s ,  the le a s t  we can do is  to  see

i f  anyth ing can be done w ith  the p la n t .  With a l l  t h i s  knowledge, 

a lthough i t  d id n ’ t  succeed we s t i l l  had a l o t  o f  knowledge o f  how to  

develop and eva lua te  products and to  get in and understand markets. We 

should not throw t h i s  away... We had b ig  research, b ig  eng ineering 

d e p ts . ,  q u i te  q u ic k ly  we re a l ise d  they were working on the wrong 

th in g s .  When I  got in vo lved , there  were 31 p ro je c ts .  Some o f  them 

the re  was l i t t l e  being done on. But you could s i t  down and l i s t  31

th in g s  th a t  people were doing worked on. In  what was the b io lo g ic a l  

p a r t  o f  the research department. What we needed was a s t ru c tu re  th a t  

would get th a t  much more market o r ie n ta te d .  That would begin to

reduce th a t  31 down in to  6 or 8 s t ra te g ic  areas,and get some

c r i t e r i a  around which you ;cou ld  judge those. Now there  was great 

resentment to  a c tu a l ly  imposing t h is  kind o f  th in g .  But we g ra d u a lly  

won them round. What you’ ve got to  do is  f o r  people themselves to  see 

th a t  t h is  is n t  a c tu a l ly  going to  make anyth ing . I f  you can get 

some c r i t e r i a  f o r  whether a p ro je c t  has any chance in  succeeding, you
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get people then to  c lose down t h e i r  own p ro je c ts .  But in  a way th a t  

does not demoralise them, so tha t they s t i l l  look f o r  new th in g s .

Why 31 p ro je c ts ,  because no-one was r e a l ly  aware o f  what anyone e lse 

was doing?

There was no-one stopping th in g s ,  they had a few people s i t t i n g  in  

review ing te ch n ica l progress, but they d id ’ n t  have somebody s i t t i n g  

saying, where is  t h is  ta k in g  us.? I f  we spend £$200 000 in the next

year, where are we l i k e l y  to  be and what are the options? That may 

seem odd f o r  a company l i k e  IC I ,  but i t  s t y p ic a l  o f  B r i t i s h  in d u s try .

I  th in k  we d id  a f a i r  p a r t  to  sharpen th a t  whole th in g  up.

How fa r  was Pruteen a lesson f o r  saying, we should s o r t  research out?

i don’ t  want to  ove rs ta te  my ro le .  Rob was s brought in  as general 

manager o f  Pruteen, but then w i th in  about a year and a h a l f  he was 

made a d i r e c to r  but he a lso  got research. He had two groups o f  people, 

Pruteen and research which was more o r less d iv ided  in to  c a ta ly s ts  and 

support o f  ammonia and methanol and b io lo g ic a l .  B a s ic a l ly  he was using 

the few o th e r  people t h a t  he t ru s te d  to  help th in k  how we could bake 

t h is  th in g  more e f fe c t i v e .  What was apparent was th a t  in  t h i s  day and 

age you could not have a f re e  s tanding research a c t i v i t y  th a t  se t i t s  

own t a r g e t s . . . the  commercial inpu t they had was a couple o f  blokes 

from planning and c o o rd in a t io n ,  who looked a t  the market and assessed 

the market . . . b u t  the re  was no rea l execu tive  a u th o r i ty ,  th a t  resided 

w ith  the research manager, and they had to  f i g h t  f o r  h is  money each
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year. But a lo t  was being spent on th ing s  which never had a hope in

h e l l  o f  seeing the l i g h t  o f  day.

Even w ith  planning people d e f in in g  the market?

They d id n ’ t  . . . i t  was a cosy c lub . They were a l l  my good 

f r i e n d s . . . and s t i l l  good f r i e n d s . . .  who sat round review meetings once 

every 2 months and reviewed a l l  the group p ro je c ts .  But there  was 

not enough s tee l or hardness about i t .

So d id  you say , on the basis o f  development c o s ts , ,  on ly  7-=8 

can be supported so compare and choose?

W ell, one o f  the good th in g s  th a t  P Thomass and I  d id  was th a t  we 

arranged a 5 day session w ith  Manchester Business School,

around the Pruteen p r o je c t . . . o n  the process o f  innova t ion . And we

got through to  a l o t  o f  managers on o r a b i t  below my le ve l,w h a t 

the mechanism o f  innova tion  is  about. You had to  have a h e l l  o f  

a l o t  o f  ideas, you had to  a l low  people f re e  th in k in g ,  but then you 

had to  get r id  o f  most o f  them. ANd you had to  spend a l i t t l e  money 

on a l o t  o f  th in g s .  You had to  keep doing te s ts ,  te c h n ic a l o r  

m arketing, w ith ou t spending too  much money, to  a c tu a l ly  see whether

t h is  was something th a t  could f i t  in  w ith  something th a t  can grow w ith

something th a t  f i t s  w i th  your s t ra te g y .  And you’ ve got to  look a t  maybe 

a 100 to  get 2 o r  3 th a t  are worth p u t t in g  a £0.25m each in to .  But 

you shouldnt be too hard on your c r i t e r i a  a t  th a t  e a r ly  stage. But

people have got to  have people re a l is e  th a t  when you spend real money 

you have got to  be hard. With £200 000 and 8-10 people f u l l  t im e, 

you have to  be l ie ve  something worthwhile  is  going to  come out o f  i t
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at the end. I t  doesn’ t  have to  be th a t  f i n i t e ,  but a t le a s t  the macro 

sums have got to  be look ing  OK. WHEN YOU MORE TO SPENDING £1-2 M 

YOU MUST BE HARDER.. . EVEN THEN, YOU KNOW THAT TO SUCCEED eve n tu a lly  

w ith  2 o r  3 you are going to  spend £2-3m th a t  are going to  be wasted. 

But t h a t ’ s the whole business w ith  innova t ion , which i f  you ;ge t i t  

accepted, people can work w ith  th ings  then drop them then move 

o n . . . th e y  hate t h e i r  pet p ro je c ts  being dropped, but you’ ve got to  

persuade them th a t  they should drop i t .

Pruteen was something th a t  evolved out o f  the o ld  system?

Yes, i t  d id  in  a w a y . . .b u t  by the time I  came in  w ith  a p i l o t  p la n t  

b u i l t  c o s t in g . . £6-7m in  todays money, there  was a l o t  o f  investment 

, a l o t  o f  people, a l o t  o f  commitment to  going ahead. And I  th in k

I  have ind ica ted  th a t  I  would have queried the dec is ion  to  b u i ld  as

b ig  a p la n t  as we d id .  But bearing in mind th a t  those were the  soya

p r ices  we had t h e n , . . . ( s ta r t s  drawing graphs aga in ).

The reo rgan isa t ion  would have happened anyway?

Yes, the Pruteen research would have been w ith  the production people. 

There would have been a l i t t l e  ongoing research, l i k e  gene tic  

eng ineering . A b i t  o f  f in e  tun in g  around the m ineral balance we 

u s e d . . . th e  s o r t  o f  th in g  o support e f f i c ie n c y  improvement. A l i t t l e  

to  do w ith  f r a c t io n a t io n . . Perhaps a case to  have a rea l go a t  t h is  

Japanese th in g .  But the n u t r i t i o n a l  th in g ,  we had a lready run i t  down, 

we had people a t J e a lo t ts  H i l l ,  before the p la n t  was running we had 

closed th a t  down, some o f  them out o f  the company, but we moved some o f  

them up to  Bi 11 ingham.. . th a t  was in e v i ta b le .  The c a ta ly s t  o f
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Pruteen demise, i f  you l i k e ,  was to  say, le ts  put less emphasis on 

Pruteen and more on b io lo g ic a l  products. Whatever we do w ith  Pruteen 

is  a p a r t  o f  Bio P. But i t  is  not a b ig ,  major th in g  i n i t s  own 

r ig h t .  That was p o l i t i c a l l y  important w i th in  the company, because 

having a high p r o f i l e  when i t  is  apparently  not going to  succeed is  not 

p o l i t i c a l l y  on.

So you made i t  p a r t  o f  another d iv is io n .

These 31 p ro je c ts  were a l l  pe r iphe ra l to  Pruteen?

A l l  p e r ip h e ra l.

Carr ied on by people brought in  to  work on Pruteen?

They had t h e i r  b ra ins to rm ing  sessions, th in g s  l i k e  c e l lu lo s e  

h y d ro ly s is  and q u i te  a b i t  o f  good modern s t u f f ,  the use o f  enzymes and 

microbes to  generate chem ica ls ..

PHB?

PHB, but then the use o f  chemical in te rm ed ia tes  in the pharmaceutical 

w orld , the re  was a chance o f  b e t te r  routes to  them by b io lo g ic a l

ra th e r  than chemical means. Then there  was the cyan idehydra tise ,

the enzyme fo r  c lean ing  up cyanide waste, those were the goodies,

there  was an a w fu l lo t  o f  rubbish in  there  as w e l l ,  people working on

th in g s  th a t  were never going to  see the l i g h t  o f  day.
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So some work on b io lo g ic a l  area anywhere.. . how fa r  does th a t  weaken 

the statement th a t  Pruteen was the basis o f  b io lo g ic a l  research.

Oh I  th in k  t h a t ’ s e s s e n t ia l ly  t ru e .  W ell, f i r s t  o f  a l l  the re  is  

the c o l la b o ra t io n  w ith  RHM. B A s ica l ly  they had the basis o f  a good 

idea, and s treng ths  in g e t t in g  i t  t a i lo re d  fo r  the food market, but 

in terms o f  the science, understanding the organism, and sca l in g  i t  

up, they ju s t  wouldn’ t  have got anywhere w ith ou t us.

T ech n ica l ly  weak?

Yes, t h e i r  experience was running 1 metre fe rm enters, we were able to  

b r ing  th a t  up to  the p i l o t  p la n t ,  50 m cubed, in  a very sho r t  space 

o f  t im e. I t  snot on ly  science, i t s  the a b i l i t y  o f  engineers and 

b io lo g is ts  to  work to g e th e r ,  th a t  is  a b ig  l o t  o f  the s tren g th  we got 

out o f  Pruteen . To get marketing and n u t r i t i o n i s t  people to  operate 

w ith  the s c ie n t i s t  a t  the bench and engineers.

What were these problems.

Oh d re a d fu l !  People come from d i f f e r e n t  backgrounds, engineers are 

very numerate, they l i k e  the data on heat t ra n s fe rs  and ra tes  o f  

g ro w th . . . they l i k e  t h i s  w e ll done .. .  b i o lo g i s t s . . . they  are 

im p ro v in g . . .bu t they tend to  be non-numerate, the concept o f  what w i l l  

work, but when i t  comes to  producing the hard data, they are in  a 

b in d . . .y o u  get prima donnaish a t t i tu d e s ,  and IC I are not p e r fe c t  a t  i t ,  

but a l o t  b e t te r  than most. .>



Any examples o f  R&D d iscove r ing  something th a t  then opened up a new

market?

For Pruteen the te ch n ica l push was the whole idea was bugs would 

grow on methanol. . t h i s  massive b io lo g ic a l  fa c to ry  is  producing t h is  

huge range o f  b io lo g ic a l  in g re d ie n ts . . .

T ha t ’ s the te ch n ica l push p a r t .

but given th a t  the re  was a 2 way f low  o f  ideas. So marketing was

look ing f o r  ways o f  using R&D output?

W ell,  we were a c tu a l ly  f u n c t io n in g . . . because o f  the bug we had chosen 

and the fa c t  i t  takes 8 years to  prove i t  is  safe, we were 

constra ined. I t  was f in e  tu n in g ,  you could do th a t  a t  the end, 

choose the s ize  o f  granules you made and whether you o i le d  them or 

not. Much work t a i l o r i n g  the phys ica l p ro p e r t ie s  o f  the product to  the 

m a rk e t . . .b u t  when you come to  changing te ch n ica l ideas r e a l ly  

changing and opening up market o p p o r tu n i t ie s ,  th a t  is  more around what 

is  happening around b io  products in  the la s t  4 years. This whole idea 

o f  using enzymes to  produce chemicals th a t  are almost impossib le 

to  make using chemical means..an example, d ic h lo ro  a c e t ic  acids one o f  

the chemicals used n w e e d k i l le rs .  You can get a f a i r l y  cheap 

product th a t  con ta ins  the m ir ro r  image o f  i t ,  you ;can use enzymes to ' 

ju s t  opt out the o the r  one. That is  a s im p l i f ie d  ve rs ion , but h is  

is  an e n t i r e l y  novel idea. The one on cyanohydratase.. an enzyme which 

can convert q u i te  massive amounts o f  cyanide in  w as tes .. 1980s

te c h n o lo g y . . . from the U n iv e rs i ty  o f  Canterbury. Part o f  the purpose
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o f  B PDTs was to  have an antenna in to  the U n iv e rs i t ie s  to  p ick  up 

such work, good f o r  IC I ,  and f o r  B r i t a in .

Did you go to  R&D and say, can you s p l i t  itup?

I ran th a t  p ro je c t  f o r  1.5 years. BP was not se t up then, but I  had 

people from eng ineering , research in  a p ro je c t  team. I n i t i a l l y  i t  was 

seeing what was fe a s ib le ,  g e t t in g  some crude product, ta k in g  i t  out 

to  Japan, f in d in g  out what te s ts  they would put i t  

th ro u g h . . . i n i t i a l l y  they wanted crude s t u f f ,  they would clean i t  up, 

then they sa id , oh, could you clean t h i s  up a b i t ,  and t h i s ,  . . . w e  

d id  t h i s  in about 10 weeks f l a t ,  then they sa id ,  can you take i t  a b i t

f u r t h e r , , ,  t h a t ’ s the way innova tion  works. We had one team f o r  th a t ,

in  d i f f e r e n t  depts, the re  are a l l  s o r ts  o f  problems over running 

up t r a n s fe r  cos ts ,  overheads, loan ing people ...One had a 

r e s p o n s ib i l i t y  f o r  these people, but when they weren’ t  doing the 

research they were back in  t h e i r  own ghettoes, so to  speak. For BP 

we t r i e d  to  get a c c o u n ta b i l i t y  where i t  can be e f fe c t i v e .

How f a r  sen io r  management were invo lved a f t e r  approving c o n s tru c t io n  

o f  the p lan t?  What was t h e i r  involvement?

W ell,  our (?) was q u i te  good , c e r ta in ly  up to  the dec is ion  

making. V i r t u a l l y  a l l  the execu tive  main board d i re c to r s  came up on 

t h e i r  own and spent a day , du r ing  which they received a p resen ta t ion  

from us. They had o p p o r tu n i t ie s  to  probe as much as they l ik e d .  I  

can remember when B i l l  Duncan, who was deputy chairman and Denys 

Henderwson was h is  general manager, came up and although we knew 

Denys q u i te  w e l l ,  he h a rd ly  asked a question a l l  day. He’ s now the
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chairman o f  IC I !  So the re  was p len ty  o f  o p p o r tu n ity  f o r  the Main 

Board o f  d i re c to rs  to  get to  know, a t th a t  stage, what they were 

le t t i n g  themselves in  f o r .  IC I s t i l l  wasn’ t  very c le v e r ly  managed. 

I t  was s t i l l  Main Board d i re c to rs  had r e s p o n s ib i l i t y  f o r  one or two 

d iv is io n s ,  or areas o f  business. And Alan Robertson was r e a l l y  our l i n k  

between the D iv is io n  and the Main Board, between Agric  chemicals 

and Pruteen. A l o t  o f  the d iscuss ion was r e a l l y  w ith  him. I f  he 

approved i t ,  t h e n . . . i n  f a c t  my d i re c to rs  were Hart then Rob £Margetts 

were able to  by-pass the Board, the D iv is io n  Board, and go s t r a ig h t  

to  Alan Robertson. During the f i r s t  2-3 years when we be lieved we 

could b u i ld  b ig  p lan ts  o r  1ic e n s e . . . Alan was suppo rt ive , but I  guess 

he d id n ’ t  expose too much what we were doing to  the Board. I t  would 

have got maybe a couple o f  h a l f  hours a year, k ind o f  th in g .  You 

see, people l i k e  him tended to  be product champions. Once the 

l i k e s  o f  him thought, we’ l l  run i t  f o r  another year, and we’ l l  t r y  

and achieve t h i s ,  once he was convinced th a t  was what we were going 

to  do, he could peddle th a t .  Now, the way I C I ’ s organ ised, i t s  much 

more dependent on a business manager, a re p o r t in g  to  a small sub-group 

o f  the main Board, w i th  no-one too committed to  i t .  They would a l l  look 

a t i t  q u i te  o b je c t iv e ly .

Before i t  was up to  one person, i f  they OKd i t  , th a t  was tha t?

A l o t  o f  p lann ing in  IC i was l i k e  th a t ,  once you had decided to  b u i ld  

a new ammonia p la n t ,  i f  the d iv is io n  decided th a t  and Alan Robertson 

agreed w ith  th a t ,  the re  was no d issen t.  You know, everyone was a l l  

hands to  the gun to  get the  best design , the best p r ic e ,  get i t  b u i l t  

and get on w ith  i t .  I  t h in k  i t  is  much h e a l th ie r  now, reviewed w ith

413



some frequency, so i f  they are not doing as they should, they can be 

changed.

Again, what was the Board’ s reac t ion  to  Pruteen f a i l u r e ,  d id  i t  change 

t h e i r  th ink ing?

I don’ t  th in k  they knew what to  do w ith  i t .  Alan Robertson, in the  

l a t t e r  days he was i l l ,  he had h ip  replacements and th ing s  l i k e  t h is .  

I  th in k  a l o t  o f  the th in k in g  came from Rob MArgetts, and he took a 

b i t  o f f  ’ P Hart and G Malden , people l i k e  t h i s .  He had to  decide 

whether we should wind the whole th in g  up and take ICI out o f  t h is

b io lo gy ,  o r  whether we should say there  are good th ing s  around here,

what can we b u i ld  from i t ?  And i t s  look ing  a l o t  b r ig h te r .

Do you th in k  I  could get to  B Margetts?

I  doubt i t ,  he has a huge job  now. D i f f i c u l t y  g e t t in g  to  Bob. I  would

have d i f f i c u l t y  g e t t in g  to  him , f o r  h a l f  an hcur in  the aay.

ANY OTHER S MANAGERS?

Yeah. Turn t h i s  th in g  o f f  f o r  a second the re .
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APPENDIX 5 -  PHILLIPS PETROLEUM AND "PROVESTEEN"

Based on a telephone conversa tion w ith  Dr Sogo, P h i l l i p s  Petroleum 

Corporate headquarters Brussels and "Provesteen" l i t e r a t u r e .

Provesta Corporation is  a w ho lly  owned su bs id ia ry  o f  the P h i l l i p s  

Petroleum Company and i t  c o n t ro ls  the marketing o f  an SCP product termed 

"Provesteen" in  the US. Some fea tu res  o f  i t s  production process are the 

fo l lo w in g : -

S e m i- in d u s tr ia l  s ize  p la n t ,  < 30 000 t / a

Methanol, ethanol o r  sucrose substra tes

S t i r  paddle ferm enter

Yeast is  grown a t  15% c e l l  d e n s i t ie s  compared to  the more usual 3- 

4%.

This la s t  fe a tu re  is  s ig n i f i c a n t  because i t  enables d i r e c t  spray d ry ing  

o f  the ferm enter product which cuts out the separa tion  and 

c e n t r i fu g a t io n  stages o f  ha rves t ing . The in fo rm a tion  comes from a 1983 

a r t i c l e  on Provesteen by Wegner, who a lso made the  comment th a t ,

"A sw itch  to  a lcohol-based feedstocks is  b r ig h te n in g  SCP’ s 

f u tu r e . "  (Wegner, 1983)
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The in ve n to r ,  GH Wegner, was manager o f  b io technology processes in  the 

P h i l l i p s  Petroleum Company in  the US. However, Dr Sogo in the company’ s 

European headquarters described P h i l l ip s  as now being "very much out o f  

the b iotechnology business". The p la n t  was p r o f i t a b le ,  but "no t in the 

business o f  competing w ith  soya as an animal feed ."  P h i l l i p s  had 

developed a number o f  niche markets which inc luded,

a feeding-cube fo r  pet horses 

marine feeds, (aquacu ltu re )

a snack b is c u i t  c a l le d  "Meal on the Run" f o r  the hea lth  food market

However, according to  Sogo,

" I f  someone came along tomorrow and o f fe re d  to  buy i t  o f f  us we’ d 

jump a t the c h a n c e . . . i f  we hadn’ t  invested so much time and money 

we would have closed the p la n t  down."

Despite the optimism o f  the company l i t e r a t u r e  Provesteen cannot be 

termed a commercial success. P h i l l i p s  have no in te n t io n  o f  b u i ld in g  any 

more p la n ts ,  e i th e r  in  the  US o r  in  Europe.
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APPENDIX 6 -  SCP IN JAPAN

Based on an a r t i c l e  by Arima (1979) and comments by managers

in te rv iew ed .

According to  Arima (1979) the announcement by BP o f  the production o f

SCP from i t s  French p i l o t  p la n t  in  the 1960s s t im u la ted  research

a c t i v i t y  by Japanese companies. The fo l lo w in g  l i s t  o f  events took place 

in  Japan, (abs trac ted  from Arima, 1979).

1968 M in is t r y  o f  Science and Technology submits a repo r t  to  the

government adv is ing  o f  the  importance o f  SCPs

1962-63 Basic research begun by Kanegafuchi Chemical In d u s try  Co,

Dainippon Ink and Chemicals Inc and Kyowa Hakko Kogyo Co

1967-68 In d u s t r ia l  p roduction  research begun by Kanegafuchi and 

Dainippon

1968-69 Commercia lisation research and feed ing , sa fe ty  t r i a l s  begun 

by Kanegafuchi and Dainippon

Oct 68 Kyowa Hakko Kogyo l icenses  BP technology

Jun 69 Kanegafuchi s igns feed supply co n tra c t  w i th  Nationa l

Federation o f  A g r ic u l t u r a l  Co-operatives
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Aug 69 Nationa l papers repo r t  nature o f  hea lth  m in is t r y ’ s sa fe ty  

concerns ie  the poss ib le  presence o f  mycotoxins and carc inogen ic  

a l i c y c l i c  hydrocarbons in  the th ree  Japanese SCP products

Oct 69 Special Committee on Pe tro~pro te in  es tab lished  by hea lth  

m in is t r y  to  in v e s t ig a te  sa fe ty  o f  SCP, t o x ic o lo g ic a l  te s ts  begin

1969-71 M in is t r y  o f  A g r ic u l tu re  sponsors n u t r i t i o n  t r i a l s  f o r  SCP as 

a f i s h  feed, e ve n tu a l ly  announcing th a t  SCP is  a safe and n u t r i t io u s  

food f o r  f i s h

Dec 72 M in is t r y  o f  hea lth  announces th a t  Kanegafuchi and Dainippon 

products are safe i f  used f o r  animal feed

Dec 72 P ro tes t movements begin to  organise

Jan 72 O pposition p a r t ie s  ra ise  hea lth  concerns over SCP in

Japanese D ie t

Feb 73 V o lun ta ry  abandonment o f  SCP com m erc ia lisa t ion  by 

Kanegafuchi, and la t e r  by Dainippon on grounds th a t  investment was 

too r is k y  given fu ro re  over s a fe ty .  Both companies continued to  

i n s i s t  products were safe. Campaign continues aga ins t SCP.

Apr 73 Export o f  SCP technology p ro h ib i te d  by MITI, exc lud ing

es tab l ished  agreements, ie  Kanegafuchi w i th  L iqu ich im ica  and 

Dainippon in  Rumania
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Dainippon Ink and Chemicals had done 12 years research and had la id  the 

foundations f o r  b u i ld in g  t h e i r  p la n t .  They had planned to  b u i ld  a 60 

000 t / a  p la n t  f o r  completion in  sp r ing  1974 w ith  an op t ion  to  

increase output to  120 000 t / a  a t  a la te r  date, European Chemical News 

(1973). Kanegafuchi Chemical Corporation had s im i la r  p lans, w ith  an 

agreement w ith  the Japan A ssoc ia t ion  o f  A g r ic u l tu ra l  Cooperatives to  

pa r t  f inance t h e i r  p la n t  and to  buy the bu lk  o f  i t s  p roduc tion ,

(Chemical and Engineering News, 1973).

At le a s t  2 o the r companies fo llowed these two companies and 

abandoned t h e i r  separate p ro je c ts .  According to  Chemical and

Engineering news the companies o f f i c i a l  reasons f o r  the suspension o f

t h e i r  plans was "vocal o pp os it io n  from consumer groups", Chemical and 

Engineering News (1973, p9). The same a r t i c l e  repo r ts  the companies’ 

p r iv a te  comments th a t  they were given "a d m in is t ra t iv e  guidance" to  

drop the p ro te in  p ro je c ts  by the Japanese M in is t r y  o f  Health and 

Welfare. Th is , in  Japan, amounted to  an order to  do so.

The Health M in is t r y  had s tud ied  the re s u l ts  o f  te s ts  commissioned 

by the p rospective  producers and f i n a l l y  c leared n-alkane 

derived p ro te in s  as no n - to x ic  when used as animal feed in  December 

1972. The campaign aga ins t the p ro te in  products r e a l l y  began a t  t h i s  

time because the re  was a real chance th a t  they were going to  come on to  

the market.

The consumer groups who campaigned aga inst the p lan ts  were the "Tokyo 

Liason Couuncil" and a consortium ca l le d  "L iason Council to  Ban 

Petroleum P ro te in " .  They accused the M in is t r y  o f  Health o f  

accepting data submitted by the companies ra th e r  than commissioning
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i t s  own s tu d ie s .  This was desp ite  much o f  the research commissioned 

by the companies having been done in Japanese U n iv e rs i ty  medical 

departments. The o the r  charge was th a t  low concentra t ions o f  to x ic  

m a te r ia l might accumulate in  the t is sues  o f  animals fed w ith  alkane 

based p ro te in s  to  a le ve l where they would pose a s ig n i f i c a n t  th re a t  

to  human hea lth ,  ( the  same argument appeared in  I t a l y ) .

The response o f  the Health M in is t r y  was to  announce th a t  as an animal

feed and not a human food, "p e t ro -p ro te in s "  were a f te r  a l l  ou ts ide  i t s

j u r i s d i c t i o n .  S h o r t ly  a f t e r  t h i s  announcement in  February 1973 the 

M in is te r  d ire c te d  h is  s t a f f  to  prepare a new set o f  re g u la t io n s  on 

petroleum derived p ro te in  products. These were planned to  take years 

and so immediately a f t e r  t h i s  dec is ion  came the advice to  the companies 

to  suspend t h e i r  c o n s tru c t io n  plans.

Dainippon and Kanegafuchi both claimed to  be con t inu ing  product 

development and to  have had complete f a i t h  in  the sa fe ty  o f  SCP a t 

t h i s  t im e. For a t im e Dainippon continued to  promote icens ing  

arrangements overseas and to  research a l te r n a t iv e  feedstocks and uses, 

such as methanol based SCP and the use o f  SCP as a pet food.

Government s a fe ty  te s ts  have continued, one major programme in v o lv in g  

> 5 600 hens over 5 generations. The r e s u l t  has been a t  le a s t  two

fu r t h e r  major Japanese clearances o f  SCP as a safe product in  the 1980s.

Arima (1979) i d e n t i f i e s  o the r  products whose sa fe ty  s ta tu s  was withdrawn 

a t t h is  time due to  p u b l ic  pressure. There was a con t in u in g  s e r ie s  o f  

poisonings and p o l lu t io n  in c id e n ts  throughout the  la te  1960s to  1970s
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such as the Minimata d is a s te r , 1 and Arima describes how p u b l ic  d i s t r u s t  

o f  the government and the chemical and o i l  companies was a t a maximum. 

SCP was a casua lty  o f  t h is  d is t r u s t  and Arima be lieves  may make a re tu rn  

in  Japan.

The debacle in  Japan c o n tr ib u te d  to  the problems o f  BP and L iqu ich im ica  

in  I t a l y  but i t  is  more im portant th a t  the I t a l i a n  p ro te s t  movement was 

s im i la r l y  motivated to  the movement in Japan2, ie  no-one t ru s te d  what 

the government or the companies were saying.

1 Both Hamer and Senez thought the Minimata mercury poisoning d is a s te r  
in  Japan had heightened p u b l ic  m is t ru s t  o f  in d u s try .  Hamer re fe rre d  to  
the chemical in d u s t r y ’ s re luc tance  to  pay compensation when they were 
c le a r ly  respons ib le  f o r  the mercury po ison ing, and in d u s try  in  general 
was seen as d i r t y  and un trus tw o rthy .  Under these c ond it ion s  consumer 
groups were very h o s t i le  to  any product such as SCP th a t  m ight be considered 
t o x ic  on a p r i o r i  grounds.

^Although Senez, who had been in v i te d  to  Japan several times to  speak 
in favour o f  SCP, be lieved th a t  the e x t r a o r d in a r i ly  s trong consumer lobbying 
aga ins t SCP in  Japan was p a r t  supported by the American government, who had 
an in te r e s t  in  p reserv ing  t h e i r  soya meal export o u t le ts .
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APPENDIX 7 -  LIST OF INTERVIEWEES AND COMPANY POSITION AT TIME OF

PROJECT

Shel 1

Dr S Be tt

Dr J Brewed 

Pro f J A k in in  

P ro f G Hamer

ICI

Dr G Tomng

Dr D Swindal1

Dr P Harwin 

Dr G Thomas

Dr DWJ Saxton

P o s it io n  on novel food or feed pro.iect and 

lo c a t io n  o f  in te rv ie w

Researcher, S i t t in g b o u rn e ,  respons ib le  f o r  running 

p i l o t  p la n t .

Researcher, S i t t in g b o u rn e .

Head o f  fe rm en ta t ion  research, S it t in g b o u rn e .

SCP p ro je c t  leader, S i t t in g b o u rn e .

Researcher on Shell p ro je c t ,  then moved to  IC I 

1976, about the time the She ll p ro je c t  ended, 

stayed w ith  ICI u n t i l  1981 and was respons ib le  f o r  

development o f  fe rm en ta t ion  technology on 

la b o ra to ry  and p i l o t  p la n t  sca le , then 

commissioning manager on the f u l l  sca le p la n t .  

Regulatory, n u t r i t i o n ,  to x ic o lo g y  manager u n t i l  

1986.

Head o f  research, Pruteen.

Food s c ie n t i s t  in  B io lo g ic a l  Products, working on 

mycoprotein p ro je c t ,  fo rm e r ly  a t  U n ileve r .  

Marketing manager, Pruteen. Came to  p ro je c t  in 

1972 and in v e s t ig a te d  UK, European feed market 

u n t i l  about 1981, con f id a n t  to  Rob Margetts when
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Dr I

Mr J

RHM

Mr J

John

Dr M

BP

Dr G

Dr J

Dr J

Dr E

Margetts was involved in  reorgan is ing  Pruteen

work.

Warsop R&D manager, Pruteen, on nuc le ic  acid

f r a c t io n a t io n  p ro je c t .

Smissen P resen tly  business manager, B io lo g ic a l Products,

in charge o f  ICI s ide o f  mycoprotein p ro je c t  w ith

RHM.

Treeby Since 1980, c h ie f  execu tive  Marlow Foods, invo lved

in RHM p ro je c t  s ince 1971.

Brown Engineering

B e t t le y  Pruteen p ro je c t  manager.

Northgate

Peachey

Payne

Leivers

R&D manager f o r  Grangemouth p i l o t  p la n t  and 

respons ib le  f o r  Sarroch p la n t  s p e c i f ic a t io n s  and 

p a r t  o f  c o n s tru c t io n  team in  I t a l y .

P ro je c t  leader, Grangemouth and head 

m ic ro b io lo g is t .

D i re c to r  o f  na t iona l b a c te r io lo g y  la b o ra to ry ,  

M a rs e i l le ,  and consu ltan t to  BP France from 1950s 

u n t i l  la te  1960s.

Agronomist, BP France, worked on BP France Lavera 

p ro je c t  from 1966 to  end o f  p ro je c t ,  then invo lved
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in  Sarroch p ro je c t  u n t i l  1978 as t ra n s la to r  to  BP 

managers who v is i te d  I ta lp r o te in e  to  take charge 

o f  neg o t ia t io n s  w ith  I t a l i a n  a u th o r i t ie s  in  I t a l y .

Hoechst

Dr L iesser S c ie n t is t  in  charge o f  n u t r i t i o n  and to x ic o lo g y  on

Probion p ro je c t .

IFP & E l f -T o ta l

Dr S e lf r id g e  Manager o f  SCP research a t IFP.

Bel In d u s t r ie

Dr Dinsdale D ire c to r  o f  te ch n ica l research, P ro t ib e l .

Prof C F in la y  

Dr F Cowen

Pro f R G a ro ffa lo  Research s c ie n t i s t  who took over fe rm en ta t ion  from

Dr Cowen, 1978, now head o f  R&D, (1988).

Head o f  R&D, u n t i l  1980.

Head o f  fe rm enta t ion  research u n t i l  1978, then 

head o f  “ New Ventures" u n t i l  1979.

Prof R Haydn-Davies Fermentation consu ltan t to  T&L, BP and IC I .

P ro f Bu’ Lock Fermentation consu ltan t to  T&L, BP, and IC I based

a t chem istry department, Manchester U n iv e rs i ty .
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L iau ich im ica

Dr Zamgrandi S c ie n t is t  and head o f  n u t r i t i o n ,  to x ic o lo g ic a l  

programme, L iqu ip ron p ro je c t .

Dansk B ioo ro te in

Mr J Rasmussen 

Dr L Jorgensen

Norsk Hydro

Dr S Gulbrandsen

Marketing manager, 

R&D manager.

research s c ie n t i s t  in  charge o f  N orpro te in  p i l o t  

p la n t  in  Sweden, now head o f  B iotechnology 

d iv is io n .

Birmingham U n iv e rs i ty

A Rimmington Doctoral student Department o f  Russian and

European Stud ies.

C e llu lose  A t t is h o lz

Mr Arni 

Dr Hoolie

Marketing manager, 

R&D manager.

1
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The fo l lo w in g  is  a l i s t  o f  contacts  who gave advice or in fo rm a tion ,  

however b r i e f l y ,  by te lephone.

ICI

Mr J Sco tt 

Dr D Hayward

Dr P Hart 

Mr R P ick les

ICI s t a t i s t i c a l  in fo rm a tion  se rv ice .

IC I Fernhurst Laboratory, paraquat marketing 

manager, Americas.

D ire c to r ,  a g r ic u l t r u a l  d iv is io n  IC I.

Business manager, B io lo g ic a l Products D iv is io n .

BP

Pro f R Whittenburg Fermentation technology consu ltan t ,  Grangemouth

p la n t .

P ek ilo  Process

Prof Be tto rn  

Dr Rakunen 

P ro f G Forss

Research s c ie n t i s t ,  Metsa Selva.

Head o f  R&D, Boregaard.

Head o f  F inn ish Pulp and Paper I n s t i t u t e ,  

H e ls in k i .

P h i l l i p s  Petroleum Co

Dr Sogo R&D manager, Belgian corpora te  headquarters.



Dr G Solomons Head o f  R&D, fo rm er ly  research s c ie n t i s t ,  BP

Grangemouth.

Uni leve r

Prof M Duckworth S t ra te g ic  research guidance, Colworth research

cen tre .

George Bassett

Mr Hartdon Ch ie f eng ineer, S h e f f ie ld  p la n t .

Mr Lyons Head o f  R&D, S h e f f ie ld  p la n t .

Nestle

Dr D Farr Present head o f  R&D, Vevey, Sw itzerland

Others

Mrs C Kennedy Author o f  book on IC I ,  in te rv ie w e r  o f  P Hart.

Mr D F ish lock  F inanc ia l Times science and technology w r i t e r .

Dr D Sharp Prospective  author o f  book on SCP.

Mr M Walker Moscow correspondent f o r  the "Guard ian."

Dr G Coton Food in d u s try  consu ltan t.
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APPENDIX 8 ECONOMICS OF MICROBIAL PROTEIN PRODUCTION

Based on a book by Hacking, conversation w ith  Hacking over economics 

o f  Dansk B iop ro te in  process and conversations w ith  o ther managers.

A8.1 Methanol P lants  and Pruteen

Andrew Hacking has c o l le c te d  many o f  the a v a i la b le  s t a t i s t i c s  on the 

economic costs o f  m ic rob ia l biomass production in  h is  unique book on 

the economics o f  b io techno logy.

The key ind ices  f o r  the economics o f  the hydrocarbon based SCP processes 

are the p r ic e  o f  the subs tra te  and the r e t a i l  p r ic e .  The r e t a i l  p r ic e  

must f a l l  between the p r ic e  o f  soya meal and the p r ic e  o f  f i s h  meal to  

stand a chance o f  being economic fo r  compounders. In ta b le  A8.1 the re  

is  a l i s t  o f  the ope ra t ing  costs f o r  a number o f  p ro jec ted  100 000 t / a  

methanol SCP p la n ts .  The key c o n s t ra in t  is  the dependence o f  opera ting  

cost on subs tra te  p r ic e ,  methanol. This was as high as 59% fo r  Pruteen, 

even before the 1979 methanol p r ic e  r is e .  Hacking (1986) considers the 

prospects o f  a v ia b le  SCP process given 1986 p r ic e s .

"Soy meal s e l ls  from around $200/ton and f i s h  meal a t  $350-400 

. . .e v e n  a t  p r ic e  le v e ls  approaching f i s h  meal w ith  methanol 

p r ices  a t  $ 1 5 0 /to n . . .these p lan ts  w i l l  ba re ly  cover t h e i r  

ope ra ting  costs . Even during  the 1960s, a t  a t im e when methanol 

p r ices  were much lower in  re la t io n  to  p ro te in  feeds, the 

economics o f  such p lan ts  were so dependent on subs tra te
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Norprotein
<%)

CTIP
(%)

Hoechst/
Uhde
(% )

IC I
(%)

SRI Inter­
national® 
(%)

Methanol 51 50 46 59 49
Other chemicals 19 28 20 17 28
Utilities 16 15 23 24 15
Labour

9 ] 4 — 2
Maintenance &  
administration J 7

7 6

Methanol price 550 Nkr r> N A 200 D M  r l NA 107 US $ r 1

a SRI International’s evaluation of a process design based principally on IC I patents.
NA =  Not available.

(The calculations were made before the OPEC price rises of 1979.)
From M. Ericcson, L. Ebbinghaus & M. Lindblom (1981). Single cell protein from 

methanol: economic aspects of the Norprotein process. J. Chem. Tech. Biotechnol., 31, 
33-43.

Table A8.1 Operating costs o f  100 000 t / a  SCP processes based on 
methanol, (reproduced from Hacking, 1986 p99)

Hern
% o f total 
cost

De-watering 19
Off-site services 16
Fermentation 14
Drying 12
Storage and packing 12
On-site services 11
Compression 9
Effluent treatment 4
Raw materials 3

Data from IC I as quoted in D . Fishlock (1982). 
The Business o f Biotechnology, p. 104. London: 
Financial Times Business Information Ltd.

Table A8.2 C ap ita l costs o f  the Pruteen process. 1980,  Creproduced 
from Hacking. 1986 p 101)



th a t  maximum conversion e f f i c ie n c ie s  were esse n t ia l and a l l  

o ther costs , ie  u t i l i t i e s  f o r  a e ra t io n ,  de-watering and d ry ing ,  had to  

be m in im ised .. .when c a p i ta l  costs are considered, the schemes become 

e n t i r e l y  academic.. . repayment o f  c a p i ta l  costs and in te re s t  even on a 

$100 m i l l io n  p la n t  would be in  excess o f  $15 m i l l io n /a "  Hacking (1986

p100)

These c a p i ta l  costs would add more than $150/ton to  the p r ic e  o f  the 

product, and i t  was t h is  a d d it io n  th a t  pushed the opera tion  in to  non­

v i a b i l i t y .  This a na lys is  is  cons is te n t  w i th  the IC I managers’ comments. 

Harwin said th a t  they knew the p la n t  was uneconomic a f te r  the 1979 

methanol p r ic e  r is e ,  but w i th  the c a p i ta l  costs sunk in  the p la n t  the 

aim q u ic k ly  became to  l icense  the technology to  o the r  cou n tr ie s .

B e tt le y  (John Brown) thought the Pruteen p la n t  could ju s t  meet i t s  

p roduction costs when ope ra t ing  a t  near h a l f  i t s  f u l l  capac ity  f o r  the 

c a l f  veal market in  the post-1979 economic con d it io n s .  There was no 

o the r data c o l le c te d  which would back t h is  up.

Zamgrandi (LQ) made a crude estim ate o f  the increase in  p r ic e  an SCP 

product could command i f  i t  was so ld as human food. This was about £2- 

3 000 /t  instead o f  £500 /t f o r  the SCP p ro te in  p roduct. This is  why the 

change was a t t r a c t i v e ,  but o f  course there  were many d i f f i c u l t i e s  in  the 

way o f  sw itch ing  markets (chapter 4).

Table A8.2 g ives a breakdown o f  the c a p i ta l  costs o f  the Pruteen 

process. Hacking observes th a t  the dewatering and d ry ing  costs are 

g rea te r  than fe rm en ta t ion  and compression equipment costs , (31% to  21%) 

and no one component exceeds 20% o f  the c a p i ta l  cos t.  Fermenter
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technology is  not the major c o n s t ra in t  on the c a p i ta l  costs o f  the 

process. (See ta b le  A8.3 f o r  a breakdown o f dewatering c o s ts . )

A comparison w ith  es tab l ished  methods o f  producing yeast biomass is  

in s t r u c t iv e .  This product r e t a i l s  f o r  about $1000/tonne but is  produced 

w ith  conventiona l fe rm en ta t ion  techniques. I t  is  a n o n -s te r i le ,  batch 

fe rm enta t ion  from m ostly an t iquated equipment w ith  the investment 

c a p i ta l  complete ly amortised. The C e llu lose  A t t is h o lz  p la n t  was a good 

example o f  such p la n t .  Used as a n u t r i t io n a l  supplement o r  f o r  baker’ s 

yeast a r e t a i l  p r ic e  o f  $1000/tonne is  achieved. Table A8.5 gives a 

breakdown o f  cos ts , t o t a l  costs being approxim ate ly $840/tonne. These 

processes are on ly  economic because o f  the high value o f  the market. 

The d i f fe re n c e  between t h is  cost and the approxim ate ly $400/tonne cost 

o f  SCP products represents the achievement o f  the more advanced SCP 

fe rm en ta t ion  processes and t h e i r  economies o f  sca le . This d i f fe re n c e  

e x is ts  but i t  is  i n s u f f i c i e n t  to  b r idge the p r ic e  gap between the 

s p e c ia l i s t  yeast biomass market and the bu lk  animal feed market. The 

yeast biomass market is  l im i te d  and is  a lso  sa tu ra ted  w ith  es tab l ished  

producers, (see ta b le  A8.4 f o r  world p roduction o f  yeast biomass).

There has been a s u b s ta n t ia l  f a l l  in  the p r ic e  o f  hydrocarbon 

subs tra te s ,  e s p e c ia l ly  s ince 1986. These changed economic c o n d it io n s  

mean th a t  Pruteen would almost c e r ta in ly  be economic once more (see 

S w inda ll ,  chapter 7) i f  i t  was so ld as a m i lk  rep la ce r .  The dec is ion  

not to  do so is  probably more s t ra te g ic  than economic ( the  p la n t  s t i l l  

e x is ts ,  in t a c t ) .  These economic changes w i l l  be discussed in  r e la t io n  

to  the B iop ro te in  process.
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Initial
solids
(%)

kg water 
to remove

kg water 
per kg 
solids

Direct 
drying cost 
(C at 2c per 
kg water)

Total costs 
($ per te)

Centrifuge 
costs ($ per te 
solids to 
30% solids)

1 99 99 198 1980 99
2 98 49 98 980 66
5 95 19 38 380 22

30 70 2.3 4.6 46 --

Drying costs calculated on 1 te steam (at $20 te-1) to remove 1 te water; centrifuge costs 
on electricity at 5c per kWh.
Adapted from Labuza (1975).

Table A8.3 De-watering costs f o r  SCP yeasts, (reproduced from 
Hacking. 1986 p129)

Location Baker’s yeast Dried yeast3

Europe 74000 160000
North America 73000 53000
The Orient 15000 25000
United Kingdom 15500 b
South America 7500 2000
Africa 2700 2500

a Dried yeast includes food and fodder yeasts. 
b None reported.
Production figures for USSR not reported.
From: H. J. Peppier (1979). Production of yeasts and yeast products. In Microbial 
Technology 2nd edn, Vol. 1, p. 159. New York: Academic Press.

Table A8.4 Estimated annual veast p roduction 1977. dry  tons
( reproduced from Hacking. 1986 p106)
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Requirement

Component

per te feed 
yeast (92% 
dry matter) Unit cost

Cost per 
te yeast 
($)

Percentage 
of selling price 
($1000/te)

Variable costs
Molasses 4000 kg $70/te 280 28
Water (20 °C) 500 m3 2c/m* 10 1
Steam 10 te $20/te 200 20
Electricity 1200 kWh 5$ /kW h 60 60
Sulphuric acid 40 kg $0.09 /kg 3.6 0.36
Diammonium 80 kg $250/te 20 2.0
phosphate
Urea 150 kg $220/t 33 3.3
Magnesium sulphate 5 kg $0.30 /kg 1.5 0.15
Antifoam oil 10 kg $ 1.20/kg 12 1.2
(crude lanolin)

Total variable cost 620 62

Fixed costs (plant overheads, labour) 100
Interest and depreciation at 20% of capital cost p.a. 100

Total manufacturing cost 820

Plant capacity 6000 te yeast p.a.
Capital cost $3.0 million.
Data adapted from Paturau(1982).

Table A8.5 Costs o f  veast biomass production 
Reproduced from Hacking (1986 d 1061

Analysis o f confectionery 
waste solids (% w /w )

Annual operating costs for 
effluent treatment

Yeast
process

Trickle
process

(£) (£)
Power 26000 9000
Nutrients, pH etc. 15000 14500
Bags 500
Sludge disposal — 27000
Labour (£2 per man h) 4000 1000

Total cost 46000 51500

COD mg I"1 % COD  
removal

C O D/BO D

33827 +  2548 74 +  4 1.4
7795 +  1353 1.7

Sucrose
Glucose
Starch
Gelatine
Caramel
Organic acids
Coconut

55
16
22

3.5
2
1
0.5

COD removal from effluent

Pre-fermentation
Post-fermentation

Costs of COD removal (£)

COD produced (t p.a.) in manufacturing process 
COD removed (t p.a.) by treatment 
Process operating cost (£ p.a.)
Water Authority charge for treating residue (£ p.a.) 
Total cost of treatment (£ p.a.)
Cost te"1 COD (£)
Return te-1 COD (£)
Overall cost te-1 COD profit (loss) (£)

Table A8.6 Production o f  SCP veasts 
(reproduced from Hacking. 1986 p233)

Yeast Trickle
process process

1612 1612
1198 1612

46000 51500
14500
60500 51500

37.5 32
48
10.5 (32)

from con fec t ion e ry  e f f lu e n t .
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A8.2 Dansk B io p ro te in

Dansk B iop ro te in  pub lish  the fo l lo w in g  f ig u re s  in  t h e i r  documentation.

B iopro te in /D Kr

4.9

(£417/tonne)

m ilk  powder/DKr

12

f i s h  meal/DKr

4.12 May 88 

5.78 Oct 88

As a m ilk  powder rep lace r  in  animal feed B io p ro te in  is  an economic 

p ro p o s i t io n ,  i r r e s p e c t iv e  o f  the p r ic e  o f  f i s h  meal. Dansk B iop ro te in  

estim ate th a t  the value o f  the replacement market f o r  Danish p ig le t  feed 

alone is  68 000 t / a .  T he ir  f u l l  scale p la n t  is  planned to  have a 

capac ity  o f  18 250 t / a ,  so i t s  ou tpu t could be taken by the p ig le t  feed 

market. The recent r is e  in  fishmeal p r ices  crea te  a huge p o te n t ia l  

market and Dansk B io p ro te in  be lieve  both th a t  t h e i r  product is  

n u t r i t i o n a l l y  s im i la r  to  fishmeal and th a t  f i s h  meal p r ic e s  w i l l  

continue to  r is e .

The v i a b i l i t y  o f  the Dansk B iop ro te in  process is  due to  a combination 

o f  fa c to rs .  The 1987 p a r t ia l  removal o f  the EEC m ilk  powder subsidy 

has created a demand f o r  a l te rn a t iv e s  to  m ilk  powder. Fish meal p r ice s  

have r isen  by a t h i r d  over the la s t  th ree  years. Natural gas has 

dropped in  p r ic e  from the post 1979 h igh, j u s t  as the o the r  hydrocarbon 

subs tra tes  have dropped in  p r ic e ,  (see ta b le s  A8.7 and A8.8). Given
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these major changes in  costs and market value, the use o f  a d i f f e r e n t  

technology in  the process is  i t s e l f  probably not the major reason fo r  

Dansk B io p ro te in ’ s v i a b i l i t y  v iz  a v iz  Pruteen and o ther methanol based 

SCP ventures. I f  t h i s  view is  c o r re c t  Pruteen would probably a lso be 

economic under the present economic co n d it io n s .

I t  is  very tempting to  compare the Dansk B iop ro te in  process w ith  the 

e a r l i e r  attempts to  commercialise SCP, e s p e c ia l ly  w i th  Pruteen. The 

Dansk Biotechnology process appears to  d i f f e r  s ig n i f i c a n t l y  in  many 

repects w ith  the Pruteen p la n t ,  yet the product is  n u t r i t i o n a l l y  s im i la r  

and is  f in d in g  s im i la r  markets. The techn ica l d i f fe re n c e s  are discussed 

in  chapter 8, but t h e i r  economic s ig n i f ic a n c e  w i l l  be d e a lt  w i th  here.

Dansk B iop ro te in  in te r p r e t  a th ree  year r is e  in  f i s h  meal p r ice s  as the 

s t a r t  o f  a long term shortage o f  supply. In chapter 4 i t  is  shown th a t  

many s im i la r  p re d ic t io n s  have been made and th a t  these were p a r t  o f  the 

economic reasoning behind the e a r l i e r  attempts to  commercialise SCP. 

However, Danish B io p ro te in  has the la rg e r  and more secure m ilk  rep lacer 

market, which w i l l  c e r ta in ly  a l low  an economic p r ic in g  o f  t h e i r  product, 

i f  i t  is  accepted.

B iop ro te in  has been approved by the Danish government f o r  use in  animal 

feed. However Dansk B io p ro te in  have reduced the costs o f  t h e i r  

research programme by the argument th a t  t h e i r  product is  s im i la r  to  

Pruteen, and Pruteen is  a lready accepted as a safe product by the EEC 

and in  a l l  the European coun tr ie s  on an in d iv id u a l  bas is . N u t r i t io n  and 

to x ic o lo g ic a l  t e s t in g  amounted to  as much as a t h i r d  o f  the t o ta l  cost 

o f  research on the Pruteen process, (see chapter 8 ) ,  so i t  not 

s u rp r is in g  th a t  they should wish to  avoid such costs .
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Methanol
price 
{$ te"1)

250 -I Crude oil 
price 
($ bbF1)

200 -

-35

150

-25

100 - -20

-15

50 -•

71 72 73 74 75 76 77 78 79 80 81 82 83 84
Year

Table A8.7 Prices o f Methanol and Crude O il (US) 1971-1984 
Fu l l  l in e ,  methanol, do tted  l in e  crude o i l  p r ic e ,  (reproduced from 
Hacking, 1986 p79)

300,1-

Maize

0 —  ------ 1 L. ,t — .....  L ,
1950 1960 1970 1980

Fig. 4.1. Prices of maize and crude oil, 1950-1980. From King (1982).

Table A8.8 Prices o f  maize and crude o i l .  1950-1980 
(reproduced from Hacking, 1986 p 7 4 )



This may not be easy to  achieve since ICI worked w ith  the va r ious  

re g u la to ry  a u th o r i t ie s  to  ensure th a t  new SCP products would have to  

pass through the same te s t in g  procedures as Pruteen, (chapter 7 ) .  ICI 

d id  not want o the r  processes r id in g  through to x ic o lo g ic a l  b a r r ie r s  to  

market e n try  on the back o f  t h e i r  work.

P ick les  ( IC I )  remarked th a t  the Danish p ig  in d u s try  is  an export 

in d u s try  and th a t  many p igs were exported to  the UK. He doubted th a t  

the MAFF would a l low  the im po rta t ion  o f  p igs fed on a p a r t  B io p ro te in  

d ie t  i f  B io p ro te in  had been approved by the Danish governement on the 

above bas is . I t  is  not c le a r  whether Dansk B io p ro te in  are aware o f  

t h i s  danger to  t h e i r  p roduct, o r  what they could do about i t .  P ick les  

observed th a t  the re  was bound to  be some carbohydrate leakage from the 

methanotrophic b a c te r ia l  c u l tu re  in to  the ferm enter medium and the re  

would always be the p o s s i b i l i t y  th a t  fo re ig n  organisms might grow on 

t h i s  carbohydrate, i f  not on the methane in  the medium. This is  a view 

w i th  which Hacking agreed.

When Hacking had read the  B iop ro te in  l i t e r a t u r e  he ra ised a number o f  

o the r  issues. These are in te re s t in g  as guides to  the next stage o f  

assessing the l i k e l ih o o d  o f  success o f  the B io p ro te in  process.

1 Hacking s im ply d id  not be l ie ve  th a t  they had cut c a p i ta l  costs 

to  around one te n th  th a t  o f  the Pruteen p la n t  cos t .  In  any case the 

cla im  is  not q u i te  as impressive as i t  sounds because Dansk
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B iop ro te in  are comparing the c a p i ta l  costs o f  t h e i r  18 500 t / a  p la n t  

to  the pro to type  70 000 t / a  Pruteen p la n t .  I t  would be fa s c in a t in g  

to  have an item by item breakdown o f  the B iop ro te in  p la n t  costs , 

w ith ou t t h i s ,  one is  l e f t  to  l i n k  b i t s  o f  in fo rm a tion  and wonder 

about the im p l ic a t io n s .

2 An example o f  informed guesswork is  the comparison o f  the 

Pruteen and B iop ro te in  fermenter c a p a c it ie s .  The p ro jec ted  18 500 

t / a  p la n t  co n s is ts  o f  24 f i f t y  cubic metre fermenters w ith  a t o ta l  

ferm enter capac ity  o f  1 200 m3. The s in g le  Pruteen ferm enter a lso 

had a capac ity  o f  1 200 m3, but an annual production  capac ity  o f  70 

000 tonnes. The B io p ro te in  fermenters s u f fe r  from a vo lum e tr ic  

p r o d u c t iv i t y  almost one q ua rte r  th a t  o f  the Pruteen fe rm enter. This 

is  probably due to  the very low c e l l  d e n s i t ie s  o f  the ferm enting 

medium, in  B io p ro te in ’ s case about 1 5 - 2 0 g / l i t r e .  So the c a p i ta l  

saving per u n i t  o f  ferm enter capac ity  must be very la rge  to  outweigh 

t h i s  p r o d u c t iv i t y  disadvantage. This is  one o f  the reasons why 

Hacking found i t  d i f i c u l t  to  be l ie ve  th a t  the  c a p i ta l  costs  were as 

low as claimed aga ins t the Pruteen p la n t .

3 However fe rm en ta t ion  comprised on ly  about 20% o f  the Pruteen 

p la n t  costs . Dansk B io p ro te in  must have made impressive savings on 

the o the r  pa r ts  o f  t h e i r  process. This is  e s p e c ia l ly  t ru e  o f  the 

dewatering d ry ing  cos ts ,  which must be main ly re la te d  to  the energy 

cost o f  sepa ra tion . Dansk have cut out the IC I f lo c c u la t in g  s tep, 

but again, how much o f  a saving does t h is  represent? and the low 

c e l l  den s ity  w i l l  in cu r  h igher separa tion  costs (see ta b le  A8.3).
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4 Dansk a lso  re fe r  to  a discharge o f  " le s s  than 20%" o f  the 

na tu ra l gas th a t  they use. The ir  fe rm enta t ion  process achieves a 

r e la t i v e ly  low mass t ra n s fe r ,  ie  conversion o f  mass o f  gas to  c e l l  

mass, (see d e s c r ip t io n  o f  Shell process, chapter 8 ) .  They 

presumably have a t r a n s fe r  ra te  o f  around 80% and have decided th a t  

i t  is  uneconomic to  e x t ra c t  and recyc le  the unused f r a c t io n  o f  

na tu ra l gas. However, methane is  a greenhouse gas, th a t  is  i t  

co n tr ib u te s  to  the greenhouse e f fe c t .  I t  is  many times more potent 

than carbon d io x id e .  Hacking queried how long theywould be allowed 

to  vent enormous q u a n t i t ie s  o f  na tu ra l gas in to  the atmosphere a t a 

time when concern over the greenhouse e f fe c t  is  growing ra p id ly .

5 By Dansk’ s own f ig u re s  t h e i r  e l e c t r i c i t y  costs must be around 

£100/tonne o f  product. So i t  is  an energy in te n s iv e  process. 

Since the product is  p r iced  a t  about £417/tonne in  1989 t h is  im p l ies  

th a t  c a p i ta l  costs  and o the r  opera ting  costs are very low indeed, 

less than £300/tonne. But then t h is  is  j u s t  the c la im  Dansk are 

making.

6 Hacking a lso  queried the a d d it io n  o f  Cu‘ to  the fermenters to  

acce le ra te  c u l tu re  growth, s ince feed re g u la t io n s  were very s t r i c t

about the a d d it io n  o f  metals to  feeds.

A8.3 G as-o il

The recent (1986) decrease in  the o i l  p r ic e  has improved the  economics 

o f  SCP processes based on hydrocarbons. P r ices have been halved from

near $30 /ba rre l to  near $ 1 5 /b a rre l .  Payne (BP consu ltan t)  be l ieved  th a t
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the Lavera g a s -o i l  process could be economic once more. A crude

estim ate o f  costs suggest th a t  t h is  is  so.

Gas-o il £ 94/tonne 

Soya meal £150/tonne 

(FT 1.7.89)

Fish meal £400/tonne approx

(Dansk B iop ro te in  (1988), May 1988 p r ice  and w ith  12 DKr to  £1)

I f  we assume the g a s -o i l  p r ic e  represents 50% o f  opera ting  costs per 

tonne o f  SCP, and a c a p i ta l  payback o f  10%/annum w ith  a cost o f  approx

£100m fo r  a 100 000 t / a  p la n t  ( to d a y ’ s p r ic e s ) ,  the p r ic e  w i l l  be,

Today’ s p r ic e  o f  g a s -o i l  SCP . . . . £338/tonne

At t h i s  p r ic e  the process w i l l  be economic i f  so ld  to  replace f ishm ea l. 

The c a p i ta l  payback assumptions are ra th e r  lax and i t  would be more 

r e a l i s t i c  to  s e l l  the  product as a m ilk  rep la ce r ,  as BP d id  in  France 

f o r  several years. The Lavera process was s t i l l  able to  cover costs  in  

t h i s  market a f t e r  the 1973 p r ic e  r is e ,  so i t  is  not r e a l ly  s u rp r is in g  

th a t  i t  should once more be economic, w i th  a c u rre n t  g a s -o i l  p r ic e  below 

the post-73 p r ic e  ( in  rea l te rm s).

S im i la r  arguments w i l l  probably apply to  the n-alkane process.

Tables A8.7 and A8.8 show the  e v o lu t io n  o f  crude o i l ,  maize and methanol 

p r ice s  over the 1970s. The r is e  in  maize p r ice s  in  the 1972-74 period



is  s im i la r  to  the jump in  soya meal p r ices  a t the same tim e. The two 

OPEC-induced o i l  p r ic e  r is e s  are a lso v is ib le .

A8.4 Mvcoprotein and Fermented Foods

ICI and RHM have re c e n t ly  decided to  b u i ld  a new fermenter w ith  th ree  

times the capac ity  o f  the Pruteen p i l o t  p la n t  fermenter (approx 18 000 

t / a )  to  produce mycoprotein. Marlow Foods has launched an a d v e r t is in g  

campaign in the Radio Times and d a i ly  newspapers to  increase awareness 

o f  t h e i r  growing range o f  products. These inc lude a Tesco Bombay Bhagia 

and Kashmiri Korma as p a r t  o f  the Tesco c h i l l e d  d ish range, the 

Sa insbury ’ s Savoury Pie and a Safe way cassero le .

In chapter 7 Treeby accused the food in d u s try  o f  being a " load o f  

cowards." This is  in te r e s t in g  in view o f  what might be considered 

Quorn’ s na tu ra l com pe tito rs ,  the es tab lished  fermented foods. These 

are es tab l ished  in  e q u a to r ia l  Asia, where the re  is  a na tu ra l animal 

p ro te in  shortage. Various peoples in  Indonesia, the P h i l l ip in e s  e tc ,  

have developed "crude" fe rm en ta t ion  techniques to  add p ro te in  to  t h e i r  

food, which is  abundant in  f a t  and carbohydrate but not p ro te in .  These 

foods inc lude tempeh, (soya beans fermented w ith  a m yce lia l fungus), 

miso and to fu .  H esse lt ine  and Wang (1980) describe many e s o te r ic  

examples o f  such foods. The fe rm enta t ions are c e r ta in ly  crude in  the 

sense th a t  they are low technology, th a t  is  they are open to  the 

atmosphere and in fe c t io n .  However, as Hesse lt ine  and Wang (1980) po in t  

ou t,  these foods have been eaten fo r  hundreds o f  years in  these regions, 

w i th o u t i l l  e f f e c t .  The c u l tu re s  are o f te n  mixed, sometimes in v o lv in g  

p a r t ia l  fe rm enta t ions  by b a c te r ia  and fu n g i .  They are remarkably s ta b le  

ie  in fe c t io n s  are rare  o r  non -ex is ten t when the fe rm en ta t ion  is



regulated by the associated handling t r a d i t io n s .  There appear to  groups 

o f  organisms th a t  in te r a c t  as a mixed c u l tu re  and exclude o ther 

organisms. This is  the same argument as Payne used to  defend mixed 

cu l tu re s  in  the Lavera process, on ly  he re fe rred  to  Camembert cheese as 

the Western equ iva len t  o f  an es tab lished  mixed c u l tu re  fe rm en ta t ion .

H ese lt ine  and Wang (1980) conclude th a t  e f f o r t  would be we ll spent on 

attempts to  d i f fu s e  the Asian fermented food p ra c t ic e s  to  A f r ic a  arid 

o ther p ro te in -p o o r  reg ions, ( e s s e n t ia l ly  the o the r  t r o p ic a l  areas o f  the 

w o r ld . )

In  the f i r s t  world i t  would be in te re s t in g  to  know why no western food 

manufacturer has t r i e d  to  market products such as tempeh on o the r  than 

a "h e a lth  food" bas is . The e x is t in g  approach to  marketing would 

a u to m a t ic a l ly  l i m i t  the product to  hea lth  food o u t le ts .  What would 

happen i f  a manufacturer took the RHM marketing approach to  tempeh? 

Tempeh has the re p u ta t io n  o f  ta s t in g  l i k e  ch icken; i t  has the te x tu re  

o f  chicken (my o p in ion )  and te x tu re  is  something a t which RHM have 

worked hard.

A8.5 Wastes

Table A8.6 reproduces a breakdown o f  the costs  o f  the yeast p la n t  th a t  

T&L in s ta l le d  in  the Bassett con fec t ione ry  p la n t  in  S h e f f ie ld .  This 

p la n t  is  economic by comparison to  a conventiona l aerob ic d ig e s t io n  

system, but on ly  because o f  the e x c e p t io n a l ly  high concen tra t ion  o f  

carbohydrates in  fa c to ry  waste and because o f  the water a u th o r i ty  

charges f o r  d isposa l o f  the untreated waste. The d i f f u s io n  o f  such 

processes depends on the re g u la to ry  environment. This is  c le a r  from the
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case s tud ies . (See C e llu lose  A t t is h o lz  f o r  economics o f  the P ek ilo  

s u lp h i te  l iq u o r  process.)  There are probably no o ther such p lan ts  in  the 

UK th a t  would f in d  an SCP p la n t  economic.

A8.6 Conclusions

These crude c a lc u la t io n s  suggest th a t  both a g a s -o i l  and a na tu ra l gas 

based process would be v ia b le  under present economic c o n d it io n s .  

Whether these c o n d it io n s  w i l l  continue and whether any company w i l l  

want to  e x p lo i t  a technology w ith  such high c a p i ta l  costs and long lead 

times is  the “ crunch q u e s t io n ."  The company th a t  is  doing t h i s  i s ,  o f  

course, Dansk B io p ro te in .

The on ly  method o f  inc reas ing  confidence in  the fu tu re  o f  these 

processes is  to  in v e s t ig a te  the s t ru c tu re  o f  the hydrocarbon market and 

i t s  l i k e l y  long term e v o lu t io n .  This is  c e r ta in ly  going to  lead to  

m u l t ip le  pe rspec tives . For example Payne was convinced th a t  the end 

o f  the I ra n - I ra q  war would r e s u l t  in  hydrocarbons f lo o d in g  the world 

market and d r iv in g  the p r ic e  below $10 /b a rre l.

However, economics has not been the only problem w ith  the SCP processes. 

The accusations o f  carcinogen contaminants in  g a s -o i l  based products act 

as a d e te r re n t  to  anyone cons ider ing  a re v iv a l  o f  the process and the 

experience o f  a v igorous and negative p u b l ic  reac t ion  to  these p ro je c ts  

in  the on ly  c o u n tr ie s  where la rge  p la n t  were b u i l t  must poison the 

prospects o f  new ventures whatever the economics.

3I t a l y  and Japan
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