
TRANSFER OF TECHNOLOGY

LI SBOA, NOVEMBER 7. - 11. , 1977

Technol ogy acquis it ion and domest ic t echnology devel opment.

What are t he governing fa ctors affecting the
decis ion to impor t t echnol ogy rath er th an to
re ly on domest ic R&D for mi l i t ary and/ or
commerci al appl icat i ons?

Presented by :

Ni l s Chr. T0mmeraas
MiH1ii fiPY' Rp.sf'a ~'ch

Present ed by :

Nil s Chr. T0mmeraas
~i1ana g er Resea rch
Aj S Raufoss Ammun i sj onsfa brikker
N-2831 RAUFOSS, NORWAY



THE INTER-DEPENDENCE BETWEE NMILITARY DEFENCE, MI LITARY PRODUCTIONAND
COMMERCIAL INDUSTRY INA SMALL COU NTRY

Gentlemen,

My comments are based on the experience f rom a company which i s engaged both in

mili t ary and commerc ia l producti on.

Let us fi r st l ook at t he aspect i nt er -dependence between commerci al and military

production. The product i on of ammu~ftio n is a rather advanced sector of the

workshop industry both concerni ng mater ial s, proces ses and t ool s as we l l as the

st ric t requirements as to product quali ty . ~')e have found that t he mil itary

product ion has had a strong influence on the devel opment of th e workshop

i ndust ry i n No rway as a resul t of

outsi de orde rs for tools, ma t er i al s and compo nents ,

t he experi enced workers, engi neers and scientists who have l ef t us

t o wo rk in ot her Norwegian compan i es .

Through par t i ci pation i n th e US of f - sho re program in the SO lS, our company wa s

fo rced to introduce moder n stati stical qu al ity control . Through us thes e

syst ems were introduced to our sub-suppliers, and i n that way spread out i nto

the Norwegi an commerci al indust ry.

In most cases an order for military products incl udes an elem2nt of develo pment

work and will increas e the suppl ie r 's capabil iti es . Thi s effect may clearly be

seen 'i n devel opment contracts wher-e the objecti ve i s to develo p new products or

to improve exi st ing ones, but even in an ordi nary order for mi l itary pro ducts

the d 2 v el G ~me nt i n product i on and qua l i ty cont rol techn ol ogy wi l l usual ly
i ncl ude an effect of lear ni ng.

This el ement of l earni ng and i ncrea sed capabi l ity wi ll al ways be pai d by the

cust ome r . As t his l earning effect wi l l i ncreas e t he compet i t ive abi l i ty of the

national i ndust ry both concerni ng mi l i t ary produ ct ion and commerc ial production,

it is of the greates t i mpor-t ance f ur the i ndust ry 'in a country how t he mi l itery

agencles place th eir orders. Even t hough it may be mo re expens i ve t o pl ace

th e or der s ltJ'i th i n the count ry , t hi s may be more t han compensated by t he increase

i n t echnol ogy thi s gi ves to th e l ocal i ndust ry.

i ncl ude an effect of learni ng.

This el ement of l ear ning and increased capabili ty wi ll al ways be pai d by th e

customer. As this l earni ng effect wi l l i ncre ase the competitive abi lity of th e

national i ndust ry both concer ni ng mi l i t ary product ion and commerci al product ion,

it i s of t he greatest i mpor-t ance for the i ndust ry i n a country hO\'! t he mi l ttary

agencl es pla ce t hei r orders . Even th ough i t may be mo re expen s i ve to place

the or der s within t he count ry" th i s may be mo re t han compensated by th e inc rease

i n t echnol ogy t hi s gi ves to t he l ocal i ndust ry.

Let us now lo ok at th e inter- dependence bet ween • Iw e nat ional defence and th e
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l ocal military product ion. It i s our experi ence that t he cl ose co-operation

between t he Norweg ian defence forces and the l ocal mi l i t ary produ ct ion has

cont ri but ed t o bui l d up and ma in t ai n a nat i onal know- how of great impor t ance for
the procurement of defence mat eri al both from sources i n Norway and abroad.

The clo se co-opera t ion concerni ng product devel opnent, product i on, qual ity

cont rol and ma i ntenance of ammunition has al so contr ibuted to assure th e

necessary know- how t o ma intai n t he rel ati vely l agre amount s of ammu nit i on t hat

the defence forces keep in st ore. Fu r t hermo re, th e pract i cal co-operat i on

between the defence forces and ou r company concerni ng rout ine test ing , ma i n­
t enance and destruction of ammun i t i on has resu l t ed i n an eff ic ien t main ­
t enance systemwhich contri butes to extend t he usef ul l ife for ammunit i on and

t here by ensures a best poss i ble use of t he defence budget mo ney used on

ammunit i on.

The No rwegi an defence forces do to a large ext ent use t he same t ypes of
ammunition as one or more NJ\TO·-countr i es . Due to t he speci al t opoqraphy of

Norway , i t i s, however , a cer t ain demand for special it i es . These par t i cul ar

sol ut i ons are diffi cult to achi eve except t hrough a close co-operat i on between

t he No rwegi an defence forces and a l ocal indu str ial compa ny_ Such co-operat ion
concer ni ng par t i cu l ar solu t i ons both concerning t he product specificat ions and

product quality , i s of ext r-eme importance t o g-i ve our armed forces per-sonnel a
safe f eel i ng tha t t hei r equi pment and ammun i t i on are of a ty pe wh ic h i s rel ia ble

under our l ocal condi t ions i n No rway.

' It is equa lly imroy' t ant fo r an ammun iti on fact ory to have a close co-operat ion

wi t h th e armed forces because th i s gives the advant ages of i ncr eased know- how

th rough mutua l i nfl uence and al so because such a co-operat i on gives t he

possi bi 1i ty to devel op newLypcs of mater i a1. For t he ar med forces a mutua l co­
operat io n necess i t at es a t horough analys i s of t hei r requirement for def ence
ma te r i al .

Product i on of ammunition and ot her types of defence ma ter ia l s necessitates a
cont i nu al act iv ity t f the exper ie nce and know-how i s not t o deto r i ate . In small
countri es t his creat es a cer t ai n difficulty as th e renewal of mat er ia l and
ammunit i on usuall y i s done cycl icly . \,Ie have found t hat t h2 var i at ions i n

year ly dema nd f rom t he No rwegian armed forces ar e so large t hat we are t otal ly

dependent on a cer t ai n export to ma intai n our production capaci ty . To some
ext ent th e variations i n demand f or amnun i t i on can be comp2nsat 2d by c o~nerci a 1
V t-" '_ I U ;"'I VI I .l l ~ i _ · .J I \J U "- ,.J \.A """' >..1 1 "' ,;:') • • ...... I ' , J ' ..., . -.J , """ ' _ _ ' . - , .. , . , '- .

mater ia l .

Product i on of ammuni t ion and other ty pes of def ence ma ter ia ls necessi t at es a
cont i nua l act i vi ty 'if the exper -i ence and know- how is no t t o det or i at. e . In small
countries t his creat es a certain diffi cul ty as t he renewa l of mater ia l and
ammunit i on usually i s done cycl ic1y . \,12 have found t ha t t he var ia t ions i n

yearl y dema nd f rom t he Norweg ian armed forces ar e so l arge t hat we are t otal ly

dependent on a certain expor t t o ma intai n our producti on capaci ty . To some
extent the var i ations i n demand f or amnun i t i on can be comp2nsat 2d by c o~nerci a1

producti on, but t hi s al one 'i s not suf f i c ient. Thi s means that 'if vie are t o
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main tain a l ocal production of ammun i t ion in No rway and i n other small

count r i es, t here must be an open opportunity for export sales . Here there are
t wo li mi ting fa cto rs, one ha s to do wi t h l ocal polit ics, as export li cences are

necess ary for each individual sale, t he second i s the rig ht to use US speci­
fi cat ions and drawings for product io n to a t hird count ry. We are i n parti­

cula r concerned about t he second question , as we ha ve exper ienced a more

restri ctive at t itude concerning the fre e right t o produce and sell products
according t o US speci f i cat ions outside of Norway .

In summing up, r wou ld li ke emphasi 7e that concern ing mi l itary products i t is

not a question whether t o rely on local or imported research and devel opment.

Both ar e necessary even in a sma11 count ry. On one hand it waul d be an

impossi ble task to devel op al l types of def ence mat er i al and ammun it i on needed
by the Norwegian armed forces, inside Norway. On t he other hand to rely t ot al ly

on desi gns developed in ot her countri es wou l d mean break ing off t he cl ose bonds
bet ween the armed forc es and the mil i tary product ion i n Norway. This woul d be a
loss both for the Norwegian industry and for ou r armed forces.

In ou r experience mil itary production i n Norway has qiven a most important

contri buti on f or t he devel opment of commerci al prod uct i on . In my opi ni on i t
wou ld be al mos t imposs i ble to main tain a competit ive i ndust ry i n Norway wi thout

a cert ai n mi l itary producti on . This again underlines t he importance of

internat i onal and nat iona l procurement policy. Mi li t ary product ion i n smal ler
count r i es must be given a reasonabl e chance to obtai n both ordinary production
and develo pment contracts.
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THE HOLE OF THE E UROP EAN INDU S TRIAL RES EAFC H MI ,J\j]\GEl'1.EN T
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AS SO CIATI ON IN TECHNOLOGY TPJ\NSFE R WITHIN E UH(}P El '.N I NDUS TRY

EIRM}\. TO- DAY

op inion of our merrCJe rs

d..llU ...... wv O' .J- ...... '-- .J....11~ ......__ •

ci a tion cou ld be or do in the op inion of our mernb e r s (DIAGE.z\)l 2 )

role o f Elr;.;:vl.c'\. i tr-:e fol lo'.v·inc;list wa s d is tille d o f wh at; the A ssc '"

Membership in E IRl-LZ\ is through cornp an i.e s wh Lch n omin ate an offi­

cial repre s e ntat i ve, usua l ly the r e s e a rch di r e c t o r o r top t e ch­

nical o f f ice r! an d t wo a lternates. Parti c ipation in EI Bl·Li\ work

is t h rou gh these or o t her s nomi na t ed by t h e m. Th i s highly per­

sonali z e d s y s t e m de termi nes to a lar~e extent t h e work methods

and f unctioni n g o f ~he as soci a ti on. Ove r the years, t h e work

methods h ave d e v e l o p e d an d the funct ions inc r eas e d . From a r e ­

cen t s u rvey amon g membe r s on ' the present and possible future

w.ork.

the study of industrial research proble ms!

the application of better research managemen t t echnique s,

-the furthering of a wL de r un d e rstandin g of the p l a ce of

research with in t h e ~irm,

• furthering o f a wi der u n de r s t a n d ing among t he Derrbers o f the

scientific and s o c i o-i eco nonu c envi ronment wh Lch a ffec t s their -

El ffi1A h as h ad i t s 10th a nniversary in 1976 . Th e i d e a to c reate

an assoc i a t i o n of Europ e a n indus tri a l researc h man age r s goes

back to t h e e ar~y 6 0. l s wh en there wa s muc h c on cern abou t the

II t.e chnoLo gaeaI ,g a p ll be twe e n .Eu r op e a nd t h e Uni t e d State s .

The specific propo s al to create Elffi-ffi was made a t a Eu r op e a n ­

Nor t h American c on f e r e nce in Monte - Carlo in 1 96 5, organised by

t he O.E . C . D . . EI Rj\ll\ "",la s established one year later with t he a i ms

and p urpos e set o ut in its s t atute s ( DIl"GR.~,}l 1).

Funct ions---------

The aims of the As soc i a t i o n a r e thus :

ci a t i on cou ld be or do in

nical. o I I l c eL,

is th r ough these o r o t her s nomina t ed by them . Th i s highly per­

sonali zed s yste m d e te rmi nes to a lar ~e exten t t h e work methods

and functionin g of ~he a sso c iation . Over the ye a rs , t he work

methods h a ve developed a n d the functions incr e a s e d . From a r e­

c e n t su r ve y amo ng membe r s on ' t h e present and p o ss i b l e future
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'1'he fir s t f our p oin t s relate t o contact / the ne x t UTO +.:0 c omm on

work and the last th r e e to external relations. EIR}lA is expecte~

tq playa role along all these lines, excepting the last.

E~phasis lies on , the c on t a c t function and the edu c a tional as -

pects of EI~1A wo r k . Regarding external relations/industry!

university inter-a6ti;ns. an d contacts with supranational bodies ,

such as the OECD and the European Cornmunities, find most inte­

rest, whereas relationships with governments and national or­

ganisations are rather seen as a matter of individual companies

or national industry associations. But the EI&Vili background ca

can be useful here, too.

EIR'1A memb e rsh ip h a s i n crease d f rom 32 at the i nau gur al rneet. Lriq

in 1966 to 152 t oday (DIAGRAM 3). The r e 's eem to b e t wo p e ri.od s

of flattening out of membership growth, from 1967-1969/ and

aga~n since 1973. This could be due to the corresponding pe­

riods of economic recession, but one also has to keep in mind. .

that a majority of the largest research in tensive European

companies are now actually members of El ill';':'. .It appears that

at least two thirds of the European industrial R&D capacity

belong to Elr~ffi members. On this basis, it has been suggested

that an eventual merr~ership of p~rhaps 200 firms would be both

realistic and destrable from an 'organisational point of view.

EIRMA's member companies are f~om 15 European countries

(DIAGRAM 4). It may appear that the distribution of me~bers

among the european countries is not quite balanced. The German

representation, for instance, is not yet as complete as it

could be and Italy, too, has scope for increased participation.

Any EIRMA member must be engaged in manufacturing or the pro­

vision for services to a market. Any EIR~~ member firm has to

carry out a substantial amount of research and development and

it is .thus to be expected ~hat representation from research

intensive industrial branches shOUld b e high (DIAGRAM 5).

AlU10u gh t his ma y he regret table , t h e r e is a n atura l ten d e ncy

that EIR~ appeals to·more larger comp anies than s mal ler. Re­

lated to the 500 largest European companies as listed by the

M'agazine "Vision" / less than 2 a .% of our memb e r companies are
Any EIRMA member must he engaged in manuIact:.ur~nl;;J U.L LHC .!:-'.LV

vision for services to a market. Any EIR~~ me mbe r firm has to

carry out a substantial amount of research and development and

it is .thus to be expected ~hat representation from research

intensive industrial branches shOUld b e high (DIAGRAM 5) .

Al tho u gh t h is may he r e gre t t a ble, t he r e i s a n atural t e n d e n c y

that EIR~ a p p e a l s to ·more larger c omp anies than s maller. Re­

lated to the 500 largest European companies as lis ted by the

Maqaz Lrie "Vision 1\ / less than 20 .% of our member companies are

~maller. Some of these are in fa6t ~uite small/ h~ghly techn o-



- Indus try's nee d s f or b a si c r esearch.

In' 1978 t h e s ubject will b e :

Activities--------- _..

e. g. "Indust r y-

e.g. "Re s earch Planning

Techn iques"

Special confe r e nces, usually ' on pres sing problem of Lnte r est

to both EIK'iA mernbe r s a nd t op managemen t from ot her functi on s.

The last such conference wa s he l d in Ha r c h 1974 on "European

Industrial R& D fa ced with the e nergy crisis". I shall come

back to an o the r Spe cial Co n fere nce, to be held in spring 197 8 .

Indus try-Gove rn~e nt re l a t i on s in R&D (1975)

The s ocietal re spo~ s ~~ility o f indus trial

research (197 6)

- Planning for Re search a~d Deve loment (1977)

l o gy oriented comp an i e s . Of t h e 5 0 0 Europe a n l arge s t , about

25 % a r e EIRNA memb ers I but amcri q t he f i r st 50, the r e are

33 me mbe rs .

The last such conference wa s held in Ha r c h 1974 on ".t,ur 0 .tJe CUl

Industrial R& D faced wi t h the e nergy crisis". I Shall c ome

back to another Spe c ial Co n f ere nce, to be held in sprin g 19 78.

.../ ....

Governme n t Re l a t ion s i n R & D" .

.../ ....

Work in EIRl"'lA , which i s a Lways d irec t e d at the practic al arid

not the acade mic aspe c ts o f a subject, falls into four broa d

categories

- Interna l R &D Mana gement

. .
- R&D Service s : e . g . "Info r mation and Documen t ation"

- R&D/comp any inte rface : e.g. "The c hanging i nte r fa ce

betwe e n R s D and Ma r keting "

- I nter f a c e with Externa l Environmen t

Activities t aka the form of

- The Annual Conference , c ombi ned wi t h the General As sew~ly ,

adressed t o the E Illi·~ r epresentatives . Re cen t topi cs dealt

with have b e e n :

- The s yste m of \\Tork i nq Gr oup s has deve loped i nto an original

a nd dyn a mic eleme n t o f the As s o c i a t i o n (DI AGRtV·l 6) . Groups

- The s yste m of \\Torkin g Gr oup s has de veloped into an original

a nd dyn a mic element of t he ' Asso c i a t i o n (DI AGRt\ n 6 ) . Gr ou p s



h ave ab o ut 15 to 3 0 mcmbe r s who me e t regu larly ove , a 2 - 3

year per i od. The aim i s t o b r ing t o ge t her pe o ple f r o m t he

staf f of Me mber c omp anies t o ex cha nge i n forma t i on an d e x ­

perience o n ~ top ic o f wi d e i nte r e s t to Mewb e r s , to s t ud y

the topic i n d e p th an d t o produce a r e port for the bene f i t

of the members h i p 'as a wh o l e . Wo rk i n g Groups work o n s peci­

fic proj ec t s r a t h e r th an on generalised studie s an d in

EIRMA's first eleven years, 24 groups have b een active.

In selecting subjects for study, e mphasis is placed on those

topics for which no adequate platforms e xist elsewhere.

Besides providing valuable results, which are made available

to all Members, Working Groups provide participants with a

unique experience in a n international environment, and thu ~

c ontribute a s a managemen t e ducat ion f u nc t i on.

The results of a Working Group are diss e minated in reports

and through Semin ars or other me e tings. Ha vi n g con si d e r e d

? subject in depth, the Working Group is i n an e xcelle nt

position to p resent its findi ngs -f o r discussion, a n d a t t he

same t ime to t e s t the v'lo r k i ng Gr o up con c Lu s i on s agains t a

wider cross-section of opinion "and experience.

- Another feature of the EIR}~ prograwme is the Round Table

Meeting, the initiative for wpich usually comes from a Hembe r

company who would like to discuss informally with othe r Mem~

bers of the Association a problem which is of current inte­

rest to them. Three to six such meetings, vm i ch may brin g t o­

gether 15-30 people for one day, are held each year.

- Even more i nformal are Special Interest rvle e t in~ wh i.ch we r e

started in 1977 to accommodate the wi sh o f memb e r s f or d i s ­

cussing in small group s of not more than 15 persons, R &D

problems wh i ch ma y ~e . specific to certain b r a n che s of indus­

try or groups of specialists, bu t for which no other forum

exists.

An es s e ntial functi on of EIRr-ll\ is to help in establi shi n g per­

sonal international ahd inter-industry contacts, at all levels

.. ,. / ,. ..
cuss1ng 1n smaLL group s or nor more tDan L~ per~ons, K ~ u

problems wh i ch ma y ~e. specific to certain b r a n che s of indus­

try or group s of specialists, but for which no other forum

exists.

An e s s e n t i a l fun c ti on o f EI R!.'-lA i s to h e l p i n e stab li shing per­

sonal internati o n al ahd inter- industry contacts, at all levels

... / ,. . ,.
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of R&D man a ge ment , t hrou gh p a r t i ci pation in t h e di ffe r ent

EI R.l"t;. a c t i vi t i e s. Direct c ontac t? among the appointed r epre­

s entativ e s are moreover f a c i. Li.t.a t.e d by t h e con fid e n t i al l'·lem­

bership Dire c t o r y, whi c h describe s He mbe r c omp a ni es' . R & D

functions, a nd l i s ts all r ep r e s e ntat i ves a n d altern a t e r ep r e­

senta tiv e s. A Di r ecto r y of EIRHA In f o r mation Conta ct.s f ul fi l s

a simila r fun c t i o n f or Member comp a n i es' Information an d Do­

cumentation officers.

Close contacts are ma i nta i ned with t he Industrial Research

Institute (IRI) of the Unite d States ! wh i c h was founded'in

1938" and now has a bout 230 me mbe r s . Re c i p r o ca l right s to

participate at me e tings a nd the ava i l ability of the member­

ship directories contribute to direct links b e t we e n sen i o r

R &D officers i n Europe and the Uni t e d Sta t e s .

TRANSFEE OF TECHNOLO GY AMONG EIRf.-1A ME~1BER COHPAi'HES

EI:RJ.\1A \Vas not created as an agent for t ec1molo gy t.r an s f e r i n

the traditional s ense. Never the l ess i t s e e ms obvious t ha t the

p h ys i c al proximity o f r e s e a r c h ra an aqer s i n ElRi'P. f a vo u r s di ­

rect tech nology tra nsfe r. 'I'h e r-e are a fe~'l memb ers for

whom this is actually the mos t Lmpor t .an t func ti on of EIRH.!L

The possibility to test a -r e s e a r c h r esult on a colleague from

a non-competin g c omp a ny' or t o sollicit advice i n the informal

atmosphere of the EI P!-IA "club" can be mo s t valuable.

The official functions of EIR~1A are ne ve r t he l e s s in the f ie l d

of r esearch manageme nt information ~d educat i on. Stretch i n g

the t erm IItra nsfer of technology" s ome wh at, o ne mi gh t s a y t h at

the rai son d'e tre of ou r As soc iation is to "tra n s f er t ech n olo­

gies and kn ow-how o f innov a ti on manageme n t " between its mem­

bers. Technology Tran s fe r in E.IRI"LZ\. is t hus either c oncrete,

in the usual s en s e, but informal ( or ab s t r a c t , r elating t o ma­

nagement techniques, during o u r forIT~ l meet i n g s .

For t h e pur p o s e of thi s c o n f e r e nc e, a nd iri ord e r t o get my

own ~ind cl ear~ I h a ve c h eck8 d o u r expe~ien ce again st a l i s t

of Techno logy Transfer relat ionships es tablish ed by H. Ge s chk a .

_ a • / •••

bers. Technology Tran sfe r in E.IRI"LZ\. i s t hus eith er con c rete ,

in the usual sen se, b ut i nfo r mal " o r ab s t rac t 1 r elatin g to ma­

nagement t echniques, during o u r forIT~l mee t i ngs .

For the purpo s e of this c o n f e r enc e, a nd iri order to get my

own ~i n d c l ear, I h ave check8d o u r expe~ien ce a gainst a li s t

of Techno logy Transfer rela t ionships establishe d by H. Ge s chk a .

.. ./ ...
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Slightly mod ifie d, h e s e e s Tech~o logy Trans fe r as between

1 - companies with g r e ater a nd l es s er R & D .experi e n ce

(innovators a n d i mitator s)" ,

2 - companie~ o f differen t sec t o r s of industry ,

3 - licensors and licens e es of industrial pro ducts an d

processes,

4 - supplter s and u sers of industrial products ann

PEo,C?13s s e s ,
5 - un Lve r s Lc i e s.z r e se a'rch institutes and indus t.ry ,

6 - industry and developin g countries .

This classifi c ation leaves out one form of t.e c hn o Loqy rt r an s- :

fer wh i c h , for o u r membe rs , is t h e rno s t; irnportant one ~ i 0 e .

transfer inside. t he company f~om Research to Development t o

De s i gn to Ma n u fa c t u re to Marketing. Improving and rationali­

sing transfer along this line h as become a ma j o r ob jective

o f EI~~ i n recent years and a good part of our work progra~~e

is devoted to these interface problems. At this meeting , how­

eve r , I shall limit myself to the 6 relatio~ships between t he

di fferent partners listed above .

1. 1 EIRMA members are more or l es s strongly innovation minded and

may n ot want to be called "imitators" . Nevertheless some will

have greater concrete experience in a given field t h an others.'

I doubt , howeve r , that , for competing c omp a n i e s in the s ame

- f i e l d , EIRIvJA constitutes a suitable forum for con c r e t e tech"':

no l o gy t r a n s f e r. The innovator/imitator relationships , as far

a s c on c r ete products or processes are concerned, is weak. This

does not exclude fruitful contacts between equals on subjects

o u t s i de the domaine of business secrecy , and EIRr1..A. may some-

o time s be a suitably neutral pla c e f or such contact , preferred

to the more formal national or international i ndu s t r y associ a­
tions.

1 . 2 The innovator/imitator relationship i s ve ry strong, however , as

regards transfer of R&D man a gement techni ques. We are proud

that this trans f e r fun ction s smo o t h l y betwe e n c ompani e s of d if­

f eren t s e c t o r s, different size a nd "di f feient competence from

15 European c oun trie s. EIru~~ has destroyed the b arriers of se­

crecy which~not long ago existed in Europe even over organ is a-
o u t s i de the Q O ll ld..1.11e v .... "..n-,~ ~ .. ~ . .. ..

o times be a suitably neutral place for such contact , preferre d

to the more f ormal national or international industry associa-
. tions .

1.2 Th e innovator/imitator relationship is very strong , however , as

regards tra nsfer of R &D man a ge~ent techniques. We are proud

t hat t h i s t r a ns f er functions smo othly be t we e n c ompani e s of dif­

f eren t sectors , d ifferent si z e and "di f f e i e n t competence from

15 European c oun t rie s . EIru1A ha s de stroye d the b arriers o f se ­

cre cy which~not long ago exis t ed in Europe even ove r org anis a-

.. ./ .'. .



t i on al a nd management te chn i ~u e s a nd th is i s perh a p s our

gre ~te st achievemen t .

In ma ny c ases , it wi l l be t he s maller fi r m wh i ch p r o f i t s fr om

t he experie nce an d innova t i ve k now - h ow (on R & D man a ge men t )

of the large r comp ani e s. But t h e se transfer s a re not uni-d i r e c ­

tional and I know t h a t s ome of o ur large st members, t hrough

intensive part i c ipation in o ur wo r k , r e ap large b e ne fit s f rom

the exchange of e xperience with other large or with smal l er

companies.

2 .1 Th e unof f .i"c i a I ·con t a c ts in IH RL"lA l e a din.g to concrete t ransfer

of technology a nd k n ow- h ow are stronge st b e twe en companies of

different s ectors of tndustry. EIRL'YIA wa s not created for t h is

purpo s e , b u t it f av o u r s pe rs on a l con tac t s a nd f r i e nd s hi p b a ­

t we e n r es e a r c h managers ai a l l l e ve ls . These c on t a c t s c an l e ad

to fruitful exch ange s on concr~te technological problems, e s­

pecially between non- c ompe t i n g f irms i n different branches o f

industry whe r e the NI H-syndrom is we ak and the poss i bilities

of encountering unorthodox solutions greatest.

After ten years I e xistence I EIR.'1A has become largely r epresen­

tative of industrial research in Europe and the wealth of e x-

per ience of its memb ers mak e s it ideally suited for discus sing

concrete t e chn o l o g i c a l ' opportunities a n d trends wi t h a v i ew t o

cross-fertilisation of ideas from different disciplines and sec­

tors. This being r e cogn ize d, we a re now preparing for a s pecial"

Conference "Technology 88" where such e xch a n<;je s hall be offi-

'c i a l l y organized for t he first time.

The proposed Conf~rence will not be futurologistic, but will

focus on c oncrete i ndustrial 6pportunitie s an~-cons tra in ts

which, at a ten-ye a r horizon , a r e alre a dy r ath er clearly pe r ­

c eived. Th e Confere nce will exami ne 8 ma j o r s e ctors, and f o r

each of t he s e o ne or severa l e mi ne n t EI m1A memb e r s wi l l pre­

pare

a brief revie w o f t ech n ological progress in the sector

du r i ng t he l a st t en years ;

a stateme nt of the socio-e co~ornic-po li t i cal context

a ga i nst wh i ch te chn o logi c a l de ve l opme nts a r e s e e n f o r

the c omi n g decade ;

... / ...
.ceived. Th e Confere nce wi ll examine 8 ma j o r se c tors, and ~ or

each of these o n e or s e veral e mi ne n t EI m1A member s wi l l p r e­

pare

a brief review o f tech nological p r o gre s s in t he s e ctor

dur i n g the l ast t e n years ;

a stateme nt of the socio-eco~orni c -po l i t i cal context

a gain st which te chno logi c a l de velopments a re s e e n for

the comi ng de c ade ;

... / ...
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... / ...

2.2 Regarding transfer of man agement techniques and kn ow-ihow , re­

lations between companies of different sec tors are at least as

fruitful a s betwe e n those of t h e same b ran c~ . The i n te r n a t i o-

v..L. .,l4 l J.. ..L \,A. ..... __ _ .... • _ue r e ,

I n d u s t r y - Un i ve r s i t y re lat ion s h a ve bee n a !:"e c u rren t s ub j e c t of

a tte n tion i n E I RNA , but, we a r e not ent irely sa t isf i ed wi t h t h e

practical results of our efforts. In'this f ield, ou r inte r n a -

ferent sectors, and I r egard both the concrete a n d the abstract
- .

transfers as strong, again with the provi s o t h at EIID~ Via s n o t

set up to be a mar k e t place for industrial s uppl iers and u se r s

of processes and products.

. a con c r e t e state me n t o £ t echno l ogi c al p r ogre s s -opportu­

nitie s which s eems l ikely d ur ing t h e ne x t de c ade (wh i c h

need n o t d i vul ge c omme rcia l s ecre ts) ;

a concrefe statement of t echnological r e qui r e men ts­

contraints wh iph a r e seen a nd the solution of wh i ch

cou ld l ead to f ur t her t echnological progre s s du iing

the n e xt de cade.

nal di versi t y in EIRl1A add s a ,d i me n s i on to ::h e c on f r on t a t i on o f

differences i n approach and thus give s a ddi tional opportuni t y

for learning from e a ch other. '

These state ments wi l l then be discussed in mu l t i - d i s c i p l i nary

groups, in the hope of achieving maximum cross-fertilisation

of ideas among our members.

3.2 The patents and licensing func tions are, however, of direc t

concern to the research manager. EIro~~ h a s studied these fields ,

as they affect industrial R&D, for many years in t wo working

groups, which have been good examples of interface , cont.ac t s

between R&D and other comp any functions.

3.1 I 'i gn o r e how often contacts in EIRM1\ have ac t u a l l y lead to con­

crete licensing agreements and I r egard t his relationsh i p as

weak. The unofficial exchanges in EI~V~ relate more to ideas,

and it seems that such exchange of ideas can be more fruitful

if the direct commercial motivation of t he participants is l ow.

4. Here, relations are similar to those between companies of di f­

ferent s ectors, and I regard both the concre te and the abstract
- .

transfers as strong, again \'1i t h the provi s o t h at EI IDLll. Vias n o t

set up to be a mar k e t place for industrial suppl ie rs an d users

of processes and products.

5 .

4.

5 . I n du s t r y - Un i v e r s i t y re lat ions h a ve been a !:"2cur ren t ds ub j e c t of

a tte n U .on in EI PJl.lA , but we a r e not en ti r e l y sati s f i ed wi. t h t he

practical results of our e f f o r t s . In'this f ield, ou r inte r n a -
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ti on al com~osition is a c tually a h~ndicap, given t h e extreme

va~iety o f t r a d i t i on s a n d c~rriculae in Europe an un i v e r s i t i e s.

We haVe not , f o r instan~e , been ab l e to organise a s y s t e m of

visitl n g sci e n t i sts between Un i ve r s i t i e s a n d Industry as has ·

been don e by our US s is ter as soc iation , the I.R.I. Ne~erthe­

less, t he sUbj ect of i nd us try-univers i t y relations is b e ing

actively s t Udie d in EI RMA and ou r next Ann ua l Conference, on

"Industr y' s nee d s for ba s i c research" s h ould fur t he r s h arpe n

the a warene s s o f o u r members f o r t he i mp or tance of t h e un i ve r ­

sity contribution to the ir wor k . I therefore describe, with

some re gr e t, t h e technolo gy t rans f er r elations betwee n EIRl>1A,

as an As so ci a t i on , a n d the Universitie s as we a k . Further ef­

forts are calle d for in t h i s fi eld.

6. Last l y, what about EI RJ.'vlA I S role r e ga r d i n g transfers b etween

industr y and d e veloping countries, viliich fo r many to-day r ank

first when thinking o f t echno logy transfer'? As far a s I can

judge, EI ill·~ h as not ye t be e n ins t r umental i n bringin g a bou t

concrete transfers of t his t y pe. On t he oth er hand , t here is

a growing awarene s s of the importance of this field among our

members and a f eeling that E~m1A may h~ve a role to play in

facilitatin g s uch trans f ers ·thrbugh the discussion of problems

and prac ti c al solu tions . .Our Wo rking Gr oup "Licenses II for

example had a Sub-gro.up on the thorn y pr ob lem o f licensing

arrange ment s in de ve l op i n g countries. Mo r e recently, at the

initiative o f our Preside n t, U. Co lombo of Montedison, we held

a Round Table mee t i n g devo ted to t he ro l e of R &D in deve­

loping l abour i n t e nsive - or a ppropriate - technologies. Co~si­

derable e f fort s a r e b eing u nde r taken by a n umber of membe r

companies i n this field and t.he c ommun i c at.L on of t hei r expe ­

rience has been v alua bl e to others. Furt h e r wo r k in this field

.is planned. .

~~JOR PREOCCUPATIONS.OF THE EUROPEAN R& D ~ffiNAGER TO-DA~

This t o n ld b e a s ubj ect to fi l l a d ay or a week a nd I s hall

l i mi t mysel f t o pre senting a li s t, pr obably too short , whi c h

at t he same time is a r e fl e c t i on o f the EIRMA work programrne

companies i n this fiel d a nd t:ne · C U Jl U tl U H .J..,-- ,..H .. -L'-' U ~ _

rience has been v aluabl e to o t h e rs. Furthe r work i n this field

.I s planned. .

~~JOR PREOCCUPATIONS.OF THE EUROPEAN R& D ~~NAGER TO-DA~

This ton ld be a sub ject to fill a day or a we ek and I s hall

l i mi t myself t o pre sen t i n g a li s t , proba b l y too short , wh i ch

a t the s ame t ime is a reflection o f the EIRMA wor k p r oqr amrne

.. ./ .. .
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- internally

the levellin g- o ff in industrial R&D qrowt.h , often en­

h a nced by l owe r indu s t r ial .growth gene r a l ly , and i t s

conse que n ces fo r the R& D function.

- at the R&D/company interfa ce

· closer int egra t ion o f t he R &D function wi t h other

functions' a nd wi t h corporate strategies generally .

- at the -Lrrter f ace wi~ - ~ o the socio-economic environment

societal pressures and the societal responsibil ity

of industrial R & D

long~term energy and raw materials shortages

industry/university relations

· indus try' s need s for bas i c re searc~

· industry/government relations

There may be opportunity to come back to some of these points

during the discussion. Given the short time left, I would just

like to give a few comments on the last item, industry-govern­

ment relations.

This subject has been .wi t h us for at least four years, when

EIRMA first set up a Wo r k i n g Group wi th this title. Emphasis

was originally on the various tools and procedures used to re- '

gulate the direct financial relations wi t h industria l R&D

. c on ce r n i n g project selection, form of contracts, project con­

trol, patent right arrangements anq f iscal measures. But the

Group also analysed more ge neral aspects of industry-govern­

ment relations and noted, · i n 1974, that

"In Industry, opinions on the desirable e xtent, utility e s ­

s en c r , ... .: ~ .. pU' j:,.:se :i . · \ ~ rnme nta l influence on industrial

R&D differ considerably.

One group considers the involveme nt of governments as a cum­

b ersome i nte r f ere n ce wi th the "i ndependence o f i ndustrial acti­

vi ty . It take s the vi e w that Indus~ry should strive to avo id

or to r educe these i nf l ue nces .

"In Industry, opinions on t h e desirable extent, utility es­

s en c r ; ... ' : ~ _ . pU' j '."c:se, )" >\ ~ rnmenta l influence on industrial

R&D differ considerably.

One group considers t he invo lveme nt o f governments as a cum­

b ers ome i n t e r f e r e n ce with the "i ndependence o f industrial acti ­

vi ty . I t t ake s the view that Indus~ry s h ou l d strive to a vo i d

or to r educe t he s e inf luences .

... / . '..
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A s econd group a.cce p ts g ove rnmental i nflue nce a s n e cessa r y an d

anticipates in t he fu t u r e an incr e asin g pub lic i nflue n c e on in­

dustrial R &D a cti v i t ie s .

For a third group, reptese nte d predomi n a ntly by mainly t echno­

logy oriented c ompanies, the financial contribution of gove r n­

ments is a n i mportant prerequisite fo r the realisati on of its

R&D progrme" .

In 1975, our Annual Conference wa s devoted to the general s ub­

ject of industry-government relations in R&D and it became

obvious t hat a merely defensive attitude of industry vis-a- vis

growi~g gove r nmen t involve me nt wa s no longer t en able. It wa S

recognise d t h a t,

- on the one hand roughly half of the total We s t e r n Europe an

R&D effort is funded by governments, of which in turn at

least one half are channeled to industrial R&D

- on the other hand r indirect governmental influence through

legislation and regulation is growing.

Under such cond i.t Loris , only cooperation, based on understan­

ding of t he other's problems a nd . mot i v e s , can be a fruitful

policy for both sides. It was concluded that "it should b ecome

common practice for governments to turn to industry for advi c e

and suppor t in the early stages of policy-making and prepara­

tion of programmes and plans. In turn, industry has to take

more initiative, and must b e prepared to provide t he scient i-

. fie, techn ical and industrial e xpertise required by governments !· .

A more recent analysis in EIRHA of the industry government re-'
. .

lations in R &D was gi ven by Dr. Pannenborg, Vice-President o f

Phillips andEIRt~ r epresentative, at our 1977 Annual Confere n c e

in May, r eproduced in N° .XI X of the series "EI RJ.'\1A Confere nce

Papers". Among the ~pec i fi c points made b y Dr. Pann e nb or g, I

s hou l d li ke to s i.n q Le o u t; t.h r e e wi th the h ope of prov ok i ng s orne

discu s sion a t t his c on f e rence.

A more r ecent analysis in EIRHA of the industry government r e-:
•

lations in R&D was given by Dr. Pannenborg, Vice-President of

Phillips andEIRt~ representa tive, at our 1977 Annual Conference

in May, reproduced in N° . XI X o f the s eries "EI RJ.'\1A Conference

Papers". Among the ~pec i fi c poi nt s made by Dr. Pa nn e nb org, I

should l i ke t.o si. n gle out t hree with t he h ope o f p r ov ok i n g s ome

discuss i o n a t t his c on f e r e nce.

.../ ...
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rrhe first c on c e r n s t.he adverse effects of g overnment s ub s i.d i e s

t o in -::1u s t r i al R& D fo r Ln t e r n at i.on a L c omp e t i t ion :

If In ge ne r al it can b e s tated that Gove r nment mea sure s taken on

a national basis affe cting o r promoting R&D in indust~y, c on­

tribute to the d istortion of f ree compet i t i on on the i nternatio"

nal scene. Thi s ce r tai n l y holds f or . exp l i c it fundin~ of develop ­

ment projects, but occu r s - in t h e ne gative s e n se ~ also when

repressive legi slation, e. g. in the field of pollution control ,

is introduced i n one country at a n earlier p oint of time or witt

more severe r e quirement s than in other countries. If we look a t

the ef£ect of d i rect funding we find that it can be enormous.

Nota b ly in t h e USA there are multi-billion-dollar-compan i es

which re~e ive up to 60 % o f t hei r R& D e xpense under c on t r ac t

from t h e Gove rnmen t . Th i s forceful mechan i sm in t h e USA u n doub -

tedly wa s one of the f a ctors leading to the discussion around

the so-called technological gaplf.

Secondly, concerning the policy of the private enterprise v i s ­

a-vis governme nt funding

IIIn general the management of a private enterprise v1i l l h a ve the

desire to minimize direc t Gov.ernment influence on its operation s

and on its policy and strategy.. .In these years of increase of

direct fundin g of R & D .in industry b y government, it is impor­

tant to obse r ve that economically .spe ak i n g the timely creation ­

of a n e w d emand through Government legislation or decision, i s

of more importance to the company than financial support for

its R&D".

Lastly, h i s f inal remark closely joins the conlusion already

endors ed by our Annual mee t i n g in 1975 :

IIFor a believer in the system of free enterprise the increasing

. .impact of Government on industry is no t alwa ys r egard e d as a

positive facet. One has to r~cognise, however, that t he vastlY

increas ed comple xity of society calls i n e v i t ab l y for regulatory

p owe r in ce rt ain a r e as , espe c ial l y when the requi r ed e conomies

of scal e c an n o longer be a chieved wi t h i ri th e n a t i on al b o und 2-

ries. We from p r ivate ind ustr y s ho uld also r ealise how p o o r ly

/

IIFor a believer in the system of free enterprise the increasing

. impact of Government on industry is not alwa ys rega r d e d as a

positive facet. One ha s to r~cogniSe, however, that the vas tly

increased comple xity o f s ociety calls i n e v i t ab l y for r egulatory

powe r in cer t a i n areas , especial ly when t h e r e quire d econ omi e s

o f sca l e c an no longer be a chieved wi t h i ri the national boun d 2­

ries. We from priv a t e i ndus try shoul d also r ealise how poorly
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Technology Trans fer i n Swit ze rland
An Industry Perspectiv e

by Charles H. Tavel~ Ph .D-Eng. ETHZ

; ~.

To full y understand t he position, policies and prospects of
Swiss indust ry regarding the transfer of techno logy , it is necessary
to tak e a loo k at its en vironment . Swit zerland is a very smal l
coun t ry . It s 6 .2 mi llion i nha bi t an t s do not pro v ide a market of any
size . As a consequence , all technologicall y adv anced i ndu s t r i e s ,
even i f the y ha v e foreign subsidiaries, export the greater part of
their production . The wat chmakers , for example, export 97 % of theirs.

A second economic cons traint l i es in the fact that Switz erl and
has pract icall y no na tural resources, if we except the natural beauty
of i ts landscape which i s the basi s of its tourist income , and some
hydroel ectric power . That power s hould not be overestimated, however,
since it repres ents only 13 % of the coun try's energy consumption .
Consequently, all of the raw materials, 87 % of the energy and more
t han 50 % of t he food t he country need s have to be import ed . It is
therefore i mpos s i b l e for any heavy indus try to survive . The country
c an onl y count on its human r esources .

Those r e s ou r c e s are scarc e , however, and expensive . The r a t e of
unemp loyment is 0 . 3 % and Swit zerland emp l oy s more than 600,000
fo re igners, t ha t i s , roughly 25 % of its wo rking population. On the
other hand , as you know , the Swiss franc has been r evalued against
other currencies by about 55 % since 1971. As a consequence, Swiss
lab or ha s become probably the most expensive in the wor ld . I t i s th us
impossible for a S\viss manuf ac t ur e r to compete internat ionall y on a
mere cost bas i s. The conclus ions are, first , that t echno l ogi c a l innova ­
tion is a must, and second , that th e t ypes of producti on that do not
enjoy a unique posit ion ei ther are being or ought t o be transferr ed
to les s costly countries .

Turnin g now t o technological innova tion , you also kno w that i t
has become more and more cos tly . It may take $ 20 mi l lion or more
nowadays to develop and ma rket a new, original , pharmaceutical
product. Twenty-f ive years ago it co st $ 1 million and 6 ye ars ago
around $ 10 mil lion . It i s thus i mpe r a t i ve to spread t he co s t over
as many units as pos s ible , which me ans a iming for the wor ld market .

Now , t he world is essent ially divided between developed and
deve loping coun tr ies , between the Nor t h and the South . It is of
course very desirable to see that t he developing countries rea ll y

Turning now to techno log ical i nnova t i on, you a l so know tnaL l L
ha s become more and more cos tly . It may take $ 20 mi l lion or more
nowadays to develop and market a new , original , pharmaceutica l
product . Twenty-f i ve years ago i t cost $ 1 million and 6 years ago
around $ 10 mil lion . It is t hus impera tive t o spread the cos t over
a s many units a s poss ible , which means a imi ng for the world market .

Now , t he world is ess ent i a l l y divided between developed and
deve loping coun tr i es , be tween the Nor t h and t he South . It is of
course very de sirable to see t ha t the develop ing countries reall y
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develop. Even if we leave aside the political and moral considera­
tions which argue pretty much in favor of our helping their dev­
elopment along, we must recognize that the Third World is by far
the biggest potential market. The trouble is that it does not have
the money to pay for its imports. Transferring technology, helping
these countries to develop sound economies is thus an obvious solu­
tion. Unfortunately, the problem has become a political one. Although
the only realistic approach to the concept of development resides
in a partnership between the donors and receivers of technology,
the governments of the developing countries have adopted a demanding
attitude, giving short shrift to industrial property rights, denying
patent protection and providing no guarantee of secrecy. This is of
course very awkward, since nobody can compel private enterprise in
the Western countries to deprive itself of its knowledge. The situa­
tion is actually a fairly recent one. A few years ago Swiss business
had started investing in developing countries. But, shocked by the
changes occurring in some of them, as well as in the World Industrial
Property Organi zation (WIPO) and UNCTAD, it may soon switch the
emphasis to transferring technology to developed countries, where
patent laws are improving rather than deteriorating. That, of course,
will very much depend on the positions taken individually by the
developing countries themselves, since careful observation shows that
bilateral negotiations might lead to results that are in complete
contradiction with positions taken in multilateral negotiations.

Be that as it may, increased de facto technological interde­
pendence between the developed countries is definitely in the offing.
To illustrate this, let us take a recent example that shows the ex­
tent to which closer ties have developed not only between technolo­
gically advanced countries, but also between industries which up to
now have had very little or no contact. For that purpose, I have
chosen a typical Swiss industry, watchmaking, and more specifically
the advent of the electronic watch.

Back in 1954, the Battelle Memorial Institute's subsidiary in
Geneva started calling the watchmakers' attention to the fact that
it should be possible to make an electronic watch. Some time later,

-it even secured a contract to do research on the subject. That work
led to what today is probably the most accurate wristwatch in exist­
ence: Omega's Megaquartz, which has a maximum deviation of 12 se­
conds a year. The terms of the research contract, however, prevented
Battelle from doing similar work for other firms, so the Federation
of Swiss Watchmakers created a joint research lab in the form of a
corporation with some 30 shareholders. Called the "Centre Electronique
Horloger" it was incorporated on January 30, 1962.

The lab was staffed essentially by Swiss scientists who had been
educated in Switzerland but had gone to work in the United States (be
cause their own country could provide very few opportunities in their

ence: Omega's Megaquartz, which has a maXlmUlll ueVl.d.L..J.UH U.1- .1- .... ~~
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fields), and then came back to Switzerland when offered a challenging
job. It is worth mentioning, however, that during their time in the .
U.S" some of them had been very instrumental in developing production
technology in microelectronics.

So we can see that the mobility of research people is a very
important element in the transfer of technology, and one that works
to the benefit of everyone concerned. It is a pity that this
mobility is now strongly hampered by changes in the immigration laws,
both in Switzerland and in the U.S. Only big multinational firms can,
to some extent, overcome this difficulty.

In 1967, the Centre Electronique Horloger came out with the
first prototype of a quartz watch. Tested in competition with others
at the Neuchatel and Geneva Observatories, it won all the prizes.
The Japanese had produced a quartz watch too, but at that time it was
still based on discrete elements whereas the Swiss prototype used
bipolar integrated circuits.

The Centre Electronique Horloger started on the construction of
an industrial timepiece in 1968. Called Beta 21, it was presented at
the Basel Fair in April 1970. In 1967 the Federation of Swiss Wa t ch­
makers had already taken steps to create manufacturing facilities
for the integrated circuits needed for the production of the quartz
watch. Together with a few Swiss electronics firms, they set up, with
Philips of Holland as technology donor and main shareholder, a firm
in ZUrich called "Faselec". So there we had a joint venture between
a Dutch electronics firm at the forefront of microelectronics, and
Swiss users, or potential users, of integrated circuits.

After having presented their quartz watch, however, the Swiss
watchmakers decided that it was nothing but a gadget and that the
mechanical wa t ch had attained such a state of perfection that it
could not be beaten by electronics. The electronic watch's great pre­
cision, which was such a compelling argument in its favor, was sim­
ply discounted as not needed or even desired by the consumer. Quartz
watches were offered for sale as an expensive sideline. No mass pro­
duction was planned and Faselec had to survive by producing discrete
components and hybrid circuits.

And then carne 1974, with the recession, a Swiss franc that had
appreciated 55 % in three years, and the massive appearance on the
American market of the digital watch coupled with increasing Japan-
ese competition. This had severe repercussions on the business of the
Swiss watchmakers, who started losing very sizable amounts of money.
Employment in the industry dropped 28 % in 2 years. Although the re- ·
cession and the revaluation of the franc were the main causes, this
shows how fast a fundamental change in technology can hit an old and
seemingly very solidly based business. The Swiss had to do something
and do it quickly. They started by buying their integrated circuits and

And then came 1974, with the recession, a Swiss franc that had
appreciated 55 % in three years, and the massive appearance on the
American market of the digital watch coupled with increasing Japan-
ese competition. This had severe repercussions on the business of the
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first (LED) displays from the United States. Then they pushed ahead
at full speed on the production of int egrated ~ircuits. Faselec had
t he technolo gy from Philips but the main producer of wa t ch compo­
nents, ASUAG, wanted to build its own circuits too. Pressed for time,
it did so by buying Hughes's production technology, whi ch was a
second form of transfer from a foreign source and from another in­
dustry.

The story doesn't stop there, though. American digital watches
were essentially based on Light Emitting Diode (LED) displays. Such
displays, however, are impractical. They consume so much power that
a button must be pushed to read the time. The LED display is there­
fore most probably going to be fully replaced by the Liquid Crystal
Display (LCD) . The origin of the LCD can probably be traced back to
the laboratories of the Swiss chemical firm Hoffmann-La Roche. Roche
took out a basic patent on the us e of liquid crystals and put it into
a joint venture with Brown Boveri, aimed at developing medical
electronics. Br own Bover i in turn de veloped the production of the
displays and is now the world's largest producer of them. Its biggest
customer is the wa t ch industry. We thus have a transfer of technology
from a chemical to an electrical engineering firm, with the main
customer being not the electronics but the watchmaking industry. The
development of this technology will in turn have an influence on the
American market.

At the same time, the Centre Electronique Horloger, which had
continued to work on integrated circuits for watches, that is, cir­
cuits with low consumption and high spe ed, is now licensing the re­
sults of its research to American electronics firms. And you can be
sure that the pendulum is going to keep swinging back and forth
between the J apanese, the Americans and the Swiss - and maybe some
others. The moral of this story is that today there is no assurance
of stability an ymore. Yet the major revolutions are predict ab le.
Strategic planning is not an impossibility. The advent of the elec­
tronic wa t ch had been foreseen 20 years before it actually came
out.It is at the tactical level that the pendulum reall y swings.
Technology is the main troublemaker and nobody can be sure of being
a winner for very long. l! Nothing is permanently lost, nothing is
permanently wonl! is the President of the Swiss Watchmakers' motto.

The second lesson is that a number of mechanisms have to be
used simultaneously or successively to transfer t echnology. Let us
just mention in passing the obvious importance of scientific docu­
men t a t i on , congresses, symposiums and personal visits, as well as
the mobil ity of scientific and t echnical staffs.

The export of goods is of course a form of technology transfer,
and it is surely the safest, the most efficient, the most profitabl e
and therefore the most desired one. It is not always f easible,
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however, and one of two other mechanisms may have to be chosen:
licensing or the establishment of subsidiaries. Leaving aside the
developing countries, let us briefly state the reasons which compel
the Swiss to switch, often grudgingly, to one of these two forms
of technology transfer :

- the cost of producing in Switzerland with its high-priced currency.
- the lack of manpower, which has been and may again become the most

powerful motivation.
- the need to be close to a big market.
- customs tariffs. Those with the European Community have disappeared

but they are still noticeable in the U.S. and Japan.
- non-tariff barriers, which comprise all forms of protectionism, in­

cluding, in certain countries and for certain products, still vigor­
ous forms of nationalism. This is especially true if the buyer is
a public agency.

If we now try to analyze which form of transfer is best in a given
case, we find that it depends very much on the nature of the tech­
nology and the size of the firm. Small firms usually have no other
choice than to license production in countries to which they
cannot export. Big and financially powerful firms will react differ­
ently depending on their type of activity. The pharmaceutical industry,
for instance, does not seem to be interested in licensing. Royalties,
which are on the order of 4 to 6 % of sales, are too low even to pay
for the research costs, which run between 10 and IS %. These firms
license only when they are forced tO,either by antitrust laws or by
compulsory licensing. The dye, herbicide and pesticide producers will
not license either, but they may practice cross licensing in order to
have a complete product range. In Switzerland, petrochemicals, artifi­
cial fibers and paint are in the hands of smaller firms which current­
ly practice licensing both as receivers and donors of technology.

The machinery and electrical equipment industries also recognize
that the income from licensing very rarely covers R&D costs. They
therefore consider the licensing they do to be only a supplement to
actual production. They mostly use licensing in cases where a patent
covers only part of a production process, where the investment required
to go into production abroad would be disproportionately large, or
where their financial resources are limited.

Turning now to the second form of transfer, the establishment of
foreign affiliates still appears to be a desirable option in spite of
the growing criticism of the multinational industries. Actually, that
criticism comes mostly from the developing countries.

For the machinery and electrical equipment producers, the crea­
tion of subsidiaries will be preferred when the knowhow required is
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very extensive or highly complicated. In fact, it is by far the most
efficient channel of technology transfer. It will also be -a necessary
option when forms of nat~onalism affect the choice of suppliers,
when the technology is not very sophisticated and when the product
is bulky.

Multinational involvement is furthermore very frequent in the
types of industries which base their activities on research (chemicals,
pharmaceuticals and food, for example). The dynamic medium-sized
firm which bases its growth on a specialty program will also probably
choose to go multinational.

There is in fact a widespread belief that multinational ism is
an unavoidable and even desirable form of technology transfer. One
reason is that the cost of creating technology has become so tremend­
OJS that ways have to be found to exploit its results worldwide.
Another is that it is definitely the most efficient form of technology
transfer. Still another is that it is to every country's advantag e
to have technology exploited everywhere in the most effective way ­
and that implies worldwide cooperation among everyone involved in
production. As it happens, cooperation can best be achieved within
the framework of a multinational firm.

It can be expected, however, that some changes will take place
in the multinatonal concept itself. It used to be that managers were
nationals of the home country. That is now no longer the case. A
second characteristic was that the subsidiaries in the host countries
were wholly owned by the parent company. That is also changing, and
twenty years from now mor e than half of the capital of affiliates
will, in most cases, probably be in the hands of the host country.
What, then, is going to be the cement holding together this loose
tissue of firms? The answer is technology development and transfer.
The role of the parent company will thus mainl y be to see that the
group stays in the forefront of technology. That will mean both con­
ducting research and making sure that innovations made an ywhere in
the world will be made available to all the members of the multina­
tional family.

This is a healthy development, but it definitely requires that
government intervention be kept at the lowest possible level. Right
now, though, the trend is rather disturbing. We have seen for example
that the cost of creating technology has become so great that it
must be borne by the world market. Now, one of the big assets of the
multinational firm is its ability to concentrate its research activit­
es. Since the results of its research are shared by all, the cost
obviously must also be borne by all. But that is becoming more and
more difficult. A number of governments are tending to i mpose undue
restrictions on the financial transfers made to pay for R. & D. They
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each demand that their own country get its share of R&D operations.
But there is a definite limit to such deconcentration. This limit
depends of course on the type of activity. The investment in research
facilities has become quite considerable for most industries and it
can hardly be doubled, let alone tripled or quadrupled. Coordination
costs an enormous amount of money, is rarely efficient and never
easy. Although research has already been partly decentralized in many
Swiss multinational firms, there is bound to be a limit to how far
they can go.

There are other difficulties too, like parallel imports of
pharmaceuticals in the European Community. Yet, though very disturbing,

! these obstacles are not really too fundamental or universal.

J1 One potentially severe impediment to a swift development of tech-
/1 \noIOgy transfer may be caused by "technology assessment". If every

country imposes different standards for every product, as is now done
in the case of food and drugs, manufacturers will be confronted with
one of the worst forms of nontariff barriers. It is highly desirable,
therefore, that international agreements determine common norms of
'accep t ab i l i t y for technical products. But it would be most unfortunate
if a mammoth suprational organization were to be given the job. The
solution to an inescapable problem still lies somewhere in the future.

We have yet to mention a form of technology transfer which is
bound to become more and more important : the delivery of turnkey
plants. That can also be expected to foster international cooperation
within the framework of international consortia. Let us also mention
in passing the role played by joint ventures, just to say that such
ventures are not easy to operate and that SO/SO deals are best
avoided.
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In closing, I would like to call your attention to a very impor­
tant form of technology transfer, one whose potentialities have yet
to be fully realized : that is the transfer from universities to in­
dustries. Switzerland's chemical industry has brilliantly explored
this possibility and may be held up as an example of what can be
achieved. The thermodynamic and electrical engineering industries
have also made a stab at it. But there is still much progress to be
made along these lines.

Assessing the prospects of Swiss industry has thus led us to
stress the considerable interdependence among countries on a world
market that has corne to be everyone's arena. The interflow of techno­
logy is becoming one of its main characteristics. The prosperity of
all countries, developed or developing, and perhaps even world peace,
will be closely related to how free that interflow is allowed to be.
Let us hope that governments will not try to solve their internal
difficulties by severing the commercial and technological ties which
have begun to be woven around the world. Nothing can be gained by
protectionism. But much could be destroyed.
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